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2. DISCLAIMER 
 

It should be noted here that all processes described in Section 5.  of this report were compiled by former and 
present General Electric Employees, and not by the OHCOW Staff.  The OHCOW Hygienist recorded the 
processes and facilitated the discussion with regards to flow of material in and out of the department, layouts 
and illustration of processes.  Some applied hygiene questions were posed in order to obtain further 
understanding of the processes where there was a requirement, such as the following: 
 

• hazards identified in the areas of work  
• key process specifications such as, temperature of ovens,  solvents,  engineering controls 
• general working conditions,  possible exposures 
• use of personal protective equipment 
• fumes,  odours,  types of smells identified 
• dimensions of the equipment and machinery described 

 
All the questions were posed to properly assess exposures in the various buildings and related processes.  
Furthermore, various documents have also been referenced or attached in the appendices herein to further 
provide evidence of the details given by the employees as well as evidence with regards to poor working 
conditions in the buildings, employee accidents, individual testimonies and general unsafe conditions and use 
of products in the GE Peterborough Facility,  with a focus on Armature. 
 
In supplement to the above mentioned documents,  statements made by the employees and the processes 
described are validated in the Ministry of Labour Field Visit Reports that are cited in Section 7 of this report 
which validate,  confirm and provide solid evidence of the testimonies given by the employees,  description of 
the workplace and work conditions,  and thus further provide evidence that exposures were more than likely  
incurred by working at this area at the General Electric Plant. 
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3.  LETTER TO THE ADDRESSEES 
 

Please note due to the vast amount of evidence, group testimonies, literature review and hygiene analysis 
presented herein, it is imperative that the report be read in it’s entirety. The sections in this Retrospective 
Exposure Profile are not stand alone in nature and all depend on one another to fully comprehend the complex 
exposure review for the General Electric Employees,  in the Armature Department. 
 
In order to justly comprehend the vast nature of the exposure profiling, this report must be read in its entirely 
as every component is vital to the comprehension of the contents herein,  and is recommended to be followed 
in succession i.e. Sections 1- though 11. 
 
Please note the Retrospective Exposure Profile was completed as per the approved procedure (October 2002) 
of the Occupational Health Clinics for Ontario Workers, which follows the necessary guidelines for 
completion of Hygiene projects (procedure included on the following page).  This REP must include both 
anecdotal and scientific information.  Without the anecdotal information, the applied hygiene would not have 
been as successfully interpreted or analyzed.  
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ARMATURE 
 

DEPARTMENT WIDE RETROSPECTIVE EXPOSURE PROFILE 
 

4. INTRODUCTION: 
 
Occupational Health Clinics for Ontario Workers (Toronto) was contacted by the CAW to conduct an Intake 
Clinic and a Department Wide Retrospective Exposure Profile in order to accompany claims that may be 
submitted to the Workplace Safety and Insurance Board.  The following Department Wide Retrospective 
Exposure Profile is prepared from information gathered at the 2004 Intake Clinic and meetings held with 
workers and Union representatives as well as Document Reviews of Ministry of Labour Reports/Orders, 
Accident Reports, Union Letters and other General Electric Reports.   
 
The OHCOW Hygienist met with former and presently employed Armature employees in 2004 on September 
27th, October 18th, 25th, November 1st, 8th, 15th, 22nd and January 10th 2005, for collection of information on 
the processes and materials used and work conditions in the Armature department. The OHCOW Hygienist 
and other members of the CAW and GE Management went on a Tour of the location where Wire and Cable 
were situated in the past as well as the Armature Building, on December 8th, 2004.  The buildings were 
divided according to their processes and will be described in this manner.  The OHCOW Hygienist met with 
workers to characterize the following: 
 

➢ processes,  as per product flow and employee work card tasks 
➢ exposure identification/description 
➢ anecdotal information and testimonies 
➢ accidents and incidents 

 
The facility in Peterborough has been in existence for over 100 years.  It covers approximately 21 acres. On  
April 20, 1891, the grand official opening of the plant was held.  By the end of 1950, the local payroll 
numbered 4770 with an all time peak of 4980 in 1974 (McLaren, S. ed., 1991).  Over 3000 chemicals were 
utilized in the plant. 
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5. WORK HISTORY AND PROCESS DESCRIPTION: 
 
This document has been organized according to the various equipment and processes that were in existence in 
this department.  The Layout and names of equipment/processes are defined as per the layouts in Appendix A, 
Plant Layout, and Appendix B through to I; you will find the armature layout as indicated by the appropriate 
decade. Building #5 was also part of this department. The layout and processes have changed over the years 
and a different layout has been prepared for the various decades past to present.  All information provided in 
this section is from the employee accounts and intake clinic information received.   
 
The Armature Department was responsible for building coils for motors and generators, stators, DC motors, 
armatures etc.  Armatures are the rotating part of the motor. The building is 350 ft X 100 ft X 70 ft high. It 
also has a mezzanine, which covered only half of the building.  It runs north to south and is open to the lower 
floor (balcony). See Appendix H – Armature Pictures Illustrating Large Dimensions. Due to large dimensions 
of the parts that were being built, some of the parts had to be carted by the armature railway to Building 8 or 
10. The railway track covered 40 feet of the Armature building from north to south. Hence, the activities, 
processes, solvents and thus their toxic effects were brought forth into Building 8 and 10.  Similarly the 
processes of building 8 and 10 would also affect the employees from armature as they would be exposed to 
any of the contaminants from the processes that were taking place in those respective buildings as well. This 
is not to be overlooked when attempting to define exposures. Furthermore, there was vacuum pressure 
impregnation of the electrical coils with either polyester or epoxy resins that took place within this building as 
well as building #10 and #8. It is imperative to note that armature is currently an existing department and 
some areas and processes, which will be mentioned here, are still in existence today.   
 
The process of assembly winding was also conducted in Building 8 and Building 10 as well as at the Client 
site if need be.  The parts that were assembled were transferred from department to department by the 
Armature Department’s transfer cars on the railway tracks.  Sometimes 2 cars were required to transfer 
finished products to various departments depending on the size.  Building 10 handled large water wheel 
generator type equipment and Building 8 handled 30-40 tonnes equipment.   
 
Please note,  most processes will be outlined with brief descriptions or bullets for ease of 
comprehension.  The descriptions of each process are numbered and follow their respective layout 
numbers. The descriptions are offered in numerical order or in the order of the process flow within the 
department,  depending on the decade being discussed. (refer to Appendix B- I) 
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ARMATURE UPSTAIRS 
 
Refer to the layout in Appendix B – each number on the layout refers to a process that may be  
discussed here.  The map is not to scale.  Be reminded that the layout for the upstairs armature is 
actually half the width (i.e. 40 feet Wide).  Only those processes that are considered a priority from a 
health, hygiene, toxicology perspective will be mentioned.   

 
The armature building is approximately 350 feet long and 100 feet wide.  Thus, upstairs armature is 
only 40 feet wide.  There is about 25 feet per bay. (See Appendix E for cross section of the building) The 
liftrucks that were operated in this building ran on propane gas.   
 
The mezzanine floor is approximately 25 feet above the main floor.  The entire height of armature is 70 
feet.  The crane runs at 30 feet high.   

 
It is important to note that the armature location upstairs was quite hot and accumulated heavy fumes 
and vapours from the various processes.  The fumes from the ovens and Vapour Pressure Impregnated 
(VPI) tanks downstairs, would rise and travel towards the higher levels of the building.  Without 
proper make up air,  or fresh air circulation,  it is clear that the fumes and hot contaminated air would 
rise,  and the employees located on the upper floor of the  armature department were not only subject 
to the fumes from their own processes but also from the downstairs armature processes as well.  In 
winter months, fumes may have been reasonably more prevalent, due to the negative pressure from 
limited exhausts on some of the equipment, lack of fresh air circulation within the building,  and lack of 
forced fresh make up air.  Only some windows were available for opening in this building.  The 
proceeding sections will demonstrate how the large portable heater operations required all windows 
and doors to be shut,  in order to achieve the desired oven temperatures. 
 
In terms of housekeeping, air hoses were used often to brush off clothing, body parts,  workstations and 
machinery.  The floors were swept with brooms and the main aisles were swept with power sweepers.  
Pedestal fans were used for ventilation and for relief of heat.  All these practices were detrimental,  due 
to the fact that they dispersed the loose or frayed (asbestos and fiberglass) fibres from the various 
operations in this department, as well as fumes, vapours and other harmful dusts. 
 
1.  Shears Station: 
This process was in place in the 1960’s.  Thereafter the process had changed.  Three to four people worked in 

this area.   

➢ 2 cutting machines were present in this area – each had long blades to cut the 8x5 foot blankets of 

insulation. One type of insulation was made with fiberglass materials known as NOMAX Mica.  The 

other type of insulation was flexible asbestos board/blankets,  as well as HAYSITE (the employees 

describe this material as hard fiberglass type material).   

➢ The fibre boards were cut and prepared for the armature employees who required the sheets of 

insulation for the slotting processes (will be discussed later).  This used to be completed near the cold 

room. 

➢ There was no exhaust above the machinery in terms of capturing the fibres from the cutting operations.   

➢ Fibres were free floating as per the employees, as they could be seen on employees clothing, floating 

in the air and on the equipment and surrounding areas as well. 
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➢ Employees did wear aprons and smocks in this area.  Employees did not wear any respiratory 

protection. 

➢ All the areas had pedestal fans. The fibres dispersed into other areas of the building, as per the 

employees. 

 

After the shears station was removed, Winding Lathes were installed in this area of the department.  The 

machines were approximately 20 feet in length.  Copper wire traveled through the machinery and was taped 

with insulation that was in the form of either MICA or Fiberglass. The wire was then wound onto a coil.  

Before the copper was insulated, silica was utilized to lubricate the wire so that the tape would run smoothly 

over the copper wire.  Silica dust was generated by this process.  Five coils were produced per shift.  For the 

high voltage coils, silica was utilized in the late 1970’s.  Either the silica was in buckets or Tupperware 

containers and wire was drawn through the Tupperware contents (powder silica).  Unless the plastic container 

was cracked, there was minimal silica in the area. 

 

5.    581 Forming Machine (see Diagram 1 below): 
 

➢ One employee was assigned to run the 581 Forming Machine. 
➢ Diesel coils were formed and shaped by the hydraulic press,  with long strips of copper 
➢ This process was under piecework thus employees worked as quickly as possible.  
➢ The process involved, taking fiberglass copper wired strips and forming the strips according to a 

wooden forms/molds.  The wire was then insulated with NOMEX (fiberglass) and MICA Mat.  These 

items were dipped in alcohol, known as a wood alcohol,   in order to secure a firm and moist wrap.  

Isopropyl alcohol was also utilized, depending on the process requirements.  The coil was then dipped 

in a green bonding solution, sent to the dye press to be compressed and then placed in an oven to be 

baked.  At this time, the coil was wrapped once again with the NOMEX wrap.  1300 glue (GE 

assigned name) was added to the slots via paintbrush and the coil was insulated again.   
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Diagram #1: 

 
 

The process flow diagram above shows how intricately the wires were insulated and wound with materials, 

bonded, sealed, and coated.  The 581 forming process is not as involved as the other processes in the 

Armature Building however, it gives a clear example of how intricately the wires were coated and bound. 

 

6.    Punch Press for Diesel Leads: 
 

➢ One employee was assigned to this operation, which was quite loud. The task required the 

employee to handle the large equipment,  to flatten the copper leads in the part and cut pieces 

out.  No protection was worn in this area.  The punch press was manual and did not require 

heat. 
7.    752 Coil Forming Machines: 

➢ Flat wire was formed into a loop, and punch pressed into form.  Insulation was then added to 

the copper wire.  Silica, Mica, Fiberglass and scotch tape were utilized to insulate the wire (2-

gauze fiberglass tape – with mica sandwiched in between the 2 layers of fiberglass)  The wire 

was dipped in isopropyl alcohol as well.  The wire was then fed into the taping machine, where  
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fiberglass was wrapped on the wire again with Glyptol glue.  The silica was in the form of a 

liquid/milky type form, used as a bonding material. Silica dust formation was minimal here, as 

per the employees. 

➢ The taping machine did not have any exhaust ventilation over it.  The employees state that 

often times the fibres would break off during the taping.   

➢ The taping machine worked continuously for 8 hours per shift.   

➢ The tape was cut into Rolls leaving raw edges on rolls so any loose fibres were free to be 

airborne. 

➢ Due to the lack of engineering controls,  the fibres were not contained at this station. 

 

9.     Dip Tank for Glass: 

 
The Dip tank was 3-4 feet square.  Isonel 51 was the main content in the dip tank.  It was an orange dye.  
1500 thinner, also known as toluene, was added to the Isonel.  The tank was an above ground tank, which 
was not heated.  The tank also did not have any local exhaust ventilation.  The function of this dip tank 
was to allow the fiberglass tape to be dipped and dyed with the GE preferred orange colour.  The colour 
dye also added more texture to the tape as well.   The tank did have a lid, however when it was not in use, 
the lid was always in the open position as per the employees. A Wire basket was available for the 
employees to place their tapes in the basket, and lower the basket into the tank contents.  The basket 
would be left for dipping for about 20-30 minutes.  The pulley was then lifted up and allowed to air dry 
and drip into the tank.  The employees would retrieve their parts with their bare hands.  No protection was 
worn. 
 
The type of odour described here is an alcohol type odour.  The dip tank contained an orange powder dye, 
which also included a resin, as per the employees.  Employees stated that the vapours were not that heavy.  
 
An employee that worked regularly with this dye, over time, began to develop orange roots and hair.  
 
 

 
 
 
 
 

“…The employee was a natural blond who over time had orange colored hair due to her exposure to 
this dye.  This employee was generally frail in terms of body density and structure.  Her function was 
to dip the tape in the dip tank and let it sit to dry. When she would dip the tape, she would submerse her 
hands and arms into the dip tank as well. She would also be exposed to the dye solution on her hands, 
forearms and other parts as she would handle the tape in its wet state.  The glass was allowed to sit in 
the dip tank for approximately 20-30 minutes.  The dye would also stain her skin and nails.”  
EMPLOYEE TESTIMONY 
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15.  Cut Off Machine and Stripper: 

➢ This machine was 10-15 feet long and operated by one employee. 
➢ The main function was to cut the fiberglass covered copper wire. 
➢ Copper dust was formed when you stripped this material.  (Not in excessive amounts,  as per the 

employees). 
➢ Process involved loading a reel of copper wire, lead the wires through a set of rollers to have the 

wire come out straightened. 
➢ The ends of the wires were sent through a set of brushes, which would strip off the insulation off 

the ends of the wire, so that later this part of the copper wire could be brazed.   
➢ The copper wire was then cut to length. 
➢ There was no exhaust in this area. 
➢ Much of the copper wire was insulated with asbestos (either by the Armature processes or the 

wires/reels that came from the Wire and Cable department) – hence asbestos fibres would have 
been emitted through this process as well. 

 

16.    Stripper: (as per above) 

 

➢ This machine was operated by one employee, for 8 hours.  Copper wire was held and fed into the 

machine to strip off the insulation.  Set of heavy brushes were put in place to strip off the insulation.  

Most leads had to be stripped off as well.  This process generated numerous amounts of fibres.   

➢ Ventilation had to be turned on 

➢ Glass – Kapton glass – was a component of the insulated wire 

 

17.    Flux, Tin and Lead Pot: 

 

➢ The lead pot was heated, to a temperature enough to take solid bars of lead and have them melt to 
liquid form (621 degrees Fahrenheit approximately).  The lead pot was  the size of a crock-pot.  

➢ One operator was assigned to this operation. 
➢ The leads of the copper wire were dipped into the lead pot.  GY Wire (a type of wire) also was 

dipped into the lead pot and a tin pot. 
➢ The wires were then put on a rack to allow the wires to cool 
➢ There was ventilation on top of the pot, however, there was often splashing and bubbling of the 

liquid lead, and vapours would be emitted from the parts as well as the pot. 
➢ If moisture was on the wire, there would be splashing as well, when the wire hit the liquid lead. 
➢ The operators on this process were not given any personal protective equipment. 

 
FLUX POT: 
➢  The flux was brownish in color; it was a sticky glue-like substance,   
➢   The purpose of the flux was to clean the copper so that the lead would adhere properly.   
➢  The employees stated that the flux was likely to have muriatic acid in it as  well.(Copper 

 oxide) 
➢  The flux was placed in a gallon sized pail  
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Summary of #17: 
 
The bare copper wire was first cleaned by the flux, which was in a tank. The dipping of the wire into the 
flux and then lead pot was also for preparing the wires to have more adhesive properties for the insulators 
etc.  The wire was then dipped into a heated pot, which contained liquid lead.  When the fluxed wire hit 
the heated liquid lead, there would often times be splashing due to the chemical reaction as well as a 
significant chemical odour, (as the chemical reaction was strong enough to cause such an odour to 
develop).  In order to alleviate the fumes from the lead pot and the chemical reaction of the flux with the 
lead and the copper, a pedestal fan was placed in this location, but was not operable at all times.  One 
employee was actually assigned to this process; however other employees could also perform the tasks in 
this location for the materials they were working with.   
 

19.     Dip Tank in Floor: 

 
The dip tank was sunken into the floor and it had a lid.  It was fenced around for safety.  One operator was 
assigned to the processes, which involved this dip tank.  The tank was 4 feet square.  Toluene and xylene 
were added to the tank to act as thinners.  The tank contained epoxy varnish.  MEK peroxide was also 
added to this tank to act as an accelerator.  The tank was not heated.  The parts were dipped,   and then 
drip-dried over top the tank.  The parts were then put into an oven.  The entire area was full of fumes 
coming from the oven located adjacent to the tank as well as from the tank itself, and from the parts that 
were left hung to dry and cool off after being baked in the oven. 
 
This dip tank was used for applying a varnish on the armatures or rotor type coils which all varied in size.  
They could be small sized coils to large 7-8 foot size coils as well.  The coils were dipped in this tank, in 
order to seal the leads in the coil. The large coils were then placed on a conveyor and allowed to dry, 
before being taken to the ovens for the bake out.  The room was large enough to hold enough coils that 
needed to be dried after they were dipped into the dip tank.  The employees state that due to the dripping 
of the liquid varnish off the parts, varnish would often accumulate on the workplace floor.  There was a 
heavy chemical odour from this tank as well as from the coils that were air-drying after being submersed 
in the tank.  Although one employee was assigned to this process, the exposure to fumes and odours from 
the adjacent oven area and the air drying of parts over the dip tank itself, would have caused the 
employees in the adjacent sections of the department to incur exposures.  Some employees had pedestal 
fans.  These fans would cause the fumes to travel further to other areas of the department as well as into 
other employee’s workplaces and thus their breathing space.  Some employees sat beside the Dip tank area 
where coils were left to hang for drying purposes. 
 
There was no exhaust for this operation.  
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18.    Oven: 

 
The oven was not properly ventilated.  

 
The employees could smell and see white smoke being emitted from the ovens. The oven was 
approximately 8-10 square feet in size.  It was heated by an electric heater on the ceiling of the oven frame 
and parts were heated as air was forced down on them.  The fumes were very heavy in these areas as per 
the employees.  The parts would often be left in to dry/heat for approximately 1 hour or more.   

 
The fumes that were being emitted in this area were the fumes from the varnishes that had been applied to 
the parts from the dip tanks, as well as lead and flux from the previous dip tank processes and the 
decomposition products from the oven operations. 
 
The employees state that the fumes from the ovens would irritate the throat and nasal cavity when they 
would work in that area or adjacent areas. The odours were solvent type in nature. The employees state 
that their eyes would also be affected and would cause them to tear.   
 

20,  32, 33.    Taping Machines (an MOL Report provides evidence related to difficulties with this 

Taping Process – refer to Appendix K Document # 25): 

 
➢ The taping machines involved mica mat, fiberglass, KAPTON ( like scotch tape). 
➢ All items from the forming operations were taped here. 
➢ Five to six employees worked on the taping machines – there were 6 taping machines 
➢ Due to the use of fibrous materials,  many fibres were generated from this operation 
➢ The glass MICA was dipped in alcohol to moisten it.  The alcohol was available to employees 

in 5-gallon pails. 
➢ Employees could not wear gloves on this operation,  as they were then not able to handle the 

copper wire,  or the tape.  Barrier creams were introduced in the early 70’s however, 
employees could not use the creams due to the fact that the cream would interfere with the 
application of the tape. 

 
The alcohol in which the insulation was dipped consisted of: isopropyl alcohol, MEK, xylene or toluene.  The 
employees state that their hands would turn white and burn on several occasions, due to the constant dipping 
of their hands in the 5-gallon pails.  Some employees did have some breakouts on the skin as well. On Friday 
afternoons these alcohols were utilized to clean up the machines, for housekeeping purposes as well. 
 

 

Each operator had a small can of alcohol about 8 inches in diameter with a lid to dip each roll before 

putting the roll on the machine. 

“…The seals around the oven doors were not adequate and thus would not retain the fumes from 
the parts as they were being heated.” EMPLOYEE TESTIMONY 
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Employees state that on this job as well as other processes, employees would get covered in glue.  MEK was 
utilized to take the glue off.  The glue was quite sticky and hard to remove.  Thus employees state that when 
using the MEK, they would rub vigorously to try to get the glue off their skin.   
 
When working on DIESEL components, the employees stated they would dip their hands in alcohol all the 
time, in order to position the insulation.  There were numerous dermatitis issues due to this. 
 
Employees state that whenever they would go home to shower, often times, their skin would peel off the 
bottom of their feet and their hands, in large sheets/films.  They attribute this to the solvent exposure in 
armature. (refer to Appendix K – Document #25). 
 
21.    Stator Coil Set up and Wrapper: 

➢ The type of glue utilized for this operation was EC 1300 yellow glue.  It was a 3M product, yellow in 
color and released a foul odour. 

➢ The glue was applied by brush. 
➢ MEK was utilized to remove any excess glue off hands and arms and any other areas of the body. 

 

24.    Oven: 

 
The purpose of the oven was to heat up coils to put into the dye press.  The 761’s Gy’s and 581’s were placed 
in this oven as well, in order to make the slots solid.   
 
People would put their lunch on the oven for heating up.  The GE facility was so large that going to the plant 
cafeteria was not feasible, as it would take too much time to get there and back to the Armature building.  
Hence employees ate at their workstations. 
 
The oven was approximately 5x6 feet in dimension. 
 
29.    Pole Face Bar Press: 

 
➢ A solid piece of copper was insulated with 5 layers of tape– they varied in size – hydro 

tape, terrylene tape, shrink Mylar, tedlar tape and permafill tape.  All taping was done by 
hand.  Varnish was also utilized for adhesive purposes.  The varnish consisted of epoxy 
resin, which was milky white in color.  It was brushed on and was quite sticky as per the 
employees.  

➢ The copper wire was then put in a heated press, heated at 150 degrees Celsius.   
➢ Fumes would be emitted, as the epoxy would be heated as well.  The purpose of the process 

was to cure the tape onto the copper wire.  The press was not exhausted out. 
 
In order to clean the presses, which had accumulated epoxy varnish and other items on the equipment, MEK 
was utilized for cleaning purposes.  Rags of MEK were wiped over the hot presses. Due to the temperatures of 

➢ Employees state that this area was also quite fibrous in that fibres could be seen floating in the air.  
It was quite dusty.  They could see the fibres and dust shine like snow in the air. 
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the press, fumes of MEK would also be emitted as the employees were cleaning, due to the reaction of heat 
with the MEK.  The employees also state that a free coat type spray, like PAM, known as FREECOAT,  was 
sprayed on the equipment to act as a non-stick release agent.  This was a clear agent with MEK as an 
ingredient, as per the employees.   
 
The employees were allowed to smoke at their workstation and they ate at their workstations, as stated earlier. 
Employees state in general, due to various cutting operations, such as cutting of fiberglass, asbestos or Mica, 
there were fibres all over the mezzanine levels of the armature department.  Due to the fact that the upstairs 
level was like a balcony, the contaminants, whether they were fibres or fumes, were allowed to disperse to the 
other areas of the armature building as well.    
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Armature Department – 7 

Floor Level 

1960’s 
 
Refer to Appendix C for the processes discussed here.  Each process has been assigned a number indicating 
it’s location on the layout.  Only those processes or locations that are deemed vital for discussion will be 
outlined and described here.   

 
The number of shifts worked in this area depended on the workload.  (job tasks could require that employees 
put in 12 -14 hour shifts,  example, portable oven set up) 

 
1.  Sub Station  

 
➢ 2-3 transformers were located in this area. 

➢ the area was frequented by maintenance personnel 

➢ it was a fenced off area  

 

#10000 Royalene Degreaser:   

 

➢ The tank was ½ in ground and ½ above ground.   

➢ It was 16 feet long,  4 feet wide and 6 feet deep 

➢ The degreasing agent was ROYALENE (synonym – Trichloroethylene) 

➢ The tank was heated to 200 degrees Fahrenheit 

➢ The tank was heated with coils that were inbred in the tank (see Section #8 - Picture #6- 

Vapour Degreaser) 

➢ There was no exhaust over top this tank 

➢ Parts could also be lowered into the tank with a hoist or basket 

➢ The idea of the cooling coils and heating coils was to have the vapours rise up and then 

condense and settle down 

➢ Copper and steel components were placed in the tank for degreasing purposes 

➢ Employees would monitor degreasing activities.  As they would take the parts to the tank, 

they would wait alongside the tank as the parts were degreased, for approximately 10 -15 

minutes (depending on the size and condition of the part). 

➢ The employees state that anyone could degrease parts – there was no assigned employee 

to this task 

➢ The employees state that the vapours would clear sinuses once employees would be in the 

vicinity of the tank 

➢ Water Tank:   this tank was the same size as the degreaser 

➢ The water was heated and there was an exhaust over top the tank.  

➢ The purpose of the water tank was for the copper brazed parts (from another process) to 

be dipped in. 
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5.  Copper Storage Area 

 
➢ Any person using the wire came into this area and received their wire 
➢ Reels from Wire and Cable were transported here for use 
➢ Some of the reels consisted of insulated copper wire,  some of which also contained asbestos,  such as 

that from the carting operations. 
➢ The employees wore cotton gloves. 

 
6.  Copper Machine Lathe 

 

➢ This lathe formed the copper wire into a flat plate,  2 inches wide by ½ inch thick.   

 

7.  Coil Winding Lathes 

 

➢ One to two employees were assigned to each lathe (dry).  They worked on a 2-3 shift bases.  The 

copper wire was fed into the lathe, which acted as a tension device.  The lathe rotated a number of 

times, and each time, a turn was formulated in the copper wire.  There could be a number of turns, 

depending on the specs required. See Diagram 2 below for details on terminology. The lathe was a dry 

operating lathe – i.e. no machining fluids added etc.  

➢  While the lathe is winding, mica or glass tape are also added automatically to the copper wire.  With 

this process, fibres would float around. You could see if located against a window, fibres floating 

across the area, sparking like snow, as per the employees.  There could have been asbestos present 

here as well.  It all depended on the type of wire being worked on.  If the wire came from Wire and 

Cable then the wire would have likely had asbestos in it.  

➢ Asbestos fibres would also float around and be released. 

➢ The employees did not wear any protection or breathing protection and there was no exhaust in this 

area. 

 



DEPARTMENT WIDE RETROSPECTIVE EXPOSURE PROFILE  
General Electric Armature Department 7 (OHCOW FILE G884) 

Final Report Date:  January 30th, 2006 
 

 
Occupational Health Clinics for Ontario Workers (Toronto) 

By:  Sonia Lal BSc., MSc.  Occupational Hygienist 
19/238   

Final Edition Print Date/Time:  Feb. 6, 2006 11:27 AM 

Diagram #2. Definition of a “Turn.” -copper wire shown here in orange:   

 

 

Employees state that sometimes fibres were noticeable on clothing,  and at other times,  it seemed that there 

were no fibres to be seen,  but when wiping off machinery or skin or clothing, fibres could be see en mass,  

like dust bunnies coming off the skin and clothing.  The employees did not have changing rooms. Thus they 

wore their street clothes to and from work,  contaminated their cars, homes and potentially other members of 

their family, as well.  

 

Employees were given SBS 30 and PLY 9, which were gels to relieve the itchiness caused by the fibres on 

their skin.  Some employees had dermal infections or dermatitis.  These lotions relieved employees from the 

skin reactions they were incurring while working with the fibres. Much time was allotted for employees to put 

this lotion on their skin.   

 

8,9,10 – Tin Pot Operator/Stripper Flux: 

 

The operator who worked with this process wore a face shield, apron and asbestos gloves.  The tin was heated 

to approximately 449 degrees Fahrenheit, so that it was in liquid form.  The wire was mechanically stripped.  

There was an exhaust fan above the tin pot and it was exhausted out to the roof.  The Flux consisted of a resin 

and alcohol.   The purpose of the flux was to clean the copper wire so the tin would adhere to the copper.  The 

lathe operators, who were located adjacent to this process, could smell the fumes coming from this process.  

The smell was described as being a sweet smell like sap off a pine tree.  The resin must have contributed to 

this smell.  The ventilation was on,  but as per the employees,  the ventilation did not work very well,  as 

odours were heavy and were noticed to be coming off the tin pot and flux pot.  The tin pot consisted of a ratio 

of 60/40 solder,  60 percent lead with 40 percent tin.  Both bars of each would be added to the molten pot.   

Motorized sweepers were assigned to clean up the main aisle ways only.  All other areas were 

cleaned by employees with brooms or other methods for sweeping purposes ( air hoses). The fibres 

were frayed and you could not see them, unless against sunlight, floating in the air.  Some fibres 

were seen accumulated on equipment or beneath machinery.   
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The employees had to wear asbestos gloves on this job, as the wires were too hot to handle. 

(The company, which supplied this product, was known as Castor).   

 
12.  Spreader (High Voltage Coils): 

 
This process did not involve any application of liquid solvents or heated fumes.  The process involved 
spreading the copper coils into a shape required for insertion into slots etc.  See Diagram #3 below.  There 
were 2 spreader machines, 1 large and 1 small.  The employees state, due to the forming/spreading activities, 
this process was a fibrous process, in that the fibres (asbestos fibres) would fray, and disperse. 
 
Diagram  #3 - Spreader. 
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13.  Coil Taping Area: 

 
Diagram #4- Definitions of Slot, Lead, Window, and Head. 

Approximately 30 people worked in this area over the three shifts.  Due to the nature of the work here, these 
taper employees did have change rooms available to them.  The coils were placed in clamps and leads were 
taped with mica tape.  Depending on the voltage for which the coils were being prepared, that would 
determine the amount of mica tape required. For 12000 volts for example, 9 layers of mica tape were required.  
Each round of taping required painting with black varnish around each layer.  The lead and the head would be 
taped with this tape and painted with the black varnish. See Diagram #4 below.  The black varnish was 
supplied in a 45-gallon drum and applied via brush.   
 

 
 
Fiberglass cord was utilized to tighten the leads down and tighten it back into position.  The coil air-dried.  
Employees had to feel the tightness of the tape on the wire; therefore they could not wear gloves.  Employees 
would often dip their hands in the 1500 thinner,  so they could tighten the fibreglass cords.  Employees state 
they would often break out in blisters due to the exposure to toluene and their skin would dry out as well. 
 

The coils were then taken to the compound tanks (number 14 on the layout).  

 

In general due to the nature of the processes involved here, there would be accumulations of the black varnish, 

mica, as well as chalk or talc on the floor (which were utilized by employees, so that the tape would not stick 

to their hands).  The employees state this was one of the dirtiest jobs in armature.  The tapers had one hour for 

lunch.  Some employees ate at their workstation.  There were windows that were opened on occasion in this 

area.  Fans were supplied in the summer.   

 

Due to the number of people working in this area with the black asphalt varnish,  the exposure to vapours 

were heavy in this area (See Section #8 - for further information with regards to this process). 
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14. Compound Tanks : 

 

There were 2 compound tanks in this area.  Fifteen to twenty coils were inserted into the compound tanks at a 

time.  Cardboards were fit on each slot side of the coil.  The height of the tank was 6 feet tall, 25 feet deep and 

a diameter of 10 feet.  The small tank was 8 feet in diameter and 12 feet long.  Both tanks were pressure 

impregnated.  The whole tank would fill up with asphalt.  Once the lid was taken off the tank, the tray would 

be covered with asphalt, upon which the coils were placed.  There was one tank operator per shift and 2 

operators were assigned to put in and take out coils from the tanks. 

 

The function of the compound tank was to have the asphalt harden the mica, fit it to size and heat it.  The 

cardboard was removed from the coils; sacrifice tape would also be removed at this time.  In general, the 

function of the sacrifice tape was to hold a part in position. 

 

When the coils were taken out of the tank, they were cold.  When the tank was opened, heavy fumes were 

emitted and it smelled of tar, for the whole day, as per the employees.  The tray of coils that was inserted into 

the tanks would take anywhere from 3-4 hours to 24 hours (to pressurize).   

 

Diagram 5: Taping of Leads:   

Depending on the size, there was 

always one tank running at a time.  

The employees did wear aprons, but no 

gloves.  They used their bare hands to 

take off the boards and sacrifice tape.  

They wore a facemask and cotton 

gloves for protection.   

 

After this part of the process was 

completed, the asphalt-coated coil was 

then sent back to #13, Coil taping area.  

 

The asbestos tape came in an inch 

wide reel, with loose fibres.  The 

asbestos tape was held secured with 

the graphite paint.  The rest of the wire 

was painted with red Glyptol paint. 

See Diagram 5.  

 

 

15.  Test Area 

The test area consisted of high pot testing, turn testing, strand testing,  and conductive measurement testing to 

name a few.  High potential testing consisted of passing an electrical voltage through the wire.  The testing 

process for large coils took approximately 60 tests.  The small coils could take approximately 6 tests per coil.  

Ozone would be emitted by this process and employees state this would burn their sinuses.  Armature 

employees on the upper floor state that they would also smell the fumes from the test areas.  The high 
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potential testing consisted of 30-40 000 volts.  Turn testing tested the insulation on the wires.   After the 

testing process, the copper wires would be sent to the winding assembly area, #16.   

 

16. Assembly Winders (Section 16 on the layout – Appendix C): 
 
Types of Coils and Equipment Assembled and the Associated Processes are discussed in this section – Section 
16 – A- F: 
 
This process of assembly winding was also conducted in Building 8 and Building 10 (and may have been 
conducted at the various Client sites).  The parts that were assembled were transferred from department to 
department by the Armature Department’s transfer cars on the railway tracks.  Sometimes 2 cars were 
required to transfer finished products to various departments depending on the size.  Building 10 handled 
large water wheel generator type equipment and Building 8 handled 30-40 tonne equipment.  (See Appendix 
H – Picture of Large Dimension products) 
 
The processes are similar for the various types of coils prepared in this area of the department.  However,  
some of the processes required unique preparation activities. Only those activities will be described as the rest 
of the tasks for each product were similar to that of the Asphalt coils.  Hence in order to refrain from 
repetition only the unique tasks are described here. 
 

16A.    Assembly Winders -Asphalt Coils: 

 
Approximately 20-30 employees were assigned to this section of the department, located at the southwest 
corner of the building.  Most of the coils that were utilized here came from the process sections of this 
department already discussed, i.e. section 1-15.  Hence, all the copper wire that came from the previous 
sections of this department (floor level only) was covered with the asphalt tar. Asphalt coils are set up in a 
stator, which is the outer casing of a motor.  The stator set up resembles the casing for a slide projector.  
 
The coils are placed into the slots of the stator.  In order to secure the coils into the slots, a number of items 
had to be wedged into each slot to ensure the coil was set and secure.  Varnished pieces of asbestos were 
placed in each slot.  The asbestos pieces were ½ inch- 1 inch wide and 36 inches in length. These pieces were 
prepared by the processes from the mezzanine level armature employees.  The pieces were set on a cart and 
were already prepared for use.  The Asbestos was held in tact by 1592 Asphalt Varnish.  Another item that 
was placed within each slot was a “leatheroid” or thin cardboard piece.  This cardboard had textile properties 
and came in various thicknesses.  Furthermore, wedges, made of either maple or plywood, were also secured 
between each slot and coil to ensure that the coil was secure and tightly held in the stator slot.  Finally, a 
varnished fiberglass cord was also lashed here to ensure the coil was secure.  The cord was varnished to 
ensure the fibres would remain intact.  The tape was not refrigerated. 
 
The coils are connected in various locations one by one.  The leads of each coil are connected via soldering.  
The solder material utilized is Rosin Core Solder.  A mechanical clip is also utilized to ensure that the leads 
are married up.  This process involved either 2 or 4 employees.  The coils weighed varying amounts, 
depending on the size of the job, or stator.  Some coils weigh 100 pounds or more, hence the need for more 
than one person for slotting the coils into the stator.  The soldering was conducted by acetylene oxygen torch 
and copper wire.  The next process was a 2-step process. The coil leads were then insulated with a tape that 
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consisted of both glass (Fiberglass) or paper and Mica coated with asphalt varnish.  The tape came to the 
employees already prefabricated.  The tape was a GE Spec tape, called a glass tape or woven glass tape that 
was 1 1/4 inches wide (usually supplied by a U.S. supplier, some employees stated they recall the supplier 
name to be Cambric).  The soldering operation did not have any local exhaust ventilation.  
 
Only natural ventilation was relied upon, such as open doors and windows.  It was mentioned by the 
employees that due to the black asphalt varnish, it was not a fibrous process to apply this tape on the coil 
leads.  The tape was tightened around each coil by hand. The next step involved applying some more black 
varnish, asphalt varnish to the tape that was just wrapped on the coil leads to ensure security. The GE spec for 
the asphalt varnish was 1592 Asphalt Varnish. The tape was then wrapped around the coil leads once again 
and the process repeated.  This process was repeated approximately 10 -15 times per pair of coil leads.  The 
employees would be covered with the black varnish, as they were unable to wear gloves for this process, as 
gloves would interfere with their securing of the tape after applying the varnish. Safety glasses were worn by 
some employees, but at this time they were not enforced.  All in all, employees that wore prescription glasses 
were the only ones who had any form of eye protection at the time.  Other employees did not necessarily wear 
any eye protection. Safety shoes were worn by some employees as well.   
 
Each connection took about a half hour to solder and insulate with the tape.  As per Picture #1–Arm. 

Dept.GE Stator, one can note the large dimensions of an actual stator; the diameter is approximately 46 feet!  
Hundreds of employees were working on this stator.  With this type of stator, ladders were utilized to access 
the inner core.  A stator of this size would take 2 – 3 months to complete in terms of the soldering and taping 
application alone! With regards to the individual coils, there could be two to four men working on one coil at 

a time. (refer to Appendix H and O for more illustrations of the large dimensions of parts that were handled in 

this department) 
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Picture #1 –Armature Department GE stator 
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The employees describe the work environment of applying the tape and varnish similar to that of a road 
tarring process.  The smell of tar was quite heavy.  After some time the employees stated that they would be 
immune to the smell and not notice it.  However, upon arrival to the department, they would be overcome by 
the smell of the Asphalt tar.  The employees confirmed that there was no local or general exhaust ventilation 
in this area.  The building was full of fumes all the time due to the lack of proper ventilation for the various 
processes.  Natural ventilation from windows and shipping doors would be the only type of fresh air to come 
into the department.   
 
After this process was completed, the stator was prepared for shipment to Department 8 or 10 or to the Client.   
 
Work Practice: 
 
The employees stated that they would utilize 1500 Toluene to clean the accumulated tar off their hands after 
the taping operation.  The toluene was available in a red canister, and they would dip their hands in and try to 
wipe off the tar. The toluene would be put on a rag,  and the employees also wiped their facial areas as well  
to remove any tar.  When the tar would have accumulated in heavy amounts, the employees stated that they 
would submerse their hands in the toluene canister for 5-10 minutes, trying to get the tar to come off their 
hands and forearms. The toluene would burn the employee hands after rigorous use of it.  Moreover, 
whenever the employees had a cut or scratch on any body part, the toluene would cause them pain and 
stinging to the skin and wounded area.   Hence the employees were not only inhaling the fumes from the 
toluene but were absorbing the toluene via uptake through the skin as well.   
 
In terms of lunch breaks, employees stated they would eat their lunch right at the stator or nearby bench/ 
workstation, or wherever they could find a bench or table to place their lunch boxes. 
 
16B.    Assembly Winders - MCF Armature 

 
The employees in the Assembly Winding Department were involved in the fabrication of the Multi Circuit 
Field Armature, (MCF Armature). This was also conducted in building 8 or 10 or at the Client site.  The parts 
were transferred from building to building by the railway transfer carts.  The copper wires for this set up came 
from the processes completed by the mezzanine levels employees.  This copper wire was not covered with tar 
and was simply bare copper wire.  These copper wires are secured into the armature.  The armature is the 
rotating section of machinery and the part of a motor, which includes the main current-carrying winding.  
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Picture #2 Armature Department- Armature 

 
The armatures that were assembled here were one to two feet in diameter to 5 feet in diameter (not as large as 
the stators).  The coils were assembled into slots.  This process could take from 2 days to 2 weeks to 
complete.  In between each coil and slot, insulation had to be placed.  Varnished asbestos pieces were placed 
in each slot.  The size of the prefabricated asbestos pieces were 3-4 inches wide (thicker than the sheets 
prepared for the asphalt coils).  In 
between the asbestos sheets, sheets 
of mica were also slotted in.  The 
Mica sheets were 0.030 inches 

(30000th of an inch in width). The 
sheets of mica were varnished so 
that the pieces were not frail and 
fibres held in tact.  The employees 
stated that this process was not 
excessively fibrous.  Wedges were 
also placed in the slots to secure 
the coils.  The wedges were plastic in nature and called Epon glass wedges. (Like a plastic divider) 
 
19. Banding Lathe: 
 
The next process was the Banding process.  The banding machines were located adjacent to the Magnet 
Frame.  See # 19 on the Armature Layout (Appendix C).  The function of the banding lathe was to apply tape 
to the equipment in 300 or 525 ( if no oven) pounds of tension.  The department had both a large banding 
machine and a small one.  Fiberglass tape with epoxy resin (used as an adhesive for the fibers to remain 
intact) was utilized for banding the parts together.  The tape was called, Resi-Glass Cord.  The banding 
operation was performed on order to secure the coils together.   
 
Welding Area and Portable Equipment: 
 
The next process involved TIG welding or brazing.  The parts that required welding were the copper leads of 
the coils.  The copper leads of each coil were welded to a series of insulated bars of the commutator riser.  
The commutator riser makes the electrical connection to the machine while it rotates.  
 
TIG welding required: 
 

➢ Copper to copper welding with no filler 
➢ No gloves for protection,  no ventilation,  and no respiratory protection,  (there was a hood present 

here) 
➢ Engineer decided if there needed to be a change in process 
➢ Varnish would be applied to the wire,  therefore the varnish was also being welded. Thus there were 

fumes off the varnish as well during welding 
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Floor Level 

1960’s 
 

16C.    Assembly Winders - DC Armature 

Picture #3- Arm. Dept.  DC Armature  

 
 
The red arrow indicates the location where the welding would take 
place.  This process would take between three to four days or a couple of 
weeks,  to complete.  There would be either 2 or 4 employees doing the 
welding process. 
 
The welding employees wore a helmet, gloves and at times a welding 
jacket.  However, no respiratory equipment was utilized at this time.  At 
times silver phosphorous welding was conducted for this process, and it 
gave off irritant fumes, as per the employees.  At times, the engineer 
assigned to the job would indicate that silver phosphated (SIL PHOS) 

welding was required for certain jobs.  TIG Welding was conducted by torch for certain jobs and Arc Welding 
for  armatures, otherwise copper welding was conducted.  There was no local exhaust ventilation for this 
process.  The fumes would then rise to the upper floor of the armature department and the employees would 
be subject to those fumes (on the upper levels).  The employees describe the smell as a dry copper type smell 
and a metallic taste was left in the mouth. 
 
The welding was mostly TIG welding; TIG on copper.  Due to the fact that this process was a lengthy process, 
the fumes and contaminants would accumulate at high levels, as this was a continuous process.  Since welding 
operations were continuous for such large dimensioned parts that were being processed,  there was no relief 
time from the welding fumes as there was also no ventilation or exhaust and thus clouds of welding fumes 
would accumulate and disperse throughout the adjacent areas and upper mezzanine levels.  
 
#15 – High Potential Testing: 
 
The next step involved high pot testing.  Equipment from Section 15 (see Armature Department Layout 
Appendix C) would be brought in to conduct testing of the armature. Wherever the equipment was set up, the 
testing equipment would be transported to that location.   
 
After the testing operation was completed, Permanent Banding was then conducted.  The banding was 
conducted with Resi-Glass Tape.   
 
The equipment was then ready to be taken to Building 8 or 10 for Resin/Varnish Coating, Baking/Curing and 
drying operations.  As was already stated,  this process was also conducted by the armature employees. 
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16D.    Assembly Winders - MD- CD 

 
This process was similar to the MCF Armature, as it was a smaller version.  The (MD-CD parts came directly 
from the Assembly winding department.  Bare copper was utilized for this process  and thus not covered with 
Tar). 
 
The process is the same as the MCF Armature process up to and including the Banding process.  The leads of 
the copper wire were cut by the Lead cutting lathe (see #18 on the Armature Department Layout Appendix C).  
The Copper wire was then dipped in a Tin Solder pot (only the commutator part was dipped in the tin solder 

pot), which was electrically heated (approximately 500-600 Degrees Centigrade).  The solder pot was located 
adjacent to the ovens (#21 Tin pot adjacent to three other tanks, refer to Armature Department Layout C).  
The solder pot is identified as 17A.  There was no ventilation above this pot.  All tanks had covers on them.  
A crane/Hoist was utilized to facilitate the process of hanging the copper wire above the pot and submersing 
the leads.  The wires were submersed for approximately 10-15 minutes.  Only the copper part of the wire was 
dipped into the solder tank. The wire was then taken out, wiped with a rag and set down to cool.  The 
employees wore cotton gloves.  The crane operators remained at this station for 10-15 minutes at a time if not 
longer. 
 
The copper wires were then taken to #18 Lead cutting lathe for further finessing and smoothing of the wire.  
The CD was then tested and banded as per the processes discussed previously.    
 
The CDs and MDs were then hung in the walk-in oven and allowed to cure for approximately 6 – 8 hours.  
While the CDs and MDs were still warm, they were dipped in the varnish tanks either 17C or 17D (one was 

larger than the other) tanks both had the same content – i.e.  Varnish – 9700 or Isonel.   
 

The CDs and MDs would then be dipped, cured, and cooled 2 -3 times in total.   

 

It is imperative to note that every time a part was dipped it had to be baked as well and then hung to dry.  This 

was a continuous cycle/process.   

 

There were a lot of fumes emitted here, especially when parts were warm.  The fumes would irritate and affect 

the eyes and nose.   

 

When the warm parts were dipped the second or third time in a cycle, the warm resins coating the parts,  

which were still left uncured, would be emitted when being submersed in the dip tanks,  and the chemical 

reaction of these uncured resins being dipped at warm temperatures into the dip tanks,  would cause a 

chemical reaction and thus cause further irritation to the employees.  The uncured by-products would also be 

trapped within the resins,  when they were left to cure (usually only partial cure was obtained).  The first cycle 

therefore caused less irritation in comparison with the second or third cycles,  due to the increased 

temperatures. 

 

Furthermore,  due to the fact that the parts were not fully cured,  the decomposition products would be trapped 

within the cooled resins and when the parts would be sanded, or grinding would take place to remove the 

icicles,  these harmful contaminants would be released at that time. (See section #8 for further explanation of 

this) 
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16 E:  Assembly Winders - Turbine Rotor:  
(started in the 1960’s for GE) 
 
The empty rotor shaft core i.e. the skeleton of the equipment was fabricated from the Machine shop – or from 
the client. 
 
The whole component was made of steel.  The employees of armature had to put liners in the slots upon 
arrival.   
A) First a liner was put in the slots.  The liner was either a mica liner or fiberglass liner, which both came to 

the employees already prepared and hardened.  Mica was used for smaller sized slots and fiberglass for the 
larger slots ( this was not a very heavy fibre producing process) 

B) The sheets were put in a u-shaped manner into the slots. After this step, board and aluminum were added 
to ensure the insulation was secure and tight against the steel.  See Diagram #6 below: 

 
Diagram #6: Placement of Insulation in Turbine Rotor Slots: 

 
C) At this stage,  High Potential testing was conducted to test the insulation.  Employees state high levels of 

ozone would be emitted during this testing operation.  AC voltage was utilized for this part of the testing 
operation.  The function of the High Potential Testing ( High Pot Testing),  was to ensure the insulation 
placed within the slots was well placed,  secure in the slot and was strong enough to withhold the 
type/measure of electrical capacity the product was being fabricated for. 

D) The employees state their sinuses would be affected by ozone. 
E) The glastic material contained asbestos.  This step would be repeated per turn (10 turns).  See Diagram #2 

for definition of a turn. Coils were placed in a slot with glastic fiberglass liner.  Temporary clamps were 
put on and then clamped and heated.  After cooling, high pot testing took place again.  Temporary clamps 
were then taken off; steel wedges were put in place.  See Diagram #6.  Then after the clamps were taken 
off, a permanent wooden block was added.  Large steel rings were heated to 600 degrees to expand them, 
and to have them shrunk onto the rotor.  It took about 24 hours to heat up the oven, to 125-130 degrees.  
Finally a piece of insulation was added, then a steel wedge.   
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F) Individual wooden blocks fitted with a belt sander were added to make sure insulation was level.  
G) This process alone took approximately 2-3 months to complete, with 2 men per shift on a 6-7 days/week.   
 
The entire process is not demonstrated here.  Heating of the equipment took 24 hours to heat to 125 -130 
degrees C.   
 
16 F: Assembly Winders - Induction Bar Rotor: 

 
Induction rotors are a simplified rotor.  The part consisted of bare copper wire that was delivered from the 
upstairs level of armature.  The part was delivered with mica mat tape and glass tape insulation. The liner is 
Mylar or NOMEX or both.  The liner is dipped in varnish, i.e.  ISONEL varnish.   
• push the clamps down,  bend it to line to diagram, put in 1592 asbestos paper, ( varnished asbestos 

between bars),  in the arms for insulation – this is done all the way around (roll of asbestos – 36 inches 
wide with no fibres 

• The insulation is an intricate process similar to the processes discussed previously, with the exception of 
some of the insulating materials mentioned above such as 1592 asbestos paper. See Diagram #7 – 

Induction Bar Rotor below. 
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• Diagram #8- Forming and Bending: 

 
• The connections are then TIG welded or brazed,  copper on copper or silphos welding (silphos welding 

was rare) 
• A diagram of the end product of these individual connections is provided below -  head on view : 
 

Diagram # 9 – Head on view of Formed/Bent Wire: 

 
• All coils are tied together with resi glass cord.   
• Process then involved testing, banding, baking, curing and varnish dipping.  As already described,  

assembly winding processes required that the baking and varnish dip cycles would be repeated 2-3 times 
at minimum.     

• This part of the process took about 3-4 weeks to complete with 2 people. 
 
All in all it is important to note that the handling of parts was very intricate and intimate and thus the 
proximity of exposure to asbestos and other contaminants and processes play a vital role in the exposures 
incurred by the employees. 
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21. Ovens (Section 21 on the layout – Appendix C) 
 
The electric oven was divided into three sections.  The oven was 15 feet deep and 10 feet high. The doors to 
the oven were over 10 feet wide.   The first section on the west side of the oven was a “walk in” type set up,  
where employees could hang parts to be heated and let stand for a selected amount of time. The employees 
stated they would run in, place the part and run out as they would be overcome with the high temperatures and 
fumes in the oven. The temperature was set at 160 degrees C.    
 
It is imperative to note that due to piece work activities, the oven doors were opened many times (when they 
should not have been), to place parts in the oven and retrieve parts as well (as smaller parts required shorter 
bake times).  This would have compromised the exhaust and heating efficiency of the oven. 
 
When the oven door would be opened, fumes would rush out.  The parts would be set inside the oven for 
about 6-8 hours.  The employees stated that the type of smell they experienced was that of burnt diesel /burnt 
varnish.  At times the wooden wedges would actually catch fire in the ovens as well.   
 
The other two sections of the oven were not walk in.  They had trays upon which parts could be placed with 
the help of a liftruck and left to heat.  After parts were heated, the trays would be pulled out and the parts 
retrieved.  These sections were for larger parts that could not be hung on the track.  There were exhaust 

ventilation pipes that ran alongside the side of the building wall where the oven was located and the fumes 

were released on the roof, outside of the building.   

 
Portable Oven: 
 
If the armatures were too big to be put into the stationary ovens, then this portable oven was utilized.  This 
portable oven was only utilized in the open spaces available in the southwest corner of the armature 
department and the same armature department employees would also set this equipment up in building #8 and 
building #10 when the process called for it. 
 
The portable oven was 20 feet by 20 feet by 15 feet in size.  The oven was set up in an open area of the plant.  
The oven had four corner posts each with Calrod electric heaters.  The items that required heating were 
covered with asbestos cloth.  The asbestos cloth had a greasy feel to it, almost as if it had been dipped in oil.  
The asbestos would come to the department as a 36-inch roll with various diameters.  

 
 

As per the employees, they stated that after you were done covering the equipment with the asbestos 
sheets, the employees looked as if they had just come back from a snow storm, they were covered in 
asbestos fibres from head to toe.  Employees stated that they could see the asbestos fibres floating in 
the air, in their workspace and adjacent areas.  EMPLOYEE TESTIMONIES 
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Portable Oven in place from approximately 1960-1980 as per the 
Employees.  However further investigation of the MOL and GE documentation 
indicates that this oven was still in use in 1981 as well – (Refer to document #2 – 

Appendix K) 

 

 
 
 
 
 
 
The armature coils were dipped into a drip tray, which was 6-7 feet square.  The armature coils were dipped 
for purposes of varnishing the coils and sealing them into the armature.  Each section was soaked for 
approximately 10 minutes to ensure that the coils were varnished and sealed. The armature was then rotated to 
allow the following sections to be dipped.  Some of the armatures could be 25-30 tonnes in weight.  
 

