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Event #1-Discovery

A water operator was doing daily rounds at the well house on 

a Sunday morning.

He turned on the ventilation system and waited before 

entering the well house. 

Upon opening the door to the chemical room, he was 

exposed to a strong chlorine odor.  

He experienced burning to his respiratory system and eyes.



Event #1-Discovery

The employee stated that he tried to back away from the door as 
quickly as possible, but it felt like the gas was following him.  

It took several minutes for him to recover enough to be able to call 
the Public Works Director for help.  

He was reluctantly taken to a hospital, where his vital signs were 
monitored, chest x-rays were taken, blood-gas measurements were 
taken, and he was given nebulizer treatment.  

He was released with no restrictions after several hours of 
evaluation.  



Event #1-Response  

The Public Works Director investigated the chemical 

room and noticed chlorine gas discharging near the 

regulator.  

He held his breath, entered the room, closed the valve, 

and exited the chemical room.  

Closing the valve did not stop the gas release.  

The Public Works Director called 911



Event #1-Response  

The Fire Department responded immediately to the scene.  

The Public Works Director called the Minnesota Duty Officer 

to report the release.  

The Duty Officer made the necessary calls and the Hazmat 

team arrived within an hour. 

After evaluating the situation, the decision was made to let 

the chlorine gas cylinder dissipate on its own.  



Event #1-Outcomes  

150 lb. chlorine gas cylinder was being used. 

The total release of chlorine was estimated to be 70 

pounds.  

The chemical supplier was contacted about the chlorine 

gas leak after the 911 call and the call to the Duty 

Officer.



Event #1-Outcomes  

There was one 150 lb. chlorine gas cylinder that was online 

and one 150 lb. chlorine cylinder that was empty but hadn’t 

been changed out yet. 

There was a black mark on the wall near the on-line chlorine 

cylinder at a height that aligned with the cylinder valve.  

It was discovered that the fusible plug had completely 

melted, releasing the chlorine gas into the atmosphere. 



Event #1-Outcomes  

With the melted piping and equipment in the room, there 

was strong evidence of extreme heat in that room. 

It was determined that a faulty heater/thermostat caused 

the fusible plugs to melt on the chlorine gas regulators. 

The two cylinders were not removed at that time to allow 

an investigation by the insurance provider.  



Event #2-Discovery

A public works employee noticed that the grass around 

the well house was discolored and notified the Public 

Works Director.

The Public Works Director and the employee opened the 

door and noticed gas leaking from the cylinder near the 

regulator.



Event #2-Response

The Public Works Director held his breath and entered the well house with 

the intent of closing the valve.

He was able to close the valve, but closing the valve did not stop the leak.

The leak was coming from the fusible plug, which had partially or completely 

dissolved/melted.

They went back to the shop and retrieved some rubber material and large 

hose clamps. Somehow, they were able to stop/slow the leak by doing this.

They immediately called their supplier for assistance.



Event #2-Outcomes  

There were 5 150 lb. cylinders all stored in the same area, one that was 
in use.

The chemical supplier later arrived at scene, collected the leaking 
cylinder, and removed it from the well house. 

The damage to the electrical components of the well house was 
significant, and the Public Works Director notified their insurance 
provider.

It was never fully determined as to why the fusible plug potentially failed.



Event #3-Discovery

An operator was removing a regulator from the cylinder.

After attempting to close the valve, he determined it was 

already closed.

Upon partially removing the regulator yoke, gas begin to 

leak, forcing the operator to exit.

The operator called 911 and then a supervisor.



Event #3-Response

Hazmat arrived and attempted to close the valve with no 

success, but they installed the valve cap to stop the leak.

One the area cleared, it was determined by the supplier 

that the valve was ¼ turn open when the regulator was 

being removed.

The cylinder was removed from the site for inspection.



Event #3-Outcomes  

90 lbs. of chlorine remained in the cylinder when capped.

Approximately 60 lbs. were lost to atmosphere. 

The operator was transported to the emergency room and 
was observed for 6 hours. 

Neighboring trees, plants and shrubs were brown from 
chlorine exposure.

It was determined from sitting idle the valve was stuck in 
position and nothing failed.





Chlorine History



History

The first compound of chlorine 

ever made by humans was 

hydrochloric acid, which was 

prepared by the Arabian alchemist 

Rhazes around A.D.900.



History

It was in 1811 that Sir Humphry Davy 
announced to the Royal Society of 
London that chlorine was an element.