Diagram #10 – 

Armature Dipping in 

Isonel. 

 
The solution in which the 
armature was dipped into 
was 9700 Varnish or 
ISONEL and Toluene 
Thinner.  An electric 
pump was attached to the 
drip tray to ensure that 
the Isonel/Toluene 
solution remain in 
circulation.  This varnish 
was not heated at this 
stage. 

 
The drip tray was 
approximately one foot 
deep. It was lined with 
plastic liner,  like that of 
a swimming pool.  The 
employees applied the toluene thinner by 5-gallon safety cans.  There was no ventilation over top the drip 
tray.  The employees were subject to the fumes emitted by the reaction of toluene and Isonel mixture, which 
was circulating by an electric pump.  There were approximately 150-180 gallons of varnish in the tray as well.  
The toluene thinner was added according to the specifications (there was a viscosity chart that the employees 
had to follow) the employees were given.  Approximately 20 gallons of thinner was added to 150-180 gallons 
of Isonel Varnish.  This part of the process would take approximately 10 minutes, i.e.  to set up the drip tray.   
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The employees stated that this process would emit a pungent varnish odour, and resembled the smell of diesel 
fumes.  The employees would also incur watery eyes and irritation to the respiratory system. Two employees 
were required to prepare and launch this process.  The Employees wore coveralls and rubber gloves due to the 
chemicals they were working with.  As the armature was rotated, varnish was applied manually with a 
varnish hose, to wet the parts of the coils that had been submersed, to ensure that no section of the 
armature was omitted.  A brush was also utilized to take off any excess varnish.  This process took 
approximately 8 hours to complete, or more, depending on the size of the part. 
 
After the varnish was applied, the portable oven was prepared for heating. The drip tray was emptied and 
placed under the oven casing, to capture any excess dripping of varnish from the armature.  A motor was also 
attached to the armature, to ensure that it would be rotated during the heating process as well. See Diagram 

#11( A )and (B) below.  Diagram A has been formulated for ease of understanding the set up of the 

armature – however Diagram B is the actual set up as per process. 

 
Diagram #11 – Arm. Dept.  Armature Set up in Portable Oven (A): 

 
The portable oven rotation 
bar rotated every ½ hour to 
an hour to ensure that the 
entire part was soaked as 
required. 
 
The employees then took 
the asbestos roll from the 
dolly.  A bar was placed 
under the blanket and a 
crane operator would help 
facilitate the process.  
Scissors or a knife would 
be utilized to cut the 
blanket to the  size of the 
equipment. All sides, top to 
bottom,  were covered 
/skirted with asbestos 
blankets to absorb the heat.   
 
The employees state that they did not wear any respiratory equipment, or other forms of PPE for protection 
again the asbestos or the varnish.  They had their street clothes on and would go home with these clothes as 
well.  The asbestos blanket would be draped over the equipment from left to right and back to front.  A 
stepladder was utilized to get over the shaft and folded over the asbestos blanket away from the circular part 
of the armature. This was also a high fibre process as the blanket was being handled, folded over, and cut to 
length manipulated etc. Thus the employees were quite intimately interfacing with it and thus being exposed 
to high levels of asbestos fibres.    
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ACTUAL SET UP OF THE ARMATURE IN THE PORTABLE OVEN 
 
Diagram #11 – Armature Set up in Portable Oven (B) 

 
 
A wire was also secured over top the asbestos blankets to further secure the blankets to the part and ensure 
heat would stay within the enclosure.   
 
The blankets were 36 inches wide, no matter what the length.  When the employees completed their tasks, 
they would fold up the blankets.  About 15 to 20 blankets were used a year and reused thereafter. 
 
After this decade, when safety became more stringent in companies, the employees would walk off the job 
due to the odours from the set up of the portable oven heaters as well as the set up of the Isonel/toluene drip 
tray. 
 
This entire set up process would take a full shift to complete. 
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The heating process took some time to get the heater adjusted and stabilized.  The required temperature for the 
heating/curing process was at least 150 degrees C for a minimum of 6 hours or more.  Due to this, windows 
and doors had to remain shut during this process of heating, so as not to disturb the stabilization efforts of the 
portable heater and to maintain the temperatures at the desired level.  The heating poles were 4 feet high.  The 
actual portable heater was about 10 feet high in total. There were four on each corner. See Diagram #12 

below. 
 
Diagram #12 – Full View of Armature Portable Oven 

 
After the heating had started, the employees would have to monitor and gauge the temperature of the 
equipment with the use of thermocouples.  These gauges would be clipped on to the Armature wires and the 
temperature would be recorded.  This step took place every half hour to monitor the equipment temperature.  
In order to get the reading, the employees would have to climb at the side of the equipment, move some of the 
asbestos blankets out of the way so they could climb in and take a reading. Due to the fumes, heat and 
asbestos fibres, the employees had to do this task very quickly.    They would get covered with asbestos fibres 
due to the movement of the blankets and the crawling between the blankets to get the readings.   The varnish 
had to be at 160 degrees C to ensure a proper cure for baking on the armature. There were 6-8 switches that 
were required to be turned on or off with regards to the temperature regulations for the portable heater, with a 
20-30-degree range. 
 
To stabilize the temperature of the armature it took approximately 12 to 24 hours of heating.  After this time, 
when the heating had stabilized to the desired temperature, the armature was heated further for another 6-8 
hours.  After this was completed, the armature was allowed to cool with the removal of the asbestos sheets.  
As per the employees, this process is quite fibrous as the removal of the asbestos sheets caused the frayed, 
loosened fibres to free float.  The employees would get the asbestos fibres on their skin and clothes.  The 
armature was allowed to cool down so that the varnish fumes would dissipate. 
 
This process was repeated 2-3 times.  The armature was allowed to dry and cool down for approximately 2 
shifts or 10-15 hours.  The asbestos blankets were removed for cool down and replaced onto the parts for heat 
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up processing. After the armature was cooled, the process was repeated once again.  The armature coils were 
dipped in the Isonel/Toluene Varnish mixture and the armature was heated again.  The armature was not 
removed from the oven set up. The Tray was removed, filled up and placed back beneath the oven set up.  
This process was repeated 2- 3 times, depending on the process requirement for the product and its related 
specifications. The employees state that when the armatures were heated up the second or third time, the 
fumes of the Isonel/toluene mixture were more evident, as there is more varnish being secured onto the 
armature at this point (the varnish thickens).  The first time the armature was dipped it was at room 
temperature.  The second or third time, the armature is cooled down to approximately 35 degrees Celsius, i.e. 
warm to touch.  With this in mind, as the armature is dipped into the Isonel /toluene solution, the heat is 
reacting with the solvent mixture and thus causing more fumes to be emitted.  
 
The employees re-used the asbestos sheets for other processes or equipment that required to be heated.  The 
asbestos sheets were rarely discarded.  An employee would climb up on top of the equipment and portable 
heater, fold the asbestos sheets and place them on a pallet to be reused.  Often times, as per the employees, the 
blankets were thrown from the top parts of the equipment to the floor, again causing fibres to be dispersed 
into the work area.  The employees state that at this stage, there were numerous fibres throughout their 
workspace and on their clothes, skin and hair.     
 
The employees state that the general work conditions of the process consisted of exposure to asbestos fibres, 
heat and the fumes from the varnish mixture of Isonel and toluene thinner. Furthermore due to the fact that it 
was critical to attain proper temperatures for the oven,  the natural ventilation in the plant,  i.e. the doors and 
windows had to be shut closed,  as this would hinder the heating process. Hence by shutting out the fresh air,  
the fumes and vapours from all the other processes,  the dusts,  fibres, etc,  would also be trapped within the 
building.  Hence a mass accumulated of all the contaminants in the building was attained and would remain 
within the building,  thus exposing the employees (See Appendix U – documented Dates, Oct. 4, 1982 for 
further evidence and an MOL inspector testimony describing this environment).  
 
The employees state that they wore their street clothes home, would place them in the general wash with all 
other clothes and would shower accordingly. 
 
In terms of housekeeping, the employees state that at this time, there were Department Wide brooms/ sweeper 
operators,  manual laborers who would be assigned to assist with clean up of work areas.  Some employees 
utilized air hoses to wipe off asbestos fibres from their workstations, the equipment, as well as their own 
clothes, and bare skin.  The employees state that they would eat their lunch right at the oven area or a bench 
nearby the oven.  At times, they would work 12- 14 hours shifts if they were required to as well on this 
operation. 
 
At this stage, the armature is prepared for either Testing, or shipping.  The armature may be put on the tracks, 
and sent to another department or prepared for shipping to the client. 
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17. Tanks A, B, C, D  (refer to Layout – Appendix C, 1960’s) 
The tanks were located in an open area on the plant floor.  There was no ventilation or exhaust on any of the 
tanks. The tanks were utilized for 24 hours/day without exhaust.  It should be noted that any employee could 
utilize the tanks. ( Description in point form) 
 
Tank A: 

➢ Tank A consisted of tin solder.  
➢ No lid 
➢ Heated  
➢ Less than 2 feet in diameter 
➢ Height of 45 gallon drum 
➢ Accessed by overhead crane operator or Jib Hoist 

 
Tank B: 

➢ Tank B consisted of pressure release varnish 
➢ Lid present,  when required,  sealed/pressed 
➢ Not heated 
➢ 2.5 feet in diameter 
 

Tank C: 
➢ Tank C consisted of Isonel - 9752 
➢ Lid present 
➢ Not heated 
➢ 3-4 feet deep 
➢ dip parts with pendulum crane & Jib Hoist,  assistance by crane operator 

 
Tank D: 

➢ Tank D consisted of Isonel –smaller tank 
➢ Lid present 
➢ Not heated 
➢ Accessible by employees on floor level. 

 
Crane operators would spend 10-20 minutes (average)  above the tanks when transporting or setting a part to 
be dipped or retrieved from the tanks. With larger parts,  it would take a longer time and thus crane operators 
would spend more time over the tanks.   
 
22. 3 story high Storage Tank 
 
The storage tank was for molten tar,  as per the employees.  However,  the employees were not sure if the 
product was tar or asphalt.  Asphalt is sometimes mistaken for coal tar products due to their similar 
appearances and applications in the industry. Through the investigation conducted here,  and the limited 
information available,  asphalt appears to be the main component in the processes involved in armature. (See 
Appendix  Q – OHCOW’s investigation on the composition of the Compound tanks). 
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MICA AREA  
(point form description) 

23. MICA Coil Processing: 

 
➢ Strip off sacrifice tape and bake out from the processed coils 
➢ The coils came out of compound tanks/coil taping process. 
➢ 1 operator manning the tanks per all three shifts 
➢ 2 operators in the stripping processes for 2 shifts only 
➢ function was to strip off sacrifice tape/tar and then go back to coil taping process 
➢ dirty /dusty job – the tape was brittle,  gloves were worn as well as face shields (not all employees) 
➢ employees utilized knives to strip the tape 
➢ employees state that there were many operators who had difficulty breathing due to the dusty 

environment. 
 
25.   MICA AREA (See Diagram #13 below) 

 
Asphalt mica tape (Mica tape with paper on both sides – black varnish -sticky 
 

➢ 3 employees on one shift 
➢ The room was approximately 30 feet Wide x60 Feet Long  by 30 Feet high. 
➢ Mica was brought in from boxes from India, they weighed approx. 150 pounds and the boxes were 

3X4 feet.  They were lifted off of the floor via a hoist.  
➢ The mica was delivered in loose flakes (the size of corn flakes) and boxes were cut open. 
➢ For larger boxes the lids were taken off at waist height. Needed to take pliers to pry lid off box. 

Had to spray to ward off bugs.  
➢ The mica was hand fed into a hopper that was 2 feet square. This was done at waist height – 

employees state they were itchy all over their bodies due to this exposure. 
➢ The hopper was 2 feet by 28 feet in length. The mica was thrown into the hopper and traveled up 

and over through the hopper into the  shaker (cyclone type container) whose function was to shake 
the mica onto tape – sticky (see diagram #13 below - backing of tape was turned over so as to 
capture the flakes, while it traveled through the process  

➢ As the machine ran, mica black varnish was also applied automatically onto the tape (same varnish 
known as asphalt tar varnish)  

➢ There was a heating element at the end of the conveyor table, 6 inches off the top of the table – 
mid section, which enabled the flakes to adhere to the tape and form the tape.  

➢ As the tape was run along and processed it was cut and wound onto a reel. 
 
Employees state this area was very dusty and sticky with the varnish as well as flakes of mica everywhere. In 
term of housekeeping,  the employees would sweep the mica off the floor, air hose the mica off equipment,  
thus cause the contaminants to disperse into several directions and other areas of the building. An apron was 
worn as protection, no respiratory protection  - no ventilation or local exhaust in this area. The employees did 
rotate on the various tasks. 
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➢ The roll would then be moved to the slitter machine where the rolls were then sliced into 3.5-inch -

4 inch rolls of tape. 
➢ They would put them in a 5-gallon steel pail sealed to keep the moisture in the tape. 
➢ Then they go to inspection. 
➢ There was a large steel tank in this area, which contained 1500 toluene.  The purpose of this tank 

was to clean the equipment on the slitting machine. Tank is large 8ft by 4ft. It was ½ full at all 
times with a steel lid,  however and as employees stated it was never sealed. 

➢ There was a  wire to hold the lid up on the tank.  
 

➢ One roll would cut 50 rolls of tape. It looked like hockey tape.   
➢ Cleaned hands with toluene thinner safety rags. 
➢ Unloaded 2-3 boxes more than 100 –200 pounds or more.  
➢ Conveyor table was about 24 feet long; it had to accommodate the weight of the hopper pipe - 15-

18 ft high. 
 

➢ Mica health concerns cause you to be itchy and coughing.  
➢ Once the process started it had to be manned continuously. If the reel of tape was stopped,  there 

was a fire hazard as the heating element would heat the tape so much that it would catch on fire – 
thus the flow would always have to be continued. 

➢ In 67 or 68 there was fire of this sort. 
➢ The element was red hot – at 300 -400 degrees C. 

 
Refer to Appendix F for an illustration of location of this process in the department on the Armature Layout. 
 

Employee stated this was one of the dirtiest jobs in the company. Due to the fact that 
there was so much varnish on the ground,  employees’ shoes, boots would have layers 
and layers of varnish underneath their soles and people would say to them. “You’ve 
grown so much taller in hours…due to the black resin and varnish on the bottom of 

your boots!”  EMPLOYEE GROUP TESTIMONIES 

One employee who never smoked had died of cancer here and another incurred heart trouble 
(employee group testimony). 
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Diagram #13- MICA AREA 

 
 

 
 
At the end of the table, after the machine has passed over the tape and rolled onto a reel,  the employees 
would then take the roll and set it on a slitter machine.  The slitter was composed of 50 knives rotating.  The 
tape was run through and cut.  The width of the tape was 1- ¾ of an inch. 
 
 
29. (Hydroelectric Poles) – electrical function of the motor which produces the current 
 

Function is to have copper coil secured to the pole, insulated with mica, and then take the copper wires 

and attach them to a steel frame – this was then varnished, clamped,  insulated and then baked: 

 
➢ Pole Pieces of steel delivered to this department 
➢ The piece was washed off with toluene.  A rag was dipped into a bucket of toluene.  The employees 

did not wear gloves for this process.  The gloves that were provided by the employer would react with 
the toluene and swell up, hence the employees refrained from wearing them 

➢ No respiratory equipment was provided 
➢ The employees wore their street clothes for this process. 
➢ The smallest steel piece would take approximately 30 minutes minimum for the toluene cleaning 

process.  There was oil and dirt on the poles that had to be taken off. 
➢ The employees state that the vapours of toluene were overwhelming in this area. 
➢ The pole itself was also painted ( 3.5 inch brush) with black varnish/shellac –5-10 minutes to 

complete. The black shellac was like woodworking finisher, paint varnish, with high alcohol content. 
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➢ The paint had high alcohol content.  It smelled sweeter than varnish. 
➢ Mica sheets were then placed on hot plates.  They were heated so as to easily form around the corners 

of the poles.  The mica was 20 inches long and 12 inches wide. 
➢ When Mica was heated, fumes would be given off- due to the fact that the mica was painted with a 

binder known as SHELLAC.  The mica sheet was heated on a hot plate. The SHELLAC contained 
alcohol used as a thinner.  The oven was heated to 160 degrees centigrade.  The employee wore 
asbestos gloves when working with the heated mica sheets. 

➢ This process was repeated at least 3 times (3 layers). The paint is over the mica sheets only.  This 
process would take about 1 hour to complete. 

➢ At this time, the pole would be clamped, with side plates made of steel.   
➢ Then the pole was placed into oven #6 overnight. 
➢ After 8 hours of baking, the employees would grind off any excess varnish. There was no dust capture 

in this area.  There was a lot of dust in this location,  due to the grinding operations. 
➢ Mica dust would be flying everywhere 
➢ Employees did wear a face shield, with cotton mask 
➢ The grinding would take place in the ovens, where mica dusts, shellac would be grinded.   
➢ It would take 10-15 minutes per pole to grind,  depending on the size of the poles. 
➢ Ovens were shut off, thus the exhaust was also shut off for the grinding process.  Hence accumulation 

of dust occurred. 
➢ Some poles were 6-8 feet in length  
➢ Coils were placed over the pole via crane. 
➢ No trichloroethylene in this location 
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Late 1960’s and Mid 1970’s – Refer to Layout in Appendix D 

Refer to appendix G for a detailed explanation of location and processes on the 

Armature Floor Layout. 

 
1. Copper Storage Area - same as before 
2. Degreaser - same as before Royalene Degreaser 
3. Grinding – This area was for smoothing off any excess copper – there was an exhaust system in place 

however it was not fully functional as per the employees.  No protection was worn by the grinding 
employees.  Any employee was able to come into the grinding area and grind materials.  Copper rash and 
greening of the skin was common in this area.  Minimum of 3 hours to a maximum of 8 hours for grinding 
operations.  Copper dust,  residue from solder such as silver and flux agents were also likely to be ground 
here as well.  Only in the late 70’s and 80’s did canister respirators come into this area.  

4. Wash: 

This was a hot water bath.  The employees reacted to the hot water steaming. After the coils were grinded, 

they were then dipped in the Royalene tank for one hour. Then the parts were dipped in the hot water bath 

– and vapours would be emitted at this time. The employees state that the royalene would smoke,  

therefore it would irritate the respiratory tract of the employees. 

 
5. PRESS: 

Compound press coils – same as before however, only 1/2 coil bar pressed. 
 

6. Oven: 
The oven was 10x6 feet in size and it was exhausted to the roof.  This was a gas oven, set at 120 degrees C 
minimum and 160 degrees C maximum.  This temperature depended on the job.   
The oven was used to heat rotor coils,  and poles for insulation.  Carts would be loaded with the parts and 
rolled into the oven.  
 

7. Test Area (same principle as before,  with different voltage applied) 
8. Sub Station -same as before 
9.    Assembly Winders – copper leads: (Large DC’s, stators and AC’s) 

➢ On the Stators, burning resin off the cable connections/copper leads – internal connections to external 
connection to make sure you have a good connection – Leads were burned if there was excess resin. 

➢ No exhaust,  while burning leads 
➢ High fume content into the crane,  blue smoke 
➢ Winding fumes , burnt resin – no exhaust 
➢ Had to heat copper up to burn excess resin, torch or brazing– couple of hours to do this.  Blue smoke 

would be emitted due to burning of resin as well 
Late 80’s an electronic precipitator/  smoke hog would be utilized for this process  

➢ could take all day to burn leads off 
➢ the smell was described by workers as burnt resin fumes 
➢ could take 30 minutes to 2 hours to complete this job 
➢ didn’t matter where the crane was located – the smell was bad all the time in the crane due to 

heavy fumes 
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10.    Banding Lathe:   

 
➢ Purpose of the banding lathe was to put resi glass banding on the armature 
➢ The resi glass would expand when the armature was heated up – which allowed for a tighter job 
➢ When the armature was heated up,  fumes would be released at this time (due to the fact that the 

insulated parts and other components,  resins and thinners  were also being dipped in the tanks) This 
cycle was repeated 2-3 times. 

➢ Take out armature,  put in banding lathe 
➢ Electric iron rod – sealing/soldering or ironing out of the coils 
➢ Cool down to 40-60 degrees C 
➢ Then the parts were dipped into the Isonel tank – 10 – 15 minutes – till the bubbles would stop- then 

the part is taken out and drained over top of the tank – vapour is emitted at this time – for half hour 
and then – the part is placed in the oven. 

 
11. VPI –( this  tank came in late 1967 – 1968) After which  2 new VPI TANKS (see below)  which are  

present today were installed..  The large VPI tank was put in the 1990’s which was 7 feet deep and 3 feet 
above the ground.  #1 Small tank is 100-inch diameter by 116 inches deep, #2 tank is 152-inch diameter by 

154 inches deep. (Catalyzed epoxy resin 74023 = 4 feet above floor level.) 
 

Stators that came in from another building would be dipped into the VPI tanks Fully immersed 
➢ The VPI Tank had tributyl styrene thinner in the Tank – the resin was M6860 vendor # 74023 – 

this was in place late 70-80 
➢ One employee incurred harsh rashes from this thinner and there was excess resin in baffles – 

which caused him to be exposed when handling the equipment 
➢ After this reaction of the employee, this was then taken out  and replaced with – Vinyl Toluene – 

added as thinner – till about 1994-95. 
 
VPI tanks contained epoxy – 6860.- Not Heated VPI 
The parts were dipped for 8 hours – under Vacuum Pressure Impregnation. 
➢ The VPI tank was used more than any other process,  7 days per week – 24 hours  7 days a week 
➢ It was used to saturate the coil with resin and to soak the insulation, tape,  all the way down to the 

copper coil. Pressure was involved so as to impregnate the coil 
➢ The process involved – closing the lid, drawing the vacuum to remove any moisture, then transfer of 

resin from the VPI storage in #12.  The part was soaked for 4-6 hours, and then the epoxy was 
transferred back to the storage tank.  The pressure was then released. The stator was then taken out. 
The lid is in up position.  It would take 15-20 minutes to take the stator on/off the crane.  Due to the 
residue of fumes and the lack of  exhaust, fumes would be emitted when lid was in the open position.  
The stator and tank would emit heavy resin fumes, and employees eyes would water. They would 
break out in rashes and some employees would choke, as the fumes were quite heavy.  The stator 
would be wiped dry with squeegee brushes to wipe off any excess resin.  

➢ The dip operator would also incur heavy watery eyes as this operator would have to hook the stator to 
the crane and this could take some time to do. 15-20 minutes for this task. 

➢ A stator could go for 2 or more VPI cycles depending on the specification. 
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Employees would incur rashes without contact with the VPI liquid. Some would incur rashes with the fumes 
themselves.  The parts would then be placed in the ovens baked at 160 degrees C, 2-3 times in OVEN #17. 

 

 
➢ After items were placed in the oven the following would take place:  
➢ If icicles developed,  or other imperfections in the parts,  the employees would have to buff off any 

excess resin off the stators, with a buffing wheel. Take off any icicles from the parts. 
➢ Employees would then air hose the dust to clean the areas.  Therefore epoxy dust would also be 

another contaminant in the areas.  
➢ In general the VPI tank could be utilized for 24 hours, seven days a week, for various parts, and 

various numbers of cycles for each part.  
➢ 2 operators were assigned to the VPI tanks per shift. There was a crane operator and  tank operator.  
➢ Leads were then brazed /air chiseled onto the stator windings. 

 
11. The small VPI Tank 

➢ Take 1.5 hours to draw the vacuum 
➢ Flood job with the resin 
➢ Let sit at Atmospheric pressure for 1 hour at 85 pounds of pressure. Then the vacuum was 

released and the resin transferred back to the tank. 
➢ Storage tank 1971-– outside – baffles outside – when doors would be opened the fumes would 

crawl back inside the room and into work area. 
➢ Most fumes would come back into the plant,  from the baffle area 
➢ The part would then go to the oven at 160 degrees C  for 8 hours. 

 
13. The Isonel 51 tank. 

 
➢ This tank was for the purpose of coating on the coil or component with insulating varnish.  
➢ Dip armature or interpole, let soak – till bubbles would form 
➢ This tank was not heated and did have a lid. Xylene or toluene was added to act as thinners 
➢ The parts would sit in the tank for about 3o minutes.   
➢ 3 foot deep in the ground – ½ in tank and ½ out of tank 
➢ The parts would be lifted up and left over the tank to drain for another half hour. Vapours would be 

released as per the employees. 
➢ The parts were then put into the oven set at 160 degrees Celsius for 4-8 hours.   
➢ Once the part was baked it was cooled to approximately 40-60 degrees Celsius and would be placed in 

the Isonel Dip tank again.  Hence parts were warm when dipped in the Isonel, the second time which 
would create heat and vapour. 

 

It is important to note that some employees working in this area walking through the areas 
would react just by being exposed to the fumes; they would break out in rashes. 
EMPLOYEE TESTIMONY 
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Some employees exposed to the Isonel would become tipsy and would go out for fresh air and be relieved. 
 

➢ The Isonel air dried on its own if left out long enough. The parts were dipped and baked 2-3 times. 
(Armature usually required 2 dips and the poles required 1 dip – as per the specifications given)  

➢ The leads were then cleaned via grinding operations or files to remove any Isonel icicles that may have 
formed during the drying process.  The tank operators may have been involved with this process or 
cleaners that were assigned to this would be fully responsible for this task.  From the 70’s through to 
the 90’s the cleaners were in place on the day shift only – their job code was Miscellaneous either 
0807 or 0809 as per the employees.  They would wear a cloth mask to protect from the dust that was 
generated through the grinding/filing icicles process. 

➢ The oven was not perfectly sealed as smoke could be seen emitted from the seals and cracks.  Fumes 
would be emitted off the oven and the parts were baked and left to cool.  The fumes would be evident 
for half an hour to 1 hour as per employees,  after the part came out of the oven. 

➢ Oven cycles would take 4-8 hours for baking, once the desired temperature was reached.  It would 
then take 6-8 hours to cool down. 

➢ Parts were then dipped into the Isonel tank – ½ way till the bubbling stopped. 
➢ Fumes smelt like resin or nail polish remover as per the employees. 
➢ The OVEN #17 was VENTED TO ROOF TOP. 
➢ Garage like doors were in place for access of parts into the oven. 
➢ This was an electric oven set at 160 degrees C. 

➢ The oven was used to bake parts that were either dipped in the Isonel tank or the VPI  tank. Hence the 
type of fumes emitted varied. 

➢ It would take 3-10 hours to fully cool down a part. 
➢ There were ceiling fans put in place on the high ceiling of the Armature Building, to alleviate these 

oven fumes, in 1971.  Upstairs employees would turn the fans on, as they were being subject to the 
fumes, as heat rises.  However, due to the effect the fans had on bringing the fumes back down to the 
floor level, the floor level employees would ensure to keep the fans off.  In addition, the fans were 
quite loud. The floor employees would turn off the fans because parts would not dry properly, 
Therefore employees were prone to shut the fans off.  (See Appendix K – Document #15 – Joint 
Health and Safety Inspection report Dated 1987.  This issue was ongoing and evidence that it was 
prevalent even in the late 1980’s is given in this Inspection report.” 

Feb. 13, 1987:  Gallery Item #3 - #3 Oven on main floor generating heavy fumes. Since 
they were accumulating in the high ceiling area,  workers upstairs turned on ceiling fans 
to find relief.  Then workers on floor below were affected and in turn would switch fans 
off.   

 
This document indicated that the upper levels employees were exposed to the heavy fumes from 

the lower levels.  The notes also indicate that often times the ovens were “overloaded” and would 

cause the fumes to be heavy from within the oven.   

➢ employees on the mezzanine levels could smell the fumes and the fumes would stick to their clothing 
➢ No doors were opened in the winter only in the summer months 
➢ Smoke/haze – you could see particles in the air and you could see the residue on the windows – hard 

to clean  
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#  1000.      Xylene Tank: (still present in the 1974’s) 

➢ 32x12x8 in dimension,  not heated and had a lid, 5-6 inches deep 
➢ straight xylene tank 
➢ purpose was to wash equipment, clean equipment  
➢ take resin off chains and hooks 
➢ employees would use rubber gloves to take parts or tools  out of the tank 
➢ There was a mesh tray available to dip the parts into the tank – however if some parts required 

further cleaning, employees would use scissors or knives and they would not wear gloves.  5- 
10 minutes per cleaning tasks.  This would be done several times per shift. (like dish washing) 

➢ Anything steel would be dipped into the tank to take the sticky residue off the parts – the parts 
were then set out to air dry for – 5 minutes – the smell was a solvent smell 

➢ There was no exhaust ventilation in this area 

 
 
99. Cleaning Area also known as the “SIN BIN” 
 
The “Sin Bin”  as employees had labeled one of the grinding stations in the Armature department,  was a 

station where dusts were accumulated and employees exposed.  The employees wore rags on their head to 

protect from the accumulation of dusts in their hair.   The set up alone is hazardous to the health of employees 

and the employees in the adjacent areas,  through exposure to escaping toxic dusts.   
 

➢ dusty area as parts were grinded here with steel brushes to  finesse the leads and take the resin 
off ( looked like icicles) 

➢ wire brush grinding was utilized 
➢ this was a dirty area 
➢ weld curtain enclosed the areas 
➢ employee wore rags on head to protect from accumulation of dust in hair 
➢ no exhaust present in this area 
 

20.  Cold Forming 
The coil was formed,  cut to length – had to be made hollow.  It was formed then epoxied,  painted and 
heated.  Once this process was completed it was sent to #14 for further processing. 

 
14. Coil Manufacturing (Bruce Generators) 

Hydroelectric Coil Bar Forming – formed at the east end near the elevator 
➢ many people worked here per shift 
➢ after the coil was formed it went through a quality check by shooting pellets inside to make 

sure nothing was inside  
➢ End headers were then put on the parts and insulated with epoxy tape 
➢ After coil is formed it is insulated with epoxy class B tape ( B:  any material that must be 

heated and cooked) -Sticky job 

➢ Some people cleaned the parts like they were washing dishes 
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➢ Employees would blister due to pulling on the tape,  therefore they would use cotton gloves,  
with the fingers cut out – the parts were then sent to #15 area 

 

#15 – Press: 
 

➢ Hydraulic steam press used here (dry process) 
➢ the parts were pressed (Put pressure on the part to integrate the copper and insulation) - Cure 

and mold part under pressure – C Press 
➢ Pressure of 85 pounds PSI was allowed for one hour for the parts being saturated with the 

resin/ hence flood job and cover with resin 
➢ the parts were then insulated with mica mat tape and sent to #18 compound tank 
➢ Compound tanks (same activities as mentioned previously with the compound tanks) 

 
All in all it took approximately 1 week to make a turbine bar  which is ½ a coil,  with 20 people on this 
operation,  assembly line type operation 
  At this point – the part is in the armature 
 
#16 FRIDGE: Storage for Epoxies – this came in during the mid 1970’s: 
 

• fridge,  was a walk in freezer with no ventilation 
• 30x40  height at 20 feet 
• epoxy based materials were stored in this fridge,  had to be stored at a certain temperature 
• nothing in here below 4 degrees Celsius 
• there were 2 doors on the fridge – could smell epoxies 
• very high ceiling – 20 foot high ceiling 
• before this – would store in storage cabinets in 60’s 
• one could stay in the fridge for some time,  depending on the size of the parts being worked on 

 
Cold Room: came in during 1973-1974 - Upstairs 
 

• located where stores used to be 
• Came in late 70’s 
• Before 1960’s,  had storage cabinets for epoxies 
• Not vented, had 2 doors 

 
#18 – The large tank was taken out at this time  as it was not required. 
 Compound Tank -So then less contamination but still using the same materials 
 Storage tank stood  2 feet deep in asbestos (1977) 
 Refer to Appendix K Document #32 for document with regards to asbestos  
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#100 – Compound Tank 
• One tank was taken out and replaced with an office in this location 
• When the tank was taken out – there were problem with regards to asbestos – as asbestos had 

to be removed – (the tank was insulated with asbestos) -Storage tank was submersed 2 feet 
deep in asbestos.  Refer to Document #32 – appendix K with regards to asbestos and the tank 
removal in 1977.  Employees were asked to wipe down the tank with water as it was covered 
with asbestos fibres.  After the tank was removed it was replaced with an office. 

 
After the parts came out of the compound tank,  paint finishing tape was applied around the radius of the coil.  
The part was then put through the test area,  #7.  It took approximately 1 week to make a turbine bar which is 
half a coil.  Twenty people worked in this area.  It was set up like an assembly line.   
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Crane Operator 

Current employees in the Armature Department were called upon to give information with regards to crane 
activities.  The crane operators have been on this job from the late 60’s.  They recount their duties as crane 
operators and talk about the VPI tanks as well. 

 
As crane operators, the employees turn stators, winders and parts all over the shop from one end to the other.  
He works in the cabin of the crane that measures 5x5 feet in size, made of a steel metal cage.  It is not 
enclosed or ventilated.  It is approximately 30 feet high.  The tank operator is on the ground level and assists 
the crane operators with view , lifting and placing of parts.  The hitcher/tank operator determines how to turn 
the job, weigh and balance etc.  The tank operator secures the cables to the parts.  The crane operator follows 
the signals given by the tank operator, via hand signals. 
 
The speed of the crane could  range to up to 5-6 mph. 
 
The crane operator and the hitch/tank operators did not wear any protective equipment, while doing any of the 
tasks of this job.  Crane operators would have to travel over the dip areas at least 3-4 times per day, if not 
more; it would be dependent on the size of the parts being handled.  It would take 5 minutes to half hour to set 
parts for the crane, or take parts out of the tanks or ovens and place them back on the crane.  Sometimes hours 
could be spent with regards to crane activities over tanks,  portable ovens,  exposure to fumes and vapours and 
fibres etc. 

 
 
 

At this time, the employee states the following. “I do not smell the harmful chemicals in the 

department, as I must have become immune to the smell, odours emitted by the chemicals.  I haven’t 

noticed the smell for years…everyone else that comes into the department does.  Some employees 

would get a rash from the resin but they didn’t know what was in the resin.” 

As soon as the tank operators or other employees would open the tank lid,  the fumes would be 

overwhelming for the crane operator and would “stay with you for some time as there was no forced 

circulation of air or exhaust ventilation...and soak right into your clothing and pores.  The smell 

stays with you like smoke stays on your clothes…some employees would break out in rashes 

immediately.” 
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1980’S TO NOW: (SEE LAYOUT APPENDIX I) 

DESCRIPTION OF EACH PROCESS IN POINT FORM 

 

1 –   Sub station 
1a –  test area 
2 –   Coil fabrication (part of Excitor Magframe): 
 

• 1 person makes coils to put into the armature 
• Go upstairs to tin the leads 
• Can have 2 – 10 strands of Copper wire 
• Wind enamel covered wire 
• Tie each leg with string ( cotton string) 
• Leads are stripped and tinned (upstairs) 
• Can have from 36-120 coils for armature 
• Dacron tape is put on the nose and end head – depended on the job 
• NOMEX insulation used in the slots 
•  If you run hand along NOMEX – you will blister 
• Dry Job – after wires are wound,  they are connected by brazing and soldering – with soldering 

iron ,  lead solder,  (safety glasses worn on the job – fumes emitted from the resin) 
• Process involves soldering,  insulating, etc – this could take – 2-3 shifts – depends on the 

number of joints 
• Rosin Core Solder was utilized 
• Tie up with resi- glass cord 
• Sent to banding lathe #4 
• Then to #3 oven  

 
#3 Oven: 
 

• 160 degrees Celsius  
• Vented out to the roof 
• Cart goes into the heated/gas oven – 6x8 foot 
• 3-4  hours to bake  
• cure at 6-8 hours 
• Test for  minute – portable testing 
• 2-3 times – high pot testing at 300 – 2750 volts 
• after cool down ,  back into the VPI tank 

 
VPI Tanks: 

• not heated for small parts 
• pressure tank with lid utilized for large parts 
• #19 – storage for VPI 
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1980’s to Now: ( SEE LAYOUT APPENDIX I) 

 
 
Crane Operators: 

• assist with all  processes 
• on average 2-3 cycles for various parts as already illustrated and it could take – 6 hours per 

cycle 
• bake at 160 degrees C between each cycle,  when complete – send back to excitor area to clean 

machine surface with buffer – brush air down – 1 hour 
• 1-2 employees – safety glasses and gloves – take one hour to clean – dusty operation. 
• Then solder onto the circuit rings,   
• Put  Mica mat ,  2- 3 layers and epoxy -Dacron Tape 
• 6280 Epoxy then paint with 3M 6281 
• In the joint insulate between each layer. 
• Connect wrap resi glass on ends 
• Air dry test and ship out 

 
(2 cans A and B – mixed creme – brush on paint – skin reaction with this – not much odour – sometimes 
rubber gloves were worn on this job. 
- Whole process takes a week – from start to shipment 
For Magnetic frame instead of soldering operations, brazing operation took place, thus fumes of silphos 

• Safety glasses worn  
 

EXCITOR PROCESS 
#4:  Banding Lathe 
#5 – Punch Press, Braze, clean. Insulate, press cold, press hot, test, cure clean, and put on pole, seal and ship 
 

➢ The processes to put NOMEX insulation in between the copper strips – put them in the press 
➢ Heat and cure 
➢ Insulate them 
➢ Then strip/braze and put them on the pole 
➢ 1 week for pole 1 pole 
➢ 12 people/shift –on 3 shifts 

 
#6:  Copper Strips: 
 

• ¼ inch thick,  4 inch wide and 5 feet long approximately 
• punch press,  was utilized to flatten wire into shape,  into the shape like a picture frame 
• blank out corners,  press flat and push together 
• braze corners,  clean with water (brazing could last all day and the process on average took 2 weeks to 

complete – copper dust everywhere in this area 
• employees would rotate job,  i.e. between brazing and cleaning operations. 
• There were 10-12 people working here per shift. 
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• took about 8 hours – silphos or silver solder and flux – torch brazing here – the degreaser was 
eliminated 

• grinders were air grinders –  copper dust everywhere,  when finessing the parts 
• copper dust with silphos  - the grinding process could last as long as 2 weeks 
• wash parts with MEK or Acetone – wipe off with disposable towels – there was no degreaser at this 

time to take off the film from the copper dust of flux 
• employees state many employees would be overcome with the MEK fumes and become intoxicated – 

8 hours at this – some employees cleaned coils for the entire shift 
• could complete 1 – 2 coils per day 
• then set up to insulate with asbestos,  quinorgo,  quintax, today Nomax 
• cut sheet to size, to  insulate each turn 
• coils will go on the pole 
• shears operator at #26 – would be responsible to slit or shear the insulating material (asbestos etc) 
• #26 – the slitter in this area was like a Guillotine  
• wide open room in #26 area – 8 hours/day and employee was at this station doing this shearing job 
• then take to the hydraulic press – to make square with 200 tonnes pressure 
• then hook up leads to leads of coil 
• Turn rectifiers on to bond everything at 135 degrees Celsius in press.  1 hour to complete this – let 

cool to 40 degrees C 
• clean coil 

 

Next step was to insulate the pole. 

 
• To place Mica on poles had to first heat the plates on the heating pad,  then wrap plates around pole – 

2 different types of MICA plates which came from Switzerland 
 

Same area – Mica or Class B – M5680 – Epoxy and mica – sheet form 
Same as before 6820 and M7068B 

 
After coil was placed on the pole,  it was sent to the test areas.   
 
#3 – was a gas oven,  #7 was an electrical oven. 
#20 – was a gas oven – then went to VPI system – in late 60’s 
 
#20 was actually #17 oven (previous layout) 
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#8 Winding Lathes: 
 

• ROTOR POLE 
• 5105 red epoxy poles piece insulated with copper coils – tension to pole 
• usually one operator per lathe 
• wet winding at this time 
• 5/6 people per shift 
• reel wire up and insulate with MICA Epon glass paint with red 5105 to bond together first 

layer of wire 
• paint with red epoxy again,  between each layer and paint with 5105 
• lathe is rotating while this process is taking place, guiding wire through it and around poles 
• Bake in #7 oven – electric oven – for 8 hours at 160 degrees C. 
• 5105- warm to 50-60 degrees C to make spreadable  and apply to parts– no ventilation 
• then back to varnish tank #25 or apply varnish with brush,  then take part to #20 oven 
•  fumes emitted here as per employees,  the varnish that was applied was Isonel ,  and baked at 

160 degrees C for 8 hours 
• take side sticks off then apply red 5142 epoxy – 2 hours – air-dry epoxy- cosmetic , finessing 

touch up. 
• toluene 1500 to clean up – each lathe had its own canister,  tested,  then parts went  to varnish 

tank #25 – brush off then to large oven #20 – bake , then take out to test,  then goes to another 
building 

• toluene 1500 to clean up – again each lathe has own canister  
#11 – 4 pole rotor – same as before – 2 man operation– no ventilation for this task  
#25 – Isonel tank 

o people working here still eat in this location 
o dipped part - 10 minutes – Brush off excess resin and sent parts to Big Oven #20 

 
#13 – similar to #14 areas in late 1960’s and 1970’s.(Vacuum Pressure Impregnation System- Winding 
Area)  Refer to EMI 4320 for the detailed description of this process- APPENDIX P 

• 2 shifts,  21-30 people working in this area 
• low voltage coils were fabricated here 
• 1-6 feet in length 
• The coils were clean,  or debris was vacuumed out with an air hose for preparation  - debris 

was blown everywhere. 
• wind coils into stator,  air hose stator coils,  clean, wind, connect, test,  bake ,  put in VPI tank,  

Bake then VPI again (same cycle as previous processes) 
• connect with solder – either 60/40 or 40/60 lead tin with rosin core (also Connect RTD’s) 
• then paint with resin flux, not acid flux, solder joints and then tape glass tape (made you itch, 

unbearable itchy) 
•  tape with mica mat glass 
• test 
• VPI  
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• oven 
• Grinding took place in open area with air chisel, to take the icicles off the parts 
• This was a dusty job,  glasses and gloves were worn 
• Then the leads were burned,  brazed to ½ lead – this was conducted by the VPI winders, it took 

about ½ hour to complete just one lead 
• In the early 80’s smoke hogs were brought in to take relief form the fumes 
• The job was dirty and the smell was heavy in this area as per the employees. 

 
Asphalt coil winding:  same process as before  
(but different insulation in climate controlled )room – now epoxy versus mica exposure,  Mylar mica mat 
impregnated with epoxy. 
 
#17:  Large Lathe 
 
#18 Winding Area 
 

• wind armature same as before see  previous decade for details of this process already described. 
• TIG brazing and TIG welding took place here.  An exhaust was in place here; still lots of smoke 
• PPE in the form of  gloves, and jacket were worn at this time,  no respiratory protection at this time 
• 4 machines – 4 people on 3 shifts worked as welders,  10 people worked as winders  
• No big parts- therefore portable welders’ were not utilized heavily in this operation 
• crane was upgraded as well during this time 

 
#26 - shears station no exhaust here,  sheets and rolls of any material were processed here 

• 2-3 people -6 people per shift – only 2 shifts and 1-2 people worked on nights 
• The materials were sheared to insulate or filling slots 
• apron and gloves were worn but no respirators  
• there were 2 machines and 1 slitter machine for items over a certain thickness 
• there was a window and outside door – for ventilation,  but this would cause fibres to 

disperse rather than be contained 
 
➢ 2 machines and slitter machine ,  2 shears,  1 slitter for anything over certain thickness  
➢ band saw – to cut insulation as well 

 
Cold Room: 

• Clean area, climate controlled room for high voltage stator coils 
• 15 people worked here per shift 
• Same processes as previous 
• Insulation changed here,  epoxy versus mica matte impregnated with epoxy refer to EMI 4320 

– Appendix P – Stator Winding 
• Was cold so that people wouldn’t get reactions from the epoxy 
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Explosion in Armature – 1971 
 

In 1971, there was an explosion and fire at the Armature Building.  One of the VPI tanks was overheated, red 
hot as per one of the employees, and exploded when it was doused with cold water by the firefighters.  There 
was no fire here, only heavy masses of toxic fumes.  Epoxy resin fumes were thick in the air.  After the fire 
department left, the workers, armed with little more than rubber gloves were sent in to clean up the aftermath 
of the explosion.  Fourteen firefighters who fought the fumes, died some years after this accident occurred, as 
per the employees.  One person reports that the fumes were so toxic, trees defoliated for many blocks 
surrounding the building and that paint blistered off buildings and cars from as far as 2 miles away.   
 
The explosion occurred at approximately 9:28 pm August 1, 1971.  The plant was on summer shutdown mode 
and mostly maintenance employees were working at this time, on a Sunday afternoon.  The VPI storage tank 
had a motorized pump in it that was utilized to cool the contents of the tank. The Motor had shut down due to 
a thunderstorm, which had cut the circuit to the pump.  Hence, the solvent was being mixed but not cooled 
Hence, because the pump had shut down, the cooling effect for which it was working was no longer being 
administered to the contents in the tank.  Hence the exothermic reaction was allowed to reach uncontrolled 
temperatures. The contents of the tank then reached a dangerous temperature and caused the lid of the tank to 
blow off.  The fire department was called in and they put their fire hoses into the tank and from this action – 
fumes and gases were given off.   
 
The building was quarantined by this time.  The vapours and fumes had vaporized and then condensed like 
burned wood.  People in the neighborhood who had their windows opened, thought their homes were on fire 
due to the smell of the chemicals and fumes everywhere. 
 
As per the document in Appendix J- Confidential information and Testimony of an Armature Winder, 
(Notes that were formulated for a patient file -name had been omitted as well as other confidential data) the 
following is taken from the employee testimony: 

 
 

➢ Paint was literally lifted and hanging everywhere 
➢ All material that had glass, glass tape on it or any open canisters were all discarded due to damage 
➢ Some of the materials became so frail – such as the fiberglass tape – that upon touching the tape, it 

disintegrated 
 

“ Paint peeled from the steel beams,  every tree outside the department on Wolfe 
street lost it’s leaves;  paint came off cars parked nearby and paint peeled off 
houses as far away as Edgewater Blvd.” EMPLOYEE TESTIMONY 
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GENERAL AIR MOVEMENT IN THE ARMATURE BUILDING: 

 
The activities on the ground level of armature such as the use of ovens,  VPI tanks, asbestos blankets, other 
operations and general air movement in the plant, also contributed to the contamination of air on the 
mezzanine level as well.  (see appendix U- Document dated December 1957). 
 
DIAGRAM #14A – MOVEMENT OF CONTAMINANTS IN ARMATURE: 

 
 
Cross Section of the Building. Arrows indicate flow of contaminants. 
 
 

The employees state that at times you could not see the fibres on your clothing, however if you were to 
wipe your skin, you could see the fibres en mass at that time.   
The employees state that when they would go home to shower, they would first shower or bath with cold 
water, so as to remove the fibres, and then with warm water, so that the fibres would not enter their pores 
and skin.  EMPLOYEE TESTIMONY 
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Whenever air is exhausted from a building, regardless of the method, 
outdoor air must enter to take its place.  A lack of replacement air 
creates a negative pressure condition, which increases the static 
pressure the exhaust fans must overcome, which in turn can cause 
reduction in exhaust volume from all fans (Plog, 1988).   

DIAGRAM #14B – MOVEMENT OF CONTAMINANTS IN ARMATURE 

 
Cross Section of the Building. Arrows indicate flow of contaminants 
As per the diagrams above, when the windows were opened, the contaminants would be pushed toward the 
lower levels of the armature building (depending on wind direction as well).  The pedestal fans would also 
cause a similar pattern in terms of the flow of air.   Moreover, when the windows were closed, the 
contaminants would be trapped within the building and would have nowhere to be released to the outdoors.  
All employees would be subject to the accumulation of the fumes, vapours, dusts and other contaminants, 
including the crane operators who would be subject to this accumulation of contaminants as well.  The crane 
operators wore no protection and their cabins were also not ventilated. 

The employees did not have 
any fresh air intake or make up 
air.  The building was 
generally under negative 
pressure as there were 
activities that did have exhaust 

on them.  However, the plant did not have any forced fresh make-up air.  The only form of fresh air was 
through windows and garage doors.  Some of the windows here were just for lighting purposes and could not 
be opened, while  other windows were operable.  Some of the processes required excess heat, so employees 
would refrain from having windows opened, thus containing the contaminants within the area and within the 
building. The employees also state that when the oven doors were opened or the lids on the VPI tanks from 
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downstairs were opened, the fumes from the tank and parts would travel up to the mezzanine areas of the 
building and thus the employees on the balcony level would also incur the fumes from the tank and ovens and 
other operations. 
 
The portable oven operations  required that all sources of outside air be closed so that optimal oven 
temperatures could be attained.  Hence this would cause all the contaminants in armature to be trapped in the 
building,  causing a toxic vacuum of dusts, fibres,  fumes, vapours,  heat and other agents to accumulate in the 
building at higher levels than if some windows were left opened. 
 
The ovens in general, on the ground level and the upper levels did not have proper seals.  Thus fumes would 
escape and enter the various areas of the plant.  Hot air rises and thus again, the employees on the upper level 
of armature,  as well as the crane operators,  were prone to the exposure to these fumes as well.  The 
employees state that when the epoxies were being cured in the ovens, they could see smoke rising from the 
ovens. The employees state their eyes, nose and throat would be affected and they would incur burning 
sensations as well as headaches.  Only after the inauguration of the Occupational Health and Safety Act, were 
the employees allowed to leave the areas, until the smoke or fumes dissipated.  Before this time,  employees 
had to stay at their workstations and continue working in the toxic environment. 
 
The employees did have some pedestal fans at their workstation to seek refuge from heat and fibres, or fumes.  
However, this would not alleviate the presence of these contaminants.  This would in fact disperse the 
contaminants to other areas and thus other employees.  Moreover, the fans were generally just recirculating 
the already contaminated air. (Refer to Appendix U – Document Dated March 2, 1979 – problems with 

the usage of Pedestal Fans) 

 

 

 

 

 

 

The armature building itself had numerous ovens, tanks, pots and other processes that required local exhaust 

ventilation.  With this in mind, due to the fact that there were exhausts in place for some devices and no fresh 

make up air, this causes a negative pressure environment, where air is taken out of the plant, but no new air is 

allowed into the plant, other than by open windows, if there are any.   

 
Armature was located adjacent to the fractional department. Winds would cause the contaminants from 

fractional motors to be swept into the armature building. The fractional department was located adjacent to the 
armature department and was at about 30 feet in height.  The fumes that would be exhausted out of the vents 

Some employees would break out with rashes and blistering on the skin from the epoxies and thinners.  
Some employees reacted so badly that they had open weeping sores from head to toe.   

Employees state that they could see fibres, and dust sparkling in the sunlight beaming through the 
windows.  There was also a haze that could be seen, not blue but smoky and gray in color. 
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from the ovens,  on the armature roof top,  would be infiltrated into the fractional building,  depending on 
wind direction,  especially if a northern breeze.  Neighbors on Park Street would also complain of fumes from 
the armature department as they would be subject to the fumes as well.   
 
 

 
 
In February, 1988 from Rob Baker – regarding – New VPI resin in Building 10 (Appendix U),  a GE 
memo was circulated amongst management personnel discussing the plausibility of placing exhaust systems 
in either Building 10 or Building 7.  However,  as per the memo,  the writer states: 
 

 
Also,  this document further gives evidence of the presence of vinyl toluene in the processes carried out by 
Armature employees at this time,  1988. 
 

“I am unable to predict at this time whether or not Building 10 would be less suitable for exhausting 
general shop air than Building 7.  We don’t have a good handle on air patterns off the property.”  
MANAGEMENT TESTIMONY – APPENDIX U- February 1988  

 

There was no ventilation in fractional motors, it was “one of the worst places to work, it was dirty 
and dingy and smelly.”  Fumes from stacks belching act of armature had the Ministry of Health 
come in.  EMPLOYEE TESTIMONY 
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6.0 CHEMICAL AND PROCESS ANALYSIS AND LITERATURE REVIEW 
 
As the focus of this Department Wide Retrospective Exposure Profile is for Cancer and other Occupational 
Diseases in the Armature Department at GE, a number of chemicals utilized at GE over the years in question,  
have been researched and analyzed through the literature review as to their degree of hazard based on their 
utilization in the department.  Other variables such as the lack of protection in the form of the three major 
Industrial Hygiene Controls,  i.e. Engineering Controls, Administrative Controls and Personal Protection are 
also taken into account.  Without these controls, the exposure to chemicals in all their forms (solids, liquids 
and gases) and their decomposition products when heated and their impact on human health is studied herein.  
Due to the number of dated processes, there were a number of chemicals that were utilized which have been 
discontinued today.  Moreover a vast amount of research was required to be conducted from a historical as 
well as scientific perspective to analyze the use of chemicals over time such as benzene.  Please note, the 
chemicals utilized in the GE plant over the decades did indeed contain harmful components which may not be 
present today due to vast amounts of research conducted by regulatory bodies over the years (e.g. American 
Congress of Governmental Industrial Hygienists).  
 
Although a fully compiled database of Material Safety Data Sheets required for review of all the processes 
described by the employees was not available to OHCOW, there are several well-known chemicals that are 
found commonly in various processes.  Due to the vast amount of research available for some processes, the 
processes are studied in some cases and in other areas, the individual chemicals are studied. Where adequate 
evidence and use of a chemical or its presence in the department is not made clear, the chemical has not been 
analyzed in this report.  However, the detrimental effects of those chemicals that have not been analyzed 
herein should not be overlooked as potential contributors to the diseases and impairment incurred by the 
employees in this department.  The benefit of studying the processes as a whole is that the research that is 
available enables one to study the synergistic, interactive effects of the chemicals as a whole process versus 
individual effect.  This gives a more true or realistic value to the actual exposure in the department being 
studied. 
 
Some MSDS sheets have been available to OHCOW and have been added to the Appendix M for your 
perusal.  Some MSDS have been added to demonstrate the presence of the contaminant in the plant to provide 
evidence that the chemical was present.   
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COPPER: 
 
Copper was a major component of the armature department.  It was wound and wires were ground, sheared, 
formed and covered on poles and other parts of the armature’s products being fabricated.  With all these 
different types of processes, copper was seen in its many different forms throughout the department.  The 
National Safety Council, 2004 states the following: 
 
➢ Copper is insoluble in hot and cold water, soluble in nitric acid and hot sulfuric acid, very slightly soluble 

in hydrochloric acid and ammonium hydroxide (NSC, 2004). 
➢ It is very slowly attacked by cold hydrochloric acid 
➢ Health effects:  irritation to the nasal mucous membranes,  pharynx and eyes, chest pain, vomiting, nasal 

perforations and dermatitis 
➢ Copper fumes and dust can irritate the upper respiratory tract,  congestion of nasal mucous membranes,  

ulceration and perforation of the nasal septum,  discoloration of the skin and pharyngeal congestion 
➢ Fumes from the heating of metallic copper can cause upper respiratory irritation, chills, aching muscles, 

nausea, gastric pain and diarrhea. Acute poisoning from inhalation of copper containing dust has carried 
symptoms of heavy metal poisoning.  Chronic exposure to copper can cause anemia.   

➢ Occupational exposure to copper dust can lead to upper respiratory tract irritation and nausea, including a 
metallic taste in mouth (Whitman, 1962). 

➢ The sweet taste experienced by workers is consistent with the onset of symptoms of metal fume fever.  
Factory workers exposed to copper dust and several other copper salts reported symptoms of eye, nose, 
throat irritation, anorexia and nausea (Askergren and Mellgren, 1975). 

➢ Inhalation exposure to copper fumes, usually from welding or smelting operations, may result in metal 
fume fever.  This condition results in headache, dryness of the mouth and throat, chills, fever and muscle 
aches (ATSDR, 1990; Seaton and Morgan, 1984). 

➢ An unpublished letter regarding occupational exposure to copper fumes reported that levels of 0.02-0.4 
mg/m3 copper did not cause complaints while exposure to 1.0-3.0 mg/m3 copper for shorter periods of 
time resulted in a sweet taste in the mouth but no nausea (Whitman, 1957). 

 
Welding and grinding copper containing materials is of great importance here,  as this process was carried out 
vigorously in the Armature Department.  The welding of coils within the individual slots,  coil leads,  brazing 
and soldering,  were all activities that contributed to the contaminants in the armature department and thus 
employee exposures. 
 
As per ATSDR, 2004,  “  if you grind or weld copper metal,  you may breathe high levels of copper dust and 
fumes.”  Due to the fact that employees ate,  drank and smoked at their workstations,  copper would not only 
be inhaled,  but it would also be ingested as well.  Copper can enter your body when you drink water or eat 
food or other substances that contain copper.  Copper can also enter your body if you breathe air or dust 
containing copper. Long-term exposure to high doses can be harmful.  Long-term exposure to copper dust can 
irritate your nose,  mouth and eyes and cause headaches,  dizziness, nausea and diarrhea.  The occupational 
exposure limit for copper is 0.1 mg/m3 for copper fumes and 1.0 mg/m3 for copper dusts. 
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In terms of welding copper, Moreton, 1977 reviewed the following: 
 

• Copper fume fever similar to metal fume fever from other heavy metals consists of 
upper respiratory tract irritation,  metallic taste in the mouth,  nausea and fever. 

• The review states that arc welding fumes generate large amounts of copper fumes 
 
What is of principal importance here is that the welding operations that take place can have toxic interactions 
with the contaminants already present in the air or in close proximity to the welding processes.  As per the 
layout provided for 1960’s (Appendix C),  there was a welding section in this department as denoted by the 
north west corner of the layout.  Furthermore,  there was also a portable welding operation as well,  as the 
large stators would require welding,  and thus the employees would have to enter the armatures,  and other 
circular parts,  to weld the coils within slots as described in Section 5 of this report.  As per Sjogren, B,  1988: 
 

• Welding in atmospheres contaminated with halogenated hydrocarbons used as degreasing 
agents caused decomposition of these chemicals into hazardous byproducts.  Disorders 
associated with welding exposures were pulmonary edema,  chronic bronchitis,  emphysema,  
pneumonia,  asthma,  welder’s lung and metal fume fever 

• Soldering and brazing involved the use of lead and tin in soft solders and copper and zinc in 
hard solders and were considered responsible for asthma among electronics workers. 

 
Furthermore,  due to the fact that part of the welding operations on the stators,  and various armature windings 
already had epoxy coatings,  with heat application, this would also cause the epoxies to react as well.  This is 
supported by National Institute of Health, 2004:  thermal degradation of coatings include:  Bisphenol A and 
methacrylates (epoxy paints and primers),  formaldehydes and aldehydes (all paints).   
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ISONEL 51: 
 
An MSDS for this product has been retrieved from VON ROLL ISOLA company,  care of Schenectady 
International Inc., one of the previous suppliers to GE Peterborough.  The MSDS indicates that the major 
substances in this formulation include Xylene (mixed) and Mineral Spirits. Furthermore, the MSDS indicates 
that the material capable of release during processing is Formaldehyde.  The MSDS is dated 1996.  An older 
version was not available from GE members. 
 
Moreover,  documents were presented to OHCOW that have been included herein which demonstrate further 
that formaldehyde was a component of Isonel 51 and further indicates that IARC, NIOSH consider Isonel 51 
to be a carcinogenic solvent due to it’s ingredients ( Appendix Q). 
 
A briefing provided by Schenectady International states the following with regards to the uses and properties 
of ISONEL 51: 
 

..Isonel 51 is a high –temperature modified polyester varnish for use in conventional dipping and bake 
applications. It is designed for thermally superior performance on stators, armatures, transformers 
and for-wound coils.  Isonel 51 cures in two to eight hours at 300-400F, the actual cycle depending on 
oven efficiency and the weight and shape of the treated unit.  

 
The effects of xylene are discussed forthwith in the solvents section of this report.  Mineral spirits and 
Formaldehyde are discussed as follows: 
 
FORMALDEHYDE: 
 
As per IARC Monographs – 2004 – the following data is pertinent to note with regards to Formaldehyde: 
 

• Widely used in the production of resins that bind wood products,  in plastics and coatings 
• Low levels of formaldehyde have been encountered during the manufacture of man made vitreous 

fibres (MMVF), abrasives and rubber and formaldehyde production industries 
• A very wide range of exposure levels have been observed in the production of resins and plastic 

products 
• Nasopharyngeal cancer mortality was statistically significantly increased in a cohort study in the 

United States industrial workers exposures to formaldehyde and was also increased in 2 other US 
studies and Danish Cohort Studies 

• 5 of 7 case –control studies found elevated risk for formaldehyde exposure 
• The Working Group concluded that there is sufficient evidence in humans that formaldehyde causes 

nasopharyngeal cancer.  
• A greater incidence of leukemia in 2 cohorts of US industrial workers and US garment workers was 

found recently,  but not in a 3rd cohort of UK chemicals workers.  The Working Group concluded that 
there is strong but not sufficient evidence for a causal association between leukemia and occupational 
exposure to formaldehyde. 

• Formaldehyde is genotoxic in in-vitro models,  animals and humans 
• Cell proliferation increased substantially at formaldehyde concentrations higher than 6 ppm in rats  
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• The Working Group concluded that both genotoxicity and cytotoxicity have important roles in 
carcinogenesis of formaldehyde in nasal tissues. 

 
From previous studies on Formaldehyde,  the following was found: 
 

• As per OSHA, 2002, formaldehyde is a potential human carcinogen.  Airborne 
concentrations above 0.1 ppm can cause irritation of the eyes, nose and throat. 

• Skin exposure causes various skin reactions including sensitization. 
• exposure to formaldehyde gas can cause irritation of the eyes and respiratory tract, 

coughing, dry throat, tightening of the chest, headache and sensation of pressure in the 
head and palpitations of the heart 

• exposure occurs primarily by inhaling formaldehyde gas or vapor from the air or by 
absorbing liquids containing formaldehyde through the skin (NCI, 2004) 

• In 1987 the US EPA classified formaldehyde as a probable human carcinogen under 
conditions of unusually high or prolonged exposure.  Since that time,  some studies of 
industrial workers have suggested that formaldehyde exposure is associated with nasal 
cancer and nasopharyngeal cancer and possibly leukemia. (NCI, 2004) 

• In June 2004,  IARC reclassified formaldehyde as a known human carcinogen (IARC, 
2004-June) 

• Several NCI studies found professions with potential exposure to formaldehyde caused 
workers to be at an increased risk for leukemia and brain cancer compared with the 
general population. A study of 12,014 textile workers conducted by NIOSH, found an 
association between the duration of exposure to formaldehyde and leukemia deaths.  
However in a separate cohort study of 11,039 British industry workers, no association 
was found between cumulative formaldehyde exposure and leukemia deaths ( NCI, 
2004). 

• exposure to 0.1 to 5 ppm causes irritation of the eyes, nose and throat 
• Exposure to above 20 ppm can cause severe lacrimation, burning in the nose and throat 

and breathing becomes difficult. 
• Chronic exposures can cause dermatitis and sensitization of the skin and respiratory 

tract. 
• Formaldehyde is a sensitizing agent that can cause an immune system response upon 

initial exposure.  It is a suspected human carcinogen that is linked to nasal cancer and 
lung cancer. Subsequent exposure may cause severe allergic reaction of the skin, eyes, 
and respiratory tract.  (OSHA, 2002). 

 



DEPARTMENT WIDE RETROSPECTIVE EXPOSURE PROFILE  
General Electric Armature Department 7 (OHCOW FILE G884) 

Final Report Date:  January 30th, 2006 
 

 
Occupational Health Clinics for Ontario Workers (Toronto) 

By:  Sonia Lal BSc., MSc.  Occupational Hygienist 
67/238   

Final Edition Print Date/Time:  Feb. 6, 2006 11:27 AM 

The MSDS from Schenectady company,  indicates if HCL is in the plant  then formaldehyde will react 
to form a carcinogen. (Appendix Q) 
 
 Formaldehyde can react with HCL to form BIS-CHLOROMETHYL ETHER,  a carcinogen. 
 
As per the MSDS in section Q, section 12B indicates Formaldehyde’s incompatibilities.  It states that 

Formaldehyde can react with HCL to form BIS- Chloromethyl Ether,  a carcinogen.  Muriatic Acid,  HCL,  

was utilized in this department and is a common solvent utilized in many industrial settings.  The presence of 

HCL in this department or its creation through chemical reactions with other solvents,  is also plausible here,  

and thus the reaction with Formaldehyde cannot be overlooked.    

 
As per ATSDR,  bis-chloromethyl ether causes lung cancer and other tumors in people and animals.  The 
Department of Health and Human Services (DHHS) has determined that bis-chloromethyl ether is a known 
human carcinogen.  (taken directly from:  ATSDR:  http://www.atsdr.cdc.gov/tfacts128.html. 
 
 

http://www.atsdr.cdc.gov/tfacts128.html
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MINERAL SPIRITS: 

 
• As per the MSDS that was provided by VON ROLL ISOLA,  care of Schenectady ,  the following is 

listed with regards to exposure to minerals spirits: 
▪ May cause respiratory tract irritation 
▪ Lung irritant 
▪ May cause eye irritation, skin irritation, nervous system effects, blood 

chemistry changes and affects to the mucous membranes. 
 

Of importance here is that although this agent was utilized for dipping or coating purposes, it was also 
later baked, cured and even sanded.  There are other means by which exposures to the decomposition 
products in this material can occur.  

 
SHELLAC: 

 
Shellac’s natural resin binder is produced by the lac insect.  Shellac uses ethanol, an alcohol solvent 
made from corn.  During application,  vapours from the ethanol can irritate the eyes and respiratory 
tract system .  It is pertinent to note here that some shellac can also be made with methanol,  a 
powerful toxin also known as wood alcohol.  (GreenHomeGuide GHC, 2005). 

 
 

WOOD ALCOHOL – METHANOL: 

 
Methanol was utilized as an agent to soak some of the items used for insulating the armature products. 
Hence, the effects of methanol must also be analyzed in this REP as it would have been a contributor 
to exposures incurred by the Armature employees. 

 
Methanol and its properties and health effects are described below as per the sources listed: 

 
As per the Office of the Environmental Health Hazard Assessment (OEHHA) 2003 the following 
information is taken directly to demonstrate the health effects of methanol exposure: 

 
• Methanol is used as an industrial solvent;  solvent for shellac and some paint and varnishes;  a 

component of paint removers;  lacquers and inks 
• Methanol is readily absorbed following ingestion, inhalation or dermal exposure and the toxicity is the 

same regardless of the route of exposure. 
• Methanol is a defatting agent causing skin to become dry and cracked. Signs of systemic poisoning 

may be delayed 8-36 hours after initial exposure.   
• It can cause permanent damage to the optic nerve and central and peripheral nervous system with just 

a single acute exposure. 
• Methanol can also have cumulative toxicity with repeated exposures. 

 
A Material Safety Data Sheet obtained from Mallinckrodt Chemicals (MSDS No.  M2015) Appendix T 
indicates the following with regards to Methanol: 
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• A slight irritant to the mucous membranes.  Toxic effects exerted upon nervous system,  particularly 

the optic nerve.  Once absorbed into the body, it is very slowly eliminated.  Symptoms of 
overexposure may include headache,  drowsiness,  nausea,  vomiting,  blurred vision,  blindness, coma 
death.   A person may get better but then worse again up to 30 hours later. 

• Decomposition products:  CO, CO2 and Formaldehyde.(this is supported by another MSDS provided 
in Appendix T from SPI Supplies Division – Structure Probe, Inc. 
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OHCOW 1997 – MSDS INFORMATION FROM GE 

PREPARED BY Lou Ritlik:  see attached tab 

 

 

An important document which consists of a 1997 OHCOW investigation is provided here.  The Industrial 

Hygienist (IH) had access to GE MSDS  representative of that time and retrospective for select compounds 

that were utilized in the  department and which are vital to the REP.  Please refer to the tab for the review 

of chemicals present in the MSDS sheets and thus in the Armature department. 

 

Memorandum from Lou Ritlik – Industrial Hygienist 

To:  Dr. Roland Wong - OHCOW 

Date of Report:  July 29, 1997 

 
This memorandum addresses the review of material safety data sheets provided to OHCOW at this time for 
review.  The writer describes the various chemicals and the means by which they could induce tumor 
initiators or tumor promoters. 
 
The following chemicals are reviewed:  Refer to the following Tab.  The Author of the document was 
presented with MSDS that were available at that  time in 1997, for review of the chemicals present at that time 
and retrospectively.  As many MSDS were not made available today,  this 1997 document is very pertinent 
and vital to this report. 
 
The chemicals present in the MSDS investigation in 1997 were the following: 
 
 

Dicumyl Peroxide (Insulating Varnish) 
Methyl Ethyl Ketone Peroxide (see below for more information) 

Pole of Peroxide in DNA Damage Caused by Asbestos 
Triethylenetetramine 

Chromic Acid 
Styrene and Styrene Oxides 

 
Supplemental Information has been investigated for some of the chemicals mentioned above: 
 

TRIETHYLENETETRAMINE 

 Supplemental Information on TETA: 
 As per the ILO’s ICSC (April 2005) card for TETA the following is stated: 

• This substance decomposes on burning, producing toxic fumes 
including nitrogen oxides.  This substance is a strong base and 
reacts violently with acid and is corrosive. Attacks metals such as 
aluminum, zinc, copper and its alloys. 

• Symptoms of lung edema often do not become manifest until a 
few hours have passed and they are aggravated by physical 
effort. 
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• Repeated or long-term exposure may cause skin sensitization and 
or asthma. 

• Hazardous decomposition products are carbon monoxide, carbon 
dioxide,  and nitrous gases 

Please note,  as per the actual MSDS received by OHCOW from GE,  hydrogen cyanide is also listed as a 
decomposition product of TETA. Appendix M 
 

HYDROGEN CYANIDE: 

 
As per the CDC, 2003, Hydrogen Cyanide irritates the eyes and respiratory tract.  Cyanides poison the 
vital organs of the body, such as the lungs and heart, including areas of the brain that regulate proper 
functioning of those organs.  Exposure may result in convulsions, unconsciousness and death.  The 
vapours will be absorbed by the eyes. Other signs of exposure include: 

 
• Headache, dizziness, confusion, nausea, shortness of breath, convulsions, vomiting, weakness, 

anxiety, irregular heartbeat, tightness in the chest.  
 

As per the ATSDR, 2005 the following is stated with regards to Hydrogen Cyanide: 
 

• Hydrogen cyanide is absorbed well by inhalation and can produce death within minutes 
• Substantial absorption can occur through intact skin if vapour concentration is high or with 

direct contact with solution,  especially at high ambient temperature and relative humidity 
• Persons whose clothing or skin is contaminated with cyanide containing solution can 

secondarily contaminate emergency response personnel by direct contact or through off-
gassing vapor.  

• Hydrogen cyanide is highly toxic by all routes of exposure and may cause abrupt onset of 
profound central nervous system (CNS) damage,  cardiovascular and respiratory effects,  
leading to death within minutes 

• Hydrogen cyanide acts as a cellular asphyxiant.  By binding to mitochondrial cytochrome 
oxidase,  it prevents utilization of oxygen in cellular metabolism.  The CNS and myocardium 
are particularly sensitive to the toxic effects of cyanide. 

 
CHROMIC ACID (refer to Tab) 

 
Chromic acid is a hexavalent form of chromium and has been classified as a carcinogen by the 
National Institute for Occupational Safety and Health (NIOSH) (NIOSH 1977).  Chromic acid is also a 
powerful irritant,  and repeated exposures can lead to respiratory and dermal sensitization reactions 
which are allergic reactions affecting either the skin or breathing (Proctor, 1988).  As per NIOSH, 
2005,  routes of exposure with regards to chromic acid include,  inhalation,  ingestions,  skin and/or 
eye contact.  Symptoms of exposure include,  irritation to the respiratory system,  nasal septum 
perforation,  liver, kidney damage,  leukocytosis,  leucopenia,  eye injury,  skin ulcer,  sensitization 
dermatitis,  potential occupational carcinogen.  (refer to Tab for more information) 
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STYRENE AND STYRENE OXIDE: 

 Supplemental information on styrene: 
Styrene, also known as vinyl benzene, has an irritant effect on mucous membranes and skin.  
Inhalation of high concentration may result in transitory CNS depression, with pre-narcotic symptoms.  
Chronic neurotoxic effects have been reported with repeated exposure to relatively high levels in the 
boat-construction industry.  Contact allergy to styrene has been reported (Sjoborg et al.,  1984).  The 
metabolic transformation of styrene is characterized by its conversion to styrene 7,8- oxide by the 
mixed function oxidases and the cytochrome p-450 enzyme complex.  Styrene 7,8-oxide is mutagenic 
in several prokaryotic and eukaryotic test systems.  It has been shown to produce single strand breaks 
in DNA of various organic in mice (Solveig-Walles and Orsen, 1983).  Chromosome aberrations and 
sister chromatid exchanges were reported to be significantly increased in several studies of styrene-
exposed workers. (Xiao and Levin, 2000).  It is important to note that a typical polyester resin contains 
40-60% styrene (Government of Western Australia, 2003).  Furthermore,  as per the manner in which 
GE Armature employees applied some of the resins to the armatures, stators and other products that 
were fabricated in this department,  i.e. Via hoses, roller brushes etc.,  the following is stated by the 
Government of Australia in terms of exposure: 
 
The wet spray processes involved the application of styrene-based resin with spraying or by rollers an 
brushes.  Large amounts of styrene vapour are given off during the application and curing states of 
these processes.  As a result,  employees will be exposed to excessive amounts of styrene unless 
adequate ventilation is provided.    
 

 
• Styrene consists of a benzene ring with an ethylene group substitution 
• Styrene is used as a solvent for synthetic rubber and resins,  as a chemical intermediate and as a raw 

material in manufacturing polymerized synthetic plastic materials 
• Main target organ for workers exposed to styrene is the central nervous system.  

 
As per Hogstedt., B et al.,  1979,  chromosome aberrations caused by styrene exposure were studied: 

 
• Workers manufacturing fiberglass-reinforced polyester resin boats were exposed to a number of 

solvents including styrene and MEK peroxide. 
• Chromosomal aberrations were significantly more frequent in the workers than in the comparisons,  

with no correlation between exposure time and total number of aberrations. 
• The authors concluded that the manufacture of polyester resin boats is associated with an increased 

frequency of chromosomal aberrations and possibly with cancer, as well as genotoxic effects on germ 
cells that would not appear until subsequent generations. 
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As per ACC-CHEM Laboratories, the following is stated about styrene: 
 

• Major reactive solvent in a variety of uses for reinforced plastics manufacturing 
• Exposure occurs by skin contact as well as inhalation of vapours and dusts 
• Gastrointestinal symptoms can occur in addition to toxic hepatitis and peripheral neuropathy 

 
As per Dillon Consulting Report for Working Safety with Casting Resins: 
 

• Polyester resin contains styrene monomers (usually 30-60%) and a catalyst is added MEKP to 
accelerate the polymerization reaction.   

• Primary hazardous chemicals and material included in these resin systems are styrene, MEK peroxide 
and fiberglass dust. 

• If a worker is exposed to styrene over a long period of time,  it can affect the CNS system, damage 
kidneys, liver, nerves, and the gallbladder.  

 
Long-term exposure (3.2-10 years) to small quantities of styrene (1-10 ppm, whereas a person manufacturing 
polystyrene may receive 50-100 ppm over an 8 hour period) cause a wide spectrum of adverse health effects 
including neurotoxic, hematological (low platelet and hemoglobin values), cytogenic (chromosomal and 
cytogenic abnormalities) and carcinogenic effects.  Neurotoxic effects include fatigue, nervousness, difficulty 
sleeping, poor performance on memory and stimuli response tests and nerve conduction velocity 
abnormalities.  Other effects include low platelet and hemoglobin values, chromosomal and lymphatic 
abnormality at levels below 50 ppm (Polystyrene Production, 1996).   
 
A 45 year old male exposed to styrene monomer vapours for five years developed a burning sensation in the 
lower portion of his feet and a feeling of walking on inflated balloons of cotton. Upon examination there was 
evidence of total demyelation. (Behari et al.  1986). 
 
A study of neurotoxicity of toluene and styrene notes that these aromatic hydrocarbons have unsuspected long 
lasting neurological effects.  The accumulation of these highly lipid soluble materials in the lipid- rich tissues 
of the brain,  spinal cord and peripheral nerves was apparently correlated with acute or chronic functional 
impairment of the nervous system (O’Donoghue, JL., et al. 1985.) 
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TAB #1 
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ASBESTOS: 
 
This section gives a preliminary review of asbestos, as well as asbestos carding operations.  Due to the 
fact that the carding operations in Wire and Cable were not properly controlled,  it was stated by many 
employees that the main aisle in this plant,  i.e.  Inside Works avenue,  was a pathway along which 
contaminants traveled in and out of departments (see Appendix A),  due to the narrow constriction and 
lack of ventilation in the various areas and  lack of exhausts etc.  Hence the fibres could have been 
transported to other areas of the building as well.  Moreover,  other processes specific to Armature will 
also be discussed here.  In addition,  due to the fact that some employees were transferred from 
armature to Wire and Cable,  during Lay off periods,  it is pertinent to include this operation of Wire 
and Cable in this section as well. 
 
Backgrounder information - ASBESTOS CARDING – this section denoted in green on Asbestos is 
provided by Barry Lam of OHCOW . 
 
Asbestos is a commercial term given to a group of six different, naturally occurring, fibrous minerals: amosite 
(brown), chrysotile (white), crocidolite (blue), and the fibrous varieties of tremolite, actinolite, and 
anthophyllite (gray).  The latter three are also found in nonfibrous forms.  Under pressure, the fiber bundles 
tend to split longitudinally forming long thin fibers with high length-to-width aspect ratios.  These minerals 
have been used extensively in the past because of their high tensile strength, flexibility, chemical and physical 
durability and fire resistant properties.   
  
In North America only amosite, chrysotile and crocidolite have industrial uses.  Chrysotile makes up at least 
95% of all natural fibers used in Canada.  Crocidolite and amosite, which is imported from South Africa, 
make up the remaining 5%.  Anthophyllite is used and mined in Finland only.   
  
It is well established that occupational exposure to asbestos is associated with asbestosis (pulmonary fibrosis), 
increased risk of lung cancer, mesotheliomas of both pleural and peritoneal tissues, and pleural plaques. 
Several studies also showed an excess of gastrointestinal and laryngeal cancer in shipyard workers. 
  
Despite the known health risks associated with workers in mines, from 1964 to 1973 world production of 
asbestos reached 4.8 million tonnes – Canada accounting for approximately 30% of that total.  However, there 
does appear to be a steady decrease in production from 1979 to 1983.  Asbestos was used for various 
industrial applications such as electrical and thermal insulation, brake linings, gaskets, and clutch facings; and 
as filler material in various consumer products like paper, paint, cement, and asphalt.  
  
There are few studies that monitor the occupational exposure levels to asbestos.  It is clear that past and 
present occupational exposure will have greatly changed over the years.  This is a likely result of several 
factors such as improved engineering controls, sample collection, and sample analysis.  As expected, 
workplace concentrations were very high before monitoring was first implemented around the 1930s.  After 
recognizing the high dust concentrations, engineering controls were being implemented to reduce dust levels.  
However, not until after the 1970s, was there recognition and emphasis placed on the health risks associated 
with asbestos exposure.  This is reflected in regulations adopted and the decline of asbestos production in 
some countries.   



DEPARTMENT WIDE RETROSPECTIVE EXPOSURE PROFILE  
General Electric Armature Department 7 (OHCOW FILE G884) 

Final Report Date:  January 30th, 2006 
 

 
Occupational Health Clinics for Ontario Workers (Toronto) 

By:  Sonia Lal BSc., MSc.  Occupational Hygienist 
76/238   

Final Edition Print Date/Time:  Feb. 6, 2006 11:27 AM 

 Activities resulting in occupational asbestos exposure can be divided into two broad categories.  This first 
involves the production of asbestos through mining and milling.  The second is the inclusion of industries that 
develop and manufacture asbestos containing products.  The latter category can be further divided into: 
asbestos textile manufacturing, asbestos cement production, automotive parts manufacturing, construction and 
others. 
  
Textile manufacturing is the dustiest of all the asbestos manufacturing processes.  Chrysotile asbestos is 
almost used exclusively in the textile industry since they produce the longest fibers.  Fiber preparation 
involves debagging, fiberizing, and blending.  Opening bags of asbestos can be either manual or automatic.  
The dust emanating from these processes are difficult and costly to control.  Asbestos fibers are then passed 
through a kollergang followed by a creighton opener or willow to further open and fluff the fibers.  Once the 
fibers have been opened, blending the various types and grades of fibers is necessary to make the sheets more 
uniform.  Depending on the process, organic fibers (e.g. rayon and cotton) may be added in the blending 
stage.   
  
The blended fiber is then fed (either manually or blown) to the card for further processing.  The carding 
process separates fiber bundles and aligns the fibers to produce uniform sheets or laps.  The card operates by 
working, stripping, and brushing the asbestos fibers - similar to the processes in the wool industry.  Mote 
knives and grid bars located underneath the card removes impurities and dusts.  The carding process, along 
with asbestos preparation, generates the most dust into the working environment.  To control asbestos 
exposure the carding process would have to be completely enclosed.  Complete enclosures are costly and were 
likely not fully enclosed because of the need to continuously feed the card with asbestos from the hopper to 
make rovings (loosely formed yarn) that is later sent for further spinning and twisting to strengthen the yarn. 
  
Nine textile plants in the USA were studied from 1964 to 1965 (Table #1).  The sample collection method 
was on membrane filter.   
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Table #1.  Mean dust concentrations by plant and operation in nine textile plants in the United States during 
1964 to 1965 (Lynch & Ayer, 1966) 
Operation Fibers 

 (f/cc) 
Textile  Plant               

    1 2 3 4 5 6 7 8 9 
Fiber 
preparation 

A 38.1 12.3 23.3 34.0 - 8.1 7.6 35.5 11.8 

  B 15.0 10.0 13.3 18.3 - 3.0 4.5 17.0 2.6 
Carding A 18.1 13.6 20.6 32.9 - 6.0 17.2 28.2 8.3 
  B 10.2 9.21 3.3 15.2 - 3.5 8.1 13.4 2.0 
Spinning A 9.6 4.1 20.2 29.8 - 5.1 24.8 20.8 7.4 
  B 6.6 3.2 18.9 15.7 - 3.5 10.8 10.5 1.8 
Twisting A 9.3 6.9 15.8 51.4 - 4.8 25.9 16.7 3.1 
  B 6.4 5.2 7.5 22.4 - 3.3 12.9 7.2 1.1 
Winding A 11.7 4.4 9.6 28.6 - 4.5 25.7 7.9 3.6 
  B 7.5 3.9 8.9 17.5 - 3.2 11.7 2.7 1.3 
Weaving A 7.7 7.0 2.9 33.8 4.5 2.9 9.5 8.1 2.9 
  B 4.8 3.1 2.3 17.8 3.9 2.2 5.7 3.0 1.5 
Note:      A = total fibers 
                B = fibers longer than 5 μm 
  
In a different study (Dement et al., 1983), a chrysotile textile manufacturing plant in South Carolina was part 
of a retrospective cohort looking at mortality rates.  From 1930 to 1975 this plant was under extensive study 
of dust control measures and occupational exposures by the U.S. Public Health Services.  The authors state 
that the plant was progressive in the application of modern dust control measures that remained almost 
unchanged from 1940 to 1975.  The study provides a detailed history of when and what engineering controls 
were implemented.  Although the sampling technique was through an impinger, measuring fibers by millions 
of particles per cubic foot of air (mppcf), the authors have adjusted the values to reflect fibers per volume of 
air.  Table #2 was adapted from the journal article. 
  
Table #2. Range of exposure estimates for a chrysotile textile plant from 1930 to 1975 
Operation Without controls 

fibers > 5 μm/cc 
With controls 

fibers > 5 μm/cc 
Fiber preparation 26.2 – 78.0 5.8 – 17.2 
Carding 10.8 – 22.1 4.3 – 9.0 
Spinning 4.8 – 8.2 4.8 – 6.7 
Twisting 24.6 – 36.0 5.4 – 7.9 
Winding 4.1 – 20.9 4.1 – 8.4 
Weaving 5.3 – 30.6 1.4 – 8.2 
  
A follow up study to the one conducted in South Carolina demonstrates an overall lung cancer for white males 
with at least 15 years of latency to have a SMR of 1.97 and an overall non-malignant respiratory disease of 
3.11.  The risk of lung cancer was found to increase in relation to cumulative exposure to chrysotile asbestos.  
For the entire cohort there was a risk of 2-3% for each fiber/cc-year.  The authors recognize that mortality 
rates are not the ideal method of tracking non-malignant diseases. 
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Intimate work with Asbestos insulated tape  
(Appendix P:  Engineering Manufacturing Instructions: 4320 – Stator Winding –gives a clear demonstration 
and evidence of how intimately the employees had to work with the various products for insulation into the 
stator slots as well as how detailed each job task was.  
 
Asbestos Cutting operations for the slots and other miscellaneous insulating requirements for the 
Armature Department: 
 
A study concerning exposure to asbestos during bandsawing of gasket material was completed by Fowler in 
May 2000.  The following was reported (taken directly from the report): 
 

• A simulation of bandsawing  sheet asbestos gasket material was performed as part of a retrospective 
exposure evaluation  

• The work was performed by bandsawing a chrysotile asbestos neoprene gasket sheet, purchased in 
1996,  with a 16 inch woodworking bandsaw inside a chamber.   
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• In contrast with findings from studies examining manual handling of gaskets, airborne asbestos 
concentrations from this operation were found to be well above current Occupational Safety and 
Health Administration permissible exposure limit (PEL) of 0.1 f/mL  and the Ceiling PEL of 1.0 f/mL. 

• Although some encapsulation effect of the neoprene matrix was seen on the particles in the airborne 
dust, unencapsulated individual fiber bundles were also seen.  

• The author concludes that the airborne asbestos concentrations arising from this work were quite high 
and point to the need for careful observation of common sense precautions  when manipulation of 
asbestos-containing materials are machined. 

 
Results: 
 

Personal air concentration of fibres greater than 5um during bandsawing were between 2.2 and 
4.9f/mL by Phase Contrast Microscopy (PCM).  The personal air concentration by Transmission 
Electron Microscopy (TEM) were higher at 22.2 – 49.3 f/mL for all asbestos fibres and 8.2-
17.6f/mL  for fibres greater than 5 um.  Area sample results were: 0.75 – 2.3 f/mL  by PCM and 
5.7 -7.6 f/mL by TEM. 

 
The study here involved a simulation in an isolation chamber.  What needs to be noted here is that the years 
prior to ventilation and engineering controls being implemented on the bandsaw would have caused 
significant fibre production and thus exposure to the employees.  The numbers reflected in the Fowler study,  
give an overview of what is expected when ventilation is involved.  It can be extrapolated from this 
information,  that without ventilation,  the fibre concentrations would thus be much more significant. 
 
Furthermore, a study by Longo et al. in 2002 found the following with regards to fibre release during the 
removal of asbestos containing gaskets:  work practice simulation. 
 

• Work practice studies were conducted involving the removal of asbestos-containing sheet gaskets 
from steam flanges.  These studies were performed to determine the potential exposure levels to 
individuals who have worked with these types of materials in the past and may still work with these 
products today.  

• The simulations show substantial asbestos fiber release using scraping, hand wire brushing, and power 
wire brushing techniques during the gasket removal process.  

• The range of concentration was 2.1 to 31.0 fibres/cc greater than 5 micrometers when measured by 
Phase Contrast Microscopy (PCM). These results contrasted with the few reported results in the 
published literature where lower airborne asbestos levels were reported. In these studies, the airborne 
asbestos fiber levels measured in many of the samples exceeded all current and historical Occupational 
Safety and Health Administration (OSHA) excursion limits (15-30 minutes) and some previous 
permissible exposure limits (PEL) based on eight-hour time weighted average standard.  

• The report further states that individuals who performed this type of work in the past may have been 
exposed to higher amounts of asbestos levels than previously suspected. 
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Compressed air hose usage and housekeeping: 
 
The Coordinating Committee for Automotive Repair (CCAR) a non-profit government, industrial and 
educational group for the automotive service industry, estimates that using a compressed air hose to clean 
drum brakes can release up to 16 million asbestos fibres in the cubic meter of air around a mechanics face: 
Source: US EPA, Asbestos Action Program, 2005. CCAR, 2005). Even hitting a brake drum with a hammer 
can release over a million asbestos fibers.   
 
Working in proximity to Asbestos Exposure: 
 
Magnani et al., 2000 studied non-occupational exposure to asbestos and malignant pleural mesothelioma.  The 
following was found in this study: 
 

• A population –based case-control study was carried out in six areas from Italy, Spain and Switzerland 
• Information was collected for 215 new histologically confirmed cases and 448 controls.  
• In 53 cases and 232 controls without evidence of occupational exposure to asbestos,  moderate or high 

probability of domestic exposure was associated with an increased risk adjusted by age and sex:  odds 
ratio (OR) 4.81, 95 % confidence interval(CI) 1.8-13.1.   

• These statistics correspond to three situations:  cleaning asbestos contaminated clothes, handling 
asbestos material, and presence of asbestos materials susceptible to damage.  

• Living between 2000 and 5000 meters from asbestos industries or within 500m of industries using 
asbestos could also be associated with an increased risk.  It is suggested that low-dose exposure to 
asbestos at home or in the general environment carries a measurable risk of malignant pleural 
mesothelioma. 

 
This would have been true of employees who worked directly with the asbestos blankets or were in the 
vicinity of the portable oven activities when the blankets were put on or off the equipment,  as well as 
employees who worked with or in close proximity to the asbestos bandsawing operations;  wire stripping,  
winding,  cutting,  welding,  grinding operations. 
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World Health Organization (WHO) – Jan. 2005: 
 
The WHO have studied the uses of asbestos worldwide and illustrate the potential exposure levels to asbestos 
through various machining methods that can assist in quantifying the exposures realized by a department 
handling asbestos impregnated materials.  The following data are made available by WHO: 
 
Typical Uses of Asbestos: 
 

• Boilers and heating vessels 
• Cement pipe 
• Clutch, brake, and transmission components 
• Conduits for Electrical Wire 
• Pipe covering 
• Roofing Products 
• Duct and Home Insulation 
• Fire Protection Panels 
• Furnace Insulating pads 
• Pipe and Boiler Insulation 
• Sheet vinyl or floor tiles 
• Underlay for sheet flooring 

 
WHO states the following concerning Asbestos: 

 
 
Exposure Levels:  
 
The US Occupational Safety and Health Administration (OSHA) standard for asbestos in the workplace is set 
at 0.1 fibres/ml of air as the 8 hour Time Weighted Average. 
 
The UK Health and Safety Executive have set their exposure limits in separate categories for both amphibole 
asbestos minerals and for chrysotile: 
 

Amphibole:  Short-term exposure is set at 0.6 f/ml averaged over any continuous 10 minutes 
Long-term exposure limit is set at 0.2 fibres/ml averaged over any 4 hours 

 
For Chrysotile, the short-term exposure limit is 0.9 fibres/ml averaged over any 10 minutes 
Long Term exposure limit is 0.3 fibres/ml averaged over any 4 hours 

 

“Damage to asbestos-containing material can result in the release of small asbestos fibers that 
become airborne and are readily inhaled.  These fibers can remain in the lungs for long 
periods and can cause serious lung disease.” 
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Activities that can release fibres: 
 
The WHO lists the following as activities, which will cause the release of asbestos fibres: 
 

• Low-density materials such as asbestos containing thermal insulation for pipes and boilers, some wall 
or ceiling plasters and, some ceiling tiles are friable and can crumble under hand pressure.  These 
materials can release high concentrations of fibres when damaged or disturbed e.g. during 
maintenance, renovations or demolition work. 

 
• High density, hard materials in which asbestos fibres are embedded in a matrix,  such as asbestos 

cement pipes and sheets. Floor tiles and ceiling materials are less likely to release fibres unless they 
are disturbed. 

 
• Sawing, drilling, crushing, scraping and sanding asbestos containing materials are particularly 

likely to release respirable fibres and dust. 
 

• Small diameter fibres and particles may remain suspended in the air for a long time and be 
carried long distances by wind or water before settling down. 

 
This last fact gives more leverage to the notion with regards to the fibres traveling through the Inside Works 
Avenue, contaminating various areas or various areas within the armature department alone. The 
housekeeping techniques would have distributed the fibres to other areas, and at a later time the fibres would 
settle,  or be inhaled by employees (respirable), settle on employee’s clothes,  on machinery,  and again be re-
suspended when disturbed. 
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TABLE 3. (WHO, 2005):  LIKELY FIBRE CONCENTRATIONS RESULTING FROM DIFFERENT 
KINDS OF WORK ON ASBESTOS CONTAINING MATERIALS. 
 
Job Likely fibre concentrations (fibres/mL) 
Asbestos cement containing only chrysotile 
Machine sawing with exhaust ventilation (LEV) Up to 2 
Hand sawing asbestos cement with LEV  

  

up to 1 

Machine cutting asbestos cement without exhaust ventilation  

  

up to 25 

Asbestos insulating board (AIB) containing amosite asbestos 
Careful removal of whole AIB 

  

up to 3 

Breaking and ripping out AIB   

  

5 to 20 

Hand sawing AIB 

  

5 to 10 

Asbestos coating and lagging 
Well-conducted controlled wet stripping using manual tools (unless a 
dry patch is hit or lagging becomes detached) 

  

up to 1 

Well-conducted controlled wet stripping using power tools (unless a dry 
patch is hit or lagging becomes detached) 

  

up to 10 

  

Stripping pipe or vessel lagging - partially wetted or dry areas present up to 100 

  
 
As per the following reference collected from WHO, 2005 

“Asbestos is a proven human carcinogen as per the International Agency for Research on 
Cancer (IARC Group 1).  No safe level can be proposed for asbestos because a threshold is not 
known to exist.   

If no safe level can be proposed at this time with regards to asbestos, it is clear that engineering controls and 
personal protective equipment are the least measures that could be taken to try to prevent against exposure. 
 
As with all Industrial Hygiene procedures, before any personal protective equipment is required to be worn by 
employees, proper engineering controls must be put in place to ensure that control of the contaminant is 
taking place at the source. 
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WHO, 2005 demonstrates the following as measures that should be taken when working with asbestos: 
 
Where reasonably practical to do so: 

• Enclose the work area and keep it under negative pressure 
• Use controlled wet removal methods (e.g. water injections, damping down the surface to be worked 

on)  
• Use a wrap-and- cut method or glove bag technique where appropriate 
• Use measures which control the fibres at source for instance,  by using type H vacuuming 

equipment directly attached to tools but failing this, hand held by a second employee right next to 
the source emitting the fibres (known as shadow vacuuming). 

• YOU SHOULD REMEMBER THAT DRY REMOVAL PROCESSES ARE UNACCEPTABLE. 
 
It was mentioned by employees in the Armature department as well as many other employees during the 
course of the Intake Clinic and thereafter,  as well as in the process section of this report,  that dry sweeping 
by hand was a common method for housekeeping practices in this department as well as other areas of the 
plant.  Furthermore,  a powered electrical sweeper would travel along the main aisles of the department and 
the plant to sweep,  thus distributing the fibres within the department was well as other areas of the plant and 
potentially outdoors.  
 
Moreover, compressed air hoses were used commonly to clean up after work tasks were completed.  These air 
hoses were either used to clean up the workstations, the fibres in any other underlying areas and the 
employees clothing and body parts as well.  This action in and of itself distributes and moves fibres back up 
into the air space and thus causes even more fibre resurrection rather than removal. 
 
Finally, the employees wore the same clothes to and from work.  Given this point in and of itself,  the 
employees would contaminate other areas of the department,  the plant itself,  the outdoor areas,  their means 
of transportation and their homes and family  members as well. 
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The International Programme on Chemical Safety for Chrysotile Asbestos reports a significant amount of 

data about exposure models, estimates of fibre release during various processes etc.  Some of the data is 

provided directly from the report   (IPCS, 1998). 

 
• Workplace concentrations were very high when monitoring first began (in the 

1930s).  

 
Friction products 

 

Skidmore & Dufficy (1983), based on simulated past conditions (Table #4), and McDonald 

et al. (1984) reported data on workplace exposures during friction product 

manufacturing. McDonald et al. (1984) reported that in the 1930s estimated average dust 

levels were 35-180 mpcm (1-5 mpcf) in 67% of analyzed locations, while in the 1960s 

average dust levels were below 7 mpcm (0.2 mpcf) at 38% of locations and below 18 mpcm 

(0.5 mpcf) at 67% of locations in which measurements were obtained. 

 

Table #4.  Average concentrations of chrysotile fibres (f/ml) longer > 5 µm from woven Asbestos 

products during various periods 
 

                                                                                            

                                Pre-1931         1932-1950      1951-1969    1970-1979 

                                                                                            

 

    Storage/distribution        &gt20              2-5            2-5            0.5-1 

    Preparation                 &gt20              0-20           2-5            1-2 

    Impregnation/forming        &gt20              2-5            1-2            0.5-1 

    Grinding                    &gt20              5-10           2-5            0.5-1 

    Drilling, boring            &gt20              2-5            1-2            1-2 

    Inspection                  &gt20              2-5            1-2            0.5-1 

    Packing                     &gt20              1-2            0.5-1         &lt0.5 

    Office/laboratory           10-20            &lt0.5           &lt0.5       &lt0.5 

                                                                          

 

From the data in Table #4 above,  it is clear that the fibre concentrations over the years would have decreased 

from the original time they were first measured.  As pre 1931 the levels could not be recorded or tabulated in 

this report,  it is safe to estimate that the fibre levels would have been higher than those in the proceeding 

decades as stronger prevention and engineering controls methods were being implemented. 
 
 

Skidmore & Dufficy (1983) 
 

Kimura (1987) reported geometric mean fibre concentrations of 10.2-35.5 f/ml in 1970-1975, and 0.24-5.5 

f/ml in 1984-1986 in spinning and grinding of friction products in Japan. 
 

Likewise,  the products that were being handled by the GE employees in armature ranged from asbestos 

boards, to copper coated wires to rolls of copper and asbestos covered wire reels to asbestos blankets for 

heating, asbestos gloves etc.  The products being utilized were manipulated to different shapes, heated, 

handled by hand,  dipped in resins and varnishes,  bandsawed,  twisted and turned in binding machines and 

handled on even more intimate levels with regards to placing asbestos wedges between slots of the armatures 
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and stators etc.  With all this in mind, being in the same department, the exposure levels would be additive in 

nature on a daily basis,  given that all these process were conducted in the same vicinity.  The air blowing, dry 

sweeping and lack of engineering controls would cause the fibres to disperse to different locations of the 

building and thus cause bystander exposure to occur as well. 
 

A considerable number of reports have included airborne asbestos concentrations during maintenance and 

replacement of vehicle brakes. In the early period, poor or no engineering control measures were utilized, 

resulting in high total dust exposure,  especially during grinding of brakes and compressed air blowing off 

dust, both operations of very short duration. Significantly, lower levels were measured when engineering 

controls were introduced. An overview of air concentrations measured during maintenance and replacement 

of asbestos-containing vehicle brakes is presented in Table #5.  
 

Table #5.  Asbestos air concentrations measured during maintenance and replacement of vehicle brakes 
 

    Mean concentration    Comment                                              Reference 

    (f/ml) 

                                                                                                                   

 

    3.8a                  grinding truck brakes               Lorimer et al., 1976 

    15.9a                 blowing off                           Lorimer et al., 1976 

    3.8a                  grinding                              Rohl et al., 1976 

    16.0a                 blowing off                              Rohl et al., 1976     

2.5a                  dry brushing                             Rohl et al., 1976  

    > 1a                  17 of 19 operations              Menichini & Marconi, 1982 

    > 2a                  11 of 19 operations                Menichini & Marconi, 1982 

    0.09b                 fibres longer than 5 µm                   Jahn et al., 1985 

    6.2a                  blowing off, grinding                     Jahn et al., 1985 

    0.03b                 fibres longer than 5 µm                Elliehausen, 1985 

    0.06b                                                      Ruhe & Lipscomb, 1985 

    < 0.5                 TWA                                   Cheng & O'Kelly, 1986 

    0.13                  maximum                            Cheng & O'Kelly, 1986 

    4-5a fibres longer than 5 µm, blowing off, grinding      Rodelsperger et al., 1986 

5-10a  fibres longer than 5 µm, blowing off, grinding, trucks Rodelsperger et al., 1986 

    < 0.05b                                                 Kauppinen & Korhonen, 1987 

    0.01-0.2b             trucks and buses                  Kauppinen & Korhonen, 1987 

    > 1a                  blowing off                    Kauppinen & Korhonen, 1987 

    < 0.004                                                      Sheehy et al., 1987 

    < 0.004b                                                      Godbey et al., 1987 

    0.09-0.12                                            Van Wagenen, 1987 

    0.046b                                              Cooper et al., 1988 

    0.03b                 TWA < 0.002 f/ml                   Moore, 1988 

                                                                                                                   

(Reference from this table can be found embedded in this Ipcs 1998 article and not provided in this report directly.) 

    a    These results are mean personal samples obtained by PCOM; fibres > 5 µm; these 
represent episodic releases and not time-weighted averages; operation specific. 

    b    Mean personal air samples (8-h time-weighted average) 
 

Exposure is dependent upon such factors as the extent of control, the nature of the material being 

manipulated and work practices. 
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ASBESTOS GLOVES: 

Asbestos Blankets and Heating of Large Parts: 
 
 

As per Bamber, H et al. 1970,  controlled-atmosphere testing of the generation of airborne asbestos dusts from 

protective clothing  made of asbestos fibers was conducted.  Measured concentrations of fibers indicates that 

the threshold limit values for asbestos fibers might be exceeded through wearing of asbestos protective 

clothing. 

 

In another study conducted by Samimi et al.,  1981,  Occupational exposure to asbestos fibers resulting from 

use of asbestos gloves was simulated.  After 10 pairs of asbestos gloves were grouped into well worn and 

clean (4 pairs) well worn and lightly soiled (3 pairs) and well worn and heavily soiled (1 pair)  and brand new 

(2 pairs) they were compared in an isolation chamber during a simulation - The following was noted: 

 

• Mean Time Weighted Average (TWA) concentration ranged from 0.95 to 11.74 fibers/ cm3  in an 

isolation chamber.  The minimum TWA concentration was 0.61 f/cm3 for well worn heavily soiled 

gloves and the maximum was 16.5 f/cm3 for well worn clean gloves.   

• Well-worn clean gloves emitted significantly more fibers than did brand new gloves 

• TWA concentrations of samples collected at the workplace ranged from 2.93 to 0.07 fibres per cm3 

for breathing samples and 0.74 – 0.04 fibres for area samples. Five of seven breathing zone samples 

from the workplace exceeded the proposed TWA concentration limit of 0.1 asbestos fiber/cm3.   

• Hand contamination was assessed and it was found that in 4 samples collected after touching a 

worktable,  the values obtained were 9953 to 13108 fibres (greater than 5 micrometers)/cm2 of hand 

surface area 

• Seven samples collected immediately after taking off gloves ranged from 741 to 3860 fibers/cm2. 

• The authors strongly suggest an adoption of substitutes,  and state that the use of asbestos gloves 

exposes the user to potentially hazardous concentrations of asbestos. 

 
In another study conducted by Cherrie, JW et al,  2005,  exposure and risks from workers wearing asbestos 
mitts was assessed. The author agrees that in the past,  protective mittens made from chrysotile asbestos were 
commonly used in glass manufacturing and fibers were released from the asbestos mitts while they were 
being worn.  However,  in this study,  the simulations were carried out specifically with the parameters of 
glass plant operations,  and thus simulations of high localized convective airflows found in glass plants.  
Hence, although a very commendable study,  this simulation is not applicable to employees wearing asbestos 
gloves in industrial processes with little to no ventilation.   
 
According to the information provided in the process section of this report,  asbestos gloves were worn for 
several  processes in the armature department and thus this was another source of exposure. 
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MICA – CAS Number 12001-26-2: (see Appendix F – for layout of MICA area in Building #5 – 1970’s 
to present) 
(Some synonyms: biotite, margarite, muscovite)  
 
Mica is a common mineral found in igneous rocks.  It is used for a variety of materials including insulating of 
electrical components, as was conducted by GE.  Mica is an often transparent, odorless solid that separates 
into flakes or thin sheets (New Jersey Department of Health and Senior Services (NJDHSS), 2002).  NIOSH 
describes Mica (containing less than 1% quartz) as a colorless, odorless, flakes or sheets of hydrous silicates.  
This chemical affects the respiratory system, with symptoms of exposure including:  irritation to the eyes, 
pneumoconiosis, cough, dyspnea, lassitude and weight loss (NIOSH Pocket Guide- Cas # 12001-26-2). 
 
Information from a July 1976 product data sheet indicates ( Appendix S)  the mica was made with muscovite 
bonded with alkyd resins.  Furthermore,  from the processes section of this report,  it was also indicated that 
shellac was also utilized as a bonding agent for the mica and other processes.   
 
Mica was utilized in the armature department in many different forms:  Mica segment plates,  mica flakes,  
glass mica tape for windings.  The mica had less than a percentage of crystalline silica in it.  There are 
numerous research reports, which indicate that MICA alone can cause fibrosis in the lungs without the 
presence of silica.  Furthermore,  the machining of the mica would have also contributed to exposure as well.   
 
The mica was either bonded with alkyd vinyl resin or shellac for segment plates.   
 
Zinman, C. et al., 2002 cite a case report of possible mica pneumoconiosis and description of pathology in a 
man exposed for only 1-2 years,  35 years previously. Fibrosis in the presence of mica without evidence of 
silica was confirmed. This report indicated that mica exposure may result in mica pneumoconiosis. 
 
The New Jersey Department of Health and Senior Services, 2002 indicate that repeated high exposure to the 
dust can irritate the lungs and may cause lung scarring (fibrosis).  This causes an abnormal chest x-ray, cough 
and shortness of breath.   
 
An MSDS from  M-I Drilling Fluids UK Lt.  for Mica indicates the following as pertinent information to be 
outlined herein ( see Appendix R): 

• MICA content in this 2003 MSDS is between 95-100% with 0-5 % Quartz, Crystalline Silica content.  
IARC Monographs, Vol. 68, 1997, conclude that there is sufficient evidence that inhaled crystalline 
silica in the form of quartz or crystobolite from occupational sources causes cancer in human, IARC 
Classifications Group 1.  (Appendix R) 
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Some more Human Toxicity Excerpts: 
 
ILO, 1971: 
 

• Exposure of workers to MICA powder may cause irritation of the respiratory tract and after several 
years, nodular fibrotic pneumoconiosis that was long considered a form of silicosis but which may be 
due to pure MICA dust containing no free silica. Radiological appearance is often close to that of 
asbestosis. 

Ruettner, Jr et al.,  1972:   
 

• Mica reduces intrapulmonary transportability compared to granular quartz particles. This results in a 
diffuse rather than a nodular type of pneumoconiotic fibrosis. 

 
Pimenthel, JC et al.,  1978: 

• Hepatic and pulmonary granulomas were observed in 2 workers exposed to muscovite dust. Diffuse 
thickening of interaleveolar septa due to formation of reticulin and collagen fibres and proliferations of 
fibroblasts and histiocytes were seen. 

 
Mackison, F.W. et al., 1981: 
 

• In a study of 57 workers exposed to mica dust, 5 of 6 workers exposed more than 10 years to 
concentrations in excess of 25 million particles per cubic foot had pneumoconiosis. The most 
characteristic finding by chest x-ray was fine granulation of uneven density. The symptoms most 
frequently reported were chronic cough and dyspnea: complaints of weakness and weight loss were 
less frequent.  

 
Mackison, F.W. et al, 1981: 
 

• Exposure to mica dust over a period of years may cause scarring of the lungs. 
• Pneumoconiosis had been observed in muscovite grinders. Two cases were reported. One after 6 years 

and the other after 8 years. Both had nodular opacities and in one, these nodules were as large as 1.5 
cm diameter at postmortem. In addition, there was diffuse interstitial fibrosis and focal emphysema,  
but no pleural disease. Both had progressive respiratory impairment and mineralogical analysis 
revealed birefringent particles that consisted as much as 9% of the dry weight of the lung.  