He suggested the name chlorine 
because it is the same pale, yellowish 
green color that sick plants sometimes 
develop, a color that is known 
as chloros in Greek.



History-WW1 1915

April 22-The German military launches the first large-scale 
use of chemical weapons in war at Ypres, Belgium. 

Nearly 170 metric tons of chlorine gas in 5,730 cylinders are 
buried along a four-mile stretch of the front. 

In the end more than 1,100 people are killed by the attack 
and 7,000 are injured.



Chlorine Basics



Chlorine Basics

What is chlorine? 

❑ Chlorine is one of 90 natural elements 

❑ Since it is highly reactive, it is usually found chemically 

bonded to other elements 

❑ Sodium chloride, or common table salt, is one 

example



Chlorine Use Today

Chlorine is used to control bacteria and viruses in 

drinking water that can cause devastating illnesses such 

as cholera and typhoid. 

Approximately 98% of modern drinking water systems in 

the U.S. use chlorine chemistry. 



Chlorine Basics-Other Uses

❑ 93% of all pharmaceuticals rely on chlorine chemistry, 

including medicines that treat heart disease, cancer, 

AIDS, and many other life-threatening diseases

❑ Chlorine chemistry is involved in the production of over 

86% of crop protection chemicals

❑ Chlorine is used to produce polyvinyl chloride (PVC) 

and other plastics



Chlorine Basics-Other Uses

The chlorine industry 

contributes more than $46 

billion to the North American 

economy annually and 

provides thousands of 

products.

Water/wastewater disinfection



Chlorine Basics

❑ Chlorine gas has a pale yellow to greenish-yellow color, 
depending on concentration 

❑ It is visible at concentrations above 25-60 ppm, 
depending on humidity 

❑ It has an extremely disagreeable and pungent odor similar 
to chlorine-based laundry bleaches and is detectable by 
smell at concentrations as low as 0.3 ppm 

❑ It is about two and a half times heavier than air 





Chlorine Limits

❑OSHA ceiling limit =1 ppm

❑Maximum airborne concentration (after 1 hour exposure 

most people would experience or develop serious, 

possibly irreversible health effects that could impair their 

abilities to take protective action) =3 ppm

❑ NIOSH IDLH (immediate danger to life or health) =10 ppm



How much is a PPM?

1 gallon in a 
1,000,000-gallon 
water storage tank



How much is a PPM?

1 grain of sugar in 

273 sugar cubes



How much is a PPM?

4 eye drops in a 55-

gallon drum



Liquid Chlorine

❑ Liquid chlorine is NOT the same as a hypochlorite or 
chlorine bleach solutions

❑ Liquid chlorine is gas chlorine which has been cooled and 
compressed to a liquid form 

❑ Chlorine is seldom seen as a liquid because it boils 
(converts to a gas) at about -29°F 

❑ Liquid chlorine expands in volume by 460 times when it 
vaporizes 



Chlorine expansion = 460 times its liquid volume

=Liquid 

Chlorine



= 38-12 packs



Fire Concerns

❑ Chlorine itself is neither explosive nor flammable

❑ Chlorine will support combustion under certain 

conditions

❑ Many materials that burn in oxygen (air) atmospheres 

will also burn in chlorine atmospheres



Oil and Grease

Chlorine can react, at 

times explosively, with 

several organic materials 

such as oil, grease, and 

pipe thread lubricants. 



Cylinder or Container?

❑ Chlorine cylinders are of seamless construction with 

a capacity of 1 to 150 lbs. 

❑ The only opening in the cylinder is the threaded valve 

connection at the top of the cylinder 

❑ The steel protective cover goes over the valve and 

threads onto the cylinder to protect the valve 



Cylinder or Container?

❑ Ton containers are welded tanks having a capacity of 

2000 lbs., and a loaded weight of as much as 3650 lbs. 

❑ The sides are crimped inward at each end to form chimes 

which provide a substantial grip for lifting beams 

❑ The ton container valves are protected by a removable 

steel valve protective housing



Container

Protective Housing



Fusible Plugs 

Cylinders and ton containers are equipped with a metal 

relief device or fusible plug. 

The fusible metal is designed to melt between 158°F and 

165°F.



Fusible Plugs (158°F-165°F.)