 
Rom, WN et al.  1992: 
 

• A population of 57 workers involved in the grinding of quartz-free mica, 10 had chest radiographs 
consistent with pneumoconiosis. Symptoms of cough and dyspnea were related to the severity of lung 
involvement as determined by the chest radiograph.  In another chest radiographic survey of mica 
miners and workers it was found that 11.4% of those exposed to pure mica had pneumoconiosis.  
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ACGIH, 1980: 
 

• Mica workers in India with exposure corresponding to 18 years at 20 million particles per cubic foot 
showed mild pneumoconiosis as evidenced by reading of chest x-rays.   

 
Skulberg, K et al., 1985: 
 

• A total of 66 cases of mica pneumoconiosis in humans have been reported in case studies and in 
epidemiologic surveys.  26 of the cases indicate that pneumoconiosis may be caused by pure mica 
alone.  In only six cases, the diagnosis was based on clinical examination, radiography and lung biopsy 
or autopsy results. 

• Pure mica appears to be moderately toxic and may cause pneumoconiosis, although as per these 
authors, a causative relationship was difficult to demonstrate. 

• The difficulty is due to long latency period, often-scarce symptoms and co-exposure to other types of 
dust such as quartz, feldspar and asbestos. Mica may occur in mixed dust pneumoconiosis. 
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LEAD: 
 

• Carcinogenicity: None of the substances in this product are confirmed as human carcinogens at this 
time by NTP, IARC, or OSHA. IARC classifies lead and some lead compounds as 2B carcinogens to 
humans. ACGIH lists lead as  "A3", (animal carcinogen with unknown relevance to humans). 

• Most of the evidence on the relationship between lead exposure and cancer comes from 8 studies of 
workers with high levels of occupational exposure to inorganic lead.  All 8 studies of highly exposed 
workers reported results for lung cancer, with 2 showing increased risks at least 50% higher than 
people not exposed. However, the results were highly dependent on one study where a 3-fold excess 
risk of lung cancer was found.  Workers in the highest risk study had been possibly exposed to arsenic 
as well as lead in the early years of plant operation. Since arsenic is known to cause lung cancer, it is 
not clear whether the observed increase in lung cancer is due to lead, arsenic, or the combination of the 
two. More studies are being done to find out if lead or arsenic is responsible for the increase. Without 
the one highest risk study, all studies combined estimate the risk of workers exposed to lead at about 
14% higher than unexposed persons. Moreover, these studies could not determine whether this 
increase was due to lead exposure or occurred because the lead-exposed workers tended to smoke 
more than the comparison groups (Steenland and Boffetta, 2000). 

• Eating, drinking, and smoking should not be permitted in areas where solids or liquids containing lead 
compounds are handled, processed, or stored. 

• Lead harms the peripheral nerves causing weakness and sensory disturbances 
• Wrist weakness is a common symptom among persons with severe lead poisoning. 
• Kidney damage, bone marrow damage, reproductive toxicity gastrointestinal difficulties and bone and 

joint pain are all related to exposure to lead and it’s health effects as per the American Cancer Society: 
Lead;, 2005) 

 
In terms of the emissions from the lead press,  the following findings from OSHA demonstrate the various 
emission points,  from which lead can be released in the workplace thus induce employee exposure: 
www.osha.gov 
 

• Lead particulate may become airborne due to updrafts created by thermal rise from the surface of the 
refining kettle during preheating and cleaning. 

• Lead fumes or particulate may be emitted from the surface of the molten lead during the transfer of 
lead to the kettle and from the kettle during melting, adding refining agents, and stirring of molten 
alloy. Lead emissions may occur while drossing lead  kettles. 

 
Fumes from heated Lead Crock Pots: 
 
As per the National Institute for Occupational Safety and Health (NIOSH), human lead exposure occurs when 
dust and fumes are inhaled and when lead is ingested via lead contaminated hands, food, water, cigarettes and 
clothing.  Lead entering the respiratory and digestive systems is released to the blood and distributed 
throughout the body.  Furthermore, occupational lead exposures allowable under the current OSHA lead 
standards will not produce the more serious neurologic clinical symptoms, however lead exposure permissible 
under the OSHA standards may be harmful to the central nervous system.  Several studies also report modest 

http://www.osha.gov/


DEPARTMENT WIDE RETROSPECTIVE EXPOSURE PROFILE  
General Electric Armature Department 7 (OHCOW FILE G884) 

Final Report Date:  January 30th, 2006 
 

 
Occupational Health Clinics for Ontario Workers (Toronto) 

By:  Sonia Lal BSc., MSc.  Occupational Hygienist 
92/238   

Final Edition Print Date/Time:  Feb. 6, 2006 11:27 AM 

As per a Ministry of Labour report,  dated May 7, 1968,  it is indicated in the report that the 
contents of lead in the pot were not known and if there was more than the said amount of lead 
being utilized,  then the exhaust systems were inadequate and required complete overhaul and 
improvement.  Moreover,  the inspector further indicates that housekeeping in the area was poor 
and the dross bucket “…looked as though it had never been cleaned out.” (Appendix U). 

increases in blood pressure among workers exposed to concentrations of lead allowable under the OSHA lead 
standards.  The International Agency for Research on Cancer (IARC, 2004) has designated lead as follows: 

Inorganic lead compounds are probably carcinogenic to humans (Group 2A). 

Organic lead compounds are not classifiable as to their carcinogenicity to humans  (Group 3). 
 
The American Conference of Governmental Industrial Hygienists (ACGIH, 1995) has designated lead as an 
animal carcinogen, indicating that lead has been shown to be carcinogenic in animals. 
 

 
 
 
 
 
 
 
 
Lai, J. et al.  1997 studied the relationship between ambient lead and blood lead among lead battery workers.  
It was shown that blood lead levels were higher in workers exposed to lead fumes that in workers exposed to 
lead dust.  Both age and hygienic behavior were positively related to blood lead levels.  Blood lead levels 
were affected more by hygienic behavior than by ambient lead levels.  The authors conclude that the 
implementation of proper personal hygiene practices through workers’ training may be more effective in 
lowering blood lead levels than the reduction of ambient lead levels through engineering controls.  This study 
indicated that without proper safety practices in the form of engineering controls of safety behaviors and 
training,  exposure to lead will be likely in the circulations of the work. 
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VINYL TOLUENE: 
 
Taken from OSHA – Guideline for Vinyl Toluene: 
Vinyl toluene is a combustible, colorless liquid with a strong, disagreeable odor (OSHA).  Hazardous 
decomposition products include, toxic gases and vapours such as carbon monoxide and aromatic 
hydrocarbons.  Exposure can occur via inhalation , eye or skin contact. 
 
Effects on Animals:  vinyl toluene is an eye, skin and mucous membrane irritant and central nervous system 
depressant in laboratory animals. Data also suggests that vinyl toluene has fetotoxic and teratogenic potential.  
 
Effects on Humans:  this chemical irritates the eyes, skin and mucous membranes in humans.  Vinyl toluene 
induces sister chromatid exchanges and chromosomal aberrations in human lymphocytes in vitro (HSDB, 
1986).  
 
ROSIN CORE SOLDER: 
 
Rosin Core Solder was utilized by many employees for the various processes in armature that required 
soldering.  As per NIOSH,  exposure to rosin core solder is through inhalation.  Symptoms of exposure 
include,  irritation to the eyes, nose, throat, upper respiratory system. Target Organs include: Eyes, respiratory 
system. Cancer Site [nasal cancer; thyroid gland tumors in animals (in presence of Formaldehyde, 
Acetaldehyde, or Malonaldehyde) taken directly from the NIOSH pocket guide to chemical hazards.] 
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ROYALENE 
(synonym:  Trichloroethylene) 
 
Royalene was the trade name utilized for trichloroethylene (TCE), throughout the plant at GE.  In the 
Armature department, royalene was utilized as a degreasing agent.  The royalene (TCE) was described as 
being very toxic by the employees and the vapours were unbearable.   
 
Generally speaking, Trichloroethylene is utilized as a metal degreaser, as a raw material to make other 
chemicals, as a cleaner in electronics manufacturing and for all sorts of general solvent purposes such as in 
paints, paint strippers and adhesives (Hazard Evaluation System and Information Service - HESIS, 1997).  
The TCE was utilized as a degreaser for the armatures and other parts. It was located at #10000 as indicated 
on the layout in appendix C.  The TCE was heated to approximately 200 degrees Fahrenheit as per the 
employees and the degreasing process was carried out via the TCE vapours. The employee exposures would 
have been incurred via, dermal uptake and inhalation.   
 
As per the HESIS, 1997 review: 
 

➢ TCE enters your body when you breathe it’s vapours in the air 
➢ Absorption can occur through the skin,  via lengthy skin contact, or if skin is cut or cracked 
➢ Overexposure to TCE effects the central nervous system 
➢ TCE causes cancer in mice and there is some evidence that it may also be a weak carcinogen in 

rats.   
➢ HESIS states that TCE should be treated as a likely cause of human cancer. 
➢ HESIS also states that one should not rely upon sense of smell as a warning indicator that 

TCE is present.  One’s sense of smell becomes dulled after being around TCE for a short 
period of time. Measuring the amount of solvent in the air is the only reliable way to 
determine the exposure level. 

➢ Due to the fact that TCE vapours are heavier than air, they can settle into pockets and 
depressions (such as open Vats) and reach very dangerous concentrations. 

➢ TCE quickly penetrates most ordinary clothing and can get trapped in gloves, boots and such 
exposure can cause burns and blistering. 

➢ Extremely high concentrations of TCE or other chlorinated solvents can cause heart 
fibrillation, which can cause sudden death. 

 
As stated by HESIS,  TCE belongs to a large class of organic solvents,  of which most share the same set of 
health effects,  and some of which case specific effects.  When two or more chemicals have similar health 
effects, ACGIH states that limits are to be lowered as the exposure then is a combined exposure.  Usually 
when working with solvents, one solvent is not usually the only cause for exposure.  Solvents are usually 
utilized in groups, where you may have TCE, Toluene, Xylene, Benzene, (as was the case here at GE) and 
many other solvents as exposure sources.  
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The employees did not wear any personal protective equipment to protect from exposure to the vapors or 
possible skin contact. There would have been ample misting, and  vapours due to the nature of the degreasing 
operations. Thus, dermal and respiratory uptake of this contaminant cannot be overlooked. 
 
Published Paper Review on TCE by Wartenberg et al., 2000: 
 
As per Wartenberg et al, 2000, the authors reviewed over 80 published papers and letters on the cancer 
epidemiology of people exposed to trichloroethylene.   
 
“This literature of over 80 published articles on TCE’s carcinogenicity to humans includes more than 20 
reports on worker cohorts,  more than 40 case-control studies,  more than 62 cancer based studies and several 
commentaries and reviews.” 
 
The data by Wartenberg 2000 et al.,  is consistent with that of IARC and WEISS but suggests more strongly 
an association of TCE exposure with kidney and liver cancers and support Hodgkin’s disease and non-
Hodgkin’s lymphoma.  Moreover, there is support for an association between TCE exposure and Multiple 
Myeloma and prostate, laryngeal and colon cancers as well (Weiss, NS.  1996). 
 
Evidence of excess cancer incidence among occupational cohorts with the most rigorous exposure assessment 
is found for: kidney cancer with a relative risk of 1.7, 95% confidence interval 1.1-2.7,  liver cancer with a 
relative risk of 1.9 with a confidence interval of 1.0 -3.4 and non-Hodgkin’s lymphoma with a relative risk of 
0.5 with a confidence interval of 0.9 -2.3 as well as for cervical cancer, Hodgkin’s disease and multiple 
myeloma.  “The authors further state that it is often difficult to isolate one specific solvent as the cancer 
causing agent,  as at most,  solvents are usually found in groups in workplaces,  rather than just one on its 
own.”   
 
As per the Agency for Toxic Substances and Disease Registry (ATSDR), 2004, the following data is given 
with regards to TCE exposures: 
 

• Industrial grade trichloroethylene contains small amounts of stabilizers (0.1% by weight) such 
as Epichlorohydrin,  which may increase the irritant effects 

• At elevated temperatures, TCE may form more toxic compounds such as phosgene, a serious 
pulmonary irritant or dichloroacetylene, a neurotoxin. 

 
As per the process section of this report,  it was indicated that the temperature at which the Royalene was 
heated was approximately 200 degrees Fahrenheit. 
 

Most experts believe that repeated frequent overexposure to organic solvents in general 
over months or years can have long lasting and possibly permanent effects on the nervous 
system (HESIS, 1997).  
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• The recognition odor threshold for TCE is 110 ppm, which is slightly higher than the current 
OSHA PEL at 100 ppm – odour is thus an inadequate indication of hazardous concentrations. 

 
Xiao and Levin (2000) report the following with regards to TCE exposure: 
 

• CNS depression, with prenarcotic and narcotic symptoms as well as upper airway,  mucous 
membrane and skin irritation  

• Exposure to TCE vapour can lead to facial flushing known as degreaser’s flush (Stewart et al., 
1974). 

• TCE has been reported as a hepatocarcinogen in experimental animals (mice but not rats).  
Kidney adenocarcinomas, testicular cell tumors, and possibly leukemia were found to be 
significantly increased in some experimental studies in rats(ATSDR, 1997). 

• Data have accumulated which indicate that TCE may be carcinogenic in humans,  including 
cancers of the stomach, liver, prostate and lympho-hematopoietic tissues (Anttila et al.,  1995).  
Astocytic brain tumors have been reported to be associated with TCE exposure in the 
occupational setting (Heineman et al., 1994).  

• Despite the limited epidemiological evidence indicating carcinogenicity of TCE, the IARC 
had classified TCE in Group 2A (probably carcinogenic to humans). IARC 1995.  
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SOLVENTS AND SOLVENT MIXTURES: 
 
There were a multitude of solvents utilized in the various processes as already described,  as well as thinning 
agents and cleaners. The following documents reflect on the use of solvents as mixtures and the inherent 
health effects associated with their use ranging from dermatological effects, to CNS damage and cancer. 
 
Maier, H. et al., found the following in their 1997 report: 
 

• A Case control study was reviewed which enrolled 369 patients with carcinomas of the upper aero 
digestive tract and 1476 randomized control subjects, the relative risk of head and neck cancer in 
patients exposed to paint, lacquer and varnish was analyzed.  

• The relative risk (RR) of squamous cell cancer (after adjustment for possible alcohol and tobacco 
effects) was significantly increased for the larynx (RR = 2.3) and the oral cavity (RR = 3.6).  

• The risk was not increased for the pharynx.  
• The authors state that there is evidence that chronic exposure to paint, varnish and lacquer is a definite 

risk factor for cancer of the upper aero digestive tract. Further studies are required to confirm these 
findings, and to identify more precisely toxic substances encountered in the workplace. 

 
Lynge et al. 1997 found the following with regards to exposures to solvents: 
 

• There is evidence for increased risks of cancer following exposure to: trichloroethylene (for the 
liver and biliary tract and for non-Hodgkin's lymphomas); tetrachloroethylene (for the esophagus 
and cervix, although confounding by smoking and, alcohol, cannot be excluded, and non-
Hodgkin's lymphoma); and carbon tetrachloride (lympho-hematopoietic malignancies).  

• A causal association between exposure to benzene and an increased risk of leukemia is well-
established, as well as a suggested risk of lung and nasopharynx cancer in a Chinese cohort.  

• Occupation as a painter has consistently been associated with a 40 percent increased risk of lung 
cancer. (With the mixed exposures, however, it is not possible to identify the specific causative 
agent[s].)  

 
Park et al.,  1988 state the following: 
 

• Deaths of 200 men and 75 women at an electronics fabrication facility were studied.   
• Exposures at this facility included halogenated solvents, epoxy resins, and a variety of polymerizing 

systems. 
• Excesses of pancreatic cancer were identified in both men and women. For the women, excesses of 

colon and ovarian cancer were also noted.  
 
Xiao and Levin, 2000: 
 

• Long term exposure to solvents had been reported to lead to chronic, irreversible brain damage, 
with intellectual impairment and decrements in performance, as well as mood disorders, 
demonstrated by neurobehavioral testing (Hanninen, 1986;  Kishi et al,  1993). 
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• Cortical atrophy following long-term exposure has been described most convincingly 
following exposure to toluene (Rosenberg et al.,  1988;  Feldman and McKee, 1993). 

• Paint manufacturing workers, chronically exposed to mixed solvents at levels less than the 
recommended threshold limit value (TLV) have been reported to exhibit poorer 
neurobehavioral performance and diminished digital sensitivity to vibration (Bleeker et al.,  
1991). 

• Exposure to mixed solvents, such as among painters or lacquerers, has been shown to be 
associated with increased rates of adverse symptoms and electrophysiological evidence of 
peripheral nervous system abnormalities seen on nerve conduction testing and 
electromyography (Baker et al, 1985).   

• Symptoms are more likely to appear with prolonged and repeated skin contact as commonly 
occurs among workers who use solvents for cleaning and degreasing or who wash their hands 
with solvents to remove glue, plastics or other materials from their skin (Lunberg et al., 1994). 

 
This point is referenced here as this was a common occurrence at GE as the employees would use solvents to 
clean their skin from the use of glues or varnish or epoxies that had accumulated on their skin, forearms and 
face.  Furthermore,  this has been described in the process section of this report as well as the document 
review section in this report,  which is forthcoming.  An example of washing with solvents and then eating or 
lighting up a cigarette is also given in Section #8.  An employee’s finger had caught on fire,  due to the use of 
the solvent for cleaning purposes, prior to lighting up a cigarette at the workstation.  (Appendix U – 
Document Dated – August 21, 1981.) 
 
With regards to solvents and solvent mixtures, it is pertinent to note that benzene has often been cited to be 
present in trace amounts in petroleum and aromatic solvents, e.g. toluene.  With this in mind,  solvents such as 
TCE, toluene or xylene that were utilized as thinning agents in various processes,  as well as cleaning agents,  
for hands, forearms, and face  (as stated by the employees),  could have also contained trace amounts of 
benzene,  as the literature indicates.  As per OHCOW’s fact sheet on Benzene exposure, any future 
epidemiological observations of cancer risks associated with xylene or toluene would have to take account of 
suspected effects of benzene impurities (see Appendix N– Fact Sheet on Benzene). 
 
In 1980-1987 – IARC concluded that there was an excess risk of cancer among people in boot and shoe 
manufacturing (Scarpelli et al.,  1993). The strongest evidence cited was for excess risks of nasal cancer and 
leukemia.  On a general scale,  this study reveals that some evidence for an excess risk of stomach,  bladder 
and kidney cancer as well as multiple myeloma and non-Hodgkin’s lymphoma was found among workers 
employed in jobs with the highest exposure to solvent.  These findings were based on a small number in the 
cases studied.  However with the exception of stomach and bladder cancer, the results were found only in a 
Florence Cohort.  The authors suggest further studies in this area (HUA Fu et al, 1996).  
 
Yu, I.,  et al.,  2004: 
 
The researches studied printing workers and their exposure to solvents.  The researchers compared the number 
of neurological symptoms in exposed and non-exposed workers and how they related to level of exposure as 
defined by specific job title or by air sampling.  The following solvents were included in this study,  n-hexane,  
toluene,  isopropyl alcohol and benzene and their effect on neurological and other symptoms.  The researchers 
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controlled for age, smoking, alcohol drinking, past exposure history, working hours and shift work.  The 
researchers found that the exposure to solvent mixtures was significantly associated with the total number of 
neurological symptoms and with the prevalence of specific symptoms of the nervous system and mucous 
membrane irritation.   
 
Petralia, S.A. et al.,  1999 : 
 
The researchers in this study examined the relationship between the risk of pre-menopausal breast cancer and 
occupational exposure to benzene and polycyclic aromatic hydrocarbons (PAH) and whether the reported 
relationship between PAH and breast cancer differed by tumor estrogen receptor (ER) status.  It was found 
that risk increased with duration of exposure to benzene but not to PAHs.  The findings suggest,  “ an 
association  between risk and occupational exposure to benzene.  The researchers state that caution should be 
taken in interpreting the data, as limiting factors such as low response rates and small numbers of exposed 
personnel could affect the results of the study. 
 
 
Callender, 1995 studied a 31 year old black male engineer who developed severe chronic headache, dizziness, 
loss of balance,  memory loss,  fatigue,  throat irritation due to exposure to MEK.  His job consisted of testing 
properties of building materials resulting in daily exposure to MEK and fumes from burning fiberglass 
material.  There may have been occasional exposure to peroxides and acetone. Significant central and 
peripheral nervous impairment was noted as well as nasosinal disturbances that were most likely related to 
repeated exposure to MEK while at work.  A diagnosis was rendered of chronic toxic encephalopathy,  
peripheral polyneuropathy,  vestibular dysfunction,  and nasosinusitis. 
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LIQUID ASPHALT BONDING AGENT – SPEC 1028 COMPOUND TANKS,  SPEC 1027 COILS: 
 
The compound tanks and taping operations involved an asphalt varnish application. The actual MSDS were 
not made available to OHCOW for review however,  as per the data in Appendix Q,  an investigation was 
conducted to find the MSDS for SPEC, 1027 and 1028 in order to study the components of the black varnish 
and how they may have affected the work environment of the armature employees and their health and safety.  
The varnish was at one point fabricated by GE,  Industrial Material Systems,  and then was later sold to Von 
Roll Isola. (Current correspondence information is available in Appendix Q for the readers perusal) 
Furthermore,  a more recent MSDS (not from GE) on a similar product containing Gilsonite, Asphalt and 
other solvents is included in Appendix R – for review  of possible percent concentration of each ingredient. 
 
The Liquid Asphalt varnish was composed of the following ingredients as per the Information obtained (other 
trace components are mentioned here,  however could have been present as well – date of report is 1957): 
 

• Gilsonite 
• Asphalt 
• Toluene 

 
These are the main ingredients in the Asphalt Varnish products that were utilized at GE as per the data 
available as per 1957 criteria.  Given this information,  it is understood that: 
 
GILSONITE: 
 
Gilsonite, or North American Asphaltum is a natural, resinous hydrocarbon found in the Utah Basin in 
northeastern Utah. This natural asphalt is similar to a hard petroleum asphalt and is often called a natural 
asphalt, asphaltite,  or asphaltum. Gilsonite is soluble in aromatic and aliphatic solvents, as well as petroleum 
asphalt. Due to its unique compatibility, gilsonite is frequently used to harden softer petroleum products. 
Gilsonite in mass is a shiny, black substance similar in appearance to the mineral obsidian. It is brittle and can 
be easily crushed into a dark brown powder.(taken directly from:  
http://www.zieglerchemcial.com/gilsonite.html.) 
 

As per an MSDS that was collected containing these three components,  it is indicated in the reactivity section 
of the data sheet that heating of this product may release hydrogen sulfide gas (H2S).  (See Appendix R) 
 
 
ASPHALT : 
 
Asphalt is a complex mixture of paraffinic and aromatic hydrocarbons and heterocyclic compounds.  Some 
polyaromatic hydrocarbons (PAH’s) constituents are classified as human carcinogens.  The complexity of the 
mixture provides considerable challenge to the development of an occupational exposure limit. Asphalt 
based paints are used as protective coatings to prevent corrosion of metals,  in lining irrigation canals,  
water reservoirs,  in adhesives, in electrical laminates and wiring. (Law, 2005).  
 

http://www.zieglerchemcial.com/gilsonite.html
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As per DHHS-NIOSH, 2000 the following information is pertinent to note about Asphalt based paints and 
their effects on health: 
 

• Asphalt based paints are specialized cutback (liquefied asphalt by addition of diluents) asphalt 
products that may contain a small amount of lampblack,  aluminum flakes,  or mineral pigments.  
These are used as protective coatings in waterproofing operations and in other similar applications (AI, 
1990b).  They may be applied at or near ambient temperatures by spraying or brushing. (As per the 
taping operations at GE, they were applied by brushing).   

• The Gilsonite and Toluene constituents were utilized in this mixture to meet the desired performance 
specifications and serve a variety of functions as required by the process as per GE (Roberts et al.,  
1996) 

• Petroleum distillates added to the asphalt can dry the skin,  weaken the protective barriers of the skin 
and facilitates the entry of various contaminants into the body.   

• Robinson et al.,  1984,  reported on the analysis of select polycyclic aromatic compounds (PAC’s) in 
several asphalt based paints using gas chromatography- mass spectroscopy (GC/MS).  Benz(a) 
anthracene,  benzo(a)pyrene,  benzo(e)pyrene, chrysene and phenanthrene were measured but only 
trace amount of phenanthrene <0.01% were detected. 

• Conflicting results for 2 separate studies were obtained when raw roofing asphalts were applied to the 
skin of mice.  Available data indicate that several formulations of asphalt based paints caused benign 
and malignant skin tumors in mice (Robinson et al.,  1984;  Bull et al,  1985)  However these paints 
were not mutagenic in the Ames Salomonella Mutagenicity Assay either with or without metabolic 
activations (S-9).  Several other asphalt based paints were positive in another type of genotoxicity 
assay i.e. DNA –adduct formulation,  which is postulated to be 1 of the steps responsible for 
mutagenesis and carcinogenesis (Schoket et al.,  1989a). 

 
All in all DHHS-NIOSH indicated that the above mentioned studies and others that asphalt based paints in 
these studies are carconigenic (Robinson et al, 1984;  Bull et al.,  1985)  and exert some genotoxicity 
(Robinson et al,  1984;  Schoket et al, 198 a, b).  NIOSH concludes that asphalt based paints are potential 
occupational carcinogens. 
 
As indicated in the process section of this report,  the compound tanks involved heating of the asphalt varnish 
and the taping operations involved applying the asphalt via brush.  Hence, the asphalt was present in two 
states,  as liquid at room temperature,  vapour and fume.  The burning of the leads,  to remove the excess 
asphalt was required as well to finesse the pieces,  and thus emitted fumes as well. (See appendix U for MOL 
investigation with regards to this process and fume accumulation and employee complaints). 
 
As per DHHS-NIOSH, 2000 the following is stated with regards to Asphalt vapors and fumes: 
 

• When asphalt products are heated,  vapors are released:  as these vapors cool,  they condense.  By 
definition,  the condensate is asphalt fume.  However due to the fact that the components in the vapor 
do not condense all at once,  workers are exposed not only to asphalt fumes,  but also to vapors.  (Law, 
2005).  

• When liquid asphalt products are used at ambient temperature,  workers are exposed to the liquid 
product and the vapors,  but not the fumes.  Workers may then be exposed through respiratory and 



DEPARTMENT WIDE RETROSPECTIVE EXPOSURE PROFILE  
General Electric Armature Department 7 (OHCOW FILE G884) 

Final Report Date:  January 30th, 2006 
 

 
Occupational Health Clinics for Ontario Workers (Toronto) 

By:  Sonia Lal BSc., MSc.  Occupational Hygienist 
102/238   

Final Edition Print Date/Time:  Feb. 6, 2006 11:27 AM 

dermal contact.  The petroleum distillate added to the asphalt products can dry the skin,  weaken the 
protective barrier of the skin and thus facilitate the entry of various compounds into the body.   

• Asphalt fumes generated at high temperatures are probably more likely to generate carcinogenic 
polycyclic aromatic hydrocarbons (PAHs) than fumes generated at lower temperatures. 

 
Hence during the taping operations,  this would have caused the employees to be exposed to the vapors of the 
black asphalt varnish. 
 
Furthermore,  DHHS-NIOSH 2000,  explains the following with regards to the cooling of the liquid asphalt 
after applications: 
 

• As liquid asphalt products harden form the outside surface in,  the added diluents slowly evaporate 
from the outside surface,  thus trapping part of the diluents inside the asphalt layer.  If these asphalt 
products are heated even slightly,  not only will the same compounds vaporize faster,  but higher 
concentrations of the same compounds will vaporize along with other compounds that do not vaporize 
appreciably at ambient temperature.  

 
Health Effects: 
 
Zeglio, 1950 published observation of workers who insulated electrical cables and telegraph/telephone lines 
for a large Italian company: 

• Workers exposed to fumes from tanks heated to 120 degrees Celsius complained of coughing and 
burning in their throats and chests and frequent hoarseness,  headaches and nasal discharge 

• Workers with longer lengths of employment tended to experience more instances of chronic nasal,  
pharyngeal and pulmonary symptoms. 

• Among the 22 workers evaluated,  physical examinations revealed 10 cases of rhinitis,  13 cases of 
oropharyngitis,  4 cases of laryngitis and 19 cases of bronchitis 

 
It must be noted here that there are several limitations to this study,  however,  the investigation revealed that 
there are concerns related to exposure to asphalt fumes and thus their potential health effects. 
 
The limitations as noted were: 
 

• Small sample group 
• Lack of comparison group 
• Source and composition of the bitumen not elucidated and the potential for confounding 

exposure to coal tar 
• And no measurements of worker exposures 

 
The major route of occupational exposure to asphalt fumes (e.g., paving, roofing, and asphalt-based paints) is 
by inhalation; they may also be absorbed through the skin (National Toxicology Program, 2005) 
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(Following information taken from the OHCOW,  Occupational Exposure Limits (OEL’s) Submission 

documentation, 2004). Refer to URL: http://www.ohcow.on.ca. 
 
The current Ontario time-weighted average exposure value (TWAEV) for asphalt fumes is set at 5 mg/m3  
(total particulate). This can be compared to 0.5 mg/m3 (benzene-soluble fraction) time-weighted average  
(TWA) set by the American Conference of Governmental Industrial Hygienists (ACGIH). In year 2000, the  
ACGIH TWA was set at 5 mg/m3; however, it was reduced to 0.5 mg/m3 based on increases in mucous  
membrane and eye irritation found in studies.   
 
Asphalt is sometimes mistaken for coal tar products due to their similar appearances and applications in the  
industry. They are, however, inherently quite different. Coal tar is produced through the pyrolysis of plant  
products; but mostly from coal. They are heavily loaded with PAHs and as a result of health hazard  
awareness, the use of tar products has been discontinued. Coal tar and coal tar pitch volatiles (CTPV) have  
been classified as a human carcinogen by the International Agency for Research on Cancer (IARC).  
 
The compositions of asphalts and asphalt fumes and vapours vary depending on temperature,  
manufacturing process, presence of additives and modifiers,  and work practices;  it should be no 
surprise to learn that laboratory generated asphalt fumes that mimic asphalt fumes in the environment 
are difficult to produce.  Asphalt based paints are used as protective coatings to prevent corrosion of 
metals,  in lining irrigation canals,  water reservoirs,  in adhesives in electrical laminates and wiring. 
(Law, 2005).  
 
Determining an OEL for asphalt emissions is exceedingly difficult considering the chemical complexity,  
various methods of application, route of exposure, method of sampling, and the health endpoint at which the  
limit is to prevent. This is aside from the above mentioned uncertainty of the presence of coal tar products. As 
per NIOSH, 2000,  the chemical composition of vapors and fumes from asphalt products is variable and 
depends on the crude petroleum source,  type of asphalt,  temperature and extent of mixing during the 
manufacturing etc. 
 
1) Many of the larger PAHs (4 to 6 carbon rings), which are considered more “harmful,” in asphalt,  are  
removed during the vacuum distillation process; however some types of bitumen will contain higher levels  
formed during cracking operations, are re-introduced to form different blends. Furthermore,  in the early 
decades,  refining would not be conducted as it is conducted today.  Hence the possibility of more PAH’s  
should not be overlooked.  Without any hygiene data on this matter,  from the workplace,  it is difficult to 
access what types and amounts of contaminants were present in the fumes and vapours of the asphalt varnish,  
in Armature.  Although benzopyrenes do not make up a large component in asphalt fumes, there are other 
polycyclic aromatic compounds such as benz[a]anthracenes that are listed as probable human carcinogens 
(IARC designation 2A); and methylated chrysenes, pyrenes, and fluoranthenes, which have chemical 
structures similar to known carcinogens.  
 
2) The temperature at which the asphalt product is being used will affect the composition of emissions. 
Generally, roofing employs higher temperatures than road paving. As a rule of thumb, increasing temperatures 
generate more fumes. The compound tanks would have generated fumes when the tanks were opened after 
processing took place.  The employees stated that the fumes were heavy. 
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3) When petroleum products are heated, vapors escape into the air that later condense to form fumes. Because 
this process does not occur instantaneously, workers are exposed to both asphalt vapors and fumes. In 
addition, dermal absorption can also occur. Currently, the methods used for sampling asphalt fumes 
(particulates) employ a membrane filter that is not useful in collecting vapors (gases). This will underestimate 
the overall exposure.  
 
4) Acute effects of exposure to asphalt fumes show irritant symptoms of the serous membranes of the 
conjunctivae (eye irritation) and the mucous membranes of the upper respiratory tract. More recently, studies  
indicate that some workers involved in paving operations are experiencing lower respiratory effects (e.g.  
wheezing, coughing and shortness of breath) at 1.0 mg/m3 total particulates and 0.3 mg/m3 benzene-soluble  
particulates. Both these values are below the current OEL.  
 
The major route of exposure to asphalt fumes is by inhalation,  and they may be absorbed through the skin as 
well. (National  Toxicology Program,  1997).  
 
Data regarding the presence of carcinogens in asphalt fumes generated at United States (U.S.)worksites are 
limited. The occasional detection of B(a)P at worksites and the more frequent detection of B(a)P and other 
carcinogenic PAC’s in laboratory-generated asphalt fumes indicate that under some conditions,  known 
carcinogens are likely to be present.  Asphalt fumes generated at higher temperatures are more likely to 
generate carcinogenic PAH’s and therefore are potentially more hazardous than fumes generated at 
lower temperatures. 
 
The exact chemical composition of asphalt depends on the chemical complexity of the original crude 
petroleum and the manufacturing processes.  The proportions of the chemicals that constitute asphalt can vary 
because of significant differences in crude petroleum from various oil fields and even from various locations 
within the same oil field.  Furthermore,  data are limited regarding the presence of carcinogens in asphalt 
fumes generated at this U.S. worksite.  The occasional detection of benzo(a)pyrene, B(a)P in asphalt fumes 
generated at worksites,  as well as the more frequent generated asphalt fumes in laboratories indicate that 
under some conditions known carcinogens are likely to be present.  Asphalt fumes generated at high 
temperatures are probably more likely to generate carcinogenic polycyclic aromatic hydrocarbons (PAHs) 
than fumes generated at lower temperatures.  
 
Acute toxic effects on employees from exposure have been reported to include, irritant symptoms such as eye 
irritation,  and nasal and throat irritation.  Moreover,  skin irritation,  rashes,  nausea,  stomach pain,  
decreased appetite,  headaches and fatigue were also symptoms that have been reported in workers working 
with asphalt fumes.  Furthermore investigation of these nonspecific symptoms is required as per NIOSH. 
 
A few studies reported an association between cancer at sites other than the lungs (e.g. bladder,  kidneys,  
brain and liver) with occupations having potential exposure to asphalt.  Since the interpretation of these 
findings is limited by the study and lack of good exposure data,  no association can be made at this time.  
Further investigation is required. 
 
The available data indicate that although not all asphalt based paint formulations may exert genotoxicty some 
are genotoxic and carcinogenic in animals.  No published data examine the carcinogenic potential of asphalt 
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based paints in humans,  but NIOSH concludes that asphalt based paints are potential carcinogens.(NIOSH, 
2000). 
 
All in all,  this NIOSH investigation concluded,   

• Current data are considered insufficient for quantifying the acute and chronic health risks of 
exposure to asphalt,  asphalt based paint or asphalt fumes and vapors.  Additional studies of 
workers exposed to asphalt fumes,  vapors and aerosols are needed to better characterize 
exposure and evaluate the risk of chronic disease,  including lung cancer,   

• The available data indicated that although not all asphalt based paint formulation may exert 
genotoxicity, some are genotoxic and carcinogenic in animals.  No published data examine the 
carcinogenic potential of asphalt based paints in humans,  but NIOSH concludes that asphalt 
based paints are potential occupational carcinogens. 

 
All in all,  further research needs to be conducted in this area of asphalt paint fumes and human health. 
 
With the presence of other carcinogens in the workplace,  it is difficult to determine if asphalt fumes are the 
culprit in the onset of disease,  or if the other carcinogens,  such as asbestos,  benzene, are to blame. 
 
As per the New Jersey Department of Health and Senior Services the following information is pertinent to 
note with regards to Asphalt fumes: 
 
 Acute health effects of exposure to asphalt fumes: 

• Irritation to eyes,  nose,  throat and lungs 
• Irritation of the skin 
• Breathing the fumes can cause headache,  dizziness and nausea 

 
Chronic Health Effects: 

• Asphalt fumes contain substances such as benzo(a)pyrene and Dibenz(a,h)anthracene that are 
known to cause cancer in humans. 

• Long-term contact can cause skin pigment change which is made worse by sunlight exposure 
• Very irritating substances may affect the lungs.  It is not known whether asphalt fumes cause 

lung damage. 
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BENZENE: 
 
Benzene is a designated substance in Ontario.  It is known to cause the following health impairments due to 
chronic exposure such as (taken from OHCOW fact sheet of Benzene,  See Appendix N – OHCOW Fact 
Sheet on Benzene) 
 

• Leukemia 
• Anemia 
• Lymphoma 
• Thrombocytopenia 
• Leukopenia 
• Chronically exposed workers have a 5-10 fold increase in developing leukemia, which 

develops after a latent period of 10-15 years. 
 
Benzene is a known human carcinogen.  Toxicity is manifested as myelotoxicity resulting in aplastic anemia 
and leukemia (Synder, et al., 1993). 
 
Though Benzene exposure limits were established by various regulatory agencies, trace amounts can be found 
in various solvent mixtures such as toluene (appendix N – OHCOW Fact Sheet on Benzene).  It has been 
stated repeatedly that employees dipped their hands in MEK, toluene, xylene (usually in 5 gallon pails) to 
wipe their hands, face, forearms, of workplace contaminants as well as cleaning equipment. Furthermore, 
many of the epoxies and other components in the department were also thinned with various solvents, which 
may have contained trace amount of benzene. Exposure to benzene may have been in the form of dermal as 
well as respiratory exposure.  Furthermore, due to the fact that employees ate at their workstations, ingestion 
is another form of exposure that cannot be ruled out. 
 
Benzene is an established human carcinogen.  It was previously believed that benzene induced acute 
myelogenous leukemias only, but more recent studies have strongly suggested that other forms of leukemia 
and lymphomas may be caused by benzene exposure (Lundberg et al.,  1994).  
 
Benzene may pose a significant cancer risk at low exposure levels. Exposure to 1 ppm of benzene for 8 hours 
per day, 5 days per week for a working lifetime of 40 years has been estimated to increase the risk of 
leukemia by about 70% (Xiao and Levin, 2000).  Given this information,  the use of solvents in this 
department and the possible trace amounts in the various thinners that were utilized by the employees for the 
varnishes,  epoxies, degreasers, mek, toluene, xylene etc,  would contribute to this statistic and therefore 
further amplify the exposures of the employees in this department. 
 
Benzene is a human leukemogen, and is among the known cancer causing agents, with the highest volume and 
broadest distribution (Verma et al., 1999).  Infante stated that low level exposure (1 ppm) can cause 
chromosomal aberrations, which warrant an exposure limit below 1 ppm (Verma et al., 1999). 
 
As per ACC-Chem Laboratories, exposure to benzene occurs primarily through inhalation of vapours,  but it 
can be partially absorbed after skin contact as well.  Primary toxic effect, particularly with long term 
exposures is on the haematological system. 
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TOLUENE: 
 
Epidemiological studies have shown statistically significant increases in neurobehavioral effects in 
workers chronically exposed to organic solvents, which include: 

• Fatigue,  irritability,  memory impairment,  personality or mood changes such as 
emotional instability,  diminished impulse control and motivation,  impaired 
intellectual function with decreased concentration ability,  memory and learning 
ability.  (Source:  National Institute for Occupational Safety and Health (NIOSH), 
March 1987). 

 
Toluene is a clear, colorless liquid with an aromatic odour. Companies add toluene to aerosol spray paints, 
wall paints, lacquers, paint strippers, adhesives, printing ink, spot removers, cosmetics, perfumes and 
antifreeze. At room temperature, toluene is both volatile and flammable.  The odour threshold for toluene 
in air is low at approximately, 80 parts per billion (ppb).  Synonyms for toluene include toluol, 
methylbenzene, phenylmethane, and methacide (U.S Department of Health and Human Resources, 
ATSDR, February 2001).  Short term exposure may lead to irritation of the eyes and respiratory tract.  
Long term exposure could lead to Central Nervous System Depression.  Toluene, like many organic 
solvents, is a respiratory tract irritant. Toluene accumulates in adipose tissues, thus persons who are obese 
tend to retain more toluene than persons of normal weight. (U.S Department of Health and Human 
Resources, ATSDR, February 2001).  It is important to note that signs and symptoms of toluene 
intoxification typically depend on intensity, duration and frequency of exposure. 

 
• Biological Fate: 

a. Inhalation is the primary route of entry,  however toluene can be 
absorbed through ingestion and dermal contact 

b. Peak blood concentration occurs 15 – 30 minutes  after inhalation 
c. Rate of absorption after oral ingestion is slower than after inhalation 
d. Toluene has little water solubility and is distributed quickly to highly 

perfused tissues such as brain, liver and kidney 
e. Toluene’s affinity for lipid-rich structures of nervous tissues results 

in central nervous system toxic effects within minutes. 
 

• Central Nervous System Effects:   
The principle effect of toluene exposure is CNS depression.  Low to moderate levels from long term 
exposure can cause tiredness, confusion, weakness, drunken-type actions, memory loss, nausea, 
loss of appetite, and hearing loss.   (U.S Department of Health and Human Resources, ATSDR, 
February 2001; Benignus, 1981). 
 

 
a. The nervous system is the most sensitive to effects of toluene. 
b. Chronically exposed workers have scored lower on tests of cognitive 

performance than did the unexposed controls. 
c. Toluene effects activity and sleep patterns, performance and 

learning, electrophysiological and central nervous system, 



DEPARTMENT WIDE RETROSPECTIVE EXPOSURE PROFILE  
General Electric Armature Department 7 (OHCOW FILE G884) 

Final Report Date:  January 30th, 2006 
 

 
Occupational Health Clinics for Ontario Workers (Toronto) 

By:  Sonia Lal BSc., MSc.  Occupational Hygienist 
108/238   

Final Edition Print Date/Time:  Feb. 6, 2006 11:27 AM 

evaluation, synthesis of data, depression, incoordination, and 
excitatory effects (concentration dependant), (CCOHS: Health 
Effects of Toluene, Dec., 2003; Benignus, 1981). In acute cases 
toluene exposure may result in narcosis and in chronic cases 
exposure may result in ataxia, encephalopathy (Feldman, 1999). 

 
In terms of acute exposure, several studies have examined the neuropsychiatric effects of acute exposure 
to toluene vapours.  Cerebellar and CNS integrative dysfunction predominate.  MRI results reveal a loss of 
gray- white matter contrast, diffuse supratentorial white matter high-signal lesional and low signal in the 
basal ganglia and midbrain, in the brains of neuropsychologically impaired toluene abusers. ((U.S 
Department of Health and Human Resources, ATSDR, February 2001; Benignus, 1981). 
 
ACC-CHEM Laboratories: 
 

• Until recently, commercial grades of toluene were frequently contaminated with benzene 
concentration of as much as 10-15%.  About ¼ of toluene production is converted to benzene for 
industrial use and the remainder is used to produce solvents. 
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XYLENE 
  

Xylene is a colorless liquid with a characteristic odour.  The odour threshold in adults is 1 ppm. This 
solvent is most commonly used as a solvent and thinner for paints and varnishes, often in combination 
with other organic compounds and as a solvent in glues and printing inks.  The most common uses and 
exposures are in the manufacture and application of paints, varnishes, printing inks.  Xylene is also known 
as dimethyl benzene. Xylene’s major target organ is the central nervous system (Beasley, 1992). 
Inhalation of xylene vapours in small amounts may cause headaches, euphoria, lightheaded feeling, 
dizziness, drowsiness or nausea.   With more acute exposure, xylene may cause sleepiness, stumbling, 
irregular heartbeats, fainting, or even death. Xylene vapour is also mildly irritating to the skin, eyes and 
lungs.  After serious exposure to xylene, symptoms may develop within a few days.  Repeated exposure 
can cause permanent damage to the brain, heart, muscles and kidneys. (ATSDR – Xylene Patient 
Information, July 1995).  Note: The severity of symptoms is the best measure of the seriousness of 
exposure (ATSDR – Xylene Patient Information, July 1995).   
 

 
• Biological Fate: 

a. Inhalation is the common route of entry for several occupational 
groups. 

b. Skin absorption is not rapid but this is significant due to the 
frequency of manual work in various occupations. 

c. Xylene in adipose tissue is eliminated slowly due to its high 
fat/blood partition coefficient.  Some accumulation does occur when 
exposure occurs at levels around 3.9 mmol/m3 for 5 consecutive 
days for 6 hours per day as per Rihimaki et al., 1979. 

 
• Central Nervous System Effects:   

The principle affects of xylene are to the central nervous system.  Xylene is a fat solvent that 
causes Central Nervous System dysfunction and destruction of other tissues. 

 
a. Local effects include dryness, irritation of the eyes, nose and throat, 

as well as nausea and anorexia. 
b. The most frequent effects related to the nervous systems are 

headaches, tiredness, irritability, and impaired performance in tests 
of simple reaction time, and short term memory.  In addition:  
depression, insomnia,  tremors,  impaired concentration  
(CCOHS:  Health Effects of Xylene, 2003).  

c. Xylene in high concentrations acts as a narcotic, inducing 
neuropsychological and neuropsychological dysfunction. 

d. Chronic exposure has been associated with:  anemia, chest pain with 
ECG abnormalities, dyspnea, and CNS symptoms.  (Langman, 1994) 

 
 

ACC-Chem Laboratories state the following with regards to xylene: 
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• Commercial xylene is a mixture of 3 isomers and it is used in a variety of solvent application for 
glues,  synthetic resins, rubber and paints 

• Xylene is a CNS irritant and narcotic and causes performance impairment and cerebella 
dysfunction after acute exposures 

 
 

RESEARCH STUDIES 
 

Concomitant exposure to xylene and other solvents including toluene affect hematological parameters, 
liver size, liver enzymes, auditory memory, visual abstraction and vibration threshold in the toes.  
(Lingman, 1994).  Organic solvents have been associated with peripheral neuropathy, and have been 
noted to be responsible for toxic neuropathies. In most situations of workplace exposures to 
concentrations below the TLV, some effects to the human body may occur, particularly with mixed 
substances (Beasley, 1992).  Some individuals may incur eye, nose, and throat irritation, nausea, 
headache, irritability, lassitude impaired reaction times and impaired short term memory.  Moderate 
exposures lead to dizziness, weakness, tremor, increasing confusion, and possible asymptomatic effects 
on renal function and hematological parameters.   

 
• Chen and Uchida et al.,  (1994)  note that the combined exposure to toluene and xylene causes an 

increase in symptoms associated with depression of the central nervous system and local irritation.  
The observed symptoms are similar to data retrieved on persons individually exposed to xylene or 
toluene.  This suggests that the effects of the combined exposure to both solvents are additive.   

 
• Dudek and Gralewicz et al., (1990) studied the effects of experimental exposure to toluene and xylene 

at 100 ppm (part per million) or their mixture of 50 ppm each, on the central nervous system.  Nine 
psychological tests were used to measure the changes in the central nervous system function in the 10 
volunteers aged 22 to 35.  Exposure to xylene proved to cause the most adverse effect in the selected 
reaction time.  Exposure to toluene affected the memory test performance.   

 
• Neuropsychological findings in a non-clinical sample of workers exposed to solvents were studied by 

Reinvang et al., in 1994.  Thirst –six workers were studied who had been exposed to organic solvents for 
more than 10 years. The workers and control groups were studied with a battery of neuropsychological 
tests and cognitive tests, where significant differences were observed for the Weschsler Adult Intelligence 
scale digit span and symbol digit substitution and on paired associate learning and continuous word 
recognition.  The results indicate that long-term work-related exposure to organic solvents may have 
chronic toxic effects.  (Reinvang et al.1994).   

 
• Similarly, Cherry et al., (1985) studied two workforces of 44 men exposed to paint solvents and 52 men 

working with toluene were compared with age matched comparison groups of non-exposed workers.  
Scores on a series of performance tests were examined and it was found that the solvent exposed workers 
functioned less well than their comparison control group.  It is very imperative to note that although the 
solvent exposed workers got lower scores than the solvent free control group, no evidence of impaired 
nerve conduction in the ulnar or median nerves were apparent.  With this in mind, it is very important for 
medical practitioners to ensure their diagnosis take this into consideration, i.e. not all patients will show 
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actual damage to the brain, nerves, neurological damages etc., but will show poor performance on 
neuropsychological tests .  

 
• Likewise, Grasso et al, 1984, studied a number of Scandinavian reports, which claim that painters and 

workers in other trades in which prolonged occupational exposure to organic solvents may occur and 
develop a type of mental illness, which is described by impairments in memory, coordination and slow 
deterioration of personality.  This conclusion is recognized as a cause of premature retirement and is 
classed as an occupational disease in certain countries.  It is clear that a critical evaluation of the reliability 
of these methods in detecting minor deviations from normal and their ability to provide acceptable 
evidence of CNS damage or dysfunction has been proven to be acceptable in investigating personality, 
intelligence and memory loss in patients exposed to solvents.  However, at present it is clearly stated that 
these test methods are not suitable for epidemiological studies due to the variability of response in normal 
individuals, which is ill defined.  The same conclusion was arrived at with regards to the evaluation of 
electroencephalography, computerized axial tomography scanning and other physical examinations to the 
diagnosis of brain changes in groups of solvent exposed workers and non- exposed workers.   

 
• Similarly,  Linz et al.,  1986,  also conclude that neurologic examinations and laboratory screening tests 

showed no consistent pattern of abnormalities in solvent exposed industrial painters compared to the 
control group.  However, in the evaluation of the psychological tests, short term memory deficits and signs 
of cognitive disturbances, clinically significant elevation of depression,  hysteria and anxiety were 
detected in the painters versus the non-exposed control groups.  Hence, it is very important that diagnosis 
of solvent exposed workers are carefully examined and thoroughly studied in terms of psychological tests, 
as the neurological exams and laboratory screening tests should not be relied upon solely without the 
supporting psychological tests.  (Linz et al.,  1986).  Finally, volunteers that have been exposed to chronic 
low level exposures to xylene have also shown no signs in certain radiology tests,  but have incurred the 
symptomology related to xylene exposure.  Clinical neurological examination and electroencephalogram 
or brain wave test (EEG) in such subjects have generally been normal although Electroneuromyography 
(ENMG) has been affected, even at concentrations below the mixture TLV (Anshelm Olson, 1982; U.S 
Department of Health and Human Resources,  ATSDR,  February 2001).   

 
• Chouaniere and Wild et al. (2002) have discovered that the neurotoxicity of long-term exposure to toluene 

is known at levels higher than 50 ppm and is suspected at lower levels.  A cross sectional study was 
carried out in two printing plants on 129 workers who were exposed to low levels of toluene.  One plant 
was exposed to 0-18 ppm toluene and the other plant was exposed to 2-27 ppm toluene.  The workers 
were asked to fill out a questionnaire to measure the effects on their neurotoxic symptoms.  Neurotoxic 
symptoms were not significantly correlated with current exposure.  However,  the conclusive statements 
made in this study state that low  exposure levels to toluene were associated with decrements of memory 
test performances.  Kamjima et al (2000) studied a patient who was a 54 year old man complaining of 
hyposmia,  poor memory,  lack of concentration and personality changes.  The patient had worked 12 
years at a manufacturing plant where he had to coat dashboard lines with xylene and potentially toluene as 
well.  There was no local exhaust ventilation or personal protection that was worn by the employee.  The 
patient was diagnosed with chronic solvent intoxication due to the chronology of symptoms,  optic nerve 
atrophy,  and the appearance and distribution of the Magnetic Resonance Imaging lesions. 
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• Kishi et al. (1993) studied the neurobehavioral changes resulting from chronic low level exposure to 
organic solvents in industrial painters.  The painters were exposed to toluene and xylene and mineral 
spirits.  The prevalence of depression,  dizziness and unsteadiness was higher in painters than in the 
control group.  Toluene exposure was significantly correlated with impaired performance on the Santa 
Ana test, another measure of psychomotor function, visual cognitive function and fatigue on the mood 
scale. 

 
• In the 1997 World Health Organization, Environmental Criteria Program on chemical Safety for Xylene, it 

was found that subjective symptoms have been reported among workers exposed to solvent mixtures 
containing large amounts of xylene.  Long term exposure to xylene is suspected to affect the nervous 
system adversely because chronic toxic encephalopathy and milder functional disturbances of the brain 
have sometimes been found among exposed painters and other workers.  Furthermore, a neurotoxicity 
study, which involved animals, exposed for 3 months to 160 or 320 ppm xylene showed biochemical 
evidence of apparently irreversible adverse effect on the nerve cells of the brain even at the lower level. 
The Task Group considers these findings very important and recommended further confirmatory studies. 

 
Hearing Loss 

 
It has been determined that exposure to solvents also results in hearing loss in some employees, as per studies 
by Lataye et al, (2000) and Moshe et al.  (2002).  It is therefore important to bear in mind that noise effects 
can be exacerbated by non-acoustic agents.  Combined effects of noise and solvent exceed the summation of 
the damage produced by each agent alone.   

 
In one of the studies, an artist who painted large posters with different mixtures of organic solvents including 
toluene, xylene and methyl ethyl ketone, was diagnosed with having peripheral and central neuropathy 
including ototoxic hearing loss, as a result of unprotected exposure to organic solvents.  

 
It is interesting to note that toluene may interact with some common medicines such as aspirin and 
acetaminophen to affect hearing as well.  (Sherertz,  P.,  1998.) 

 
In a recent study conducted by Herkov and Conger, neuropsychological and cognitive assessments were 
studied and an array of test methods for CNS damage was discussed.  Herkov and Conger support 
neuropsychological testing as a “sensitive measure of cognitive functioning and brain injury.”  Numerous test 
methods are described for various neuropsychological testing.  They mention that due to the complexity of 
brain function and mechanisms for brain damage, there are few conditions that result in a well defined pattern 
of neuropsychological deficits.  They go on to state that “brain injury regardless of the source, leads to 
impairment in a wide variety of cognitive deficits”.   
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METHYL ETHYL KETONE (MEK): 

 
Methyl Ethyl Ketone was utilized on a regular basis by employees. It was stated repeatedly that employees 
would dip their hands into the MEK buckets so they could remove any paints or other chemicals from their 
hands as well as to remove nail polish for leisure purposes. MEK was also utilized to clean parts and 
equipment.  Employees would dip rags into the buckets and thus be exposed to MEK via dermal uptake. 
 
Alternkirch et al in 1979 studied the neurotoxicity of inhalation exposure to MEK.  Rats were exposed for 15 
weeks to vapor concentration of 10000 ppm MEK and other solvents such as n-hexane and MEK.  The 
authors found and concluded that the addition of a small amount of MEK to n-hexane in a ratio of 1 to 9 parts, 
produced marked neurotoxicities, with a short onset time for morphological and clinical signs. 
 
Welch et al. in 1991 studied a case of chronic neuropsychological and neurological impairment following 
acute exposure to a mixture of toluene and MEK.  A 38 year old male laborer had spray painted a truck on 2 
separate occasions in an enclosed unventilated 30 by 20 foot space.  The paint contained toluene and MEK.  
Total exposure time was 24 hours.  The painter, who wore only a thin fibre mask that covered his mouth and 
nose, experienced,  nausea,  headache,  dizziness,  wheezing and cough after each exposure.  It was found that 
2 years later, the motor memory and emotional deficits still persisted but stabilized.  The authors concluded 
that the patient suffers from toxic encephalopathy with dementia and cerebellar ataxia resulting from acute 
exposure to toluene and MEK.   
 
Effects of Methyl Ethyl Ketone, is a significant contributor to CNS Damage.  As per the Canadian Centre for 
Occupational Health and Safety 1997, 3-5 minute exposure to methyl ethyl ketone (MEK) vapours produced 
slight nose and throat irritation at 100 ppm and definite nose and throat irritation at 350 ppm. Higher 
exposures are expected to cause central nervous system depression with symptoms such as headache, nausea, 
dizziness, drowsiness, and confusion.  In terms of skin effects repeated or prolonged exposure can cause 
dermatitis and whitening of the skin (CCOHS:  Methyl Ethyl Ketone, Dec, 1997) 
Numerous case reports indicate that neurological effects resulting from high exposure to MEK in combination 
with other solvents is evident.  Animal studies have confirmed synergism between MEK and various other 
solvents.  Principle target organs include, the central nervous system, liver and lungs (CCOHS:  Health 
Effects of Methyl Ethyl Ketone, Dec.1997). 
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METHYL ETHYL KETONE PEROXIDE: 

 
➢ Organic peroxide 
➢ Colorless, odorless liquid and a strong oxiding agent 
➢ Used as a hardener and curing agent for plastics such as unsaturated polyester and fiberglass resins 

 
Bates et al., 2001: 
 
A 6 year old boy developed respiratory distress, metabolic acidosis; severe esophageal and gastric burns and a 
coagulopathy after ingestion of an unknown volume of methyl ethyl ketone peroxide in dimethyl phthalate.  
This case demonstrates the severe effect which this industrial chemical has on systemic and local point of 
contact with the gastrointestinal tract. 
 
Anonymous, 1977: 
 

➢ MEK peroxide is known to irritate the eyes and skin 
➢ Chemical burns of the gastrointestinal tract as well as residual scarring and structure of the 

esophagus were noted in an individual surviving ingestion of 2 ounces of a 60% solution.   
 
As per Dillon Consulting Report for Working Safety with Casting Resins: 
 

• MEKP is known to be a strong irritant to the eyes,  nose and throat.  Long term exposure have liver 
and kidney damage.  Eye contact can cause permanent blindness with a few drops and ingestion can be 
fatal. 

 
Please refer to Tab#1 located at the start of Section #6. (information provided by the OHCOW, 1997).  
 
Bisphenol A Diglycidyl Ether (DGEBPA): (see appendix M – MSDS L6277A Weeping Epoxy) 
 

➢ Basic building block of epoxy resins 
➢ This building block is made by reacting Epichlorohydrin and Bisphenol A (CCOHS, 2004).  
➢ Epoxy resins based on glycidyl ethers are used in protective coating, solvent-less coating, coal tar 

pitch modified coatings and many others.   
➢ Repeated skin contact can cause allergic skin sensitization in some individuals.  Once a person is 

sensitized, contact with even a small amount causes outbreaks of dermatitis.  
➢ Of all possible polymer combinations, the dimmer has the greatest potential for skin sensitization  
➢ As per National Institute of Health disease associated with this agent is contact dermatitis allergic. 

(July, 2004).   
➢ Skin irritation and rashes, muscle and joint disorders and central nervous system  and respiratory 

disturbances have been reported in workers exposed to DGEBPA-based epoxy resins,  as well as 
several other potentially harmful chemicals at the same time, Tomizawa, T.,  1977).   

➢ Numerous cases of allergic skin reaction have been reported in people occupationally exposed to 
DGEBPA based epoxy resins.  Low-molecular weight resins which contain a high percentage of pure 
DGEBPA appear to be the true sensitizers (CCOHS – Cheminfo, 2004). 
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➢ Incomplete combustion may produce phenolics and possibly also aldehydes, acids and other 
unidentified toxic organic compounds (Dow Chemical Company, 2004) 

➢ It is stated on the MSDS sheet that it is necessary to:  “…avoid breathing vapors from oven 
heating or curing when heated to decomposition toxic fumes emitted.  No smoking or eating in 
area of use”.  (Refer to Appendix K – Document #11- gives more information with regards to the 
hazards of uncured and cured DGEBA and toxic fumes).  It is stated in this document that when 
this product is heated to very high temperature, toxic vapours would be given off that could be 
very hazardous.  For this reason, the curing process should happen in an enclosed and exhausted 
space. 
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EPOXY RESINS, ENAMELING, VARNISH POTS/HEATED ENAMEL POTS 

• As per IARC , VOL.: 47 (1989) (p. 329) occupational exposure grouping for a painter is listed under 
Group 1: The agent (mixture) is carcinogenic to humans. The exposure circumstance entails 
exposures that are carcinogenic to humans.  

Because the employees in the Armature department worked with enamels, lacquers and varnishes, the 
following data and pertinent information is applicable to the workers in the armature department.  The 
information is taken directly from the document cited:   
 

• Thousands of chemical compounds are used in paint products as pigments,  extenders,  binders, 
solvents and additives 

• Painters are commonly exposed via inhalation to solvents and other volatile paint components 
• Dermal contact is the other major source of exposure 
• Painters may be exposed to the chemical agents that they or their coworkers use. 
• Painters are commonly exposed to solvents, petroleum solvents, toluene, xylene, ketones, alcohols, 

esters and glycol ethers. 
• Benzene was used as a paint solvent in the past but is currently found only in small amounts in some 

petroleum solvent based paints. 
• IARC indicated that of 3 large cohort studies of painters and collections of national statistics, 

20% of all cancers were above the national average and lung cancers were at 40% above the 
national average.   

• The available evidence on the prevalence of smoking in painters indicated that an excess risk for lung 
cancer of this magnitude cannot be explained by smoking alone.  

• There were also small excesses of esophageous, stomach and bladder cancer as well as leukemia and 
cancers of the buccal cavity and larynx. 

 
As per the Department of Health Services, 2005 (DHS California), the following is stated with regards to 
Epoxy Resin Systems: 
 

• Common effects of overexposure to the chemicals used in epoxy resins systems are eye, nose and skin 
irritation, skin allergies and asthma. 

• Finished or hardened epoxy products are practically non-toxic unless they are cut, sanded or burned 
• The systems are made of epoxy resin and curing agents 
• It is exposure to the uncured resin components that can be harmful 
• Some of the epoxy resins utilized at GE were of the Class A and B type where the resin and curing 

agent had to be mixed prior to application.  Single component systems are stated to be safer as per 
DHS, as the hazardous chemicals are already partly combined into less toxic polymers (DHS, 2005). 

• Epichlorohydrin was a primary component of epoxy resins at least 68% as per NSC, (Epichlorohydrin 
chemical backgrounder) 2005.    

• There are numerous additives that can affect human health in epoxy resins such as curing agents, 
aliphatic and aromatic amines, diluents, organic solvents and fillers.  In order to correctly assess 
exposures one must look at all the ingredients in the epoxy resin systems,  their individual toxicity as 
well as the additive effects of these ingredients with other toxins in the process and workplace. 
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• As per DHS, older epoxy resins caused skin cancer in laboratory animals. This may have been the case 
due to the presence of Epichlorohydrin.   

• 2 solvents sometimes found in epoxy resins systems,  2-ethoxyethanol and 2 methoxyethanol cause 
birth defects in laboratory animals and reduced sperm counts in men.  Some glycidyl ethers also 
damage the testes and cause birth defects in test animals.  

 
Health Effects: 
 
Lung:  vapors and spray mists can irritate lungs 

Some people can become allergic to curing agents, even dust from sanding or grinding the hardened 
plastics 

 
Skin:  epoxy resins can cause skin irritation as well as sensitization 
 
Eyes/Nose/throat:  most epoxy resin system chemicals and their vapours can irritate  

eyes, nose and throat.  Some individuals can develop headaches and thus irritation (all taken from 
Department of Health Services, California DHS, 2005) 

 
Nervous System:  solvents inhaled or absorbed through the skin can affect the brain as well.  Overexposure 
can lead to nausea, dizziness, slurred speech, confusion and loss of consciousness. 
 
Engineering Controls and Exposure: 
 
It is known through employee interviews and statements, that engineering controls were not present,  
insufficient or not operative. It is stated by many research reports that certain controls need to be in place to 
prevent exposure.  The exposures, the symptoms,  the occupational diseases,  along with the lack of controls,  
the lack of personal protective equipment,  the lack of education and administrative controls in terms of 
personal hygiene,  all lead to evidence that exposure would have been incurred to these and other 
contaminants. 
 
At GE the exposure to epoxy resins would have occurred though inhalation, skin contact, misting,  due to the 
methods in which they were handled, oven fumes and uncured components from the ovens as well.  
Furthermore dusts from the uncured parts covered with the resin would be another primary source of exposure 
to epoxy resins, as the parts were often sanded/grinded after being drip dried or baked in the ovens.  The 
“icicles” had to be removed and this is another source of exposure.   
 
Furthermore,  many of the solvents and dip tanks which contained epoxy were without lids.  As per DHS, 
2005,  containers and vats of epoxy resins and solvents should be tightly covered to prevent evaporation. 
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Engineering controls as per DHS, 2005: 
 

• Do not sand or grind hardened epoxies that contain asbestos fiberglass or silica fillers,  as these 
substances can cause severe lung disease if you breathe their dusts. 

 
It is known that the epoxies and parts did contain these materials as some of the slots, the sidings in the slots 
and the wedges were made of asbestos and fiberglass, as well as mica.  Hence as the parts were indeed sanded 
and grinded in unventilated areas, without proper protective equipment, exposures would be incurred. 
 

• Containers and vats of epoxy resins and solvents should be tightly covered to prevent 
evaporation. 

 
As per the process section of this report,  it is clear that the containers and tanks containing the solvents and 
epoxy resins, and varnishes were not covered.  When parts were being removed from the VPI tanks, it was 
clear that the vapours emitted from the parts would have accumulated in the workplace air as well.  The parts, 
due to their large dimensions,  took time to be released from the vessels and the ovens,  hence without proper 
ventilation and engineering controls, exposure to those vapours and fumes  would have been incurred by all 
employees, including crane operators and employees on the mezzanine floor. 
 

• Local exhaust ventilation system is the most effective type of ventilation control. 
 
As stated in this report, these systems were not in place for most of the decades the department had been in 
operation, including confirmation from the 1996 report of OHCOW (Appendix L). 
 

• Heating epoxies during curing or any other process can cause chemicals to evaporate (turn into 
gas) more quickly.  The higher the temperature,  the greater the amount of chemical released 
into the air you breathe.  Be sure that adequate ventilation is used when epoxies must be heated 
or when the curing reaction generates heat. 

 
In many MOL reports and the statements made by the employees describing the processes in Armature,  it 
was reported the oven seals would often fail and thus not contain the gases coming off the heating epoxy 
resins in the ovens.  Moreover, after the parts were heated/baked, they were taken out of the oven and allowed 
to dry, be dipped again and the process would continue for several cycles.  Throughout this process there was 
no form of exhaust ventilation present to contain the off gassing from the parts, or the vapours from within the 
ovens.  None of the processes were isolated or enclosed to reduce exposures.  
 

• When engineering controls cannot sufficiently reduce exposures,  a respirator must be worn and 
a respiratory protection program must be developed. 

• Protective clothing should also be provided to protect against skin exposure and accidental 
splashing into the eyes or face etc. 

 
As per the MOL report dated June 22, 1973,  from L. Bithel (Appendix U), one example of personal 
protective equipment provided to employees due to the occurrence of dermatitis in women on the mezzanine 
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floor applying tape, was only in the year, 1973.  The years prior to this recommendation, the employees 
continued to work with unsafe and hazardous conditions.   
 
“ …a dermatitis problem appeared recently in this building where,  in an open mezzanine area,  girls wrap 

glass tape,  which has previously been soaked for 24 hours in aliphatic epoxide/toluene,  around copper coils 

of various types and sizes.  Leather gloves were used on the left hand at one machine for tightening up the 

tapes, but at some operations, gloves were not worn.  The epoxy mixture changed formulation recently 

consisting of cycle aliphatic epoxide, Bisphenol A and octylene glycol.” 

 
In order to alleviate the dermatitis issues, management offered Latex gloves.  It should be noted that this PPE 
change was only allotted for the employees in this section of the mezzanine only. 
 
The New Zealand Dermatological Society Incorporated, 2005, states the following with regards to epoxy 
resins: 
 

• Common two part epoxy resins systems contain epoxy resin, catalysts/curing agents and diluents 
and/or or other additives.  Any of these chemicals on their own may cause irritant and or allergic 
contact reactions. 

• Uncured epoxy resins, hardener and diluents are powerful irritants and potent sensitizers. 
• Hardeners and diluents are more volatile than resin and may cause allergic reactions from breathing in 

fumes.  As per The Society of the Plastics Industry, 2001,  this fact is supported and they state that 
glycidyl ethers vaporize more readily than the epoxy resin material and therefore have an increased 
potential for inhalation exposure.  These diluents are also likely to be much stronger sensitizers than 
the epoxy resins. 

• Cured epoxy resins are seldom a problem but it has been found that measurable amounts of 
uncured reagents may remain in the cured resin after 1 week. 

 
CANCER:   
 
As per DHS, 2005, older epoxy resins caused skin cancer in laboratory animals.  Epichlorohydrin is the 
contaminant that is stated to have been the probable cause, as it is a probable human carcinogen.  Most new 
epoxy resins today contain less Epichlorohydrin.  Furthermore, Diaminodiphenyl sulfone (DDS) a curing 
agent in some epoxy resins is carcinogenic in laboratory animals.  Most other components of epoxy resin 
systems have not been adequately tested to determine if they cause cancer. 
 
In terms of Reproductive Effects, DHS states that the various diluents and solvents in epoxy systems may 
affect reproduction.  Two solvents found in epoxy resin systems such as 2-ethoxyethanol and 2-
methoxyethanol cause birth defects in laboratory animals and reduced sperm counts in men.   
 
Finally it is imperative to note that heating epoxies during curing or any other process can cause chemicals to 
evaporate, with higher temperatures releasing more gases (DHS, 2005). 
As per Solvay Chemical, 2004: 
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• Epichlorohydrin is a chemical intermediate used primarily in the manufacture of epoxy resins and 
synthetic glycerol. It is also used in the production of Epichlorohydrin elastomers, polyamide-
Epichlorohydrin resins, water treatment chemicals, and a variety of glycidyl derivatives. 

 
Spectrum Laboratories state the following pertinent information on their MSDS, 2005: 
 

• Marked nose & eye irritation occur only above 100 ppm.  
• Epichlorohydrin effects on the skin, eyes, and respiratory tract may be delayed for several hours.  
• Epichlorohydrin causes dermatitis.  
• Inhalation of Epichlorohydrin causes irritation of the eyes and throat. 
• Epichlorohydrin may be released to the atmosphere and in wastewater during its production and use in 

epoxy resins, glycerin manufacture, as a chemical intermediate in the manufacture of other chemicals, 
and other uses 

 

Borgstedt, H. and Hine, H describe the following chemistry related aspects of epoxies that are pertinent to 

mention here to comprehend the toxicity of epoxies and their properties during the various processes in which 

the employees at GE had to manage the use of the epoxies.  (See Appendix W for reference material provided 

by Borgstedt and Hine). Taken directly from the reference:  

 
• The toxicity and the irritancy of the curing mixture depend on the degree to which curing has 

progressed 
• The toxicity and irritancy of the initial uncured mixture are comparable to those of the individual 

components, where the fully cured resin is less toxic. However, if the cured resin is subject to dust 
producing operations, like filing, sanding or drilling, irritation and sensitization may be realized by the 
operators, especially to the upper respiratory tract. 

• Adequate ventilation is required for the safe handling of the materials during processing 

• The authors quote that there was an “incidence of severe respiratory irritation and mild nephrotoxicity 
in six laborers who had removed epoxy resin concrete with air hammers.” Although the specific 
offending agent could not be identified, xylene was strongly implicated here. 

• The authors quote another study where seborrheic dermatitis was observed in 14 female workers in an 
electrical equipment plant. The resin was handled repeatedly without protective measures, and the 
resin –coated assemblies were heated.  The cases mostly occurred within a radius of about 10 yards of 
the work stations where the resins were heat-cured without ventilation and problems also occurred in 
workers who did not directly handle the materials.  Hence it was concluded here that the exposure 
occurred through vapor exposures.  The authors also note that the workers with the seborrheic skin 
changes were particularly prone to develop pathological skin changes as well. 

 
Furthermore, clinical examinations of 50 workers exposed to varnishes through spray painting operations 
showed that 70% had ocular pains, 20% had signs of chronic bronchitis and 30 % had moderately positive 
colloidal seraloability proofs (Spagna et al, 1972). The authors concluded that the high percentage of acetate 
in the mixtures caused the workers’ complaints. 
 
Rosenstock et al, in 1986 found the following concerning exposures to epoxy resins and other additives. 
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• Epoxy resins appear in high performance paints, adhesives,  and coating 
• The hardeners used are potent skin and respiratory tract sensitizers leading to contact dermatitis, hay 

fever and asthma. 
• Neutral and synthetic rubber exposures are associated with cancer, skin disease and chemical 

intoxications resulting from organic sulfur compounds and lead exposure. 
 
Cragle et al, in 1992 investigated the relationship between bladder cancer and other illnesses and epoxy resins. 
 

• The exposed workers studied had experience working with benzene, chromium, radiation 
trichloroethylene and other chemicals as opposed to the references.  

• Statistically significant increases in dizziness, insomnia, numbness or tingling in limbs, rashes and 
bladder cancer were seen among the exposed workers.   

• All of the workers with bladder cancer were current or former smokers and had exposure to epoxy 
resins.  

 
In another study conducted in 1963, (anonymous authors), it is clearly stated that exposure to wet or uncured 
resins and the chemicals used to thin, strengthen or harden the epoxy mixture may be particularly hazardous 
to health.   
 
The National Occupational Health and Safety Commission (NOHSC) of Australia state the following with 
regards to epoxy resins – 1998: 
 

• Most of the uncured resins are the reaction products of two chemicals,  epichlorohydrin and 
diphenylolpropane 

• Acid anhydrides, polyamides and alkyanolamides are less irritating or sensitizing than the aliphatic 
amines. However due to problems in curing,  hardness and flexibility,  amines are sometimes added to 
correct these problems and obtain the right chemical mixture for quality purposes 

• NOHSC state, “it seldom happens that the hardener is given its true chemical name on the label,  but is 
usually described as for example, Hardener 3867.  It is pertinent to remember that a complete safe 
resin and hardener had not yet been invented.   

• Most liquid amines are volatile and have a pungent odour.  Chemically they are highly reactive, being 
strongly alkaline and soluble in water.  Workers who are exposed to these chemicals and who perspire 
freely are therefore especially susceptible to dermatitis.  The risk of dermatitis occurrence is therefore 
higher in hot weather than in cold weather.  

 
However temperature in the plant is more of importance here than is the weather outdoors.  As there 
was inadequate ventilation in this facility, hot or cold was dependant on the processes at hand and not 
on the weather. 
 
NOHSC goes further and gives some primary examples of individuals exposed to epoxy resins and the health 
effects. Taken directly from the document cited (1998): 
 

1. The manager of a brush company developed a rash on the face and eyelids from “fumes: after using 
epoxy resin experimentally for one day. 
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2. An employee manufacturing epoxy resin suffered a chemical burn with blistering following an 
accidental splash; dermatitis subsequently developed. 

3. Two employees using epoxy resins in the manufacture of golf club heads developed dermatitis after a 
few weeks.  Previously in the fishing rods department, three men has also been affected by a different 
hardener. 

4. Two men used epoxy resin to glue glass sheets to aluminum sheeting.  Both were affected,  one man 
becoming so sensitive that he could no longer enter the room where this process was carried out. 

5. Dermatitis of the face occurred due to wiping the sweat from the forehead with the back of a 
contaminated hand:  similarly the genitalia were affected as a result of going to the toilet without first 
washing hands. 

 
Furthermore it is pertinent to note that primary irritation can occur from direct skin contact with either the 
resin, the hardener, the mixture or from exposure to the fumes.  Sensitization can occur after a few hours ,  or 
years through skin contact with either the resin or the hardener or the fumes.   
 
NOSHC states the following about effects to certain body systems: 
 

• Asthma-like reactions to the inhalation of fumes and dust from sawing cured resin have been reported.  
The cause is the fumes from the uncombined hardener being released from air bubbles set in the cured 
resin.  Upper respiratory irritation has also occurred from inhaling dust and vapours during the 
removal of epoxy resin concrete.   

 
In terms of workspace and engineering controls the following is recommended by this Australian 
governmental body, NOSHC, 1988, most of which were not part of the GE structure for its employees: 
 

• Work with epoxy resins should be carried out in an un-congested area of the factory and under 
conditions of good ventilation.  (This was not the case on the upper floor or the lower main floor of the 
armature department.  There was no ventilation provided in any of the areas ranging from the upper 
floor,  to the VPI tanks and the 4 tanks side by side one another over the decades – please refer to the 
Layouts in the Appendices A-I, to view the workspace in close proximity of all processes to one 
another). 

• In terms of fume controls, NOHSC state that some workers can develop a rash after a very short 
exposure to the fumes.  For small articles, local exhaust systems are recommended for employees.  
With regards to large articles,  as was mostly the case in armature,  NOHSC suggests that installation 
of extensive or elaborate fume control in the areas of the factory should be specially allocated to this 
type of work load.  In some processes they state that it may be advantageous to have the operation 
totally enclosed and worked by remote control, eliminating possible fume escape.  

 
As per the processes described in Section 5 of this report, it is clear that the above mentioned engineering 
controls were not part of the work area of the Armature employees at GE.  Given these recommendations 
it is clear that exposure was incurred,  due to the nature of the chemicals of these solvents and due to the 
lack of proper personal protective equipment,  lack of proper safety procedures in handling the epoxy 
systems and other solvents for that matter, lack of proper personal hygiene and education and lack of 
proper engineering controls. 
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Without proper personal protective equipment,  proper management of the systems utilizing these agents,  i.e. 
the ovens,  exhausts etc.,  the employees would have been exposed to the wet and uncured products of the 
resins and thus would incur the exposures to their by-products as well as the by-products of the thinners and 
additives that formed the mixture as a whole.  It is clear from the literature and research provided herein and 
available on epoxy resins, that ample exhaust ventilation should be applied wherein there is the use of epoxy 
resins systems.   
 
Bray, P., 1999 clearly states that the components in epoxy resin systems include, hardeners,  diluents,  epoxy 
acrylates,  Epichlorohydrin,  and Bisphenol A.   
Jolanki et al., 1986 
 

➢ Over a 10 year period (1974-1983) 1082 cases of occupational skin disease were diagnosed 
➢ Epoxy products caused 71 cases of allergic contact dermatitis, 3 cases of irritant contact dermatitis and 

1 contact uticaria. 
➢ All but 3 of the 71 patients with allergic contact dermatitis had contact allergy to Bisphenol A-type 

epoxy resins.   
The authors of this study clearly state that, “Although solid epoxy resins have been considered to be safe from 
an allergic point of view, 6 cases of allergic contact dermatitis and 3 cases of irritant contact dermatitis were 
caused by solid epoxy resins.   
 
Bourne, L. et al., 1959: 
 
The authors researched the occupational injuries resulting from exposure to epoxy resins and amine curing 
agents.  This reference is taken, though dated, due to the fact that this reference was available at the time of 
the existence of the armature department at GE and thus knowledge on epoxy resin systems and their 
detrimental health effects were also well known within the safety community on a whole (decades ago). 
 

➢ Exposure to resin/amine systems may cause dermatitis, mucous membrane inflammation,  skin 
allergies,  respiratory distress,  liver dysfunction or visual disturbances. 

➢ Production of a completely nontoxic resin/amine system is not possible,  minimum toxicity is a 
function of both minimum system component volatility and minimum solubility in skin secretions 

➢ Risk of individual sensitization to resin /amine system components is proportional to integrated 
exposure. 

 
In this research abstract some obvious engineering controls were recommended here.  These controls were not 
evident in the oven area for the upstairs armature location nor for the downstairs location with regards to 
ovens, proper ventilation or proper enclosures etc. 
 

➢ Hot processes should be enclosed ( with a special unit if possible) 
➢ The prohibition of smoking or eating at work should be strictly governed 
➢ curing processes should take place in well ventilated chambers with restricted access 
➢ The immediate reporting of all cases of skin contact or injury, the onsite presence of good washing 

facilities and the thorough cleansing of hands. 
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Haz Map – Information from the National Institute of Health – July 2004. 
  

➢ Epoxy resins are associated with occupational asthma and contact dermatitis,  allergic dermatitis 
➢ Occupational asthma reported in electronics industry and in paint and glue workers 
➢ Allergic contact dermatitis reported in construction workers,  shoemakers,  electronics workers,  

mechanics,  printers and textile workers 
➢ “Patients who develop skin allergy to epoxy resins are allergic to the monomers (such as 

epichlorohydrin and Bisphenol A in about 90% of the cases and to the hardener in the remaining 
cases.” 

 
Anonymous, 1963: 
Health hazards associated with the production and industrial use of epoxy resins were reviewed. 
 

• Wet or uncured resins and the chemicals used to thin, strengthen or harden the epoxy mixture may be 
particularly hazardous to health 

• Liquid resins may produce severe eye irritation or dermatitis 
• The sensitizing effects of recurrent exposure to epoxies may cause skin disease 
• Dermatitis is the ailment that most frequently affects workers who handle epoxy resins and the 

chemicals used in their manufacture. 
• Respiratory and other troubles may result from breathing the vapors, fumes or dusts of various 

materials used in the process. 
 
Cohen, S. R., 1974: 
 

• Supports the notion that the improper handling of epoxies can lead to a cause effect relationship where 
symptoms described by workers who handle epoxy resins and exposure to the solvents even below 
accepted standards can be realized and exposures incurred 

 
Park, R., Silverstein, M et al., 1986. 
 
Excess cancer deaths at an electronics and electromechanical manufacturing facility for aircraft and missile 
applications prompted a mortality study.  Exposures included machining and grinding operations, similar to 
those described in the Armature department of GE, armature construction, and various assembly operations. 
Chemical exposures included: Halogenated solvents, cutting fluids, solder fluxes, epoxy resins, cyanoacrylate 
resins and acrylonitire based resins. From 1965 to 1979 there were 30 deaths from cancer among female 
workers alone, where 15.5 deaths was the expected value. From 1970 to 1979 there were an excess of deaths 
to pancreatic cancer in men and women and of colon, stomach and ovarian cancer in women.  Exposure to 
epoxy like materials may have some relationship to the colon cancer among the women and pancreatic cancer 
in the men.  
 
Jolanki, R. et al., 1996 studied occupational dermatoses from exposure to epoxy resin compounds in a ski 
factory. 
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Of 22 workers, occupational allergic contact dermatitis was found in 8 individuals.  Six were sensitive to 
epoxy resins compounds, i.e. epoxy resins, hardeners or diluents, 1 to cobalt in glass-fiber reinforcement and 
1 to formaldehyde in a urea –formaldehyde glue and lacquer.  Four workers had irritant contact dermatitis 
from epoxy resin compounds, lacquers, sanding dusts or glass-fibre dust.  Three had contact allergy from a 
new sensitizer, diethyleneglycol diglycidyl ether in a reactive diluent. Immediate transfer of workers 
sensitized to epoxy resins from epoxy exposure prevents aggravation of their dermatitis. 
 
The ILO, 1995 also makes the following statement concerning resins (epoxies, curing agents, plastics) 
 

• Most contain many poisonous ingredients such as solvents, dyes, stabilizers, fillers, plasticizers, 
catalysts and monomer residue 

• Epoxy resins are normally cured with a phenol compound, and polyesters are cured with a peroxide 
compound 

• Uncured epoxy resins or monomers are very toxic and penetrate the skin and lungs rapidly 
• Dust created by shaping, cutting and drilling can be harmful 
• Resins can produce a wide variety of highly toxic vapours and gases when heated or burned.  Fires 

caused by burning plastic are sometimes very difficult to control. 
 
Fillers (as per the International Labour Organization – 1985 – taken directly from the source) 
 
Fillers are powders or tiny fibres added to resins to give bulk, strength and form.  They are durable and some 
resist heat, fire and electricity.  Asbestos and chromates cause cancer, and fiberglass can cause serious lung 
problems if breathed in over a period of time.  These substances can also be highly irritating to the skin and 
eyes.  They are easily released as harmful dusts when resin products are shaped, sawn or drilled.  Avoid 
breathing and direct contact.  
 
As per The Society of Plastics Industry, 2001:  inhalation exposure to fillers such as crystalline silica or 
fiberglass may result in delayed lung injury. 
 
Examples relevant to GE Armature processes:  asbestos, quartz, silica, fiberglass. 
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The 1971 Explosion: 
 
Taken directly from the Examiner Article and an Employee Testimony (Appendix J – Dated August 1971) 
 

“..a chemical reaction in a 2000 gallon VPI pressurized tank cause for a cloud of offensive gas to 
be emitted …a toxic cloud hovered over the city.  When the firefighters came in and poured 
water on the overheated resin,  the tank then exploded and it was a miracle that no one was 
killed.  The smell was putrid.  …paint peeled from the steel beams;  every tree outside the 
department on Wolfe street lost it’s leaves; paint peeled off houses as far away as Edgewater 
blvd.” 

 
Products mentioned as per June 11, 1979 document – authored by Ed Hunt – UE Health and Safety 
Representative– SOLVENTLESS EPOXY VARNISH: 
 

1. Boron Trifluoride Mono Ethylamine 
2. Shell Epoxy 826 or Ciba 6005 
3. 3M Cardolite NC 513 

 
The author of this report stated the following: 

  
 

➢ It is stated on the MSDS sheet for thixotrophic epoxy sealant - that it is necessary to:  “…avoid 
breathing vapors from oven heating or curing when heated to decomposition toxic fumes 
emitted.  No smoking or eating in area of use.  (Refer to Appendix K Document #11 document 
dated July 17, 1989 – which gives more information with regards to the hazards of uncured and 
cured DGEBA and toxic fumes.  It is stated in this document that when this product is heated to 
very high temperature, toxic vapours would be given off that could be very hazardous.  For this 
reason, the curing process should happen in an enclosed and exhausted space. 

➢ Furthermore, although not clear if the weeping epoxy was present in this fire,  it would have 
been present in other areas such as storage areas.  The weeping epoxy MSDS sheet clearly 
indicates that there are unusual fire and explosion hazards, “Toxic fumes and vapours emitted 
when heated to decomposition.  Butyl Glycidyl ether may be vaporized and hydrogen chloride 
gas released upon combustion.”  (See appendix M) 

➢ In another MSDS for Hardener for Mexotropic Epoxy Sealant (M-6290-A) of the chemical 
family Polyamidoamine – it is clearly stated on the MSDS that toxic fumes are emitted when 
decomposition temperatures are reached.  The TLV as per the MSDS is 1 ppm and indicated 
that when heated or misted,  inhalation hazards can occur.  Furthermore,  it clearly indicated 
that the chemical should be utilized in a well ventilated area.  Avoid skin contact or breathing in 
vapours. No smoking or eating in areas of use. See Appendix M. 

The fire itself would have given off large amounts of these toxic fumes,  but that is not to say that 
our members who had long exposures working in this areas would not show the same health effect 
as those who were immediately involved with the 1971 fire.  …This chemical Boron Trifluoride 
Mono Ethylamine can certainly be the reason behind the health effects suffered by our member 
and others as a result of that 1971 fire. (See Appendix K – Document #26.) 
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➢ Furthermore there were thinners added to the varnishes as well – for example amongst them 
toluene, xylene,  MEK or MEK peroxide. As per the MSDS for MEK Peroxide,  the following is 
stated: “…..If Self Accelerating Decomposition Temperature is reached,  may release toxic and 
flammable gases and burst into flames.  In fire condition, SADT is approximately 70 Degrees C. 
Animal studies have shown that MEK peroxide to be tumorigenic. (See appendix M for MSDS). 

 
Given the information above,  in general most of the epoxies and the components used to mixed with these 
resins,  such as the curing agents, hardeners etc,  are very well described in the MSDS sheets and clearly 
indicate of the necessary precautions to be taken as well.  Heating of the products release vapours that should 
have been controlled via engineering controls. Furthermore, excessive heating would have emitted toxic 
vapours that should have been avoided at all costs.  Given this information and the fact that the fumes in 
Armature were not properly handled, exposure to these toxic vapours would have been incurred by the 
employees and thus occupational health disease would have also been realized as per the evidence. 
 
As per www.mrfibreglass.com, the following is stated with regards to the uncontrolled curing and burning of 
epoxy and the hazards associated with this process. 
 

• The chemical reaction that cures mixed epoxy is exothermic or heat generating 
• If left to cure in a contained mass, such as in a mixing pot, it can generate enough heat to melt plastic, 

burn your skin or ignite surrounding combustible materials. 
• The larger or thicker the epoxy mass the more heat is generated.  For example, a 100-gram mass of 

mixed epoxy can reach 400 degrees Fahrenheit. 
• Mixed resin and hardener become hot and frothy as they thermally decompose, generating toxic 

vapour.  These include:  Carbon monoxide,  oxides of nitrogen,  ammonia,  possibly some aldehydes 
and other vapours. 

• Cured epoxy can emit similar vapours if you heat it too much.   
 
(appendix J has further information from an employee testimony with regards to the Explosion in 1971) 
 

 
 
 

http://www.mrfibreglass.com/
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Fibreglass-Reinforced Plastics 
 
Minamoto, K.  et al.,  2002: 
 

➢ Patch tests were carried out on 29 workers involved in fibre-reinforced plastics manufacturing in order 
to investigate the causes of their skin problems.   

➢ Of 22 workers who reported experiencing skin problems,  4 showed reactions to methyl ethyl ketone 
peroxide,  and 2 showed reactions to unsaturated polyester based resin,  one to styrene and one to 
formaldehyde. 

➢ Seven cases were diagnosed as allergic contact dermatitis due to chemicals, three as irritant contact 
dermatitis due to chemicals and three as dermatitis due to mechanical irritation from glass fibre or 
dust.  Eighteen of the 29 subjects including 2 workers without a history of skin problems were 
sensitized to at least one chemical.   

 
As per Dillon Consulting Report for Working Safety with Casting Resins: 

• Fiberglass is a chemical inert material,  however it can cause skin and eye irritation and the inhalation 
of fibres may irritate the upper respiratory tract.  It is not yet known whether there is an increased risk 
of lung cancer in humans exposed to fiberglass fibres,  however the Workers Compensation Board of 
British Columbia has classified synthetic mineral fibres as a possible human carcinogen. 
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PHENOLS: 

 

Phenols are used in the manufacture of epoxy and other phenolic resins and as a solvent for petroleum 

refining.  Phenol originated from coal tar or as a degradation product of benzene.  Synthetic phenol is made by 

fusing sodium benzenesulfonate with NaOH or by heating monochlorobenzene with aqueous NaOH under 

high pressure(Windholz, 1983).  The main use of phenol is as a feedstock for phenolics resins,  Bisphenol A 

and caprolactum. It is used in the manufacture of many products including insulation materials,  adhesives,  

lacquers, paint, etc (IARC, 1989). 

 

Short term effects of exposure to phenol include respiratory irritation,  headaches and burning eyes.  Chronic 

effects of high exposure included weakness, muscle pain and anorexia,  weight loss and fatigue; following 

dermal exposure included liver damage,  diarrhea,  dark urine and red blood cell destruction.  Skin exposure to 

a relatively small amount of concentrated phenol has resulted in the death of humans. (ATSDR, 2004). 

 

Phenol can be absorbed through the mucous membranes of the human eye (WHO, 1994).  It’s cellular uptake 

is both rapid and passive due to its lipophilic character,  and signs of systemic toxicity develop soon after 

exposure.  Phenol’s main target organs are the liver and kidney.  It may also effect the respiratory and 

cardiovascular systems. 

 

Merliss, 1972 described muscle pain and weakness of unknown etiology, enlarged liver and elevated serum 

enzymes (LDH, GOT, GPT) characteristic of liver damage in an individual with intermittent inhalation and 

dermal exposure to phenol,  cresol and xylenol.  Baj et al.,  1994,  examined twenty-two office workers 

exposed for six months via inhalation to a commercial product containing formaldehyde,  phenol and 

chlorohydrocarbons.  At the end of the six month period,  the indoor air of the workers contained 1300 ug/m3 

of formaldehyde and 800 ug/m3 of phenol  The eight workers with the highest concentration of phenol in their 

urine had decreased erythrocyte and T-helper lymphocyte numbers and increased numbers of eosinophils and 

monocytes compared to controls.  The multiple chemical exposure of this study prevented the author from 

concluding that these effects are attributable to phenol exposure alone.  However,  in relation to the exposures 

and contaminants at GE,  this study can be applied as the chemicals studied here were similar to those 

released over time at the GE plant as well as during the explosion in 1971. 
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EPICHLOROHYDRIN:   

 
Epichlorohydrin is used in the production of various synthetic materials, including epoxy resins, wet strength 
resins for the paper industry and water treatment resins.  There is widespread use of Epichlorohydrin as a 
stabilizer (National Sciences Library, 2005)   
 

• About 90% of commercial epoxy resins are prepared by reacting epichlorohydrin with 4,4 
isopropylidenedipehenol to obtain a molecule of a desired chain length and molecular weight, 
(Mathias, C.,  1981). 

• Epichlorohydrin is classified as a substance that may reasonably be anticipated to be a carcinogen 
according to US Department of Health and Human Service. 

• It is also classified as a carcinogen by the EPA’s Toxic Release Inventory (TRI). 
• It can produce temporary sterility 
• Acute poisoning may lead to respiratory paralysis 
• Chronic poisoning may lead to kidney damage 
 

IARC, 1999 has reviewed the carcinogenicity of Epichlorohydrin both in humans and in experimental 
animals: 
 
 Animal Studies: 
 
 In rats, papillomas and carcinomas of the fore stomach were induced following oral administration 
 of epichlorohydrin.  In an inhalation study, papillomas and carcinomas of the nasal cavity were 
 found. IARC defines epichlorohydrin as the following: Group 2A: The agent (mixture) is probably 

 carcinogenic to humans. The exposure circumstance entails exposures that are probably carcinogenic     

 to humans.  
 

The exposure standards working group is of the view that there is strong evidence from the appropriate 
animal studies to prove a strong presumption that human exposure to Epichlorohydrin may result in 
the development of cancer.  Epichlorohydrin is classified as a Category 2 Carcinogen, by the 
Australian Government, NOHSC, 2005). 

 
NIOSH CURRENT INTELLIGENCE BULLETIN 30 OCT. 1978 STATES THE FOLLOWING; 
 

• The National Institute for Occupational Safety and Health (NIOSH) recommends  
Epichlorohydrin be handled in the workplace as if it were a human carcinogen. 

• This recommendation is based primarily on two recent studies: a long term epidemiologic study 
showing significant increase in respiratory cancer deaths of exposed workers, and an inhalation study 
showing an increase in nasal carcinomas in rats. In addition, cytogenic studies of human peripheral 
lymphocytes have shown a highly significant increase in chromosome abnormalities in exposed 
workers.  

• A statistically significant (p<.05) increase in deaths due to respiratory cancer has been observed in a 
long-term epidemiologic study conducted on workers exposed to Epichlorohydrin at two facilities of 
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the Shell Chemical Company. There were 864 workers identified as having been occupationally 
exposed to Epichlorohydrin for 6 months or more 

• For men estimated to have had moderate to heavy exposure who were followed for 15 years or more, 
observed deaths were also greater than those expected for the categories of all cancers, leukemia, and 
suicide, although those differences were not statistically significant. Information was not available for 
most workers on smoking history, or the extent of exposure to other chemicals.  

• In ongoing inhalation studies, rats exposed to Epichlorohydrin have shown a statistically significant 
increase in nasal cancer (p <.05). 

• Pending further evaluation of its carcinogenic potential NIOSH believes it would be prudent to 
minimize occupational exposure to Epichlorohydrin. 
 

The Environmental Protection Agency states the following with regards to the classification and health effects 
of Epichlorohydrin (EPA, 2004): 

 
• EPA has classified epichlorohydrin as a Group B2 probable human carcinogen. 
• Epichlorohydrin may be released to the ambient air during its production and use (EPA, 2005) 
• An increased incidence of tumors of the nasal cavity has been observed in rats exposed to 

epichlorohydrin by inhalation (EPA, 1985). 
• EPA states that acute short term exposure to epichlorohydrin in the workplace has caused irritation to 

the eyes, respiratory tract and skin of workers.  At high levels of exposure, nausea, vomiting, cough, 
labored inflammation of the lung, pulmonary edema and renal lesions may be observed in humans 
(EPA, 1999; 2005). 

• An increased incidence of lung cancer mortality ( not statistically significant was reported in one study 
of workers exposed to Epichlorohydrin (EPA, 2005) 

• Chronic occupational exposure of humans to epichlorohydrin in air is associated with high levels of 

respiratory tract illness and hematological effects (EPA, 2005). 

 

Case Study – Health Hazard Evaluation Report – by NIOSH – 1997: 

RE:  exposures to resins in a manufacturing company utilizing polyester resins: 

 

 

NIOSH was approached by employees from the manufacturing company (which manufactures a variety of 

home decorative items by curing polyester resin in preformed molds) who were concerned about health 

effects possibly associated with exposure in the resin and finishing departments.  The workers had symptoms 

documented as follows: 

 

1. Chronic cough, burning eyes, severe headaches, and 

nausea from exposure to airborne contaminants from 

liquid resin, acetone, stains, lacquers, and sanding dust 

2. Skin irritation and burns to the hands and arms from 

dermal exposure to liquid resin and acetone 

Air monitoring was conducted during the manufacturing activities for VOC’s, styrene, Stoddard solvent, 

MEKP,  as well as respirable dust and total dust.  Personal breathing zone samples were collected when 

workers were mixing and pouring liquid resins revealed that full shift exposure concentrations to styrene 
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ranged from 15 to 46 parts per million.  Some exposures exceeded the ACGIH TLV at 20 ppm and the 

NIOSH REL of 50 ppm.  The short term breathing zone samples for styrene exposure during resin mixing 

exceeded the ACGIH and NIOSH STEL of 40 ppm and 100 ppm respectively. 

 

It is pertinent to note that at the time of this investigation, manufacturing production was reduced because of 

the seasonal nature of the company’s product line.,  Workers exposure to styrene vapour will likely increase 

during the time of the year when the company experiences higher production demands. 

 

It was found that there were ventilation deficiencies with both the local and general exhaust ventilation 

systems provided for the pouring tables and the mix room.  The use of paint booths for dust control was 

inefficient and only marginally effective in controlling personal breathing zone exposure levels.   

 

Furthermore, although PPE was provided,  it was concluded that it was not efficient enough in protecting the 

workers from the contaminants.  More appropriate glove material was required to prevent permeation of the 

solvents onto the skin of employees.   

 

This in the case of the GE Armature building,  given the fact that there was little to no exhaust ventilation for 

most processes and given that employees seldom wore gloves or respirators in the decades preceding the 

1980’s and even the 1970’s the exposures to the multitudes of solvents during mixing, pouring,  application of 

the resins to the stators and other Armature parts,  is evident.  Furthermore,  the other simultaneous exposures 

to fumes and vapours from other activities in close proximity to one another would have also contributed to 

the exposure incurred by the employees in this department.  

 

As per the case study given here.  The styrene levels were found to be higher than the ACGIH TLV for 

example.  It must be made clear here that the armature department utilized multitudes of chemicals.  Thus the 

TLVs for the combined effects of exposure would have to be taken into account.  Thus overexposure is 

inevitable to the solvents in the armature department.   

 

“…..some hazardous substances may act in combination with other workplace exposures, medications, 

or personal habits of the worker to produce health effects even if occupational exposures are controlled 

below the limits set by the evaluation criteria.  Synergistic and additive effects may not be considered 

by a chemical – specific evaluation criterion.  Furthermore, many substances are appreciably absorbed 

by direct skin contact potentially increasing the overall exposure and biologic response beyond that 

expected from inhalation alone. Finally evaluation criterion may change over time as new information 

on the toxic effects of an agent become available.  Because of these reasons it is prudent for an employer 

to maintain workers exposures well below the established occupational health criteria. “  NIOSH, 2000. 

 

As per the statement above,  it is clear that when we study chemicals and their exposures to human and 
animals,  the TLVs overtime change,  as we become more and more educated on the health effects of those 
chemicals/processes.  Similarly,  as for asbestos and formaldehyde for example,  decades ago little was known 
as to what their health effects were,  and today,  more and more stringent restrictions are placed on their use in 
the workplaces and the TLVs that are assigned to them. 
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WELDING: 
 
There were various types of welding processes that took place within this department as already described in 
section 5 of this report.  welding, brazing, soldering, cutting. 
 
IARC classifies welding fumes in Group 2B – i.e. welding fumes are possibly carcinogenic to humans. 
 
Welding fume is defined as particulate emissions intrinsic to the various welding processes (IARC, 1990).   
 
The health effects of welding exposures are difficult to list due to the fact that the fumes may contain so many 
different substances that are known to be harmful.  The individual components of welding smoke can affect 
just about any part of the body,  including the lungs, heart, kidneys and central nervous system. 
 
Metal fume fever is the most frequently observed acute respiratory illness of welders and may occur during 
and after welding duties (Antonini, 2003).  Martin et al.  1997 reported that oxides of copper,  magnesium, tin, 
or cadmium in welding fumes may cause metal fume fever. The most frequent cancer reported among welders 
had been of the respiratory system (IARC 1990).   
 
Various conditions in the workplace will effect the variation of welding fume exposure (Wallace et al.  2002).   

• Welding in well ventilated areas disperses fumes whereas welding in confined spaces with 
poor ventilation will result in higher exposure levels 

• Work method is another variable – the distance from the source of the emissions and the 
welder’s breathing zone in relation to the fume emitted are important determinants of exposure 
as well .The welding position which is either flat,  vertical, horizontal or overhead and the 
proximity of the welder to the fume plume affect exposure (Lucas, 2004). 

• Welders are highly exposed during the intermittent arcing period.  There should be little 
exposure between the arcing periods,  however,  they may be influenced by the presence of 
other welders in the vicinity,  effectiveness of control measures and general ventilation. 

• Personal protective equipment is required when engineering controls are not suitable or cannot 
be provided. 

 
Furthermore,  as per the Manitoba Labour Workplace Safety and Health  June 2000: 

• Humidity can also effect the amount of fume generated,  the amount of fume generated 
increased due to absorption of fluxes. 

 
As per the National Occupational Health and Safety Commission, 1990 and Carter, 2004 state the 
following with regards to Welding and degreasers: 

• Ultraviolet rays given off by welding can react with chlorinated hydrocarbon solvents,  
such as trichloroethylene,  methylene chloride and Perchlorethylene to form phosgene 
gas.  Even a very small amount of phosgene may be deadly although early symptoms of 
exposure usually take 5-6 hours to appear. Irritation of the respiratory tract and/or 
serious lung damage may occur.  Arc welding should never be performed within 200 feet 
of degreasing equipment or solvents. 
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• Long-Term Health Effects:  
▪ Studies of welders, flame cutters and burners have shown that welders have an 

increased risk of lung cancer,  and possibly cancer of the larynx (voice box) and 
urinary tract. 

▪ Welders may also experience a variety of  chronic respiratory lung problems  
including bronchitis, asthma, pneumonia, emphysema,  pneumoconiosis, 
decreased lung capacity, silicosis and siderosis, ulcers, gastritis, as well as 
reproductive risks. 

▪ Welders who perform welding or cutting on surfaces covered with asbestos 
insulation are at a risk of asbestosis, lung cancer,  mesothelioma and other 
asbestos related diseases. 

 
Mydin and Semple, 2005 concluded in a recent study with regards to validation of a model to estimate 
welding fume:  there is increasing evidence of an association between welding activity and chronic diseases 
such as neurological disease, lung cancers and reproductive effects.  
 
A report provided by Gary Liss of the Ontario Ministry of Labour in 1996 was reviewed.  The following 
information taken from the report is pertinent to mention here: 

• The welding environment is very complex with the presence of numerous gases and particulate 
components. These constituents of welding fumes and gases can be classified into those 
intrinsic and those outside or extraneous to the process ( e.g. bystander exposure to asbestos)   

• Liss also states that there is now more evidence for acute short term changes in pulmonary 
function among welders that appears to be associated with higher exposure to absence of 
ventilation systems.   

• Some but not all studies continue to demonstrate an increased prevalence of symptoms among 
welders compared to controls. While non- smokers were affected in some studies,  there was 
some evidence for an interaction with someone with greater effects seen among smokers.  

• Most of the studies reported in 1984 and thereafter are consistent in that they continue to 
document a moderate 30-40 % increase in lung cancer risk among welders,  however the 
findings are not consistent.  

 
Liss concluded in his 1996 report:  “there continues to be evidence that prolonged exposure to welding fumes 
and gases that existed under past and perhaps current conditions may be associated with both acute and 
chronic health problems in welders.  Several of these associations represent outcomes for which evidence had 
not been present in 1985.”  Liss concluded that because welders compose at present an important proportion 
of the workforce and may suffer inordinately from certain relatively common conditions such as pneumonia, 
and possibly lung cancer and other diseases as well as conditions specific to welding,  such as MFF and acute 
cross shift pulmonary reactions, this should be considered an important health problem.   
 
In a Danish study of never-smoking welders,  (Lyngenbo, O et al.,   1989),  the following was observed: 
  
74 high exposed welders and 31 age matched electricians were examined.  None had ever smoked or been 
exposed to known noxious agents to the lungs.  A significant difference was found between the welders and 
the control group in vital capacity,  total lung capacity,  forced expiratory volume in one second,  peak 
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expiratory flow rate.  The lungs of welders were physiologically 10-15 years older than those of the control 
group. 30% of welders had a well defined respiratory disease. 
 
Furthermore,  as per CCOHS,  2001 the following are also pertinent factors which effect health in terms of 
exposures to welding fumes.  Often times the parts in armature that were welded,  soldered,  or brazed,  were 
coated already with either epoxy resins,  vapours,  insulation such as asbestos or fibreglass,  or other solvents  
(solvents utilized to clean or prepare the part for welding,  or cleaned with alcohols prior to being machined).  
As per CCOHS: 
 

• Vapours or fumes can come from coatings and residues on metal being welded.  Some 
ingredients in coating can have toxic effects.  These include: 

o Metal working fluids such as oils and rust inhibitors 
o Cadmium plating 
o Vapours from paints and solvents 
o Lead- oxide primer paints 
o Some plastic coatings 
o Epoxies. 

 
CCOHS recommends the removal of coatings prior to welding. However the processes in armature were not 
such that the epoxies,  varnishes, solvents,  asbestos etc,  could be removed prior to welding.  This would not 
have been possible.  Hence exposure to the toxic effects of welding on coated parts would be incurred by 
employees.  If coatings are not removed,  the following thermal breakdown of coatings in the form of gases 
are released: 
 

• Polyurethane coatings produce hydrogen cyanide,  formaldehyde,  carbon dioxide,  carbon 
monoxide,  oxides of nitrogen and isocyanate vapours 

• Epoxy coating can produce carbon dioxide and carbon monoxide 
• Vinyl paints can produce hydrogen chloride 
 

 
Welding gases are produced from welding and cutting processes which include: 
 

• Carbon dioxide from decomposition of fluxes 
• Carbon monoxide from the breakdown of carbon dioxide shielding gas in arc 

welding 
• Hydrogen chloride and phosgene produced by the reaction between ultraviolet 

light and the vapours from chlorinated hydrocarbon degreasing solvents such as 
TCE. 