Gas Discharge: 150 Lb. cylinders

Valve Protective Cap

Packing Nut



Gas Discharge: 1-ton Containers

Gas withdrawal valve

Liquid withdrawal valve



Job Hazard Analysis



Job Hazard 

Analysis (JHA)

List each step

Hazard identified 

in each step

How to Control 

each hazard



Job Hazard Analysis

Priority should go to the following types of jobs:

❑ Tasks with the highest injury or illness rates

❑ Tasks with the potential to cause severe or disabling 

injuries or illness, even if there is no history of previous 

accidents

❑ Tasks that are new to your operation or have 

undergone changes in processes and procedures



Job Hazard Analysis Example 



Task Description-step by step

1. Bend over, pick up part from bin.

2. Turn toward grinder and grind sharp edges.

3. After inspection, place parts on shelf.

4. Repeat.





Task Hazards-for each step

1. Bend over, pick up part from bin.

1. Bending, Twisting

2. Sharp edges of parts

3. Dropped parts may hurt feet



Task Hazards-for each step

2. Turn toward grinder and grind sharp edges.

1. Sparks

2. Burrs

3. Grinding dust

4. Noise

5. Hot parts



Task Hazards-for each step

3. After inspection, place parts on shelf.

1. Slips, Trips & Falls

2. Reaching to shelf

3. Stepping away from grinder



Job Hazard Analysis-Chlorine 

❑ Ventilation

❑ Eye protection

❑ Leather gloves

❑ Observation window

❑ Room gas leak detector

❑ Trained “stand by” person

❑ Panic bar on exit doors

❑ Evacuation options

❑ Other affected persons

❑ Topography

❑ Written procedures

❑ Training

❑ Annual review of procedures 
and update as needed



Risk Rating

Chlorine leak 

when putting a 

new 150 lb. 

cylinder online



Risk Rating

Chlorine leak 

when putting a 

new 150 lb. 

cylinder online



Risk Rating

Chlorine leak 

when putting a 

new 150 lb. 

cylinder online



Chlorine Personal Protection



Personal Protection

❑ The most significant health hazard associated with 

chlorine is being exposed to chlorine vapors 

❑ Respiratory protection must be assured by:

▪  Process design

▪ Operating procedures

▪ Personal protective equipment



Personal Protection

❑ Respiratory protection 

must be assured by:

▪  Process design

▪ Operating procedures

▪ Personal protective 

equipment



Respiratory Protection

1910.134(a)(1) In the control of those occupational 

diseases caused by breathing air contaminated with 

harmful dusts, fogs, fumes, mists, gases, smokes, 

sprays, or vapors, the primary objective shall be to 

prevent atmospheric contamination. 

https://www.osha.gov/laws-regs/interlinking/standards/1910.134(a)(1)


Respiratory Protection

1910.134(a)(1) This shall be accomplished as far as 

feasible by accepted engineering control measures (for 

example, enclosure or confinement of the operation, 

general and local ventilation, and substitution of less toxic 

materials). 

https://www.osha.gov/laws-regs/interlinking/standards/1910.134(a)(1)


Respiratory Protection

1910.134(a)(1) When effective engineering controls are 

not feasible, or while they are being instituted, 

appropriate respirators shall be used pursuant to this 

section.

https://www.osha.gov/laws-regs/interlinking/standards/1910.134(a)(1)


Respiratory Protection

U.S. DEPARTMENT OF HEALTH, EDUCATION, AND 

WELFARE 

Public Health Service 

Center for Disease Control 

National Institute for Occupational Safety and Health



Protective Clothing and Equipment

❑ Whenever liquid or gaseous chlorine is handled or used, it may come in contact 
with the skin and eyes or be inhaled 

❑ For this reason, personal protective clothing and equipment are necessary 

❑ While not specific for chlorine, safety glasses or goggles, hard hats, and safety 
shoes should be worn or be available as dictated by the special hazards of the 
area or by plant practice 

❑ Personnel working in areas where chlorine is handled or used should be 
provided with suitable escape-type respirators 

❑ Supplied-air and self-contained breathing apparatus should be used when the 
concentration of chlorine is not known, as in an emergency



SAFETY DATA SHEET

CHLORINE



Wear protective gloves. Wear protective 

clothing. Wear eye or face protection. In case of 

inadequate ventilation wear respiratory 

protection.



Use only with adequate ventilation. Wear 

appropriate respirator when ventilation is 

inadequate.



Based on the hazard and potential for exposure, 

select a respirator that meets the appropriate 

standard or certification. 