 
 
The International Labour Office, 1998  lists the following as long term health effects in welders: 
 

• Respiratory tract infections 
• Pneumoconiosis 
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• Liver, nasal, sinonasal, stomach and lung cancers 
• Respiratory disease from high concentrations of carbon dioxide and related oxygen deficient 

atmospheres 
 
 
Furthermore,  as per the Manitoba Labour Workplace Safety and Health  June 2000 (taken directly from the 
report): 
 
Of the gases emitted,  ozone is also emitted during welding and is classified as pulmonary irritation and can 
cause pulmonary edema.  In addition,  nitrogen oxides are formed from the heating of atmospheric oxygen 
and nitrogen.  The oxide usually consists of nitrogen dioxide and nitric oxide.  Nitrogen dioxide is irritating to 
the eyes, nose and throat at low concentrations (10-20 ppm) and at higher concentrations results in pulmonary 
edema.  Furthermore,  hydrogen chloride and phosgene are produced by the reaction between ultraviolet light 
and vapours from chlorinated hydrocarbon degreasing solvents.  Both of these gases irritate and can damage 
the respiratory system. 
 
 
As per IARC, 1990, the following is stated with regards to welding and welding of stainless steel materials,  
which did take place here at GE. 
 

• Fumes from the welding of stainless-steel and other alloys contain nickel compounds and 
chromium{VI} and {III}.  Welders who weld painted mild steel can also be exposed to a range of 
organic compounds produced by pyrolysis.  Welders,  especially in shipyards,  may also be exposed to 
asbestos dust. 

• Welding fumes are retained in the lungs.   
• Elevated concentrations of chromium and nickel are seen in blood and urine,  primarily in manual 

metal arc stainless-steel welders. 
• Airway irritation and metal fume fever are the commonest acute effects of welding fumes. 
• 10 out of 12 case-control studies showed an association between lung cancer and exposure or 

employment as a welder.  (IARC, 1990).  
• Highest exposures to chromium {VI} may occur during chromate production,  welding,  chrome 

pigment manufacture, etc.   
 
As per Behrman, 1997,  welders are exposed to a wide range of metals and non-metals with varying and 
sometimes additive toxic effects.  The following exposures must be taken into account when assessing 
exposures in the GE Armature employees. 
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Taken from Behrman, 1997: Table #6:  Welders and Exposures 
 
EXPOSURE SOURCE ACUTE EFFECTS CHRONIC EFFECTS 
Iron oxide Steel welding Metal fume fever (MFF) Siderosis 
Zinc oxide Galvanized steel MFF Bronchitis,  dermatisis 
Chromate Stainless steel welding Bronchitis,  mucosal 

irritation 
Carcinogenesis 

Cadmium Solder,  welding rods Pneumonitis,  renal 
failure 

Renal, liver dysfunction 

Lead Brazing, soldering, 
welding 

CNS toxicity, Renal 
failure, gastroenteritis 

CNS Toxicity, anemia, 
Neuropathy 

Asbestos Product being welded Asbestosis Lung cancer,  
mesothelioma 

 
 
As per DHS, 1992,  the following is stated with regards to Hexavalent Chromium. 
 

• Hexavalent chromium causes lung cancer in humans.  The EPA and ATSDR indicate that the risk of 
lung cancer to exposed workers is extremely high. 

• Hexavalent chromium can irritate the nose,  throat and lungs.  Repeated or prolonged exposure can 
damage the mucous membranes of the nasal passages and cause ulcers to form.  It is also very 
irritating to the skin.  Ulcers can form as well as sensitization.    

• Welding on stainless steel without adequate control measures can lead to exposure at least several 
times above the legal exposure limit.  
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High Potential Testing: 
 
This process also caused emissions of ozone.  The employees on the mezzanine levels indicate that during 
high potential testing,  the fumes from the processes below would rise and irritate their nose,  throat and eyes.   
 
OZONE: 
 
As per the New Jersey Department of Health and Senior Services Hazardous Substance Fact Sheet,  the 
following is pertinent to note with regards to ozone.   

• OSHA exposure limit is 0.1 ppm for an 8 hour work shift 
• Breathing ozone can irritate the nose and throat – as well as irritate the lungs causing coughing 

and/shortness of breath.  Higher exposures can cause a build-up of fluid in the lungs 
• Repeated exposures may cause lung damage. Ozone may cause mutation in the cells – i.e. 

genetic changes.   
• As per  CCOHS,  severe or permanent lung injury or death could result from even a very short 

term exposure to relatively low concentrations. 
• A small number of studies examining long term occupational exposures to ozone have 

reported headache,  irritation of the nose and throat,  chest constriction and lung 
congestion in exposed workers.  Human population studies indicate the people living in 
communities with high background ozone levels have experienced a greater decrease in 
lung function over 5 years than people living in communities with lower background 
levels.(CCOHS,  1998.) 

• More importantly as per CCOHS, 1998 – ozone exposures may influence clearance of other 
hazardous substances from the lung.  Individuals with asthma were reported to be sensitized to 
the effect of the other irritants when pre-exposed to 0.12 ppm ozone for 1 hour.  Animal 
studies have shown that rats exposed to ozone prior to an exposure to asbestos had 
significantly more asbestos in their lungs one month later than animals not exposed to 
ozone.   
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FIBREGLASS: 

 

Fibreglass has been reviewed by many independent researchers and regulatory bodies for over 15 years. The 

concept of fibreglass and its capability to harm human health remains unsolved as there are thousands of 

employees who have worked with some form of fiberglass or presently working with fiberglass and have 

incurred occupational diseases that may be attributed to their exposure to fiberglass or fiberglass reinforced 

products.  

 

A. DEFINITION AND CLASSIFICATION:  

 

The definition of fiberglass in and of itself is confusing, as different regulatory bodies have varying 

definitions, some of which are clearly defined, others which overlap within those definitions. Comparisons 

between standards or regulations become confusing and trying to identify compliance becomes a challenge 

when the classifications are not clearly defined (Siemiatycki, J et al, 2004; OHS, 2001). Most of the categories 

include a broad range of fibre types, with different physical and chemical properties, and indeed some of the 

characteristics overlap between categories (OSH, 2001).  

 

Many manufacturing sites, which OHCOW is currently servicing, have exhibited signs of health deterioration 

with regards to the respiratory system and an association with fiberglass and fibreglass reinforced plastics.  

 

Several clients who have used and are using fibreglass as a primary or secondary component in the equipment 

they fabricate, state that there are a number of methods utilized in which fiberglass is actually manufactured, 

coated, sealed etc. Fibreglass sheets, pieces, boards, components can be coated with resins that contain 

benzene, silica and other harmful ingredients that are worth mentioning here and are definitely contributors to 

ill health amongst our workers. Fibreglass reinforced plastics are coated with resins which contain polyester, 

or epoxies or both can prove to be hazardous to human health, especially if the fibres are respirable or 

inhalable to some degree (Government of South Australia, GS8, 2000). Fibres may act as carriers of 

chemical carcinogens to the target organ ( taken from IARC, 1996).  
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OCCUPATIONAL ASTHMA: 

 
Occupational Asthma has been noted to be common amongst a variety of contaminants discussed,  i.e. such as 
epoxy dust,  styrene, TETA, welding fumes.  Occupational asthma cannot be overlooked when assessing 
exposures incurred by the employees of the armature department.  
 
In summary,  as per the National Library of Medicine – Haz Map,  2003 information relating to Occupational 
Exposure to Hazardous Agents,  the following is stated with regards to Chemicals contributing to 
Occupational Asthma: 
 

• Workers handling shellac – due to the presence of ethylenediamine 
• Workers handling or using epoxy adhesives, and resins, due to the presence of pryomellitic 

dianhydrise,  tetrachlorophthalic anhydride,  trimellitic anhydride 
• Workers using rosin core solder (as indicated in section 5 of this report)  
• Workers exposed to styrene 
• Workers exposed to Urea formaldehyde 

 
Hence although already mentioned in the various chemical analysis herein Occupational Asthma is one of the 
many diseases that should not be overlooked in the diagnosis of the employees that worked in this department.  
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7.0 DOCUMENT REVIEW 
 
Some select Material Safety Data Sheets have been made available to OHCOW for review.  The data sheets 
clearly indicate the precautions that were necessary to ensure that impaired health will not result from the use 
of the product.  These are included here for the reason of proof of existence and reference for the reader. 
 
L6277 – Weeping Solvent (Appendix M) Contains – 60-100% Bisphenol A Diglycidyl Ether and 10-30 % Butyl 
Glycidyl Ether 
 
The precautions with regards to use of this product indicate the sensitization can occur through contact or 
inhalation.  Prolonged or repeated contact may cause dermatitis and some individuals may become sensitized.  
Furthermore, the hazardous decomposition products are also listed which include ketones, chlorinated 
hydrocarbons and unidentified organics. 
 
Various other Material Safety Data sheets are available for the reader’s perusal as well (however they have 
not all been listed here – refer to the Appendix – M). 
 
A Patient File: 
 
In addition to information already provided here as evidence,  another document,  related to a Patient’s record 
(former GE employee) has been included in the following tab.  Although the patient information is not 
included,  the additional information with regards to the employees’ specific workplace exposures and a 
literature review is provided here.  This patient worked in Building 10,  which was one of the areas in which 
the armature employees worked as well,  and the data herein is relevant to the armature employees. This 
information further illustrates and provides evidence that Isonel 51 contained formaldehyde.  Moreover, it 
further investigates the relation of exposure to organic solvents and lymphoma’s and Hodgkin’s disease.  
Please see tab attached. 
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Tab #2 
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RESIN APPLICATION: 

 
Appendix K Document #  1: 

Field Visit Report (FVR) 

From:  R.Fliegl, P.Eng 

Date of Report:  July 4, 1974 

GE Contact:  Mr. Dan Abel - Specialist, Safety 

 

This report gives a very detailed view on some of the unsafe applications of solvent to the stator parts in the 

armature department.  Although stated in this Field Visit Report that the process was no longer going to be 

implemented, there is no follow up report that indicates that this process ceased.   The MOL inspector does 

not indicate that a follow up visit will be made to ensure that the process was indeed terminated,  nor does this 

inspector  put in any recommendations or orders to cease the processes that were taking place.  The process is 

well-described in the report and available to view in the Appendix K.  

 

Here is an excerpt of the seriousness of the issue at hand and the unsafe conditions in which employees were 

to work when coating the large parts.  Although the process might have been terminated on the date of the 

visit, retrospectively, the exposures incurred cannot be overlooked at this time, concerning the exposures 

which may have resulted due to these types of unsafe procedures. Comments made by the inspector were as 

follows: 

 

“….the method of coating the large stators tends to place the operators in the midst of 

potentially high levels of solvent concentrations.  Although exposure is for a very short period, 

such levels could be hazardous to health.” 

 

As per www.mrfibreglass.com,  a producer of epoxy resins and writer for the safety guidelines in the use of 

these type of products, the following is stated with regards to some of the processes that had been taking place 

as per the previous MOL report above.   

 

• Spraying increases the amount of hazardous volatile components released from the epoxy 

• Using solvents to thin the epoxy for spraying add to the health and safety risks 

• As epoxy leaves the nozzle, it is reduced to tiny droplets which can be inhaled and cause 

extensive damage to the lungs and other health problems, such as skin sensitization and allergic 

reactions. 

“…the stators are up to 15’ in diameter and up to 3’ wide.  The method of coating involved lying the 

stator on blocks within a large diameter drip tray then pumping the reduced polymer through a 

hose onto the copper coils.  In order to carry out the operations the workman stands inside the stator 

and directs the output of the hose.  The operation takes approximately 1 hour per day and is carried 

out for three successive days for each stator. Consumption of the polyester resins is about 1 – 2 

gallons per application.” 

http://www.mrfibreglass.com/
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Although a hose or brush were utilized for application of the varnished to the large parts,  the misting and 

splashing effects could have been realized from these tasks as well. 

 

Another form of evidence about application of varnish to the parts produced in Armature is given below.  In 

this example, the armature employees are occupying Building # 10.  
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Appendix K Document # 2: 

Union Handwritten Notes 

Date of Report:  February 25, 1981 at 2200 hrs. 

 

This document provides evidence of exposure to varnish,  improper ventilation,  improper PPE, 

reactions to skin and eyes after 20 minutes of exposure,  large surface areas (therefore larger amounts 

of evaporation of the contaminants into the environment).  In point form taken directly from the notes: 

 

• Large armature being flooded inside oven in #10 Building 

• Xylol thinners used to thin Isonel varnish 

• Two people work inside oven enclosure as a rule 

• At this time,  chemical cartridge masks are worn but not good enough since both 

employees complaining of skin reactions and visible swollen eyes after 20 minutes of 

exposure 

• Probably styrene fumes given off when flooding reached part when varnish begins to kick 

over (activated to make it safe) 

• Large area of evaporation involved with large fan under armature,  pumps to move 

liquid Isonel and large surface area of armature all tend to create severe problem 

 
This process refers to the portable oven operations that have been described in the process section of the 
report, which utilized the asbestos blankets. In this document, there is evidence that the varnish is applied, or 
flooded onto the parts in an open oven, without proper ventilation.  The varnish vapours are released as the 
surface areas of the parts are large and the application takes time.   

 
Referenced below is another document which provides evidence with regards to mishandling of epoxies in the 
workplace which can also lead to over exposure to epoxies and their components. 
 

Appendix K Document #  3 

Union Handwritten Notes 

Date of Report:  February 24, 1981 (day before) 

 

RE:  EPOXY 5918 (POLYESTER) 

 

Relevant evidence from the document is recorded herein in bullet form: 
 

• 42 kits were scheduled to go into big oven when proper ventilation would take care of fumes 
• This was supposed to be done between 4:30 pm and 8:00 am on February 23, 1981 but for 

some reason they were not put in the large oven but rather in the small north oven, which had 

no ventilation.  The oven was loaded at 0600 hours on February 24, 1981. 

The first document of evidence in Appendix K (Document #1)  shows evidence that the MOL stated 
in 1974 that the method of application of the varnish to the stators would be stopped.  However, as 
per  Document #2 – which is a 1981 document,  7 years later, it is clear that the process was never 
discontinued. 
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• The fumes of styrene were so strong that people in the area refused to work until the air was 

cleaned up. 
 

Another example of products being written off and being reused in the plant is given in the document 

provided below – please refer to the appendix K for details in this document: 

 

Appendix K – Document #4 -Dated – March 29, 1988.  Rob Baker, Plant Engineering. – please note the 

M6860 Epoxy referred to contained Tertiary Butyl Styrene (TBS) to enhance viscosity. 

 

Appendix K -Document #5 -Dated:  January 13, 1988 – RE:  VPI Resin and Vinyl Toluene – this 

document refers to the consideration of an new resin – A50A469 which contains 13 % vinyl toluene.  As per 

the document, it indicates that the management of this resin would be far more intense than the current resins 

in use.  A Plant in Schenectady was visited where this resin was utilized and employees were complaining of 

fumes, the smell and headaches all the way to heart related symptoms.   

 

 
Appendix K Document # 6: 

Union Handwritten Notes – Re:  Medical conditions of employee on Mezzanine floor working with Epoxy 

and fiberglass 

Date of Report:  October 29, 1979. 

 

Employee suffering from reactions to epoxy and fiberglass.  Eyes are swollen shut and whitish pimples 

developing all over skin. 

 

Appendix K Document # 7: 

Union Handwritten Notes – Re:  Mercury spill in Armature 

Date of Report:  November 1, 1979. 

 

This report indicates that employees were exposed to Mercury during a rupture of a gauge near #2 VPI Tank.  

The Mercury spill was not handled immediately and employees in the area were being exposed to the mercury 

at the time. 

 

Another example of mishandling of epoxies and solvents in armature: 

 

Appendix K Document #  8 

Union Notes:  Accident Report 

Date of Report:  June 5, 1981 

 

Accident details are listed as per below: 

 

• Employee was utilizing epoxy melting pot 

• Was using 1500 toluol thinner in regular job application 

• Soaked rag was in his hands 

• Attempted to wipe excess epoxy off the outside of the melting pot 
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• Holes above the switch on the side of the pot are open to red hot elements 

• Vapours ignited burning both hands and forearms 

 

Appendix K Document #  9 

Letter Dated March 10, 1986 

From:  Materials and Technical Systems Department 

 

This report is written with regards to potential health and environmental hazards associated by the use of 

resins contaminating tertiary butyl-styrene and vinyl toluene in the VPI process in Building #7:  This 

document alone demonstrates the different activities with the VPI tanks where possible exposure to resin 

could be incurred by armature employees.  The document is written by officials of the Materials and 

Technical Systems department and thus should have held much weight for Armature management at the time. 

 

The summary is as follows: 

 

1- employee exposure to reactive diluent vapours such as vinyl toluene and tertiary butyl 

styrene may occur in the building during the following operations/at the following times: 

▪ when resin is present in the process tanks and lids are opened 

▪ during removal of stators from the tank and set up in the curing vat 

▪ while stators remain on the curing tray prior to transfer to ovens 

▪ during manual touch-up of stators on the curing tray 

▪ during maintenance or cleaning of process tanks, storage tanks or pipes linking 

these tanks 

▪ when removing bungs from drums containing resins, or reactive diluent in pure 

form. 

 

The list continues, however the document is incomplete, as the remainder of the document was not made 

available to OHCOW.  However the amount of information present here is paramount in the evidence and 

justification required to assure that the points and analysis made in this REP are substantiated with this 

document in terms of exposure to the resins at different points of handling the materials that would be 

submersed in the tanks,  or taken out etc. 

 

This document takes away any doubt that exposure would only occur at one or no point in the process.  

Exposure to solvents,  their decomposition products,  their fillers, diluents,  would have been incurred in each 

and every plausible step or manipulation in the system when dealing with these processes whether it be 

heating, baking, dipping, curing,  hung to dry, to be grinded,  or sanded etc. 
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Appendix K Document # 10: 

Meeting Minutes Those present – W. Broadworth et al. 

Date of Report:  August 14, 1986 

 

This document outlines clearly the historical use of TBS  

 

“…we have been using A50A311 VPI Resin since approximately 1974.  In September 1974, 7% 

Tertiary Butyl Styrene (TBS) was added to the resin to reduce the resin viscosity. This addition 

has been approved by Corporate Health and Safety….Development work is underway on two 

candidate VPI resins that might replace the current material. Both resins contain significant 

amounts of Vinyl Toluene.  

 

Appendix K Document #  11 

Re:  Epoxy L-5105 and L-7067 

From:  Kim Perrotta – H&S National Representative 

Date of Report: July 17, 1989 

 

This report brings to light some very pertinent issues with regards to mishandling of epoxies in the plant as 

well as evidence with regards to the presence of silica as a filler, and Boron tri-fluoride mono-ethyl-amine. 

 

It is pertinent to note here that in this letter, the writer indicated that the paste is uncured when first used,  and 

hardens because of the curing agent,  upon heating. 

 

Given the process and procedure information we have with regards to the application of resin to the part,  

either through dipping or application through hoses,  close proximity to the resins has already been 

established. Employees were exposed to the resins, and their vapours,  as well, and through dermal contact,   

either through spills, splashes,  or handling.  Furthermore the employees were exposed to the decomposition 

products as well when the resins, the curing agents, the fillers were heated, to their fumes,  as well as fumes 

from the welding operations,  and the epoxy dusts,  due to grinding and sanding activities.  All of the various 

stages would have contributed to the detrimental health effects of exposure to these various forms of epoxy 

from start to finish. 

 

The author of this report,  a National Health and Safety Representative,  stated the following: 

 

“…under normal circumstances, these products should not present hazards by inhalation because the 

chemicals involved are not very volatile.  If they are being mixed with some kind of solvent,  that changes 

things.  A number of solvents used with epoxies present serious health concerns,  so please let me know if 

these products are being mixed with something not listed on the MSDS…..when I checked with one 

researcher he said that the Silica did not appear to present exposure problems to workers who used or 

worked on these products (i.e. he did not think that a worker would be at risk from silica when sanding a 

part covered with cured epoxy paste.”  

 

However, today we know that this could pose health risks for employees who work with silica and 

machining of silica containing  products, as well as machining of the epoxies. 
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Given the information from above it is clear that the epoxies were thinned with 1500 toluol and many other 

solvents as per the vast amount of evidence provided here.   

 

It is pertinent to note,  that not only are the resins being heated in the ovens,  but all the other ingredients,  

such as the fillers,  the hardeners, the curing agents,  the solvents that are added to thin the agents,  fibreglass, 

asbestos, etc are also being heated.  All of these agents together would give off fumes and their individual 

decomposition products, which in most cases were toxic as per the MSDS sheets.  Again, their cumulative 

effects on human health and synergistic effects must be investigated as well as their individual levels of 

exposure. 

 

 

Appendix K Document # 28 

Meeting Minutes – UE-CGE 

Date of Report:  May 20, 1980 

RE:  Miscellaneous health and safety related concerns regarding misuse of toxic chemicals and others 

 

• employee was working for 2 hours on armature bars using 1500 thinner in large quantities 

• was rapidly losing ability to function, losing memory,  reported to hospital 

• the EEG that day showed abnormalities 

• the attending specialist/physician stated that there was no other physical cause that could be found and 

attributed the health condition to toluene.  

• This document also makes reference to Asbestos – and the unknown status of asbestos in the plant at 

this time – note – 1980. 

• Asbestos gloves still being used in the plant at this time (new samples were being sought) 

• Trichloroethylene still being utilized – a new substitute was being sought 

 

 

Appendix K Document # 29 

Management Letter 

Date of Report:  April 23, 1987 

RE:  Materials Cured in New Oven 

 

 

This document gives evidence of the contents of resins utilized in the VPI tanks during this time period,  i.e. 

1987.  Tertiary Butyl Styrene and Vinyl Toluene were still present in the resin mixtures.  Please refer to the 

document for further information. 
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ASBESTOS: 

 

Appendix K Document #  12 

Monthly Inspections Armature Building 

From:  J.Ball and Don Adams 

Date of Report:  February 28, 1983 

GE Contact:  Mr. R.K Osbourne – Manager Armature Shop Operations – Industrial Apparatus 

Department 

 

This letter was addressed to the manager of the Armature department with regards to requested action on 

some of the items that were brought forth by the JHSC representatives with regards to: 

 

Bay 221 – Asbestos from pipes over main door was loose and bricks had fallen from top portion of the wall.  

This was roped off and was in process of being repaired. 

 

The reason for this document to be included here is to demonstrate that asbestos was a problem in the building 

even at this time of the decade, i.e. 1983. 

 

Appendix K Document #  13 

Monthly  Inspection – Joint Health and Safety Committee 

Date of Report:  November 25, 1985 

 

Upstairs armature items brought forth to the attention of the Managers in charge: 

 

Bay 220 – Asbestos lagging on steam pipes breaking up 

Downstairs Armature 

Bay 212 – Tracks and oven floor are partly filled with liquid epoxy. Slip hazard and possible fire hazard. 

Asbestos – Building 5 – Quintex 7059 sheet – cut and stored – Glastic 5989B Sheet  - Although not clear as to 

what the codes are in reference to here,  this is evidence that asbestos composed insulating materials were still 

being utilized in this department for insulating armature units and  were still being machined and cut for 

processes in the department by the employees.  Many fibres were being produced here and accumulating,  as 

per the information already provided in Section 5 of this report.  There were no engineering controls in this 

area as well. 

 

Appendix K Document # 14 

Letter from the Joint Health and Safety Committee 

Date of Report:  October 28, 1981 

 

Committee members write to the Manager of Armature with regards to 16 Items that were noted on a 

workplace inspection.  One of the items that was brought forth to the attention of the manager was: 

 

• Item #9:  Bay 212 – elevated storage area.  There are some sheet asbestos cloth stored here.  

All asbestos material should be out of the plant at this time. 
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This evidence indicates that asbestos was still in the department at this period of time. Furthermore,  the other 

evidence sited in this section of the report,  further illustrates that asbestos containing products were still 

utilized at this time as well as asbestos insulation for the building as well,  was visible and deteriorating within 

the building. 

 

Appendix K Document #  15 

January Inspections – Joint Health and Safety Committee 

Date of Report:  February 13, 1987 

 

 

Indication that asbestos was still present in the Armature Building – as item on page 2 indicates: 
 
 Bay 206 – Asbestos lagging torn and frayed on pipes behind drills. 
 
Appendix K Document #  16 

Field Visit Report (FVR) 

From:  J. Toth – P Eng 

Date of Report:  December 22, 1976 

GE Contact:  Mr. AK Faggetter – Specialist, Safety, Employee and Community Relations 

 

This FVR clearly states that at this time in 1976 significant exposure to asbestos does exist in the 

Armature Department.  Recommendations to increase ventilation on band saws were made as well and 

one direction was suggested. 

 

The operation that is referred to in this FVR is with regards to the band saws that were utilized to cut 

asbestos boards to 1 inch wide strips.  The area where this was conducted was in a location fully open to 

the plant.  Each of the three band saws was locally exhausted (1976). Directions issued were to ensure 

adequate local mechanical exhaust be provided to the band saws. 

 

 
Appendix K Document #  17 

Armature JHSC Monthly Tour 

By:  John Ball, Lorne Read 

Date of Report: March 19th, 1987 

 

This document is cited in this report as evidence that asbestos related issues were still being dealt with at this 
time and date, i.e. March 19th, 1987.  Quintex, a form of insulation in the Armature department parts 
manufacturing, was machined and cut and it contained asbestos.  The JHSC suggested that sampling be 
conducted to verify that asbestos was not being released during machining/ cutting of this encapsulated 
product. The Joint Health and Safety Committee requested the following with regards to the Quintex cutting 
operations: 
“…Quintex cutting job be sampled to see if any asbestos is released from the encapsulated form…” 
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Appendix K Document #  18 

Union Handwritten Notes 

Date of Report: March 5th, 1987 

 

This report is provided here as evidence that asbestos containing parts were still being processed by GE 

employees.  Although this report indicates that the parts,  were actually sent away for asbestos removal etc,  it 

gives an indication/example that there may have been more instances where parts with oiled asbestos sheets or 

other parts that were once fabricated in the past by GE employees were still being handled during this date 

and time,  and thus exposures to the dusts or other remnants of asbestos in the form of fibres or dust on the 

parts to be manipulated was plausible. 

 

The points to outline are recorded here in bullet form: 

 

• Concerns raised by area steward about an armature coil brought in for repair 

• Oiled asbestos sheet was used as an insulation later on this unit built by CGE in the 1960 time 

slot 

• Unit was sent to Toronto facility for removal of the asbestos sheet 

• Material remaining consists of mainly varnish with possible particles of asbestos 

• Many hazards of varnish, copper and asbestos dusts must be controlled by zero- discharge 

vacuum and use of present ventilated room where copper is ordinarily processed. 

 

This examples indicates that exposure to asbestos would have continued over the years when parts were 

requested to be processed for repair purposes. 

 

 

Appendix K Document #  30 

Field Visit Report 

Date of Report: August 13, 1980 

RE:  Toluene Vapor 

 

 

Although this FVR deals with concerns that employees raised due to a co-worker who became overwhelmed 

by the toluene vapors,  this document gives evidence that indeed old large electric motors and/or generators 

were being rebuilt in this department.  The department in question is Department #10,  and this is applicable 

to the armature employees as well,  as they worked in proximity to these activities.   

 

It clearly states in the FVR that the employees had to remove all the old insulation,  within the part,  with the 

application of toluene.  In doing so,  the insulation would have also consisted of asbestos sheets, and asbestos 

insulated wire,  and thus employees would be exposed to the fibres as the parts were being handled.  

Moreover, the employees were nevertheless also exposed to the toluene vapors as well. 
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Appendix K Document #  32 

UE-CGE Safety Committee Special Meeting 

Date of Report: June 17, 1977 

RE:  Asbestos  

 

 

This document gives some more information on the asbestos related issues that were being experienced during 

removal of the compound tank as per section 5 of this report.  Employees were concerned that as the 

compound tank was being removed from Building #5,  the asbestos fibres which were 2 feet deep,  where the 

tank was located,  would crawl into Building 7 work area (via wind).  The tank was cleaned with wet sponges 

to ensure that no fibres would further contaminate the area.  There is concern over how this process was 

handled in the plant. 
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TRICHLOROETHYLENE 

 

Appendix K Document #19 

Medical Letter from Dr. William D Blastorah – M.D. 

Date of Report:  December 17th 1979 

 

This doctor’s letter indicates and confirms exposure to trichloroethylene and it’s fumes.  The patient 

was suffering from  

“…increasingly severe gastro-intestinal and other disturbances since the recent summer.  Investigation failed 

to reveal any  surgical basis for his complaints although originally his symptoms suggested this. A few days 

ago it came to my attention that his job entailed his using and inhaling fumes from a cleaning solvent through 

most of his working day.  I was informed this solvent was trichloroethylene.” 

 

Further, the doctor writes,  

“ I did not suggest or state and do not believe that any pre-existing condition was aggravated in this case.  

Rather his symptoms are primarily due to his working with the chemical in question…Neither did I state that 

this worker or other personnel should not work on the degreaser equipment – but rather that they should not 

inhale or be exposed to the fumes in question.” 

 

The doctor confirms in this report that the employee’s condition in this case was due to exposure to the TCE 

fumes. 

 

Appendix K Document # 20 

Letter to Dr. S.L. Rutledge  

From:  John H. Ball- UE Safety Representative 

Date of Report:  June 1, 1981 

 

This report refers to numerous employees suffering from exposure to trichloroethylene and its effects 

on their health.  The patient in the case mentioned by Dr. Blastorah, was at first discharged by the 

company because the company felt the employee’s condition was due to mental illness and an abuse 

problem with alcohol.  Fortunately, the letter written by the doctor enabled the patient to be re-instated 

to the workplace.  

 

Mr. Ball indicates, “our experience with this chemical (trichloroethylene) in Canadian General Electric 

is a long and bitter history of discomfort, illness and even death….it is most difficult to get proof that is 

positive on most problems of this sort but at one point the then current manager of Health and Safety 

here, admitted to me that they (CGE) were aware of an employee, Lindsay Tetlock who had died of 

exposure to trichloroethylene compounded by alcohol intake.” 

 

This letter further details that Mr. Ball was in the process of fighting a grievance against poor working 

conditions including the degreaser tank,  a welding station (where Mr. Ball worked) and other related 

problems.   
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Of the people that worked beside Mr. Ball,  one had since died of lung cancer,  one has emphysema,  

one has had three bypass operations of the heart and Mr. Ball himself was warned to leave the job or 

that he too would incur emphysema or something worse.  

 

The letter goes on further to indicate that “ the company did ventilate one degreaser but only after 12 

years of struggle and numerous work refusals to work under legislation – Bill 70….if we are to force 

installation of ventilation on this second tank we need back-up proof or even strong suspicion that there 

is over-exposure.”  

 

Appendix K Document # 21 

Peterborough Examiner Article – on Trichloroethylene 

Date of Report:  June 3, 1981 

   

This report further provided evidence that trichloroethylene was utilized at CGE and that employees were 

getting effected by exposures to the vapours.  Moreover, the article further implies that employees had to fight 

to get proper engineering controls in place in order to avoid exposure.   

 

If it takes 12 years to get proper engineering controls in place, exposure without engineering controls,  

in an Open Vapour tank with heated Trichloroethylene is more than probable. 

 
Appendix K Document # 22 

Letter from Occupational Health Clinics Doctors, Marie L Roy and Michael Wills and Registered Nurse, 

H. Hutchinson. 

Addressed to:  Mr. John Ball 

Date of Report:  November 29, 1990 

 

This letter confirms the presence of some major toxic chemicals in the Armature Department, retrospectively 

when this letter was written by the then, OHCOW Executive Director, in 1990.  The following relevant 

statements are made: 

 

• For the last 20 years, one of the Armature employees has been exposed to various chemicals including 

amines,  chromic acid, epoxy varnishes and resins, polyester resins, styrene, organic solvents, t-butyl 

perbenzoate and methyl ethyl ketone peroxide. 

• The patient in question had skin tumors that have been diagnosed as symmetrical lipomatosis by a 

dermatologist of the Wellesley hospital. This may be attributed to the exposure to MEK peroxide as it 

causes skin tumors in animals. 

• Another employee that was seen at OHCOW (also from the armature department), had been diagnosed 

with lung cancer and died. 

• This note also indicates other deaths arising from the armature department – one being a woman who 

died of leukemia,  and another man in his late 40’s died of colon cancer,  2 additional cases of 

leukemia (deceased workers) and two lymphatic cancers (deceased workers).  

As per the most recent information obtained in 2005 from the GE employees it is stated that the patient in 
question died of cancer shortly after he retired from GE in 2000 or 2001.  This employee was an armature 
winder.  The employee was covered with lumps (lymph node swellings) that eventually turned malignant.  
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Appendix K Document # 23 

From:  Occupational Health Branch – W.R. Waddell, M.D. 

Date of Report:  April 27, 1981 

Re:  Field Visit Report – regarding Trichloroethylene 

 

This report is a field visit report regarding concerns over exposure to trichloroethylene. An employee incurred 
health effects due to exposure to this chemical.  One suggestion is made in this visit and one order was issued 
as well.   
 
Although this incident was reviewed in building #8,  it was stated as per the process section of this document 
that there were many tasks that were performed in Building number 8 which were similar to those in Building 
Number 7.   
 
The visit refers to the degreasing operations, where there was a tank sized 6 X 8 X 10 feet and utilized 
Royalene (trichloroethylene) as the degreasing agent.  One operator and a helper operated the equipment 
while 10 other employees worked in the general area. 
 
One of the measurements taken reached 100 ppm of Trichloroethylene solvent vapour.  No exhaust ventilation 
was being utilized at the time, and degreasing activities were taking place. 
 
The MOL suggestions and order indicated a need to improve the ventilation for this process and minimize the 
exposure to vapours at this process, “efforts should be made to protect the vapour blanket in the degreaser 
from drafts which can cause spillage of vapour into the ambient air.” 
 
This report is another piece of evidence with regards to the fact that engineering controls were not present,  or 
not in optimal condition to protect workers from exposure to toxic solvents. 
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TOLUENE: 

 

Appendix K Document # 30 (as already shown) 

From:  Occupational Health Branch – Field Visit Report - W.R. Waddell, M.D. 

Date of Report:  August 13, 1980 

Re:  Toluene Vapour 

 
This report provides evidence that toluene was utilized by the armature employees.  This particular report is 
referring to an employee, whose job title was Armature Winder.  The employee was overcome by exposure to 
toluene vapours, and incurred neurological illness as per the Ministry Report.   
 
The task involved was stated in the report as follows: 
 

“Employee was washing turbine bars with 1500 thinner when his vision became blurred and out of 
focus.  His vision was blurred, speech was impaired and he was mentally confused.” 

 
The MOL report describes the process as follows: 
 

• This incident occurred in Building #10 where there is only natural ventilation through door 
and windows.  Local exhaust ventilation is not provided at this particular site of the 
building, where the incident occurred. 

• Large electric motors and or generators are rebuilt.  Old insulation is removed from the 
stator colors by repeated hand wiping with pads saturated with toluene.   

• The recommendation that was offered by the MOL inspector was that all workers even 
observers should wear respiratory protection when toluene is used at this work station.  No 
orders were issued. 

 
EPOXY RESINS: 

 
Appendix K Document # 25 

From:  Ministry of Health – Environmental Health Services Branch 

Date of Report:  July 13, 1973 

Re:  Exposure to fiberglass, epoxy and solvent 

 
The issue was concerning exposure to epoxy resins on the mezzanine floor. Three different tapes are 
described as being used, which further confirms the statements and process description given by the GE 
employees as per the earlier sections of this report.  
 
The tapes included: 1. Fiberglass tape impregnated with epoxy  
          2. Fiberglass, mica and epoxy 
          3.  terylene tape (soaked in toluene prior to use) 
 
The employees were expected to hand wind the armatures with any of these tapes.  Dermatitis incurrence 
were increasing and the company had then decided to start a program with regards to protective clothing and 
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protective cream.  The employees were to wear cotton gloves inside the protective gloves.  There is no 
mention of what type of gloves the employees were to wear.   
 
As per the New Zealand Dermatological Society Incorporated, 2005, to reduce exposure use special gloves 
(nitrile rubber or nitrile butatoluene gloves) to protect hands.  Rubber gloves do not help as resin penetrates 
through the gloves in 30 seconds.  Vinyl and neoprene rubber are not totally protective. 
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THE EXPLOSION AT ARMATURE IN 1971 

AUGUST 1, 1971 

 
Appendix K Document # 26 

From:  Ed Hunt- UE Safety Representative 

Date of Report:  June 11, 1979 

Re:  Solvent-less Epoxy Varnish 

 

This letter includes research conducted on three components that were used to make the Solvent-less Epoxy 
Varnish which ignited during the 1971 Fire. 
 
“The Chemical Boron Trifluoride Mono Ethylamine can certainly be the reason behind the health effects 
suffered by our members and others as a result of that 1971 fire.” 
 
No Date :  Proof testimony from Sharon Armstrong – helped clean up after the explosion – suffered from RE-
occurring throat infections and loss of voice. 
 
Appendix K Document # 27 

From: Mr. L Bithel, P.Eng 

Date of Report:  September 10, 1971 

Re:  Field Visits Report Part 1 – RE:  1971 - Explosion 

 
This Ministry of Labour document offers some more information with regards to the sequence of events 
which occurred during the explosion of the contents in the VPI tank in 1971. 
 
Here is some pertinent information taken from the report: 
 

• Tank containing epoxy resin overheated 
• Company requested a visit to discuss the steps which had been taken and to advise on any further steps 

required to avoid any significant exposure. 
• The steps already taken were adequate to avoid significant exposure during the evolution stage of the 

reaction 
• The final step required would be the cleaning up of the phenolic liquids which has been vaporized 

during the reaction and then condensed on steelwork,  tables etc.  
• The tank involved in the incident was the epoxy premix tank located towards the centre of the building 

but not underneath the upper floor (see appendix K for all other details.) 
 
There are some pertinent points that are mentioned in this MOL document that are of concern.  Firstly as per 
the MOL document the following was noted: 
 

• The high temperature of the tank together with the flashing of the water directed into the tank 
resulted in 
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▪ A)  the expulsion of some epoxy material which finally solidified – there was a 
fair amount on the tank side and on the floor nearest to the manhole cover and 
there were minor amounts scattered around,  even on the upper floor 

▪ B)  the vaporization of materials which later condensed  - this was very 
noticeable on the upper floor,  where liquid had collected on plastic sheets 
placed over tables and metal parts – paint had also been stripped from steelwork 
and wood 

▪ C)The liquid around the tank appeared to be phenolic and precaution would be 
required during the cleaning up,  particularly against skin absorption. 

 
The points of concern with such a large expulsion of taking off of epoxy materials is with regards to the MOL 
comments on the following and their conclusions: 
 

• …..the steps taken by the company with the assistance of the Peterborough Fire Department 
were effective in dealing with the situation and in preventing any significant exposure. The 
remaining steps requiring action at the time of the visit were cleaning up the solids,  including 
cleaning out the holding tank,  which would not involve any significant exposures and cleaning 
up the liquid material throughout the areas,  which could involved exposure to phenolic 
materials with a possibility of skin absorption.   

 
 
With such massive amounts of epoxy “taking off” it is difficult to determine how clean up procedures would 
not have caused over exposures in this type of explosion,  within a building of this size.  It is clear from the 
data we have collected on epoxy resins,  that most of them emit toxic gases upon decomposition temperatures.  
In the case of an explosion or overheating,  this would guarantee release of those toxic decomposition 
products.  Without any proper ventilation within the building,  how could such a vast expulsion and thus 
emission of fumes be contained throughout the building?   
 
With such a vast number of solvents and other materials utilized in this department it would be obvious that 
many solvents ignited and thus were brought further to react with such bursts of heat in their proximity and 
thus numerous solvents, fumes,  gases and their decomposition products would be in the entire building and as 
per the article below,  affected the adjacent areas in the city as well. 
 
In an article in the Peterborough Paper(Appendix J) – it was stated that a “2000 gallon resin tank is believed 
to be responsible for a cloud of offensive gas that hung over the city Sunday night and Monday morning.  
Complaints about the irritating gas were received from all corners of the city!” 
 
As per an employee account,  see Appendix J the following is also stated with regards to this explosion; 
 
There was extensive damage to work areas in armature,  paint peeled from the steel beams,  every tree outside 

the department on Wolfe St lost its leave;  paint came off cars parked nearby and paint peeled off houses as 

far away as Edgewater Blvd.  An electrician that was called to attend to duties within the tank died one year 

later of leukemia. Peterborough fire department lost 4 firefighters within 1 year of the fire from cancer.  As 

the confidential information indicates,  this statement is not known for certain however,  after interviewing the 
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Fire Department,  there indicated that many of the firemen who fought that particular fire at GE were unable 

to continue working in their jobs as firemen.   The firemen were off work on compensation. 

 

If the adjacent areas in the city were so heavily effected by this explosion,  how could the department,  in 
which this explosion occurred,  be a safe place to work,  without a thorough clean out of all the contents and 
other materials that may have been contaminated with the explosion.  Without proper ventilation in the 
department,  it is difficult to ascertain how fumes and vapours were properly expelled from the department. 



DEPARTMENT WIDE RETROSPECTIVE EXPOSURE PROFILE  
General Electric Armature Department 7 (OHCOW FILE G884) 

Final Report Date:  January 30th, 2006 
 

 
Occupational Health Clinics for Ontario Workers (Toronto) 

By:  Sonia Lal BSc., MSc.  Occupational Hygienist 
163/238   

Final Edition Print Date/Time:  Feb. 6, 2006 11:27 AM 

The OHCOW Risk Mapping Project conducted by OHCOW hygienists in 1995: 
 
This report gives a view of the conditions of the workplace during 1995.  It was not a retrospective analysis of 
workplace processes and conditions, but rather a current view of the workplace at the time, and how to 
ameliorate the conditions at that time and thereafter. 
 
Although not appendixed in this report,  a copy of the relevant pages are included in Appendix L.  The entire 
report 1996 can be made available upon request.  
 
All in all with regards to armature,  the contaminants at this point in time were still the following: 
 
Epoxies, toluene, Isonel, epoxy dust, MEK, diesel exhaust, tin pot, varnishes, aerosol release agents, etc.  All 
in all this indicates that although the exposure may have been minimized over the years theoretically due to 
more stringent safety guidelines and the Occupational Health and Safety Act, things were not cleaned up as 
they could have been and non-conformances still existed and thus exposures would have continued. 
 
The employees were exposed to several contaminants in the workplace.  Even when the OHCOW risk 
mapping investigation took place,  there was evidence of exposure to similar contaminants as those in decades 
past.  If engineering controls were a struggle to implement,  it is without doubt that exposures would have 
continued over the years.  As per the 1981 example already discussed below: 
 
This document demonstrates how it was a struggle to implement changes or proper engineering controls with 
regards to the Degreasers for example.  The degreasers had to be exhausted with proper engineering designs,  
however,  the employees had to wait 12 years before this could be attained.   
 
 
Appendix K Document # 20 

Letter to Dr. S.L. Rutledge  

From:  John H. Ball- UE Safety Representative 

Date of Report:  June 1, 1981 

 

The letter goes on further to indicate that “ the company did ventilate one degreaser but only after 12 

years of struggle and numerous work refusals to work under legislation – Bill 70….if we are to force 

installation of ventilation on this second tank we need back-up proof or even strong suspicion that there 

is over-exposure.”  
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8. ANALYSIS OF DATA – APPLIED HYGIENE PERSPECTIVE 
 

OUTLINE  

 

1. A) NATURE OF WORK IN ARMATURE 

    B) PRESENCE OF CARCINOGENS 

2.  OHCOW 1995 RISK MAPPING 

3.  UPSTAIRS MEZZANINE ACTIVITIES 

4.  AIR CIRCULATION IN THE PLANT 

5.  LACK OF PROPER ENGINEERING CONTROLS 

6.  LACK OF TRAINING 
▪ USE OF PEDESTAL FANS 

▪ EATING ON THE JOB 

▪ PERSONAL PROTECTIVE EQUIPMENT 

▪ HEAT 

▪ AIR HOSES AND HOUSEKEEPING 

▪ HEALTH AND SAFETY AT GE AND RIGHT TO KNOW 

7.  USE OF SOLVENTS AND HAND DIPPING OPERATIONS 

8.  SOLVENT EXPOSURE 

9.  COMBINED EFFECTS OF EXPOSURES TO SOLVENTS AFFECTING THE SAME TARGET ORGAN 

10.  BYSTANDER EXPOSURE AND CRANE OPERATIONS 

11.  PROCESSES 
▪ A) WELDING 

▪ B) HYDROELECTRIC POLES 

▪ C) ASPHALT VARNISH USAGE – COMPOUND TANKS 

▪ D) OVENS AND FUMES 

▪ E) VPI TANKS AND OPEN SOLVENT DIP TANKS 

▪ F) PORTABLE HEATER AND RESIN APPLICATION AND VPI TANKS 

▪ G) DEGREASING ACTIVITIES 

▪ H) DECOMPOSITION PRODUCTS AND HEALTH EFFECTS 

▪ I)  MICA 

▪ J)  MACHINING OF EPOXY COATED PARTS AND EXPOSURE TO DUST 

▪ K)  ASBESTOS 

 

12.  OTHER INFORMATION – LACK OF MSDS SHEETS 

13.  DOCUMENT REVIEW/ MINISTRY OF LABOUR REPORTS 

14.  LITERATURE REVIEW AND ALL EVIDENCE PROVIDED HEREIN 

15.  1971 EXPLOSION 
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8. ANALYSIS OF DATA – APPLIED HYGIENE PERSPECTIVE 

 

1. (A) NATURE OF THE WORK: 

There were numerous chemical substances and processes of which some were or contained carcinogens 

directly or indirectly (decomposition products)  that proliferate or contribute to the onset of occupational 
disease.  Furthermore,  the following factors also support the proliferation and onset of occupational disease in 
the Armature Department. (Refer to appendix H for pictures demonstrating the large dimensions of parts). 
 

• Large dimensions of parts/products that were fabricated in the armature department 
• Large dimensions  equate to higher volumes of solvent use,  higher levels of fumes and 

vapours,  and thus higher levels of exposures  
• Insulation pieces may have been small in size,  however the quantity of parts required to be 

machined and the proximity to exposure and machining of the insulation pieces containing 
fibres,  asbestos fibres,  and epoxies,  contribute to exposures incurred as well.  

• Due to the large dimensions of parts,  the duration of exposure is also increased due to the 
length of time spent on fabricating the parts,  working the individual processes (as has 
already been explained and demonstrated in section 5 of this report – i.e. diameters of parts 
ranging to 46 feet,  taking 3-4 weeks to complete a welding job or an insulation job alone 

• Intricate design and requirements for insulation in the interior of the large parts was all 
completed by hand. The intimate work required to machine the parts,  joining the 
individual pieces together via soldering and welding, and the type of workmanship 
involved in insulating an individual slot in a stator for example required intimate work with 
insulation pieces and welding of the copper wires. Hence along with the large dimensions 
of each product fabricated in this department, the large dimensions carried intricate interior 
insulation requirements and thus a complex form of exposures was incurred. 

• Due to the large dimensions of parts,  some engineering controls were not suitable for 
containing the fumes or vapors from the processes in which the parts were machined,  
dipped in solvents,  heated, welded etc. 

• Due to the intricate designs within the large parts,  the interiors which were insulated and 
joined, slotted were conducted by hand,  and thus even engineering controls for those 
processes were either not available or not deemed required as the exposure to contaminants 
was either not obvious or not deemed enough to cause disease.  

• The congestion of all the processes in this department would also lead to higher exposures 
as well; (refer to Appendix G, H and O). 

• Increased chemical reactions with regards to the synergistic effects and additive effects of 
chemicals would be realized in this work environment. 

 
Nature of the work process and close proximity to the contaminants.   

 

To further bombard the exposures that the employees incurred, the actual work practices, whether they be in 
the form of general operating procedures or the intricate nature of the proximity of the worker to the source of 
the contaminants, were also a means by which employees’ exposure was enhanced and lead to health 
impairment.  Several examples include working in close proximity to the molten lead pots,   the stripping of 
asbestos covered wires, the crane operators being directly exposed to the seeping fumes and vapours from the 
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VPI tanks,  the degreasers,  the dip tanks,  the ovens, and the bandsawing operations as well as the varnish 
application and compound tanks, to name a few. The parts fabricated were so large in dimension that it took 
months to complete individual tasks!  Example as previously given in the preceding sections,  a 46 diameter 
stator took 2-3 months to complete for the coil,  asphalt varnish application and soldering alone!  Hundreds of 
employees were working on parts of large dimensions such as stators. Ladders were utilized to access the 
inner core.  With regards to the individual coils, you could have 2 men or 4 men working on one coil at a 

time. 

 
Hence the following variables are pertinent in the formula for considering exposures to contaminants in this 
building: 
 
Proximity to the source of exposure    Heat/humidity in the building 
Duration of exposure      Poor housekeeping practices 
Lack of personal protective equipment 
Lack of engineering controls 
Lack of forced fresh air 
Large supply of each solvent, alcohol, resin utilized,  due to the large dimensions of parts fabricated 
Longer exposure times due to variable overtime hours 
Ignorance of the precautions noted on the MSDS sheets 
Lack of safety training 
Lack of safe working procedures 
Eating at the workstation 
 
 
In terms of quantification of exposure and the ability to provide evidence in a retrospective nature is further 
enhanced here with the supportive robust literature reviews and MOL and GE Documentation. The lack of 
proper engineering controls as well as safety practices and education all support and contribute to the formula 
for the onset and proliferation of  occupational disease incurred by the GE Armature employees,  as well as 
the following analysis: 
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1.B)  PRESENCE OF CARCINOGENS 
 
Numerous carcinogens were present in the Armature department,  namely asbestos,  formaldehyde,  benzene 
and other potentially tumor causing agents, as per the evidence already presented such as: 
 

• Styrene, chromic acid, MEKP, TETA, dicumyl peroxide:  tumor initiators and promoters 
• TCE, asphalt fumes, welding fumes, Epichlorohydrin, Formaldehyde, and the various other 

decomposition products and by-products that have been previously discussed. 
 
The fact that carcinogens are present in the workplace are alone factors in the onset and realization of 
Occupational Disease.   
 
Furthermore,  these carcinogens were in place in vast amounts from the start of this departments’ operations 
to the very recent years.  With asbestos alone for example,  asbestos insulation for coils was still being utilized 
in the 1980’s.  The insulation was still being bandsawed,  and slitted in 1985.  The parts were still being 
grinded and sanded,  thus causing exposures to asbestos in many different forms.  Asbestos insulation pieces 
utilized for insulating the actual building,   that were frayed and hanging from insulation pipes were noted on 
several JHSC monthly inspections and documented proof of this fact is dated 1987 ( see previous sections).  
Repair of asbestos containing parts,  such as stators and generators,  as has already been mentioned,  was 
another serious form of exposure to asbestos that must not be overlooked.  This continued in the 1980’s.  It is 
not certain,  as to when this process of repairing old parts ceased,  as there were no documents available that 
indicated when this process ceased,  if at all. 
 
In addition to information already provided here as evidence,  another document,  related to a Patient’s record 
(former GE employee) has been included in Section 7 – Tab2. Although the patient information is not 
included,  the additional information with regards to the employee’s specific workplace exposures and a 
literature review is provided here.  This patient worked in Building 10,  which was one of the areas in which 
the armature employees worked as well,  and the data herein is relevant to the armature employees. This 
information further illustrates and provides evidence that Isonel 51 did indeed contain formaldehyde.  
Moreover, it further investigates the relation of exposure to organic solvents and lymphoma and Hodgkin’s 
disease. 

Taken directly from CDC: http://www.cdc.gov/niosh/topics/organsolv/: 

Organic solvents are carbon-based solvents (i.e., they contain carbon in their molecular structure). 
Millions of U.S. workers are exposed to organic solvents that are used in such products as paints, 
varnishes, lacquers, adhesives, glues, and degreasing/cleaning agents, and in the production of 
dyes, polymers, plastics, textiles, printing inks, agricultural products, and pharmaceuticals.  

Many organic solvents are recognized by NIOSH as carcinogens (e.g., benzene, carbon 
tetrachloride, trichloroethylene), reproductive hazards (e.g., 2-ethoxyethanol, 2-methoxyethanol, 
methyl chloride), and neurotoxins (e.g., n-hexane, tetrachloroethylene, toluene). Many different 
classes of chemicals can be used as organic solvents, including aliphatic hydrocarbons, aromatic 
hydrocarbons, amines, esters, ethers, ketones, and nitrated or chlorinated hydrocarbons.  
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Many of these solvents have been in use in the Armature Department for several decades and their 
detrimental effects on human health would have also been realized by the employees.  The manner in 
which these solvents were utilized during processing and the fact that there was no PPE or engineering 
controls, would further amplify exposures. 
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2.  OHCOW 1995 RISK MAPPING:  
 
The Occupational Health Clinics for Ontario Workers conducted a  Risk Mapping report/exercise in 1995.  
There are numerous hazards that have already been mentioned in this report that were still prevalent even in 
1995.  Given this fact alone,  it can be stated if the workplace conditions and toxic contaminants were still of 
great concern at this point in time,  retrospectively they would have been successively poorer conditions.  See 
the Appendix L for the list of prioritized hazards in armature in 1995,  as per the employees at that time,  with 
the assistance of OHCOW Occupational Hygienists.  This fact in and of itself must not be overlooked in the 
assessment of the health of the employees of the Armature department.  Retrospectively this document alone 
indicates that the workplace conditions remained poor and of great concern as engineering controls were not 
in place or not operable and the hazards were not eliminated or substituted even in 1995.   
 
As evidence has already been provided in the previous sections,  it is clear that Due Diligence was not 
practiced by the employer,  as it took a lengthy time to get engineering controls in place for the 
degreaser in the example below.   
 

…”the company did ventilate one degreaser but only after 12 years of struggle and numerous 

work refusals to work under legislation – Bill 70….if we are to force installation of ventilation on 

this second tank we need back-up proof or even strong suspicion that there is over-exposure.”  

 

Appendix K Document # 21 

Peterborough Examiner Article – on Trichloroethylene 

Date of Report:  June 3, 1981 

   

This report further provided evidence that trichloroethylene was utilized at CGE and that employees were 

getting effected by exposures to the vapours.  Moreover, the article further implies that employees had to fight 

to get proper engineering controls in place in order to avoid exposure.   

 

If it takes 12 years to get proper engineering controls in place, exposure without engineering controls,  

in an Open Vapour tank with heated Trichloroethylene is more than probable. 
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3. UPSTAIRS MEZZANINE ACTIVITIES: 
 
Employees state in general, due to various cutting operations, such as cutting of fiberglass, asbestos or Mica 
boards, there were fibres all over the mezzanine levels of the armature department.  There were no proper 
engineering controls implemented to contain the fibres. Due to the fact that the upstairs level was like a 
balcony, the contaminants, whether they were fibres, fumes, or vapours were allowed to disperse to the other 
areas of the armature building as well,  and vice versa. 
 
Contaminants – Fumes and Vapours: (applies to all areas of Armature) 
 
It is important to note that the armature location upstairs was quite hot and accumulated heavy fumes and 
vapours from the various processes including those from the lower level operations.  The fumes from the 
ovens and Vapour Pressure Impregnated (VPI) tanks downstairs, would rise and travel towards the higher 
levels of the building.  Without proper make up air,  or fresh air circulation,  it is comprehensible that the 
fumes and hot contaminated air would rise,  and thus employees on the upstairs armature department were not 
only subject to the fumes from their own processes but also from the downstairs armature processes as well.  
Evidence of fumes coming from the lower levels of the building traveling to the mezzanine floor has already 
been given in this REP through the Ministry of Labour reports previously cited in Section 7. 
 
In winter months, fumes may have been reasonably more prevalent, with negative pressure due to various 
exhausts on some of the equipment and a lack of fresh air circulation within the building and no make up air.  
Some windows were available for opening in this building,  but mostly were not operable,  and were for 
lighting purposes only. Likewise with the Portable Oven, as stated earlier,  in order to maintain and achieve 
the oven temperature,  all doors and windows had to be shut.  Hence the contaminants generated in the 
building were trapped inside,  and would accumulate as there was no fresh air into the building and no exhaust 
systems to contain the contaminants. 
 
The activities downstairs were also major contributors to fumes and vapours that would travel to the 
mezzanine levels.  To mention a few operations,  the taping operations and the compound tanks would emit 
vast amounts of asphalt varnish fumes and vapors.  The winding operations also involved the application of 
1592 asphalt varnish.  Soldering of the coils within the various forms of products built in the assembly 
winding area,  could take 2-3 weeks to 2-3 months.  Hence build up of welding fumes from these operations 
alone would have had a major impact on health.  Burning of the excess tar from the asphalt coated parts also 
generated fumes as per the mezzanine level employees (evidence of which has already been cited in section 7 
of this report). 
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4. AIR CIRCULATION IN THE PLANT: 

 
Due to the lack of forced fresh air into the building by mechanical means and due to the lack of proper 
exhausts on any of the machinery or solvent pots, if any, a negative pressure environment was created in the 
armature building.  With the vast amounts of activities and volumes of solvents and fumes being emitted from 
the various processes, this ventilation deficiency was a major contributor to ill health as a stand-alone 
precursor to Occupational Disease within the building.   
 
As stated earlier, the layout of the building was such that half the length of the building was occupied on the 
upper level and the total lower half of the building was occupied with work areas.  This set up restrained the 
airflow, if any,  in a more confined area thus creating a heavy cloud of contaminants in the air (Refer to 

Diagram #14) 

 

Whenever air is exhausted from a building, regardless of the method, outdoor air must enter to take its 
place.  A lack of replacement air creates a negative pressure condition, which increases the static 
pressure the exhaust fans must overcome, which in turn can cause reduction in exhaust volume from all 
fans (Plog, 1988).   
 
It is clear that the contaminants were allowed to accumulate within each building and disperse.  The buildings 

were generally in a negative pressure environment, creating a vacuum type environment, where the 

contaminants were formulated within each building, some were exhausted out of the plant, and others were 

not.  The fumes and contaminants had nowhere to be released other than within the building.  There were few 

windows that were available to be opened in some of the buildings; however, most were only for purposes of 

allowing daylight to enter the building.  Most windows were not present for the purposes of air flow or natural 

ventilation.  There are plenty of windows, at the height of the building, and some skylight type windows on 

the ceiling, however, most are in place for “lighting” purposes. This was confirmed by the Writer at the 

December 7th, 2004 Plant Tour, with GE management representatives and GE Union representatives.   

 

Due to the fact that the ventilation was poor, the exposure to solvents, fumes and other contaminants such as 
the mixture of the vapours and fumes would also be inevitable as proven by the research and documented 
evidence referenced herein.  The fact that there was a lack of an exhaust system in place for some major 
processes and some exhaust systems in place for process such as the ovens and various other processes,  
which were used from time to time, lend the already compromised ventilation in the building to a more 
negative pressure environment.  If and when the exhaust systems were in operation,  and with the lack of 
manual input of fresh make-up air, this creates a slightly negative pressure environment. There was no fresh 

air to dilute the fumes and other contaminants, and the air was heavily polluted.  The summer months would 
lend more fresh air into the plant versus the winter months in general. 
 
Some employees used personal fans to alleviate their exposure to heat or fumes.  But without proper building 
ventilation and exhaust systems,  the fans would not only disperse the contaminants into other employees’ 
work zones,  but any settled asbestos fibres or other fine fibres, and/or  dusts and fumes would be re-dispersed 
into the environment.  The air that the fans would be circulating would be the same polluted air and would not 
be providing any benefit to the employees. 
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With regards to fibreglass, although health effects of the fibres are not clearly understood or defined to date,  

these fibres may act as carriers of chemical carcinogens to the target organs (IARC, 1996). 

 

The crane activities would have caused some of the contaminants to move or flow from one area to another, 

North and South, thus moving the body of air/fumes from one area to another, north to south and vice versa.  

However, without any proper ventilation,  make up air or fresh air,  perhaps more in the summer months 

versus the winter, the contaminants would just accumulate and the employees would be subject to them. 

Winter exposures could potentially be higher as natural ventilation supplied by open doors and 

windows is decreased. 

 
In addition, the portable oven required shutting of all windows. Thus all contaminants were locked into the 
work environment of the employees, creating a vacuum effect,  where all contaminants were locked in the 
building and had no where to be expelled out of the building (refer to Diagram #14). Forklift and pedestrian 
activity as well as pedestal fans may have moved contaminants from one place to another,  thus redistributing 
settled dusts and fibres into the workplace air. 
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5. LACK OF  PROPER ENGINEERING CONTROLS: 

 
Much of the machinery on the mezzanine levels did not have exhaust systems in place to capture fibres,  
dusts,  fumes,  vapours.  Moreover,  the dipping tanks,  the taping operations,  the shears station,  as well as 
the stripping of insulation by the heavy brushes,  welding and soldering, grinding, would have generated many 
contaminants in the forms of fibres,  frayed fibres,  dusts,  vapours etc.  These operations required local 
exhaust ventilation to at least minimize dispersal of the contaminants into underlying areas.  However,  this 
was not the case,  as per the employee accounts and the GE documentation and MOL evidence provided here. 
With the lack of proper engineering controls,  it is evident that exposure to these contaminants is expected.  
The employee accounts,  the MOL and GE documents, support this statement as well.  The material safety 
data sheets and the types of contaminants that the employees were working with,  all indicate that these 
hazardous substances needed to be controlled and were not. Proper Personal Protective Equipment was not 
supplied to the employees so that they could protect themselves from the contaminants.  Likewise,  where 
PPE was offered,  the processes did not allow for use of the PPE as it affected the quality and ability of the 
employees from doing their job (e.g. taping operations).  It must be noted here,  that due to lack of controls,  
the contaminants generated upstairs, would also travel to the lower levels of armature and affect those 
employees as well,  and vice versa.  Without proper personal protective equipment,  the chances of uptake of 
contaminants into the body are largely enhanced. 
 
With the vast amount of solvents being utilized in their many forms as solid, liquids, gases,  the numerous 
processes which involved stripping, heating, hot pressing,  sanding, grinding, welding,  it would be diligent 
for the employer to ensure that proper engineering controls be in place.  However,  the Armature department 
as well as many other departments at GE relied upon natural ventilation for all these toxic processes.  With 
this in mind,  it is imperative to note that the manufacturers instructions on the MSDS sheet studied here were 
not followed as many of them required proper local exhaust ventilation,  proper PPE and proper training and 
handling of the materials. Relying on natural ventilation alone would not suffice for the multitude of 
chemicals and carcinogens utilized in this department and thus,  exposure to the solvents,  the fumes,  the 
fibres,  their by-products and decomposition products is more than guaranteed. 
 
If engineering controls are put in place to capture fumes or vapours but they are not being utilized, or are 
malfunctioning,  then the employees would most likely be exposed to those contaminants, their by-products 
and their vapours/fumes/dusts etc.   
 
Although some processes did have some exhaust systems in place,  it was stated numerous times that the 
exhausts were ineffective, not turned on, or constantly malfunctioning (such as the oven seals which were not 
in proper form,  over the years – See Appendix U) 
 
Furthermore,  often times,  due to the fact that oven doors were constantly opened and closed,  this would 
have impaired the efficiency with which the exhaust would have been working. 
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6. LACK OF TRAINING: 

 

Lack of proper training on the handling of solvents,  their by – products, PPE,  safety protocols, would also 
cause employees to incur exposures as already stated.  The use of pedestal fans,  the improper cleaning of 
hands,  the improper use of solvents,  the consumption of food in the work areas and placement of lunches on 
ovens heating copper coils covered with epoxies,  the lack of change rooms for work clothes and street 
clothes,  would all relate to the fact that the employees were not properly trained on the hazards they were 
working with.  Furthermore,  the fact that employees ate at their workstations would also cause employees to 
be exposed to contaminants through ingestion as well.  The MSDS clearly indicate that eating and smoking in 
the vicinity of the solvents be prohibited. 
 
Use of Pedestal Fans: 
 
Employees would utilize pedestal fans to relieve or dissipate the fumes within the air around the processes 
they were working with or seek relief from high temperatures.  In utilizing the pedestal fans,  employees 
would only disperse the fibres,  fumes,  vapours into adjacent processes and thus cause contaminants to be 
dispersed to other areas.  The fans may have assisted them in the time they were working,  however,  the 
usage of fans was not optimal as it only dispersed the contaminants to other areas,  including the lower level 
armature area.  (as the mezzanine was an open balcony).   
 
Appendix U – Document:  March 2, 1979 – gives an example of how an employee was overcome by fumes 
due to the improper use of the pedestal fans at the workstation. 
 
Eating on the Job: 

 

The employees ate on the job as was stated by all employees.  Some employees heated their food by resting 
their containers on top of exhaust vents or oven tops.  It is inevitable and not debatable that employees were 
not only subject to contaminants via inhalation and dermal uptake but also through ingestion due to these 
activities.  Furthermore, as smoking was permitted within the workplace, ingestion of contaminants also took 
place via this practice as well.   
 
Due to the nature of their work, several machines required constant operation and supervision,  as the 
operations were not such that they could be shut down for breaks etc.  Thus the employees were less inclined 
to take lunches in the cafeteria that was too far from their work station to begin with, and thus employees were  
less inclined to eat anywhere other than their workstation amongst all the contaminants.  Furthermore, the 
employees were less inclined to wash their hands prior to eating for these same reasons. 
 
Due to the speed and intensity with which certain parts were produced and handled,  there was not much time 
for change of gloves or respiratory equipment, cleansing of hands etc.  It was stated at several meetings and at 
the intake clinic that lunch bags, boxes were located at benches close to the work stations and some 
employees even ate in the near vicinity of their work areas versus the cafeteria.   
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Personal Protective Equipment: 
 
The employees were not given respiratory equipment, for a majority of the processes, that would protect them 
from the fumes or other solvent vapours that were emitted from the processes which would also increase their 
chances of exposure to contaminants.  
 

Likewise,  wherever PPE was offered,  often times, it was not sufficient to protect against the contaminants,  

such as the wrong gloves for the type of resins,  or alcohols being interfaced with.  It is always imperative to 

follow the manufacture’s recommendation for the type of glove or ask the glove supplier for the correct type 

of glove to wear for the processes at hand.  Moreover,  there were no measures by which employees could 

take street clothes and change into work clothes and vice versa at the start and end of shifts.  With the 

carcinogens and other toxic chemicals being worked with in this department,  it is evident that the 

contaminants were allowed to be transported to various personal belongings,  such as their automobiles,  

homes,  family members,  food etc.   

 

Eating, drinking, and smoking should have been prohibited where toxic chemicals or various contaminants are 

handled or stored.  With cancer causing agents and other toxic chemicals,  these are some of the steps that are 

to be taken to protect from exposure to these toxins.  However,  there were no policies in place that disallowed 

employees to carry these actions.  The employees did eat at their workstations,  they smoked at their 

workstations,  they did not often go to the bathrooms to wash their hands.  Often times,  hands were cleansed 

with alcohols as they were often covered with resins or lacquers, epoxies etc.  As per the report given earlier,  

an employee cleaned his hands with alcohol and burned his thumb when lighting a cigarette.  (Appendix U- 

Aug. 21, 1981). 

 

Employees handled toxic chemicals with their bare hands and were subject to fumes and vapours.   
 

Heat: 

 
Heat is a major contaminant that causes health impairment that should not be overlooked with regards to 
exposures incurred by the GE employees through the years.  Without proper ventilation, without proper use of 
exhaust systems and without proper safety precautions, the employees had been exposed to high temperatures 
and were heat exerted based on processes and practices discussed herein.  In addition, the heavy equipment 
and parts that had to be handled ( the copper reels which had to be placed on and off equipment required much 
physical exertion on the part of the employees). Furthermore,  with heat and perspiration,  the uptake of 
chemicals would have been increased as well.  Dermatitis issues would be prevalent in the summer as well as 
the winter months,  due to the fact that the doors and windows were required to be shut down,  and the 
portable oven and other operations generated much heat, fumes and vapours.  (Part #8 – Solvents in the 
proceeding section will discuss issues around heat, further). 
 

Air Hoses and Housekeeping: 

 
Not only did the employees eat on the job, but their method of clean up would have also disturbed the settled 
contaminants thus causing them to be exposed to settled contaminants that were present in their workspace.  
Air hoses were utilized to clean off machinery, work stations and body parts, (the latter is a practice that 
should never occur).  
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Often times it was mentioned that the employees would sweep their work stations after the shift was over.  In 
areas such as the winding machines, stripping machines, bandsawing, dry sweeping would re-disperse the 
settled fibres into the air and cause the fibres to become airborne, and thus allow for more chances of 
exposures.   
 
The fact that fibres and dust had to be blown off clothes and skin is an indication that exhaust systems were 
not working efficiently or that the work environment was contaminated.  Engineering controls were either 
malfunctioning or non-existent.  This practice occurred throughout the department.  This is another indication 
that it was inevitable that employees were exposed to these contaminants. 
 
The motorized sweepers were required to clean the main aisle ways in the department,  and this process would 
have disturbed the settled fibres and vapours as well. 
 

Health and Safety at GE and the Right to Know: 

 
With the initiation of the Occupational Health and Safety Act, awareness of health and safety issues and 
hazards was slowly increasing.  However prior to the Act and years after the Act as well, there were numerous 
chemicals that the employees worked with as well, for which the employees did not know what the contents 
of the chemicals were, how to protect themselves from disease and illness or even know what type of 
precautions to take with regards to handling the chemicals and engineering controls etc.  As has been 
demonstrated in this report, there have been numerous chemicals that have been utilized over the years, 
without protection, without proper engineering controls, that would indeed render disease and illness to be 
apparent (especially due to the manner in which the chemicals were being utilized,  i.e. hand dipping, face 
wiping,  washing hands with solvents,  heating of solvents to molten temperatures without proper exhaust 
systems ,  asbestos fibres, using air hoses to clean off clothing and body parts etc).  Employees were given 
work cards on process requirement for the various operations they had to operate, however there was no 
indication of the hazards on the job, how to protect themselves from the hazards, let alone Material Safety 
Data sheets for various chemicals that were utilized.  The employees and supervisors were often told, due to 
the fact that “this product is a GE formulated product, and it is patented, no data sheet is available for these 
chemicals” being used.   
 
It is important to stress that even after the initiation of the Occupational Health and Safety Act; things did not 
change immediately within the workplace. The evidence is further solidified by the Ministry of Labour 
reports, the dates of those reports and the October 1982 reports presented by the United Electrical, Radio and 
Machine Workers of America Union to the Ontario New Democratic Party Caucus Task Force (appendix V).  
The results of those reports, in the form of replies from Dr. Cohen for example, indicate a lack of education or 
awareness of occupational health hazards and disease producing agents in the workplace.  Dr. Cohen, the 
company doctor, indicates that he was not aware of epoxies or solvents causing nerve damage. This is a clear 
indication that the Doctor was not “aware” of Occupational Health hazards in the workplace, and thus the 
employees were not only misguided but misrepresented and misdiagnosed.  Education of workers and 
management awareness of safety hazards would have taken ample time before serious changes were made to 
the conditions in the workplace.   
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Regardless of the Threshold Limit values, the levels have changed for various suspect and confirmed 
carcinogens over the years. Levels that may have been considered safe years ago, have now been discovered 
to be unsafe and thus limits brought down even more.  Exposures were inevitably incurred during the start of 
the GE plant and during the initiation of the Occupational Health and Safety Act as well and thereafter based 
on all of the testimonies, literature reviews, and other evidence provided herein.   
 
From a Due Diligence perspective, the employer had failed in complying with Section 25 2(d) of the Act 

which clearly states that the employer shall acquaint a worker or person in authority over workers with any 

hazard in the workplace and in the handling, storage, use, disposal and transport of any article, device, 

equipment or a biological, chemical, or physical agent.  This further illustrates that conditions must have been 

far more detrimental in the previous years of the company’s existence, i.e. prior to the Act.  The fact that 

Material Safety Data sheets or information with regards to contents of chemicals in the various products being 

used was unavailable, leads to the fact that employees were working with chemicals that were harmful to their 

health and they were not being kept informed of the harmful effects of those chemicals and how to protect 

themselves against those effects.  
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7. USE OF SOLVENTS AND HAND DIPPING OPERATIONS: 

 
As per the processes described by the employees, exposure to solvents by dermal exposure was foreseeable as 
they were constantly dipping their hands in solvents to either submerse insulated materials,  to clean off their 
hands,  to remove epoxy resins from their skin. This process alone would have caused employees to be 
exposed to solvents and incur uptake through their skin directly.    
 
For example, the Pole Face Bar Press operation required that the employees varnish the copper parts by hand.  
They were then required to put the parts in a heat press when the epoxied parts would be pressed to form.  
This operation was not exhausted out.  Given this fact,  the employees would be exposed to the fumes 
generated by the off-gassing of the parts during this operation.  This operation was said to be quite sticky with 
the accumulation of epoxy varnish on the machinery and the various exposed body parts of the employees.  
Again the employees utilized MEK or other alcohols to clean their body parts as well as the equipment.   
 
Many of the varnishes that were utilized,  namely asphalt varnish were quite stubborn and sticky to get off the 
machinery and body parts,  including the face.  Hence employees would rub the solvents vigorously into their 
skin to get the varnishes off.  Hence, they were stripping off the protective barriers off their skin as well,  thus 
causing it to be more vulnerable to the uptake of harmful contaminants. 
 
The employees stated that they would utilize 1500 Toluene to clean the accumulated tar off their hands after 
the taping operation.  The toluene was available in a red canister, and they would dip their hands in and try to 
wipe off the tar. The toluene would be put on a rag and then the body parts contaminated, and would be wiped 
with the soaked rag.  When the tar would have accumulated in heavy amounts, the employees stated that they 
would submerse their hands in the toluene canister for 5-10 minutes. The toluene would burn the employees’ 
hands after rigorous use of it.  Moreover, whenever the employees had a cut or scratch on their hands, the 
toluene would cause them pain and stinging to the skin and wounded area.   Hence the employees were not 
only inhaling the fumes from the toluene but were absorbing the toluene via skin uptake as well.  Other tasks,  
involving taping operations,  asphalt varnish,  mica, hydroelectric poles,  and upstairs mezzanine processes 
(such as taping operations) required the employees to employ the alcohols to remove the contaminants from 
their skin or machinery. 
 
Furthermore,  in the operations involving the Hydroelectric poles,  the poles themselves had to be wiped with 
toluene to prepare for further processing.  This task took at minimum 30 minutes for a wipe down to take 
place. Instances where employees were overcome by toluene vapours occurred on numerous occasions, 
(amongst other contaminants). 
 
It is known that many solvents and thinners contained percentages of benzene in their formulation.  This 
source of exposure cannot be overlooked when reviewing solvents, thinners and other agents in the workplace 
that may have contained benzene in their composition. 
 
BENZENE 

• Leukemia is often associated with exposure to benzene, which was a widely used solvent in the 

rubber industry and currently is found as an impurity in other solvent mixtures such as varsol 

and naphtha (WPIRG, 1982). 
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Not only is the literature evidence enough with regards to having benzene as an ingredient in some of the 
thinning agents, degreasers, and other solvents, the Hygiene report of October 1987, mentioned in section 7 of 
this report, indicates that benzene was found in the environment, upon sampling. 
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8.  Solvent Exposure (in conjunction with part #6 – Lack of Training – HEAT) 
 
Exposure to solvents has been demonstrated and evidence provided, throughout the report.  These is no doubt 
that exposure had occurred,  through the means that solvents were utilized, mishandled and exposure to their 
vapours and fumes,  lack of proper or suitable PPE,  lack of engineering controls, lack of fresh air to dilute the 
solvents,  lack of air circulation,  improper usage or placement of pedestal fans,  use of air hoses etc.,  all 
contributed to the uptake of solvents by the employees of the armature department over the decades.   
 
Furthermore,  the parts in armature that were fabricated were extremely large and thus the application of 
solvents and the vast surface areas that required to be submerged or flooded with varnishes and epoxies would 
also contribute to the amount of solvents the employees would be exposed to.  Likewise, although the parts 
were immense in size, the intricacy with which the individual insulation parts were handled or insulation 
components were made, also contributed to the employees’ exposures, as the exposures were intimate in 
nature, i.e. in close proximity to asbestos fibres, fiberglass, silica dust, both from an inhalation standpoint as 
well as dermal exposure.  Most glass tape for example that was wound on various components as explained 
earlier,  was applied with intricate steps that the employees at times could not wear gloves,  as this would 
hinder their ability to do their job,  and would also hinder the quality of work that was being conducted for the 
armatures and other parts. Moreover the tapes were often dipped in solvents prior to application,  to ensure 
fibres were in tack during taping operations.   
 
Furthermore it is pertinent to note here that the products were being constantly, dipped,  heated/baked and 
then allowed to cure.  This cycle would be repeated many times as per section 5 of this report in order to get a 
well epoxied and cured final product.  With the repetition of this cycle,  it is pertinent to note that once the 
epoxies were cured  and re-heated,  their decomposition products were noted to be heavier in terms of 
exposure,  as the employees indicated that the fumes and vapours were stronger during the second and third 
cycles.  This is of great importance to this report,  as this indicates that exposures were indeed inevitable and 
would be more and more robust,  as the cycles were repeated.  As per Dillon Consulting Report for Working 
Safety with Casting Resins,  heating finished casting work may decompose to generate toxic gases such as 
hydrogen cyanide (polyurethane) and styrene oxides. 
 
Symptomology and exposure to Solvents/ same target organs: 
 

• Repeated exposure to organic solvents may result in the gradual development of persistent symptoms 
such as headache, fatigue, irritability, memory impairment, depression, emotional instability, sleep 
disturbance, alcohol intolerance etc. Further exposure can lead to chronic toxic encephalopathy, 
characterized by memory disturbances, impaired psychomotor function, impaired verbal abilities and 
disturbances of mood. Some symptoms may persist even after exposure had ceased (Olsen and Sabroe, 
1980). 
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Heat,  Winter, and Summer Exposures: 
 
The prevalence of symptoms and disease would be higher in the winter than the summer as per the study 
below.   
 

As per Xiao and Levin, 2000: 
 

• Higher solvent volatility, with generation of significant airborne 
concentration of vapor, large surfaces from which evaporation may 
take place, lack of appropriate enclosure and/or exhaust ventilation 
systems and relatively high temperature of the work environment may 
all contribute to increase uptake of solvents by inhalation 

• Physical activity may be an important determinant of solvent uptake 
through inhalation as enhanced levels of physical activity have been 
associated with uptake rates increased by one to three times their 
baseline (Astrand et al., 1972).  Furthermore, uptake is influenced by 
level and duration of exposure, workload and the specific 
physicochemical features of each solvent as well as by work practices 
and the use of protective equipment (Xiao and Levin, 2000).  

• Exposure may be relative as the rate of solvent uptake through the skin 
varies among workers due to the variation in skin thickness, skin 
perfusion and presence of cuts or abrasions of the skin.  Increased 
solvent absorption can occur when solvents are trapped between wet 
clothing and skin (Cohr, 1986). 

 
Minamoto et al.  2002, conducted 2 surveys one in the winter and the other in the summer to 
examine the skin problems of all manual workers from 11 small to medium sized fibre glass 
reinforced plastics factories in Kyushu, Japan.  The workers exposures included, unsaturated 
polyester resin including styrene,  hardeners such as MEK peroxide,  glass fibre and dust 
including shortened glass fiber and plastic particles.  Fifty-eight percent of workers surveyed 
reported having skin problems.  It is interesting to note that the workers in factories where 
dust generating and lamination processes were separate,  were less likely to have a history of 
skin problems than those where the 2 processes were in the same building.  The prevalence 
of dermatitis was higher in the winter,  at 23.3 % in the summer and 13.4 % in the winter. 
 

In armature,  even though the summer months brought forth higher temperatures, along with the accumulation 
of heat from the  processes in the department,  such as the ovens, compounding tanks, VPI tanks and the 
curing of parts,  exposure to heat would have been incurred all year long.  This exposure would be high in the 
winter months as well,  especially with the portable oven operations,  where it was required that all windows 
and doors be shut.  
 
As these are all preventative measures to take while working with most solvents and in particular,  lead,  it is 
suitable to state here,  that because it was known that lead was utilized in the workspace in the armature 
building by the employees,  it was known that it was heated without any local exhaust ventilation or any 
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personal protective equipment,  parts that were coated with lead and flux were then either air dried or baked in 
the adjacent ovens,  it can be stated that lead was indeed part of the employees’ work environment and that 
absorption or exposure to the employees was more than likely as the preventative measures as listed above 
were not implemented. 
 
Also  as stated in the earlier sections of this report,  in Section 5 and 7,  the method of application of some of 
the solvents such as the resin application for large stators, armatures etc,  are indicative of hazardous 
exposures to solvents,  their vapours,  and exposure through dermal uptake as well. 
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9. COMBINED EFFECTS OF EXPOSURES TO SOLVENTS AFFECTING THE SAME TARGET 

ORGANS: 

 

It is well known that the armature department utilized multitudes of chemicals.  Hence the TLV’s for 

the combined effects of exposure would have to be taken into account.  Thus overexposure is inevitable 

to the solvents in the armature department,  as solvents were often looked at in isolation of one another,  

when conducting hygiene sampling.  Although upon sampling,  each individual solvent may be within 

it’s TLV,  however, on numerous occasions the solvents were not far from approaching the TLV 

(example in Appendix U TLV for copper dust approached 1977- however difficult to ascertain the 

conditions – as there are pages missing from this report).  With this in mind,  and the fact that 

combined effects of like solvents are additive,  overexposure and exceeding the TLV would have been 

more than likely in Armature. 

 

• There are numerous additives that can affect human health in epoxy resins such as curing agents, 
aliphatic and aromatic amines, diluents, organic solvents and fillers.  In order to correctly assess 
exposures one must look at all the ingredients in the epoxy resin systems,  their individual toxicity as 
well as the additive effects of these ingredients with other toxins in the process and workplace. 

As per NIOSH 2000: 
• some hazardous substances may act in combination with other workplace exposures, medications, 

or personal habits of the worker to produce health effects even if occupational exposures are 

controlled below the limits set by the evaluation criteria.  Synergistic and additive effects may not be 

considered by a chemical – specific evaluation criterion.  Furthermore, many substances are 

appreciably absorbed by direct skin contact potentially increasing the overall exposure and biologic 

response beyond that expected from inhalation alone. Finally evaluation criterion may change over 

time as new information on the toxic effects of an agent become available.  Because of these 

reasons it is prudent for an employer to maintain workers exposures well below the established 

occupational health criteria. (NIOSH HETA REPORT 2000) 
 

As this is a retrospective study,  it cannot be stated that the solvents, their decomposition products,  the 

vapours, fumes  were never above the TLV’s.  The hygiene sampling (as per the documentation 

reviewed)  does not indicate that the additive effects of like solvents have been taken into account when 

reviewing their TLV’s.   

 

It is pertinent to state that prior to certain time periods,  solvents were indeed mishandled,  (according 

to the knowledge we have today),  and levels to which the employees were exposed were higher than 

what we allow today.  Moreover, given the case studies and other literature reviews in this report,  there 

are many examples that indicate even with some form of engineering controls and adequate PPE,  

exposures still occurred in some workplaces.  Given this information,  and comparing it to the 

Armature department,  knowing that in most instances PPE was not sufficient or even present for 

certain job tasks even in more recent time periods,  and not provided in previous decades,  and given 

the fact that engineering controls were not operable,  not present,  not efficient,  or not maintained,  

would further enhance the levels of contaminants emitted into the environment. Thus exposures would 

be incurred by the employees of the armature department.  

Employees often worked overtime hours as the parts would require continual manning of the 

operations, hence the TLV’s at the point would be lower than what would normally be calculated.  This 
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may have been overlooked in terms of consideration by any of the hygiene data that was documented 

for these employees over the last decades. 

 

For example, Dianova, A.V. et al. 1976 studied the synergistic effects of Mica Dust and resins.  They found 
that inhalation of phlogopite, muscovite, shellac and alkyd resins separately, caused discrete pneumoconiosis; 
combined inhalation of mica dust and resin produced an inhibiting effect of the shellac and alkyd resin on the 
course of the pneumoconiosis produced by the mica, with significant potentiation of the toxic and sensitizing 
effects.  A threshold limit value of 2 mg/m3 is recommended for simultaneous concentrations of these dusts. 
 
Exposure to Solvent Mixtures/Carcinogens: 
 

• The toxic effects of exposures to mixtures of organic solvents may be influenced by interactive 
effects among the component agent – the activity of each compound either enhancing or 
diminishing the toxic effects of others in the mixture (Baker et al., 1985). 

 
It is pertinent to note that although very little hygiene data was available to OHCOW for review,  it was clear 
that most of the sampling indicated that usually,  solvents were within the range expected at the time,  with 
regards to TLV’s etc.  However, no cumulative or additive exposures were taken into account when analyzing 
the data.  Especially when most solvents are targeting the same organ groups in the human body,  though they 
may be within the TLV levels individually,  their cumulative effects could be very detrimental to human 
health as was the case in Armature. The hundreds of chemicals that have been utilized here and in their many 
forms as liquid gases and their associated decomposition products as well.  The processes of dipping, baking 
curing lead to multitudes of exposures due to the lack of efficient engineering controls which further 
contributed to the illnesses realized by the Armature employees. 
 

• As per Xiao and Levin 2000,  in workers who experienced multiple exposure to solvents,  
overestimation or underestimation of the risk associated with exposure may readily occur 
unless the metabolic consequence of the interaction are understood for the specific agents. 

• The Alcohols, acetone, methyl ethyl ketone, trichloroethylene, benzene, toluene, styrene, 
xylene, were amongst only some of the toxic chemicals that were present in the armature 
department.  Most organic solvents share the same basic set of health effects, though some 
solvents also cause specific effects of their own (DHS, 2005). 

• The ACGIH suggests the following practical approach: 
 
“…when two or more hazardous substances, which act upon the same organ system, are present, their 
combined effect rather than that of either individually should be given primary consideration.  In the 
absence of information to the contrary, the effects of the different hazards should be considered as 
additive (Alessio, 1996).  
 
An example of how data has been misinterpreted and thus exposures continued for Armature 

Employees: 

 

For example, in another Ministry of Labour Field Visit Report dated October 7, 1982 (Appendix U), the 

visit was made again with regards to fumes.  Fumes were once again escaping from the drying ovens in 
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armature.  Complaints with regards to irritation, nausea, disagreeable odor have been reported from 

the employees working on the platform near the ovens. 

 

Once again it is mentioned that mechanical ventilation is present however there appears to be 

numerous leaks.  

 

The MOL officer indicated the following at the time of the visit,  which perhaps today would be 

rebutted due to ongoing research and Scientific knowledge/expertise: 

 

• The fume release during the drying or curing of painted parts contain a  large variety of 

partial oxidation products generated by thermal decomposition of the resin, solvents and 

additives present in the paint.  In general no significant health hazard is posed by these 

contaminants as they are being released at low concentration levels, however they have 

objectionable odor and some can be irritants. 

 

This statement alone can be rebutted at many levels.  If the material safety data sheets were reviewed,  

as they have been in this report,  many hazardous decomposition products are emitted when the 

solvents, resins, additives, fillers and other chemicals are heated.  The MSDS clearly indicate that toxic 

fumes will be released.  Given the fact that the fumes were escaping from the ovens on many occasions 

through the years,  their combined additive or synergistic effect had to be applied to truly recognize 

that exposures may have been in excess of the TLV’s allowable at the time or for sure today.  The 

MSDS at that time also clearly indicate the measures that required to be taken in the event of heating of 

the products in question or mishandling, decomposition, engineering controls required,  PPE etc.  

Given this information, more could have been done to protect the employees even in the time in 

question and the years prior, as the MSDS were quite detailed and informative. 

 

To say that the results obtained by the hygiene reports were well below the TLV’S and there was 

nothing to worry about, was not appropriate given the mixture and multitudes of chemicals that were 

being heated and manipulated in the various processes. 

Because there were so many chemicals in the department that essentially effect the same systems in the body 
or the same target organs,  and due to the additive consideration of their combined presence,  it can be stated 
that overexposure occurred in the employees of  the armature department as their systems were constantly 
bombarded with the same or similar solvents that target their bodies in similar ways,  and thus cause for  

Furthermore, it was stated by the MOL official that often time, fumes are leaked out of the ovens 

when they are overloaded.  Overloading usually occurred with increased production.  MOL 

TESTIMONY 
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illness,  such as in the skin, brain, respiratory tract, nasal area etc. Furthermore there were many solvents and 
exposure in many forms to several solvents in their various states,  i.e. solid, liquid, gas. 
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10. BYSTANDER EXPOSURE: 

 

Furthermore, “bystander” exposure from the activities of coworkers is another source of exposure for the 
armature employees.  An assessment of the presence and adequacy of ventilation, inquiries about 
enclosure of solvent related processes and the use of hoods or other specialized ventilation and specialty 
equipment should be made. Temperature conditions also contribute to the reaction to solvents and 
other contaminants in the work place (Xiao and Levin, 2000).  As per the authors,  this fact applies 
throughout the armature department as most of the work processes and the associated effluents or fumes 
emitted from the processes would be dispersed into various areas,  due to the lack of proper engineering 
controls. Thus the employees were affected on the mezzanine levels by the operations occurring on the floor 
levels and vice versa.  Likewise,  the crane operators were also affected by the activities throughout the 
Armature building,  as they were exposed to the fumes, fibres and dusts that would be emitted from processes 
on the mezzanine levels as well as those contaminants from the floor levels as well. 
 
As per Diagram #14,  the crane operators had no escape from the accumulation of contaminants in the 
building.  There were bombarded by the contaminants coming from the mezzanine levels as well as those 
rising from the lower armature levels as well. 
 
Due to the fact that the mezzanine level had many different processes,  the various contaminates that were 
generated by these processes would disperse into the adjacent areas,  and floor levels,  thus potential for 
exposure to other employees in the department would be inevitable.  Furthermore,  due to the lack of exhaust 
and proper ventilation in the building in general, the contaminants had no escape route and would remain in 
the underlying areas.  Once again, the usage of pedestal fans would only move the contaminants from one 
area to another,  and would not remove the contaminants from the building.  Likewise the close proximity of 
the various machinery,  ovens and operations, would also imply that additive exposures to the various solvents 
would be incurred as well as exposure to the fibres.  Bystander effect cannot be overruled due to the 
employees working in close proximity to the processes would be exposed to the contaminants as well. 
 

Crane and Forklift Drivers: 
 
Due to the fact that the crane operations were located adjacent to the mezzanine floor,  the crane operators 
would be exposed to the contaminants from the mezzanine floor as well as the lower level armature 
operations.  Again,  due to the fact that the contaminants had nowhere to escape,  the crane operators would be 
exposed to the fumes, vapours,  fibres, epoxy dusts,  copper dusts  as well as the employees working in close 
proximity to those operations.  It can be stated that through the operations/tasks that the crane operators were 
involved in and the lack of PPE,  lack of engineering controls within the crane cabin,  and the fact that only 
natural ventilation was available if at all in this building,  the crane operators would have been highly exposed 
to the mixtures of fumes,  vapours,  decomposition products, fibres and dusts that were being emitted from the 
various operations.  Furthermore,  the winter months would have been worse for the crane operators as well as 
the other employees,  due to the fact that the portable oven operations required that no natural ventilation was 
allowed into the facility,  i.e. no open doors or garage doors,  in order to attain the desired oven temperatures.   
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It could take anywhere form 30 minutes to 2 hours to complete a job in which crane operators were required 

for assistance.  Example:  the assembly winding operators who were involved in torch brazing tasks, to burn 

off the excess resin.  This task alone could take a full shift or 2 to burn off excess resin.  Hence higher fume 

accumulations would be incurred and higher lengths of exposure.  

 

It should be noted that the crane operators had forklift duties as well.  Henceforth not only did they have 

exposure to the contaminants and fumes that were emitted from the various processes but they also had hands 

on exposure to the contaminants as they had to place contents on pallets for delivery, and worked in close 

proximity to the various processes and incurred exposure to those processes at the floor level as well.  The 

employees also worked as hitch operators,  where they had to assist with hooking up the parts to the crane,  

for dipping and baking operations.  The crane operators would also be exposed to the fumes and vapours 

emitted by the various processes as those fumes and vapours would rise and bounce off the ceiling and travel 

with nowhere to escape.  Without any protection or ventilation in the crane cabin, the operators would be 

exposed to those fumes and vapours in the plant air. 
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11. PROCESSES AND EXPOSURES: 
 
a) WELDING: 
 
There was no local exhaust ventilation for this process.  The fumes would then rise to the upper floor of the 
armature department and the employees would be subject to those fumes (on the upper levels).  The 
employees describe the smell as a dry copper type smell. The welding was mostly TIG welding; TIG on 
copper, thus the taste was also copper like.  Due to the fact that this process was a lengthy process, the fumes 
and contaminants would accumulate at high levels, as this was a continuous process.  No relief in terms of 
ventilation or exhaust was provided and thus clouds of welding fumes would accumulate and disperse 
throughout the adjacent areas and upper mezzanine levels. Furthermore,  the welding operations produced 
much ozone and fumes from the heated epoxy resins,  fumes, paints, asbestos fibres etc. 
 
Due to the fact that parts were so large and immense,  the individual process themselves would take lengthy 
periods of time to be completed, i.e. welding,  winding, shearing etc.  Hence,  there was no relief time in terms 
of time weighted average exposures, to fumes and the various other contaminants,  as the processes were 
drawn out for lengthy periods.  Thus with lengthy processes,  the contaminants would accumulate in heavy 
amounts.  This applied to all applications.   
 
No relief in terms of ventilation or exhaust was provided and thus clouds of welding fumes would accumulate 
and disperse throughout the adjacent areas and upper mezzanine levels. “A purple haze could be seen 
hovering over mid range in the armature department.” Employee Testimonies. 
 
Along with this, as mentioned earlier,  there were degreasers,  solvent dip tanks and other contaminants,  in 
the vicinity of the welding operations.  Some of the welding operations were portable and some were required 
to be located within the actual parts,  i.e. within the armatures or stators,  to solder coils together etc ( as per 
section 5 of this report) 
 
Welding in conditions where there are solvents and contaminants that would cause toxic reaction with the 
weld processes were also realized in Armature.  Due to the fact that the welding operations took place in 
congested areas,  with accumulation of fumes,  vapors, dusts and fibres and heat,  reactions with the welding 
operations were inevitable.  Welding occurred near the TCE tanks and dip tanks,  thus causing reactions.  .  
Given this information,  a problem was actually documented in the following Document: 
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“If the lid on this degreaser is raised immediately after the wash cycle is shut down a heavy 
concentration of TCE escapes into the air.  This finds its way to the 16A aluminum weld area and gives 
trouble with HCL generation.” 

October 2, 1979- From AK Faggetter with regards to Royalene (Appendix U) and another example is 

found in Appendix U – document dated March 5, 1979. 

 
 
CCOHS recommends the removal of coatings prior to welding. However the processes in armature were not 
such that the epoxies,  varnishes, solvents,  asbestos etc,  could be removed prior to welding.  This would not 
have been possible.  Hence exposure to the toxic effects of welding on coated parts would be incurred by 
employees.  In general if coatings are not removed,  the following thermal breakdown of coatings in the form 
of gases are released: 
 

• Polyurethane coatings produce hydrogen cyanide,  formaldehyde,  carbon dioxide,  carbon 
monoxide,  oxides of nitrogen and isocyanate vapours 

• Epoxy coating can produce carbon dioxide and carbon monoxide 
• Vinyl paints can produce hydrogen chloride 

 
 
Welding and grinding of steel products must not be overlooked when assessing exposures in the Armature 
department.  The employees were without proper protection and thus would have incurred exposures to 
welding fumes,  which would have consisted of harmful toxins including Hexavalent Chromium.  The 
harmful effects of exposure to this carcinogen have already been discussed in the previous sections of this 
report. 
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b) HYDROELECTRIC POLES: 
 
Each task was a lengthy task and thus exposures would be incurred taking into account  the length of time 
exposed to the various contaminants,  and the method of exposure as well,  the frequency of exposure etc.  For 
example:   
 

• Toluene rags utilized to clean the poles ( approximately 30 minutes to complete) 
• Gloves could not be worn as they were not the proper ones to be worn,  and they reacted with 

the toluene 
• Mica plates were heated,  which allowed for emission of decomposition products and implied 

that the plates would be more malleable and thus frail  
• Asbestos gloves were worn on this job due to heat 
• Grinding of the parts was conducted,  hence there was mica dust accumulation and there were 

no exhaust systems in place. 
 
c)ASPHALT VARNISH USAGE – COMPOUND TANKS 
 
The employees were exposed to the fumes from the asphalt, gilsonite, toluene compilation without proper 
engineering controls or personal protective equipment.  Based on the facts as per the knowledge we have on 
asphalt and the possible presence of carcinogens in the asphalt fumes and the armature environment as a 
whole,  this process in and of itself  cannot be overlooked when reviewing the possible precursors for the 
onset of occupational disease in the armature employees. 
 
Furthermore,  parts were also heated to remove excess asphalt from the coils,  and the employees would 
complain that this process would also contribute to the accumulation of fumes and thus incurrence of 
irritability (as the symptoms presented themselves) 
 
As per the following Plant Visit Report dated December 10, 1957,  the following is confirmed in this report: 
(see appendix U) 

 
Given the above excerpt from the Plant Visit Report,  it is clear that the inspector was aware that the fume 
accumulation was heavy and that the complaints that were noted by the employees were of legitimate concern.  
As per section 5 of this report,  it was stateed that approximately 30 people worked in the taping area,  where 
asphalt varnish was applied.  This number of employees applying the varnish and conducting the taping 
operations would further enhance the quantity of vapours released.  Moreover,  in other applications such as 

• “Coils that have been asphalt coated are wound with cloth tape in another section.  Excess 
asphalt at the corners of the coils are burned off using a heated iron.  This operation causes 
heavy smoke and Fumes to be given off that go up to the mezzanine floor.  Several complaints 
have been registered by people working on this upper floor,  to eye irritation,  nose throat and 
chest soreness,  and a feeling of tiredness at the end of the day.  After seeing the fumes,  I would 
believe they could be irritating.”  MOL INSPECTOR TESTIMONY 
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soldering the leads of the asphalt coils,  in order to complete each connection,  varnish had to be applied to 
each lead.  This process could take up to 30 minutes to complete one coil alone! 

 
Mr.  H.M Nelson on December 18, 1957: 
 
Furthermore,  engineering controls, such as ventilation at the source,  the compound tanks and their 

ventilation system,  were not adequately described to OHCOW.  However,  given the fact that employees 

indicate the work conditions were poor,  and describe the actual tasks involved,  as well as the odours that 

they experienced with this process,  it is likely that engineering controls were not sufficient to protect 

employees from exposure to the asphalt for fume and vapours emitted from these processes. 

 

Compound Tanks and Exposure to Asphalt Fumes: 

 
Both compound tanks were pressure impregnated tanks. The employees stated that upon opening the door to 
the tanks, there would be odors of heavy fumes from the insides of the vessel.  The coils were cold once they 
were taken out of the tanks; however, the employees explained that the tank smelled of tar for the whole day.  
The tray of coils would take from 3-4 hours to 24 hours to pressurize.  Because there were 2 tanks, it was 
confirmed that one tank would always be running when the other was being loaded or unloaded.   Employees 
were not protected from respiratory exposure to the fumes.  They also did not wear hand protection. Thus, 
handling of the parts could have also contributed to some exposure via dermal uptake as well.   
 
Employees have stated when the tanks were opened the tar like smell would be overwhelming and would lurk 
in the department for the extent of the day if not longer.  If one tank was opened,  the other was in operation.  
Hence the tar smell would be constant within the department due to the constant operations of the tanks and 
opening of the tank lids.   
 
In the taping areas,  there would have been exposure to the vapours and dermal exposure as well.  The length 
of exposure also played a role in the exposure equation.  Application of asphalt varnish to coils could take 2 – 
3 months to complete.  This is only one task in the stator building process. There were many uses for the 
asphalt varnish,  including,  hydroelectric pole preparations as well as the Assembly Winding operations.  
 
Employees described the work of applying tape and varnish similar to that of road tar processes and the smell 
of tar was quite heavy. “The building was constantly full of these fumes as well as all other contaminants and 
fumes.”  Employee Testimonies. 
 
With the asphalt varnish operations,  constant hand dipping and wiping of parts and body parts in 1500 
toluene were quite frequent.  The asphalt varnish was sticky and hard to rub off.  As already stated,  the 1500 
toluene that was utilized to clean off body parts could have also contained benzene.   

The procedure where tar is burned,  from the corner of  formed coils,  prior to taping gives off 
considerable fume.  Normally these breakdown products are detrimental to health and it is quite 
conceivable that they could cause eye and throat irritation of persons working nearby.  – 
Appendix U. (Date of report – December 18, 1957) 
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d) Ovens and Fumes  
 

It was stated by numerous employees and testimonies recorded and processes reports given in this report,  that 
the ovens would not encapsulate the fumes from the parts that were being baked with epoxies on them.  The 
fumes would escape from the oven door cracks on the mezzanine floor as well as fumes that would be coming 
from the lower floor and rise up to the mezzanine levels.  As well exhaust systems if present over the years 
were not operable, too noisy and shut down or not present at all.  For example employees experienced 
irritation of the throat and nasal areas while working in close proximity to Oven #18 on the mezzanine floor.  
This irritation could have been caused by the release of formaldehyde from the heating of the Isonel coated 
parts or the release of epichlorohydrin as well.  
 
It is significant to note,  that not only are the insulations and resins being heated in the ovens,  but so are all 

the other ingredients,  such as the fillers,  the hardeners, the curing agents,  the solvents that are added to thin 

the agents,  etc.  All of these agents together would have given off fumes and their individual decomposition 

products,  which in most cases were toxic as per the MSDS sheets presented to OHCOW and the applicable 

research documents.  Again their cumulative effects on human health and synergistic effects must be taken 

into account as well as their individual levels of exposure.  As per OSHA Technical Manual on Polymer 
Matrix Materials,  “the hazard information for all products used in the process must be considered when 
evaluating potential exposures. Deviations from the manufacturer’s recommendations may result in unsafe 
processes and thus exposure to employees as well as serious reactivity.”  Furthermore when trying to sample 

for a particular contaminant it is vital to note what all the other ingredients are in the area,  that might defer 

the sample from being taken,  from a chemical and hygiene point of view. 

 
EVIDENCE (Appendix U – in chronological order): 

 
1. January 24, 1980 Grievance #79-89 Group Armature –: 

 
This letter gives further evidence of problems with regards to fumes escaping from the VPI ovens and  

rising to the gallery levels and thus causing employees on the gallery levels to be exposed.  As 

demonstrated in this report, there have been numerous concerns raised about the fumes seeping out of 

oven seals, and concerns with regards to fumes rising from the VPI ovens to the upper gallery levels. 

 

2. January 15, 1980 – AM – Union Notes on Fumes and Smoke 

3. January 16, 1980 – AM – Union Notes on Fumes and Smoke 

4. February 14, 1980 – Union Notes on Fumes and Smoke 

 

Union Notes indicate that the fume issues remain on a continuous basis and employees were 

constantly being exposed to fumes from the baking operations. 

 

5. February 1982 – Union Notes with regards to Incident with Fumes from September 15, 1981 – 
through to January 29 , 1982. 

 
Union notes indicate that employees were incurring exposures to fumes from the VPI tanks as per the 

dates listed above.  As per the testimonies and description of conflicts experienced by the employees 
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of Armature,  as indicated in the process section of this report,  the employees on the mezzanine levels 

were given fans at a period in time,  however due to loud noise and the re-introduction of the fumes to 

the employees on the ground levels,  the ground level armature employees would shut the fans off 

entirely.  Hence the mezzanine levels employees would continue to be exposed to the fumes from the 

ovens.(appendix K  Document #15) 

 
6. October 4, 1982 Fumes from Heat Curing of Epoxy Resin: 

 Ontario Ministry of Labour – Occupational Health Visits 
 By:  R.W. Dickey.  

 
This report clearly indicates the deficiencies that are apparent on one of the ovens in the Armature 
department,  in 1982.  There were 2 external roof fans for escaping smoke in this particular year. 

 
The inspector quotes,  “During the first hour smoke escapes around the door seals ( they are 

continuously being replaced).  If the oven is overloaded or a breakdown in exhaust, the smoke escapes 

into the work area.  Company policy if fumes bothered the worker can leave the area.  It rises and 

affect the workers on the upper gallery.”  

 
This document indicates that the testimonies of the workers which already described the issue with 
regards to fumes seeping out of oven seals etc,  was indeed the case,  up to and including 1995,  which 
indicates that exposure to epoxy fumes and other solvents was incurred as far as this date as the 
evidence here demonstrates. 

 

It is paramount to recall here from Section 5 of this report, that some of the ovens were “walk in” ovens,  

where employees would be required to walk into the heating oven to hang small parts and then leave the oven 

area.  This would no doubt cause the employees to be exposed to the decomposition products and off gassing 

of the resins and epoxies from the baking of parts. Moreover,  the employees did not wear any protection 

when entering the ovens, and thus were most vulnerable to the exposures that were inevitable therein. 

 

 

7. February 18, 1985:  Health and Safety Committee Letter 

From John Ball and Larry T  Ball 

 

This letter was addressed to the management of the Armature department with regards to requests for 

follow up on items that were noted from a Feb. 18, 1985 inspection conducted by the JHSC. 

 

Two items of importance that are pertinent to note are listed as follows: 

 

 Bay 213 – Oven #3 – Holes in East side allow fumes to escape during baking operation. 

 

Bay 213 – Hygiene sinks are being used to dump epoxy and solvents.  Employees should be informed 

of the hazards associated with solvents and the purpose of these hygiene sinks. 

  

These two examples from which 14 were listed for the inspection for this month. 

8. October 8, 1985:  Safety Items from Inspection this month: 
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 Frekote 33 releasing agent give off fumes on Maxi Press – and suggest organic vapour respirator 

  

9. February 5, 1986 – Union Notes with regards to Mezzanine level employees exposed to Fumes 

from Ovens: 

 

Operators were having issues concerning Fumes from the VPI ovens escaping and entering their 

workspace.  The downstairs level employees have left their workstation and went to the adjacent 

Building #5 for relief from the fumes. Furthermore,  a blue color smoke was seen evident in this area.  

As per the notes,  it was noted that the oven ventilation system was “out of commission” for more than 

a week’s time.   

 

10. February 13, 1987 Evidence: 
 January Inspection Report:  Dated  
 By:  Ken Miller, Ed Rowe, John Ball (Appendix K – Document #15) 
 

3. Gallery:  Tin Pot exhaust system at west end very noisy.  Operators probably leaving it off 
      because of noise levels 
4. Oven at west end needs repair to gaskets around doors. Leaking fumes badly. 
5. #3 Oven on main floor generating heavy fumes ( and accumulating to ceiling levels) 

 
It should be made clear here that indeed the employees were exposed to uncured epoxy resins as is 

made evident in the MOL report dates,  October 16th and 20th , 1969 (Appendix U).  Samples of 

epoxy paint and catalyst were processed and found that the paint contained uncured epoxy resin, 

pigment and solvent.  The catalyst consists of an epoxy resin modified with amine and solvents.  

 
Time Line: 
From 1980  to 1987 still having problems with fumes. Hence exposures would be reflected in this timeline 
as well. Prior to this there would have been more exposure to the fumes.  Again there was often overload 
of parts into the ovens,  this would then disallow for proper encapsulation and containment of the fumes 
and thus the fumes would escape into the worker’s environment. 

 

The constant opening and closing of oven doors would also minimize the efficiency of the exhaust 

systems on the ovens and thus this would also contribute to the exposures incurred by the employees as 

well. 

 

Exposure to fumes and decomposition products would be enhanced by employees who were involved in 

the “walk in” oven operations. 
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As per NOSHC, 1988: 

• In terms of fume controls, NOHSC state that some workers can develop a rash after a very short 
exposure to the fumes.  For small articles, local exhaust systems are recommended for employees.  
With regards to large articles,  as was mostly the case in armature,  NOHSC suggests that installation 
of extensive or elaborate fume control in the areas of the factory should be specially allocated to this 
type of work load.  In some processes they state that it may be advantageous to have the operation 
totally enclosed and worked by remote control, eliminating possible fume escape.  

e)  Vapour Pressure Impregnated Tanks and open Solvent Dip Tanks (Appendix U): 
 

EVIDENCE with regards to EPOXIES AND SOLVENT EXPOSURE AND POOR HYGIENE 

PRACTICES: 

 

August 1981 – Letter from Management with regards to high incident and accident rates in 

Armature during 1981. 