If Respiratory Protection is Required or Desired



Health Questioner

❑ Each employee completes a 

“Respirator Medical Evaluation” 

❑ Must be reviewed by a health 

professional

❑ HIPAA rules apply

❖  Health Insurance Portability 

and Accountability Act

❑ On-line works great (3M)



Health Questioner

❑ Each employee completes on-line

❑ Employer receives notification if 

follow up is required

❑ Follow up would be with a local 

health care professional

❑ Employer is notified when 

questionnaire is completed and if 

staff is certified



Respiratory Care and Maintenance

❑ Store mask in a sealed bag

❑ Store out of direct sunlight

❑ Store in a cool dry location

❑Must be marked “respirator 

for chlorine use only”



Respiratory Care and Maintenance

❑ Inspect before and after 

each use

❑ Inspect after an exposure

❑ Clean with alcohol wipe

❑ Follow manufactures 

recommendations



Respiratory Care and Maintenance-Records

❑ Record inspections

❑ Record life of cartridge

❑ Record procedures

❑ Refer to 1910.134 for full 

requirements of written 

program



Qualitative Fit Testing (QLFT)



Qualitative Fit Testing (QLFT)

❑ Fit test is required for 

every different mask used

❑ Facial hair concerns

❑Make sure cartridges are 

for hazard encountered 

(Cl2 is a P100 organic 

vapor)



Sensitivity Screening 

❑ Advise person to be tested that smoke may be irritating 

to eyes, lungs and nasal passages

❑ Direct a small stream of irritant smoke towards the 

person to determine they can detect the properties of it

❑ If they cannot detect the irritant smoke the QLFT 

cannot be used



Fit Testing Procedures

❑ Don and adjust respirator so its secure and comfortable

❑ Apply irritant smoke starting at 12” moving to 6” around 

perimeter of mask

❑ Squeeze bulb every 15-20 seconds

❑ Have person raise their hand if they detect irritant smoke

❑ If adjustments need to be made…restart the test



Test Exercise

❑ Normal breathing

❑ Deep breathing

❑ Turn head side to side

❑Moving head up and down

❑ Bending over and reaching for toes

❑ Talking or rainbow passage



Rainbow Passage

When the sunlight strikes raindrops in the air, they act like a prism and 
form a rainbow. 

The rainbow is a division of white light into many beautiful colors. 

These take the shape of a long round arch, with its path high above, and 
its two ends apparently beyond the horizon. 

There is, according to legend, a boiling pot of gold at one end. 

People look, but no one ever finds it. 

When a man looks for something beyond reach, his friends say he is 
looking for the pot of gold at the end of the rainbow.



Test Exercise

❑ If irritant smoke is detected during the test, repeating 

the entire sensitivity and test exercise is required

❑ After removing respirator repeat the sensitivity test

❑ If the irritant smoke can still be detected the test is 

passed





Fit Testing Frequency

✓ Completed annually

✓ Anytime manufacturer, make, model, or size changes

✓ Employee notifies of change in physical condition

✓ Employer makes a visual observation of change in 

physical condition that may affect respirator use
❖ Examples include facial hair, scaring, dentures, cosmetic surgery or 

excessive weight gain



Connecting Cylinder or Container



Connecting Cylinder or Container

❑ Remove protective tank cover only after tank is 

secured

❑ Check the valve packing nut to make sure it is snug

❑ Check to make sure the main valve is closed

❑ Remove the valve protective cap

❑ Install the regulator using a new washer every time



Connecting Cylinder or Container

❑ A wrench (50 ft/lbs. maximum torque), no longer than 8 inches 

should be used

❑ Never use a wrench extension (cheater bar) as the valve may be 

damaged preventing gas-tight shutoff

❑ Quickly crack open the main valve and then shut it immediately

❑ Test for leaks using the vapors from the aqueous ammonia

❑ If there are no leaks, reopen the valve ¼ to ½ turn and leave the 

wrench on the valve 



Conclusion:

Conduct a walk through and note deficiencies

Look for areas that could be improved

Complete a JHA

Discuss hazards and rate the criticality

Eliminate or mitigate hazards as required



Conclusion:

Create a simple procedure for tasks

TRAIN, TRAIN, TRAIN and then retrain

Always have a standby person

If standby is not available check in and out with city clerk, 

police or council member

          of all accidents happen when changing regulators99%



Special thanks to:

❑ HAWKINS CHEMICAL

❑ CITY OF SAINT PETER
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