 

Six accidents reported in the document that related to rashes and exposure to epoxies.  The relevance 

of this document is the importance to note that operators were still eating or smoking on the job 

without washing hands after handling epoxies or solvents at the workplace,  and employees were still 

incurring rashes at this time period,  i.e. 1981. 

 

Accident  - April – rash on arms 

 May, Rash from using fiberglass 

 June  rash and general health problems while working with epoxy 

 June – burnt hands while cleaning a heating pot with thinners 

 June – rash on hands. 

 July – Lit cigarette after washing hands in ALCOHOL and burnt thumb 

 

November 17, 1981 – Union Notes on the use of epoxy – exposure to wrists and forearms and 
epoxy and mica dust exposure: 

 
These notes are very detailed with regards to the misuse of epoxy,  the health effects incurred by the 

employees in armature,  the grinding of poles and exposure to epoxy dust and mica.  This document is 

provided herein as further evidence with regards to exposure to raw epoxy and the health effects 

incurred therein. 
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Taken directly from the union notes: 

POLE WINDING AREA – EAST END OF BUILDING #7: 

 

1. “…Found 1 gallon cans being used as ready to use pots and besides being extremely wasteful these 

pots let the operators wrist and forearms contact the epoxy.  When asked why the low heating pots are 

not being used,  the answer seems to be that it is too much trouble to transfer from the gallon can to the 

pot”. 

 

2. Hygiene station on N.E. wall in sadly maintained conditions.   Raw epoxy pots in immediate area 

and proper materials not present. 

3. Lack of adequate instruction and follow up enforcement by Supervisor is evident. 

4. Are adjacent to where poles are being ground and dressed (epoxy is very poorly ventilated.  Epoxy 

dust and Mica are covering large areas. 

5. People are still washing their hands and arms in solvents.   
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f) Portable Heater and Resin Application and Vapour Pressure Impregnated Tanks 
 
The importance to note here is that due to the large parts that were being fabricated, some parts were not able 
to fit within the VPI tanks.  This method of coating the armature products was to mimic the same application 
of the VPI tanks via this manual mode.  The portable oven processes were utilized for parts that were large in 
dimension and would not fit into the ovens available.  The application of the varnish thus had to be conducted 
by hand as the parts could not fit into the VPI tanks.  The application of the varnish was conducted by hose or 
brush,  for which evidence has already been provided.  Another important factor with regards to this oven was 
the use of the asbestos blankets.  The blankets were cut with scissors to custom fit  and secure the products to 
be heated.  This cutting process would have generated fibres as would have the securing and handling tasks 
involving the blankets.  Finally if the asbestos blankets were not fit tightly onto the parts,  totally 
encapsulating them,  then upon heating,  fumes would have been emitted from this portable process as well.  
Furthermore,  once the parts were cooled to 35 degrees C after being heated (not fully cured at times)  they 
were then dipped or Isonel was applied by hose or brush once again.  Uncured product would thus be trapped 
in the varnished parts,  and once dipped and partially cured again and again,  more and more uncured product 
would be trapped in the varnished products.  As this is not recommended by the manufacturers of epoxies,  
when the parts were grinded or sanded,  these trapped uncured by-products would then be released in the form 
of toxic dusts and thus employees would be exposed at this time as well. 
 
 
As per Dillon Consulting Report for Working Safety with Casting Resins: 

• relying on natural ventilation alone is not effective in reducing exposure to high concentrations of 

vapors.  Given the size of some of the armature products that were being manufactured,  the vapour 

emissions were heavy and thus exposures inevitable.  

• Mixing resin products and lay-up work must be performed inside a booth or using other ventilation 

methods away from heat sources.  The air above an open container of polyester resin (within 2 feet) 

can emit as much as 60-100 ppm of styrene vapours.  

• Areas should be vented while pieces cure,  since pieces will be emitting vapours.  Pieces dried days 

before can still emit low levels of vapours if they are large pieces.  Allow enough time for pieces to 

cure fully! 

 
 

As can be seen in Picture #4 – the part is being lowered into the VPI tank 
via a crane.  There is no epoxy in the tank at present, in order to allow the 
part to rest in the tank.  Once the system is ready,  the tank lid closes shut 
and is sealed.  The resin located in the storage container (refer to Picture #5 
below) is then allowed to be released into the tank for application to the 
armature, stator etc.  By this method the parts are fully submersed and 
integrity of wetting the entire surface is more accurately attained versus 
manual methods that were utilized with the large Armature parts.   
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Reference:  Picture(#4-#5) taken from:  John C. Dolph Company,  www.dolphs.com. 

 
This method of impregnating electrical apparatus with insulating varnish is quite common as it can provide an 
adequate insulation with a few VPI cycles.  Further cycles fill smaller surface openings to ensure the entire 
apparatus is impregnated to it’s entirety. 
 
However,  with the larger parts,  manual methods were utilized where the employees would stand within the 
parts,  such as stators and apply the varnish via a hose.  MOL Evidence of this has been given in previous 
sections of this report.   
 
As per the OSHA Technical Manual on Polymer Matrix Materials – the following information is pertinent to 
note here: 
 

• the potential for respiratory exposure is increased when the resin mixture is applied by 
spraying or when curing temperatures are high enough to volatilize the resin mixture.  The 
potential for dermal exposure is typically much greater than respiratory exposure when 
working with epoxies.  

 
In an MSDS for Hardener for Mexotropic Epoxy Sealant (appendix M - M-6290-A) of the chemical family 
Polyamidoamine – it is clearly stated on the MSDS that toxic fumes are emitted when decomposition 
temperatures are reached.  The TLV as per the MSDS is 1 ppm and indicated that when heated or misted,  
inhalation hazards can occur.  Furthermore,  it clearly indicated that: the chemical should be utilized in a well 
ventilated area,  Avoid skin contact or breathing in vapours, No smoking or eating in areas of use. (See 
Appendix M).  With the information on this MSDS alone,  it can be stated that the manufacturer’s instructions 
were not followed as ventilation was not provided. Furthermore,  it is not clear what year this product was 
used,  as it was supplied by the Plant itself, as the MSDS  indicates.   
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Portable Oven: 
 
The length of time it took to properly enclose the large parts required to be heated required much time and 
commitment by the employees:  the employees on the floor levels as well as the crane operators.  As this 
would take time,  the manipulation of the asbestos blankets would also be a source of exposure to the asbestos 
fibres as they would indeed be more friable and malleable with continued use, manipulation, cutting and 
heating. It took a full shift to set up the portable heater,  which equated to a full shift of exposure to the Isonel 
vapours and the asbestos fibres from the asbestos blankets.  As per the evidence given here for the use of 
asbestos gloves,  the same would be applicable to the generation of fibres for the use or reuse of the asbestos 
blankets as well.  It is also important to keep in mind that due to the fact that this portable oven was set in the 
middle of the building,  with no local exhaust ventilation and no oven door seals, ( and the asbestos blankets, 
which were the only form of insulation),  the escaping of fumes generated from this process would be 
inevitable. 
 
It was stated that approximately 15-20 rolls of blankets were used/year. 
 
In addition, it would take time for the oven to reach a temperature of 150 degrees Celsius. It took 
approximately 6 hours if not longer to reach 150 degrees Celsius,  after which it took 12-24 hours to stabilize 
the armature or the other parts to be baked at 150 degrees Celsius.  Then 6-8 hours of actual heating at this 
temperature were required.  Hence it was quite a lengthy process. All doors had to be shut as well as windows 
so that the desired temperature could be attained and maintained.  Given this fact,  not only were the fumes 
trapped within the building,  but also all the fumes,  and vapours from the other processes as well,  creating  a 
vacuum type environment:  ozone,  welding fumes,  shellac, copper dust,  epoxy dust,  asbestos fibres,  
tar/asphalt fumes from the taping operations etc.   
 
Employees would then have to go within the portable oven apparatus and take readings every ½ hour to 
ensure the temperature was at a desired level.  
 
Employees stated  that when heating after the 2nd or 3rd time,  more fumes would be evident as there was more 
and more varnish applied to the parts after the second or third cycle. 
 
Finally the employees ate at their workstations, thus causing for further contamination of their food as well as 
ingestions of contaminants from their work area.  
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G) DEGREASING ACTIVITIES: 

 

The most common form of metal degreasing is with trichloroethylene (TCE) as a vapour degreaser.  Vapour 

degreasing utilizes the cleaning action of the solvent in its vapour state, usually through an open top vapour 

cleaner (OTVC) as described by the employees in Section 5 of this Report.  Exposure to the vapours can 

occur mainly through inhalation and skin contact (Department of Heath and Aging NICNAS, Australia (DHA 

– NICNAS, 2004). 

The process of utilizing open vat vapour degreasing is a common process, as per Picture # 6  below.  

However, there are measures that need to be taken in order to ensure that exposure to the vapours of the 

degreasing solvent are not being evaporated into the breathing zone of the employees in the near vicinity of 

the degreaser or the indoor air environment as a whole. The following points illustrate how exposure to the 

vapours could be incurred as per the University of Minnesota (U of M) – Minnesota Technical Assistance 

Program:  

 

• The film of solvent remaining on parts when they exit the degreaser is defined as drag out.  Drag out 

losses are generally three to eight times greater than diffusions losses. ( U of M: Minnesota Technical 

Assistance Program, 2002) 

• Solvent emissions are reduced by 60% when parts are taken from the vapour zone when they are only 

moist compared to dripping with solvent.   

• If parts are immediately removed from the degreaser, the residual liquid film will quickly evaporate 

into unsaturated air and be lost. 

• The velocity of vapor moving around large parts is high, creating more turbulence and 

increasing the chance of concentrated vapor being carried high into the degreaser or out of the 

unit. Keep part loads small to help prevent solvent loss. 

• When the degreaser is idling diffusion losses tend to be highest. It is best to keep an idling degreaser 

covered. 

As per DHA – NICNAS, 2004,  The following is stated with regards 

to TCE: 

• TCE is absorbed via inhalation, dermal and oral routes with 

the most significant uptake being through inhalation of the 

vapour 

• The critical effect on repeated exposure is kidney toxicity 

• There is a concern during vapour degreasing as workers may 

be exposed to high vapour concentration for prolonged 

periods 

• Use of TCE in cold cleaning is of concern as workers may be 

exposed to the vapours as well as absorption of liquid 

through the skin,  through misting or accidental splashing, 

spills and through handling of parts that have been dipped and taken out without PPE. 

 

 

A Ministry of Labour report dated May 19, 1981 (Appendix U), illustrates that an order was given to the 

company with regards to a Degreasing Tank in Building 8 which was also utilized for Armature. The order 

given reads as follows: 
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“Adequate ventilation or other means shall be provided at the degreaser to reduce the fumes from 

escaping at all times, to maintain below the TLV of 100 ppm.  (Noted at time, lip exhausts not 

operating).” 

 

This document of evidence supports Section #5 of this report with regards to what was explained by the GE 

employees and the fact that vapors did escape the degreasing tanks and that they were exposed to TCE.  Their 

exposure was legitimate and incurred by the toxic substances that they worked in close proximity to. 

 

Three years prior to this document,  a problem was noted with regards to a degreaser in Building #8.  Area 

personnel were complaining of smell and fumes.  One employee was rushed to the hospital to due the fact that 

they were overcome by the TCE fumes.  It was noted that the lip exhaust ventilation was not being used on 

this degreaser and thus exposure to fumes was incurring to the employees and the employees in the near 

vicinity of the degreaser. This document was prepared by the Safety Analyst, R.E. Fowler – addressed to the 

Areas Supervisors, LD Read. (Appendix U)  

 

March 5, 1979 – Mr. Read replied to this request –(Appendix U) stating that exhaust on the degreaser was not 

necessarily required. 

 

• An exhaust will not prevent fume problems caused by some types of misuse such as using 

nylon or rope slings in the tank,  removing jobs before they are properly drained,  etc 

• It can cause excessive loss of degreaser fluid through drag out of vapour 

• The installation cost is considerable. 

 

These statements were made by the area supervisor and demonstrate how safety was not considered a priority 

in the case of the company and in the benefit of the employees.  It is clear that working with such a toxic 

chemical,  in the vapour state,  with the emission of fumes,  that exhaust ventilation was indeed a requirement,  

as well as training of the employees on the job,  how to properly handle parts,  when to take the parts out,  

educating employees on the “drag out” and how to protect themselves from exposure to the fumes or dermal 

uptake.    Finally the supervisor concludes in this document: 

 

• I do not believe an exhaust system is justified in this instance.  I would like to know if it is to 

be the policy of the safety unit to requires lip exhausts on all vapors degreasers.  It if is,  

please make it known so Manufacturing Engineering can budget accordingly. 

 

This response gives evidence of 2 major items that are pertinent to note here.  1.  Cost was a factor here 

instead of safety of the employees.  2.  It is a clear indication and evidence that most vapour degreasers in the 

Plant did not have proper lip exhausts on their degreasers.  Hence exposures to TCE fumes can be stated to 

have been incurred by employee’s plant wide,  as fumes control was not present and it is evident that training 

was not adequate. 
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h) Decomposition Products and Health Effects: 

 
As has already been demonstrated, not only were the solvents that were utilized toxic and harmful to health, 

but their decomposition products were also toxic and fatal to human health.  For example, TETA an epoxy 

hardener was utilized in armature.  It’s decomposition products include, hydrogen cyanide as well as carbon 

monoxide, carbon dioxide and nitrogen oxides.  Isonel 51 decomposition products include formaldehyde.  

Many of the products utilized in armature have very toxic decomposition products and thus heating of these 

products as well as the presence of these products during the 1971 explosion would have caused off-gassing 

and emission of the by-products as well during this incident. Moreover,  welding processes would have 

caused the coatings and other solvents,  varnishes,  lacquers to react as well. 

 

As per many data already presented here as well as DHS 1989: 

 

“  heating epoxies during curing or any other process can cause chemicals to evaporate more quickly.  

The higher the temperature,  the greater the amount of chemical released into the air. Use the lowest 

possible curing temperature,  avoid heating epoxies unnecessarily and be sure that adequate ventilation 

is used when epoxies must be heated or when the curing reaction generates heat.” 

 

Given the information as per above as well as the vital data available on the MSDS for the various solvents, 

epoxies and their ingredients,  the engineering controls were clearly not in effect and moreover,  during the 

1971 Explosion, these decomposition products would have been immersed into the air of the entire 

department,  as well as the outside air and surrounding properties,  as indicated in the various evidence 

documents provided herein. 

 

Furthermore,  as per the MSDS in section Q, section 12B indicates Formaldehyde’s incompatibilities.  It states 

that Formaldehyde can react with HCL to form Bis- Chloromethyl Ether,  a carcinogen.  Muriatic Acid,  HCL,  

was utilized in this department and is a common solvent utilized in many industrial settings.  The presence of 

HCL in this department or its creation through chemical reactions with other solvents,  is also plausible here,  

and thus the reaction with Formaldehyde cannot be overlooked.    

 

When the 1971 Explosion occurred,  the vapors would have accumulated and settled in low lying areas as well 

causing further exposures to employees.  Ex.  HESIS,  1996: 

 

TCE vapors are heavier than air,  hence they can settle into pockets and depressions such as open Vats 

and reach very dangerous concentrations. 
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i) MICA: 
 

The processes which included the use of MICA were namely,  coil winding lathes,  use of glass tape for 

winding,  spreaders,  mica processing operations and hydroelectric pole insulation as well,  where the mica 

sheets were heated and grinded.  With regards to the winding and spreading operations,  the mica, the  

asbestos,  and the glass tape was being formed and stretched as well and in doing so, would have caused the 

tape to fray (and any loose fibres to be immersed into the air).  Asbestos fibres were also present here,  as 

there were reels of copper wire that were taken from the Wire and Cable department that were also being 

winded or spread as well.  Furthermore, some of the glass tape also included asbestos fibres as well. There 

was no exhaust ventilation or personal protective equipment that would have protected the workers from the 

hazards of exposure to mica and mica dust.  Furthermore,  the mica impregnated sheets also had alcohol,  mek 

and toluene mix as an integral ingredient and thus the employees would have been exposed to those solvents 

as well when handling the mica and processing it. 

 

As per the New Jersey Department of Health and Senior Services (2002) fact sheet on Mica,  the following is 

recommended: 

 

• Where possible enclose the operation and use local exhaust ventilation at the site of chemical 

release.  If local exhaust ventilation or enclosure is not used,  respirators should be worn. 

 

• Wear protective clothing and wash thoroughly at the end of the workshift. 

 

As per the information provided here and the MOL documentation,  this was not part of the job description,  

not was it enforced,  nor was education given with regards to washing of hands after the use of mica,  nor was 

proper PPE given to anyone coming in contact with this product.  The employees utilized their hands and had 

no respiratory equipment to protect them against exposure.  Thus without proper controls,  exposures would 

have been likely to have been incurred. 

 

• Do not eat,  smoke,  or drink where Mica is handled,  processed or stored since the chemical 

can be swallowed.  Wash hands carefully before eating,  drinking,  applying cosmetics 

smoking or utilizing the toilet. 

• Wash thoroughly at the end of the work shift. 

• Post hazard and warning information in the work area….communicate all information on the 

health and safety hazards of Mica to potentially exposed workers. 

 

Proper training with regards to the hazards of the product,  right to information was limited,  as some MSDS 

were not attainable by employees,  and posting of signage was not conducted by the employer to ensure 

employees followed the necessary means to protect themselves from this contaminant. 

 

There were no postings and due to the lack of MSDS made available to the employees, they were not able to 

educate themselves as to how to protect themselves from this substance.   

 

• Workers whose clothing has been contaminated by Mica should change into clean clothing promptly. 
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This practice was not in effect at GE.  Thus workers would have taken the contaminants home as with other 

contaminants in this plant. 

 

• Do not take contaminated work clothes home,  family members could be exposed. 

• Do not eat smoke or drink where Mica is handled,  processed or stored,  since the chemical can be 

swallowed.  Wash hands carefully before eating, drinking, applying cosmetics, smoking or using the 

toilet. 

 

Given the information above,  it is well known as per section 5 of this report  that the employees did eat at 

their work stations.  Given the fact that there was no exhaust ventilation or proper housekeeping processes or 

proper training with regards cleansing of hands and contaminated clothing,  the employees would have been 

exposed to this chemical as well as their food would have been contained as well as they ate at their 

workstations. 

 

Furthermore, the insulation of the hydroelectric poles also required the mica segment plates to be utilized.  

The plates were heated and then placed on the ends of the poles.  What is pertinent to note here is that when 

the mica plates were placed, after placement, they would be grinded to ensure smoothness ,  thus the emission 

of dusts would have been incurred at this point in this process.  There was no exhaust system in place nor was 

there any respiratory protection made available to the employees.  Heating of the plates would have caused 

decomposition products to be emitted. 

 

The housekeeping procedures for all these processes included dry sweeping with a broom and utilized air 

hoses to remove fibres from machinery and from body parts as well as clothing.  This practice would have 

alone contributed to the re-dispersal of already settled fibres. Furthermore,  the electrical sweeping process in 

the main aisles would have also contributed to dispersing the setting fibres and other fibres in the areas. 

 

The employees were given SBS30 and PLY 9 to relieve their itchy skin from exposure to the fibres. Although 

this was a diligent practice by the employer,  more engineering controls were required rather than the supply 

of creams to relieve the exposed workers.   

 

As per a document sent to the attention of Mr. Jeff Godfrey of the Ministry of Labour,  April 14, 1983,  the 

following information is pertinent to note here: (Appendix S). 

 

• Reports of concerns with regards to dust generated in building #8 at the commutator-turning lathe. 

• Production has been since reduced ( this indicating that any further work in the area or sampling for 

dusts would not be representative of the already incurred exposures at this time and retrospectively) 

• “…mica on its own can cause a form of dermatitis,  in fact it has affected the lathe operator recently.” 

• The costs and equipment required to correct the ventilation deficiencies are minimal 

• Since mica does contain a percentage of silica,  this can of course cause more serious problems 

such as lung and respiratory system damage 
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A month prior to this document being sent,  on April 11, 1983 – a letter from L.T. Ball indicated that due to 

the sampling results,  no further action was required to alleviate any problems with regards to dusts in the 

area.   

 

It must be noted here,  that due to the fact that production was greatly reduced,  the results from the sampling 

were not reflective of the results that would have been obtained had the sampling been conducted the year (s) 

prior when the dust levels were higher as per the employees.  Hence the results obtained in this report are not 

representative of what the employees were being exposed to retrospectively speaking.  It was stated that 

“production had been greatly reduced.”  With this information,  it can be stated that with the sample results 

obtained,  the results that would have been obtained prior would have been at or above the TLV.  The results 

obtained at this time were 1.05 mg/m3 in the operator’s breathing zone and the area sample showed 0.74 

mg/m3.  The TLV at the time for MICA was 3.0 mg/m3 respirable mass. 

 

In a report one month prior to these sampling results,  the following results were obtained for mica dust levels.   

 

Report – March 31, 1983 – from L.T. Ball – to Ross Perin: (Appendix S) 

 

Two air measurements were taken in Building #8 for mica dust.  It is not clear here whether the sampling was 

for mica dust or for total dust.  One sample was taken at the lathe and another at a test area.  Both samples 

were below the TLV which was 10.0 mg/m3.   Hence given that this sample was seemingly taken for total 

dust and not mica dust specifically,  there is a false sense that the TLV was greatly not being approached by 

the results obtained,  when in fact it was not being compared to the correct items that were required to be 

sampled for.  The TLV for Mica as per ACGIH is 3 mg/m3 (respirable fraction).   

 

A letter with signatures on this report was then resubmitted by the employees indicating that they were 

concerned with the specifics of mica dust.   
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J) MACHINING OF EPOXY COATED PARTS AND EXPOSURE TO DUSTS: 

 

Exposure to epoxy dusts would be inevitable as all major large parts had excess accumulation of epoxy and 

thus required to be grinded.  The parts would be left to hang to dry and cure, and in doing so any excess epoxy 

would gravitate and form icicles.  These are the defects that would have to be ground or sanded off the large 

parts – See Picture #7 below.  Without any proper personal protective equipment or engineering controls, 

exposure to toxic epoxy dust is expected.  As per DHS, 1989,  it is stated that it is not recommended to sand 

or grind hardened epoxies that contain,  asbestos, fiberglass or silica fillers as these substances can cause 

severe lung disease if you breathe their dusts. 

Picture #7:  Manufactured Part taken out of VPI Tank – Note: Formation of icicles.  

 

Furthermore,  exposure during transfer of parts from VPI open 

Tank to grinding stations or areas to dry,  to cure,  or travel to 

and from the oven would also cause exposure to vapours from 

the tank and the parts themselves as they are drying off and 

releasing vapors. 

 

The ovens often had seals that would malfunction and would 

allow the fumes from the baked parts to escape into the work 

place air and employees would incur exposures.  Evidence of 

this has already been provided in the previous and current 

sections of this Report. 

 

Evidence that the engineering controls were not suitable or not 

operable and were in constant non-conformance has also been 

provided in numerous sections of this report. 

 

If in the more recent years there was evidence of exposure to 

dusts and fumes,  and there were issues with regards to the 

engineering controls,  then it can be stated the years preceding 

would been more hazardous  with regards to exposures to these 

toxic solvents. 
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The following information has been collected from a Manufacturer and end user of epoxy products.  Please 

note the following with regards to epoxies and their use.  Taken directly from the document (Health Effects 

from Overexposure to Epoxy – 2004, www.mrfibreglass.com) 

 

• The risk of exposure to resin, hardener and mixed epoxy is greatest when they are liquid. 

• As epoxy cures the chemical ingredients react to form a non-hazardous solid 

• Exposure by inhaling epoxy vapours is unlikely, because epoxy products evaporate slowly, however 

the risk increases when ventilation is inadequate or when the products are heated. 

 

These facts are relevant to the exposures incurred in Armature.  Often times parts were taken out of the ovens 

even before they were fully cured and often times ovens were full to over capacity thus causing exposure to 

heavy fumes and vapors as well.  

 

As supported by The Society of Plastic Industry, 2001 :  they state the protection of epoxy resin system 

workers form the 2 major health hazards they face,  skin contact and inhalation of vapors,  consists chiefly of 

three major work place controls: 

 

 Adequate ventilation,  proper personal protective equipment and clothing,  good housekeeping. 

 

With this information alone,  we know that these controls were not provided thus due to the manner in which 

these products were handled,  the lack of training and the lack of due diligence on the part of the employer,  

exposure to the contaminants of epoxy resins is likely to be guaranteed. 

 

There was no adequate ventilation with regards to epoxy tanks, VPI tanks, proper oven seals, etc. Hence, 

ventilation was not adequate and thus the presence of epoxy in the air is inevitable.  Furthermore, the epoxies 

were indeed heated, cured, baked, dipped, heated, baked, cured over and over again, repeatedly for the same 

parts,  for several cycles.  Hence, the process was not complete until sequences of dipping and heating were 

continuously implemented. The methods that were utilized in terms of handling the epoxies would have 

contributed to the exposures incurred by the employees in this department.  Furthermore,  the vast dimensions 

of the parts handled in armature would also contribute to exposure incurred to epoxies,  as such large parts 

were not enclosed or ventilated properly to exhaust out any decomposition products or off gassing of curing 

epoxy vapours from the heated parts. 

• Ingestion of epoxy is rare, but it can happen when resin, hardener or mixed epoxy contaminated food, 

beverages or eating surfaces. The Society of Plastic Industry, 2001 

Due to the fact that most employees ate at their workstations, smoked at these stations, and drank beverages at 

the stations as well, ingestion of epoxies and other contaminants in this department cannot be overruled. This 

route of exposure would also have contributed to the exposures the employees incurred in this department.   

• Sanding partially cured epoxy produces airborne dust, which increases your risk of exposure by skin 

contact, inhaling or ingesting.  Although epoxy is firm enough to sand within 2 hours, it may not cure 

completely for up to two weeks.  Until then the dust can contain unreacted hazardous components. 

Furthermore, partially cured epoxy sanding dust if allowed to settle on the skin can also lead to contact 

dermatitis. In addition, when you inhale the uncured epoxy dust particles,  they can become trapped in 

the mucous lining of the respiratory system and can cause severe respiratory irritation or allergies. The 

Society of Plastic Industry, 2001 

http://www.mrfibreglass.com/


DEPARTMENT WIDE RETROSPECTIVE EXPOSURE PROFILE  
General Electric Armature Department 7 (OHCOW FILE G884) 

Final Report Date:  January 30th, 2006 
 

 
Occupational Health Clinics for Ontario Workers (Toronto) 

By:  Sonia Lal BSc., MSc.  Occupational Hygienist 
209/238   

Final Edition Print Date/Time:  Feb. 6, 2006 11:27 AM 

 

Due to the fact that there were asbestos insulated wires,  asbestos slots,  fibreglass slots, silica fillers etc,  

grinding of these materials would have caused the respiration of these dusts into the lungs as well and cause 

the onset of disease.   

 

Furthermore,  OSHA Technical Manual on Polymer Matrix Materials state the following with regards to 
sanding,  grinding epoxied apparatus: 
 

• Dusts may be generated in several ways in advanced composite processes.  The most common dust 

generating processes are machining and finishing cured parts and in repair of damaged parts.  Much of 

the dust generated in these processes can be very fine and should be considered respirable.  Studies of 

some graphite –epoxy finishing operations found respiration fractions ranging from 25%-100%. 

 

As was made evident earlier in this report, as per analysis of paint from an epoxy coated part,  it was shown 

that the part contained uncured epoxy resin.  With this information, it is further made clear that indeed parts 

with uncured epoxy resins were sanded and employees were exposed to epoxy vapours and their 

decomposition products as well. (appendix U- October 20, 1969). 

• One may become sensitized to epoxy after many exposures or just one. It could take ten days of 

exposure, a month or even years. 

• Allergic reactions to epoxy can result in irritated skin or respiratory problems. Inhaling concentrated 

epoxy vapours if done frequently or for long periods, can irritate your respiratory tract.   

• At room temperature, epoxy vapours are unlikely to be highly concentrated.  If an employee is already 

sensitized to the epoxy, then exposure to low concentrations can trigger an allergic reaction.  At 

warmer temperatures and in unventilated spaces, the epoxy vapour levels increase.  This would be the 

case in the armature department as there was no air circulation within the department and little to no 

functioning exhaust systems in the plant.  

• Mixed resin and hardener become hot and frothy as they thermally decompose, generating toxic 

vapors.  These include Carbon monoxide, oxides of nitrogen, ammonia, and some aldehydes.  Cured 

epoxy can emit similar vapors if you heat it too much.  Due to the fact that the sequence of processes 

involved with the large parts in this department involved, dipping, baking curing grinding, dipping 

baking curing grinding,  constantly, there would have been emissions of these toxic vapours during the 

several stages of processing the equipment. 

 

Also as has already been cited here,  the employees were exposed to uncured epoxy resins as well,  as can be 

conceivable which such large parts that were being handled in this department and controlling exposures to 

such vast use of solvents,  epoxies and multitudes of other chemicals was not possible at all times.  However, 

this does not change the fact that indeed exposures were incurred and thus occupational disease and illnesses 

would be conceivable. 
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Likewise,  the following facts are paramount to note with regards to working with cured or finished plastics as 

per Dillon Consulting Report for Working Safety with Casting Resins: 

 

• Allow enough time for pieces to cure fully prior to finishing the piece.  It is very important that curing 

times are followed since there will be off gassing of hazardous components of the resin while the 

chemical reaction is still occurring 

As is known from the process section of this report and the document review provided,  it is clear that this 

indeed did occur,  and that parts were not cured fully before they were machined.  This would be inevitable 

with the massive sizes of the parts that were being handled. 

 

• Processing such as gluing, cutting, sanding, burning and melting of finished plastics can generate toxic 

vapours and gases and if the temperature is high enough the product can decompose and release it’s 

original hazardous components – also the part may release any unreacted monomers and 

decomposition products. 

 

To further create an even more hazardous condition,  the employees utilized compressed air hoses to clean off 

body parts, clothing and machinery,  to rid themselves of the toxic epoxy dusts.  This would have caused 

dispersal of epoxy dusts into the various areas and this would have caused bystander exposures as well.  

 

Copper Dust: 

 

Grinding of copper wire and other parts took place heavily in the 1960-1970’s.  An exhaust system was in 

place but it was not fully functional.  A grinding task would take (see #6 – Appendix I) anywhere from 3-8 

hours.  The employees did not wear any protective equipment,  however in the late 1970’s canister respirators 

were introduced for this job task.  
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k) Asbestos: 
 
It is indisputable that exposure to asbestos has been incurred in the armature department.  There were 
numerous processes in Armature which utilized or machined asbestos for Armature products, such as:   

• Shears/copper stripped machinery where copper wire was stripped of any insulation (near the 
leads area) 

• Taping Machines 
• Bandsawing Asbestos Boards 
• Winding /Forming Machines 
• Grinding, Sanding, Welding Operations 
• Asbestos Gloves 
• Insulation for Building Pipes and other areas 
• Asbestos Blankets for Portable Oven 
• Repair of products fabricated by GE,  from Clients 

 
Over the decades asbestos was utilized in many products, processes and it was present in the building’s 
insulation as well.  On several occasions, frayed, deteriorated asbestos insulation was found by JHSC 
Inspections, to have been visibly hanging off pipes in various areas.  In 1981 it was indicated that all asbestos 
should have been out of the plant, however, in 1987 there were issues with regards to hanging and 
deterioration of asbestos off pipes. 
 
Furthermore, there was continued use of asbestos, up to and including the late 1980’s (although 
documentation for later years is not available, it cannot be stated whether or not asbestos was present in the 
working processes of the employees in the 1990’s).  Document #33 provides an approximate time on when 
asbestos insulation was removed in the building,  however it does not give details as to where or what type of 
insulated materials had asbestos removed:  ex.  Pipes, boilers, walls, ceiling, machinery.  Likewise, insulation 
for coils appears to have been purged in 1992.  However no information with regards to the various repair 
activities that took place,  where large generators,  or stators,  would be brought back from the Clients,  is 
available,  which indicates when this process was purged in this building.  As with other processes the repair 
activities would generate many asbestos exposures due to the fact that the dismantling of parts, insulating 
coils, welding, stripping etc., would all release asbestos fibers. 
 
With regards to bandsawing of asbestos sheets, an MOL inspector had directed the employer to install 
engineering controls as there were none present (whether this was done or not is not confirmed).  However   
this clearly indicated that years prior to this MOL inspector’s visit, there would have been exposures to 
asbestos fibers during this process alone.  In fact bandsawing processes continued in Building #5 area, up to 
and including 1987 (documentation for later years is not available – refer to Appendix K – Document #18,  
#30,  #17).  This asbestos from the Building #5 operation was utilized to insulate each turn in the coils,  for 
application to the Poles (refer to Section #5 – 1980’s processes).  Much dust was generated in this building as 
there were no engineering controls to contain the release of the fibers.  The process involved both shears and 
slitting operations.  The slitter operated similar to a guillotine.(Document #13-Appendix K). 
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Transfer of employees from Armature to Wire and Cable:. 

 
It is pertinent to note that between 1957 to 1960 many employees from armature were transferred to Wire and 
Cable and vice versa during the lay off periods to cover the various duties in both departments.  Hence 
exposures to both departments and their solvents and other contaminants therein have to be taken into account 
when considering exposures and diseases incurred.  Those employees have to be closely studied from a 
medical and hygiene perspective as their exposures would be obvious in their health records, testimonies and 
current health status. 
 
Asbestos Gloves and Blankets: 
 
Furthermore,  the use of asbestos gloves had been demonstrated here through the literature reviews as another 
source of exposure to asbestos fibers.  Thus exposure to the asbestos blankets would be of greater concern as 
the employees indicated repeatedly that the fibers could be seen floating everywhere when the blankets were 
utilized with the portable heater.  Not only were the blankets put in place,  they were also cut to size to ensure 
they covered the apparatus fully.  The cutting operations would have also released fibers. 
 
Machining of Asbestos: 
 
Winding and tubing lathes would have also caused asbestos exposure to be incurred due to the manipulation 
of the insulated copper wires into various shapes.  In winding the copper wire,  or stripping insulated wires,  
there would have been exposure to fibers,  especially without any PPE and engineering controls. (Appendix J- 
Testimony of an Armature Winder).  Grinding operations and welding operations would have also contributed 
to exposure to asbestos fibers.  What is of importance to note here once again is the vast dimensions of the 
parts,  thus the length of exposure is increased and the volumes of contaminants that are present in the 
building would also increase due to their requirement for the parts being fabricated – example – asbestos 
insulation boards for the slots in the armature coils,  for which some parts were 46 feet in diameter and took 
months to insulate,  months to solder the coils together,  etc.  The spreader operations would have also caused 
fibers to be frayed and be dispersed in the work environment,  as well as the taping operations. 
 
Not only does the machining of parts containing asbestos contribute to exposure,  but the lack of proper 
engineering controls,  training and personal protective equipment all contribute to exposure to asbestos.  Due 
to the large dimensions of the parts fabricated in this building, the volumes of products such as asbestos sheets 
would have contributed to exposure as well.  Welding and stripping of copper wires insulated with asbestos 
would have caused exposures as well.  The cutting machines,  (shears stations), winding lathes,  banding 

machines,  and other handling operations,  grinding,  machining and welding of parts containing asbestos,  

would be likely sources of exposure to asbestos fibers,  and the dispersal of the fibers,  due to lack of 

engineering controls and methods of containment and housekeeping. 
 



DEPARTMENT WIDE RETROSPECTIVE EXPOSURE PROFILE  
General Electric Armature Department 7 (OHCOW FILE G884) 

Final Report Date:  January 30th, 2006 
 

 
Occupational Health Clinics for Ontario Workers (Toronto) 

By:  Sonia Lal BSc., MSc.  Occupational Hygienist 
213/238   

Final Edition Print Date/Time:  Feb. 6, 2006 11:27 AM 

As per WHO, 2005: 
 

• Sawing, drilling, crushing, scraping and sanding asbestos containing materials are particularly 
likely to release respirable fibers and dust. 

• Small diameter fibers and particles may remain suspended in the air for a long time and be 
carried long distances by wind or water before settling down. 

 
Housekeeping: 
 
Furthermore, the intricate use of asbestos in insulation operations and other processes and maintenance 
operations also lend to exposure to asbestos at different levels.  Housekeeping evidence, in terms of sweeping 
and use of air hoses, testimonies provided by the employees, the Ministry of Labour and the JHSC, and the 
literature review provided here are all evidence of the exposure to asbestos that the employees were subject to. 
If the employees were sweeping asbestos fibers off the floor and using air hoses to blow off fibers from the 
machinery, their clothes and skin, exposure is inevitable. 
 
This practice would have been an essential contributor to disease in the workplace as well as all the other 
variables mentioned in this report.  Furthermore, there was never any proper dust control with these 
operations as is evident from the reports and the levels of free silica in these areas would have also caused 
ample exposures to be incurred and the onset of disease. Free silica and other dusts and toxic products in the 
workplace cannot be ruled out as significant contributors to the onset of disease in the GE workplace. 
 
Repair of Armature Parts from Clients such as Generators and Stators: 
 

It is also imperative to note, the employees in Building 10 were also involved in the repair/rebuilding of large 

generators or motors.  In conducting repairs, they were required to remove all the old insulation from stator 

coils, for example.  It clearly states in the FVR (appendix k – Document #30) that the employees had to 

remove the old insulation, with the application of toluene.  In doing so, the insulation would have also 

consisted of asbestos sheets, and asbestos insulated wire, and thus employees would be exposed to the fibers 

as the parts were being handled.  Moreover, the employees were nevertheless also exposed to the toluene 

vapors as well.  The toluene was utilized,  as a wet method to clean the parts and contain the asbestos fibers so 

that they would not remain loose.  Exposure to fibers would be high with these processes,  as the fibers would 

have been frayed,  dislodged from original placement and form,  in the products being repaired.   

 

Activities within the Building: 

 

Furthermore, the liftrucks, crane and pedestrian activities would naturally disperse the settled or floating 

fibers into other areas of the plant and aisle ways as they would disperse the fibers from the contaminated 

operations, into other areas adjacent to these processes and the main aisle way of the plant running east to 

west (Inside Works Avenue).  This can also be stated to have occurred with the fumes, vapours and dusts in 

various other processes not only in building 7,  but all the other adjacent departments as well.   
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The main walk way which cut across the entire facility from east to west,  allows one to walk from the east 

end of  the plant,  i.e. building 26 through till the west end of the plant till,  Building #8,  without going 

outdoors.  Due to the fact that there was no proper ventilation in this plant as a whole, this aisle way acted as a 

major ARTERY transporting the various contaminants,  fumes,  dust,  vapours,  asbestos fibers to the other 

buildings from wire and cable and vice versa. Hence contaminants from building 7 would travel to building 

26 and vice versa.  The aisle way acted as a tunnel in which these contaminants traveled.  When pedestrians or 

forklift traffic or crane movements would cause the air in the plant to be moved or disturbed, it would cause 

this air to move in and out of this main aisle way.  (See Appendix A) 

 

 

 

 

 

 

 

 

 

 

 

 

 

An employee stated the following with regards to the main plant aisle way, “the main aisle way was 

like a vacuum….the activities from asbestos carding for example would cloud the main aisle way and 

transport the fibers to the various areas of the plant at GE and I worked in BUILDING 16, which is 

not close to that activity at all.  When I had to travel through the aisle way  just looking down the 

aisle way it appeared as if a snowstorm was coming through,  all the fibers accumulated in that 

tunnel and were distributed in the various entrances to the other buildings,  as the doorways to those 

buildings acted as receiving grounds for these contaminants!” EMPLOYEE TESTIMONIES. 
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12. OTHER INFORMATION – LACK OF MSDS SHEETS: 

 
Due to the fact that relevant MSDS sheets were not made available to employees over the decades in question,  
or to OHCOW,  for this investigation,  it is difficult to ascertain the elimination or confirmation of the 
presence of certain products.  It is not clear if other carcinogenic products were utilized in the solvents other 
than what is has been investigated through the data presented to OHCOW and through the literature reviews. 
For example, it is not certain if Meta-phenylenediamine was utilized in this department. This product is an 
aromatic amine that could also be a component in epoxy resin systems and is known to cause contact 
dermatitis and kidney and bladder cancer (OSHA Technical Manual on Polymer Matrix Materials).  However 
because no solid evidence was available and due to the fact that limited GE MSDS and other documentation 
was available for review,  it cannot be stated whether this product and/or many others were or were not 
present in this department.   
 
This fact needs to be taken into consideration when assessing exposures in workers of this Plant.  Lack of 
information for investigations taking place today does not equate to a lack of exposures. 
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13. Document Review/ Ministry of Labour Evidence: 

 

The review of some documents that were presented to OHCOW clearly indicates that due to the many 

inefficiencies with the engineering controls, there were exposures that were being incurred by the employees 

at the time the investigation (Field Visit)  took place. If conditions were poor at the time of the investigation,  

it can be stated that conditions would have been more severe years prior. 

 

The Ministry of Labour reports provide ample evidence of the poor work conditions in this facility and further 

validate that exposures were incurred as the housekeeping was poor,  the engineering controls were non-

existent in some areas,  and inefficient in others,  the company had poor maintenance practices,  poor 

awareness with regards to asbestos and other solvents and carcinogens and their toxicity to human health etc.  

Noncompliance to directions and recommendations given by the Ministry is evident in the review of these 

reports and not only is there a fault of the GE Management but also of the MOL for not following up on their 

orders or directives given to the GE management.   

 

Document prepared by the United Electrical, Radio and Machine Workers of America – Presented to the 

Ontario New Democratic Party Caucus Task Force October 5,  1982 – this document provides evidence with 

regards to employees concerns and work conditions,  which were brought forth to the governing bodies  - 

Please refer to Appendix V.  
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14. Literature Review and All Evidence Provided Herein: 

 

With the evidence from the epidemiological studies and medical reviews presented, it is clear that most of the 
conditions in this work place would have resulted in the onset of disease for a majority of the workers in the 
Armature Department at General Electric.  This is further compounded by evidence not only from the 
employees’ testimonies but also direct and factual data presented by the Ministry of Labour,  indicating non-
conformances with the law and poor engineering controls.  The medical research and epidemiological studies 
link many of the cancers and other life impairing illnesses in the workplace to those realized by the General 
Electric Employees and continue to be confirmed to date. The process information is further supported by the 
literature reviews provided herein, from IARC and other governing agencies, as evidence of exposure based 
on handling of the solvents, being exposed to these contaminants in their various states, either room 
temperature or molten temperatures and synergistic effects,   and their other general use in the Armature 
Department. 
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15. The 1971 Explosion: 

 
Most of the resins and other chemicals in the department would have emitted toxic fumes during the explosion 

in 1971.  The information on epoxies that has been provided here denotes that the decomposition products are 

toxic and thus would have been emitted in large quantities during the explosion.  The off-gassing of parts that 

would have been contaminated with the fumes and vapours would have remained for much time after the 

explosion.  If the streets and trees around the plant were affected and paint was peeling off cars outside of the 

plant.  how could conditions inside the plant be even remotely safe?  If the conditions from an occurrence 

inside a building are really effected and damaged outside,  kilometers away from the incident,  how could the 

conditions in the plant be safe to work in? 

 

The release of toxic gases and carcinogens as mentioned already in previous sections of this report would 

have been incurred:  formaldehyde, styrene, benzene, phenols, carbon monoxide, carbon dioxide, nitrogen 

oxides, hydrogen chloride,  hydrogen cyanide. 

 

Epoxy related fires should be extinguished with dry chemical, foam or CO2.  However,  as per the evidence 

presented herein,  the fire department had added water to the epoxy and thus an explosion occurred thereafter.   

 

Furthermore, as per MSDS reviewed (actual or generic it is stated in numerous data sheets with regards to 

Reactivity Data:  epoxy resins and epoxy resins hardeners react with each other producing heat.  They should 

not be mixed with each other under uncontrolled conditions or in large masses as the ensuing exothermic may 

result in heat and smoke resulting in hazardous decomposition products) See Appendix R – Generic MSDS 

for Epoxy Polymer Mix. This data sheds light on what occurred during the 1971 overheating of the VPI tanks.  

The fireman came in to dissipate the heat and added water to the tank, thus causing an explosion. 

 

Appendix J – Testimony of an Armature Winder:  gives more information with regards to the fire,  with a 

testimony of the explosion in 1971.  Please refer to the appendix for further information. 

 

Many of the chemicals were incompatible with one another.  As per the MSDS in Appendix Q – Isonel 51,  

which was utilized in large quantities throughout the decades,  in this department,  the formaldehyde present 

in the solvent reacts with HCL to form a carcinogen,  BIS-chloromethyl ether.  With this high mixture of 

chemicals present in this department,  by-products and other incompatible products would be even greater 

when the explosion occurred.  Some product/parts in the plant disintegrated upon touch,  other examples of 

paint peeling off the walls,  (as was evident even now,  as observed on the December 7th 2004 tour),  and paint 

peeling off cars kilometers away,  all prove how toxic this chemical reaction was and how detrimental it was 

to the employees,  the products inside the plant as well as the neighboring areas outside the plant. 
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9. CONCLUSIONS: 

 
The multitudes of chemicals and processes,  including carcinogens,  in their various forms, that were utilized 
in the Armature department have been demonstrated  here to harm the health of employees working in this 
department.  Furthermore,  the size of the parts being fabricated,  would also dictate the volumes of chemicals 
that would be required,  and thus more production of contaminants,  more time required to machine and 
process the parts,  which are all directly related to the frequency and duration of exposure.  The constant 
dipping,  baking,  curing of these products and the exposure to the many forms,  solids,  liquids gases and their 
decomposition products have been demonstrated here to be of paramount importance when trying to assess 
and establish exposures.  One process alone cannot be looked at as stand alone, as the processes all occurred 
in a building namely Building 7 -5, 8 and 10 for armature employees. Most buildings at GE were similar in 
that they all relied on natural ventilation.  Hence the above statement,  applies to all buildings,  as all the 
processes within the buildings were close to one another,  contaminants were heavy and accumulated,  (as 
there was no forced make-up air) and thus bystander exposures to several contaminants from several 
processes were incurred by employees. Nevertheless, without proper ventilation, exhaust controls, exposure to 
these solvents is inevitable. 
 
“Culprits for disease are often attempted to be singled out when trying to establish exposures. However 
exposure rarely occurs in isolation. Solvents are usually found in groups in workplaces, i.e. simultaneous 
exposures,   rather than just one solvent  on it’s own.  (Wartenberg, 2000).” 
 
It has been demonstrated here and made clear that a majority of the solvents have similar target organs or 
body systems  such as the Central Nervous System,  Respiratory Tract,  Gastrointestinal System,  the skin and 
many more.  Most solvents that were utilized have similar target organs and thus,  exposures to these solvents 
must be calculated in combined effect ratios rather than singular exposures.  Furthermore,  taking into account 
overtime work,  would largely reduce the accepted TLV levels and have not been observed to have been taken 
into account as per the evidence presented to OHCOW. 
 
Some hazardous substances may act in combination with other workplace exposures,  medications , or 
personal  habits of the workers to produce health effects even if occupational exposures are controlled below 
the limits set by evaluation criteria.  Synergistic and additive effects may not be considered by a chemical-
specific evaluation,  which has been the case as per the evidence presented to OHCOW.  Furthermore,  many 
substances are appreciably absorbed by direct skin contact potentially increasing the overall exposure and 
biologic response beyond that expected from inhalation alone. Many of the TLV’s have changed over time,  
as new information on the toxic effects of an agent become available. Hence it is prudent for all employers to 
maintain worker exposure well below the established occupational health criteria. (NIOSH, 2000). 
 
Hygiene Data was not made available, either due to lack of documentation available or very limited or absent 
during the early decades of the plant operations.  Thus assigning quantitative measures of exposure to 
individual job activities was not deemed appropriate at this time.  It was not realistic and potentially 
misleading to create seemingly precise exposure data (assigning time weighted average exposures to jobs) for 
jobs in occupational settings, which span over and above 4 decades.  Moreover, concerning the usage of 
Asbestos in this department, due to the unique protocols carried, levels obtained through literature reviews in 
other workplace settings were not comparable with the work processes in the Armature Department. 
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Assigning a classification scheme for the usage of the chemicals as a surrogate for actual exposures as per the 
Marano study of 2000, (where an exposure assessment for aircraft manufacturing workers was conducted), 
would be the most appropriate with the numerous types of processes and chemicals involved in the Armature 
department.  In the Marano study, chemical usage as a surrogate for actual exposures was utilized along with 
conducting an analysis by categories of years potentially exposed.  This approach was required because of the 
absence of any direct quantitative measure of actual exposure levels experienced by the workers in various 
jobs held prior to 1980.  Marano et al., 2000 state: 
 

“We believed that it would be inappropriate and perhaps misleading to make guesses as to the 
levels of exposure (e.g. ppm) during the 1930’s through the 1970’s for specific jobs….on the 
other hand, we are quite certain about the fact of exposure….that employees were routinely 
exposed to the chemicals due to the known components of the products utilized in the early 
years.” 

 
Similarly,  it can be stated that the employees who have worked in the Armature Department as per the 
decades studied herein and years prior,  were exposed to the chemicals that have been studied and to other 
unknown chemicals for which there is no data at this time (chemicals which were mentioned by the 
employees,  but for which there was no documented proof in the form of MSDS sheets or chemical 
information from GE that would allow OHCOW to make relevant confirmation of existence in the 
department).  The certainty lies in the known components in the chemicals utilized for the various processes 
and their decomposition products. 
 
If an epidemiological study were to be  conducted for the General Electric employees of Armature,  and a 
classification scheme applied such as that in the Marano study, with three categories,  routine usage,  
intermittent usage and minimal to no usage, an approximated 99% of all Armature employees would be 
classified (as per the author) under the routine usage classification.  Furthermore, it has to be stated here that 
due to the close proximity of the various processes in this department, bystander exposures must be taken into 
account as well.  Because the ovens, solvents dip tanks, VPI tanks, bandsawing operations, welding 
operations, degreasing operations, dry sweeping operations and all other processes were used on a daily basis, 
and the deficient engineering controls, bystander exposures would also be considered “routine” exposures to 
those employees who were not directly involved with the chemicals in question. 
 
The Retrospective Exposure Profile supports the contention that there was a high level of asbestos exposure 
and other chemicals in the Armature Department.  The procedures carried out throughout the decades were 
complex, chemicals formulations were unique to the General Electric protocols (MSDS not available for all 
chemicals formulated by GE) and the dynamics of the building construction and ventilation all lead to the 
complexities described in the Report. Considerable occupational exposures to 35 chemicals were reviewed 
and 15 processes were critically analyzed, along with evidence supported by several Ministry of Labour Field 
Visit Report. Of the 35 chemicals utilized, 15 are Carcinogens (some possibly carcinogenic) as per the 
International Agency for Research on Cancer (IARC). 
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Finally it should be noted here that the statements made by the employees and the processes described are 

validated in the Ministry of Labour Field Visit Reports that are cited in Sections 7 & 8 of this report which 

validate,  confirm and provide solid evidence of the testimonies given by the employees,  description of the 

workplace and work conditions,  and thus further provide evidence that exposures were more than likely to 

have contributed if not fully incurred by working in this area at the General Electric Plant. 

 
In all evidence provided in the form of the medical, scientific literature reviews and Ministry of Labour and 
General Electric company records: 
 

➢ Due Diligence was not a practiced in all aspects of management processes and health and safety at this 
workplace.  All the documents and testimonies presented here as evidence demonstrate that the 
employer did not properly train the employees on the use and care of personal protective equipment, 
did not disclose information on the products the employees were utilizing or how to protect themselves 
against those products, did not provide suitable ventilation within the plants or suitable engineering 
controls for the various equipment that was present in the plant etc.  

 
➢ As per the critical analysis of the processes, literature review and background information on the 

various chemicals and processes that were utilized in the Armature Department of General Electric, it 
is clear that employees were most likely exposed to these contaminants, to their by-products and to the 
reactive products that are formulated when these products are mixed together or their reactions to heat 
and simultaneous exposure to other products/processes.  Furthermore, due to the lack of suitable 
personal protective equipment and engineering controls and lack of proper health and safety 
management with regards to administrative controls,  eating at the work station, air hose usage,  poor 
housekeeping practices,   lack of proper washing instructions,  usage of equipment in the absence of 
proper engineering controls,  the nature of the ventilation in the plant,  and the fact that there was a 
significant amount of cancer causing agents plant wide and their careless use, there is enough evidence 
to link the work relatedness of the employees’ debilitating diseases to the unsafe work environment, 
materials, processes and procedures they were required to participate in as employees of GE. 

 
➢ Poor ventilation in the plant, the lack of operable windows was not suitable to release plant air to the 

outside environment, and Inside Works Avenue, the main aisle way acting as a transporter of 
contaminants throughout the GE plant all contribute to the health impairments that have been and are 
being incurred by the former and current GE employees to date. 
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➢ Chemicals that were present in the patented formulas of GE cannot be ruled out as causative agents in 

the development of illness and disease in the employees of the Armature department at GE.  The 
MSDS were not available for review in totality by OHCOW as they were not made available to 
employees or union members alike.  The elimination or confirmation of other toxic agents and/or 
carcinogens,  not mentioned in this REP,  for this Department cannot be justified here without further 
evidence.  However,  through the investigation conducted herein,  the literature reviews, MSDS sheets,  
Ministry reports,  GE documentation,  manufacturer’s data (epoxy resins for example),  the presence 
of many toxic agents and carcinogens have already been confirmed to be present in the Armature 
processes. 

 
It was a pleasure working with all parties involved in this Retrospective Exposure Profile.  I thank all 
parties who participated in it’s formulation and completion.  
 
On behalf of Occupational Health Clinics for Ontario Workers, 
 
 
 
 
 
Sonia Lal – BSc., MSc. 
Occupational Hygienist 
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