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http://www.npms.phmsa.dot.gov
http://www.pipelineawareness.org/
https://www.phmsa.dot.gov/safety-awareness/pipeline/safety-awareness-overview
https://www.phmsa.dot.gov/pipeline/peri/pipeline-emergency-responders-initiative-peri
https://www.cepa.com
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•	 UN1050 - Hydrogen chloride, anhydrous and UN2186 - Hydrogen chloride, 
refrigerated liquid

•	 UN1052 - Hydrogen fluoride, anhydrous

•	 UN1079 - Sulfur dioxide/Sulphur dioxide

This table provides initial isolation and protective action distances for large spills (more than 
208 liters or 55 US gallons):

•	 involving different container types (therefore different volume capacities)

•	 for daytime and nighttime situations

•	 for different wind speeds (low, moderate and high)
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•	 it will take a long time for the gas to clear the area

•	 buildings cannot be closed tightly

Vehicles can offer some protection for a short period if the windows are closed and the 
ventilation systems are shut off. Vehicles are not as effective as buildings for in-place protection.

NOTE: Every hazardous materials/dangerous goods incident is different. Each will have special 
problems and concerns. Actions to protect the public must be carefully selected. These pages 
can help with initial decisions on how to protect the public. Officials must continue to gather 
information and monitor the situation until the threat is removed.
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The exceptions are the entries at the beginning of Table 1 marked (when used as a weapon). 
The volumes used for these calculations varies, but in most cases:

•	 Small spills include releases up to 2 kg (4.4 lbs.).

•	 Large spills include releases up to 25 kg (55 lbs.).

Downwind dispersion of the vapor was estimated for each case modeled. Using a database 
containing hourly meteorological data from 120 American, Canadian, and Mexican cities, 
the atmospheric parameters affecting the dispersion and the emission rate were selected.

The dispersion calculation accounted for both the:

•	 time-dependent emission rate from the source

•	 density of the vapor plume (i.e., heavy gas effects)

Since atmospheric mixing is less effective at dispersing vapor plumes during nighttime, day 
and night were separated in the analysis.

In the table:

•	 day refers to time periods after sunrise and before sunset

•	 night includes all hours between sunset and sunrise

Toxicological short-term exposure guidelines for the materials were applied to determine 
the downwind distance to which people may:

•	 become incapacitated and unable to take protective action

•	 incur serious health effects after a single, or rare, exposure

When available, toxicological exposure guidelines were chosen from AEGL-2 or ERPG-2 
emergency response guidelines. AEGL-2 values were the first choice.

For materials without AEGL-2 or ERPG-2 values, emergency response guidelines were 
estimated based on lethal concentration limits derived from animal-based-studies. This 
approach was recommended by an independent panel of toxicological experts from industry 
and academia.
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Table 1 provides two types of recommended safety distances: “initial isolation distances” 
and “protective action distances” for:

•	 small spills: 208 liters (55 US gallons) or less
•	 large spills: more than 208 liters (55 US gallons)
•	 Exception: For entries marked (when used as a weapon), volumes vary, but in most 

cases, small spills include releases up to 2 kg (4.4 lbs.), and large spills include 
releases up to 25 kg (55 lbs.).

Within the “initial isolation distance”, protective clothing and respiratory protection is 
required. You should consider evacuating all people in all directions from the spill or leak 
source. This distance defines the radius of the “initial isolation zone” surrounding the spill in 
which people may be exposed to:

•	 dangerous concentrations upwind of the source
•	 life-threatening concentrations downwind of the source

The “protective action distances” are downwind distances from the spill or leak source, 
within which responders could carry out protective actions to:

•	 preserve the health and safety of emergency responders and the public
•	 evacuate and/or shelter-in-place people in this area (For more information, consult 

pp. 289 to 291)

The “protective action distance” is divided into daytime and nighttime incidents because 
varying atmospheric conditions affect a hazardous area’s size. In fact, the quantity or 
concentration of the material’s vapor poses problems, not its mere presence. During the night, 
the air is generally calmer. This causes the vapor to disperse less and therefore creates a 
greater toxic zone. In daytime, the atmosphere is more active, so the vapor disperses more. 
As a result, there is a lower concentration of vapor in the surrounding air and the area that 
reaches toxic levels is smaller. Daytime is after sunrise and before sunset. Nighttime is 
between sunset and sunrise.

For example, in the case of a small spill of UN1955 - compressed gas, toxic, n.o.s., the 
“initial isolation distance” is 100 meters (300 feet); therefore its “initial isolation zone” is 
200 meters (600 feet) in diameter. Its “protective action distance” is 0.5 kilometers (0.3 
miles) for daytime and 2.5 kilometers (1.6 miles) for nighttime.

Note 1: Some water-reactive materials have 2 entries in Table 1. They are identified by (when 
spilled on land) since they are TIH products and (when spilled in water) because they 
produce additional toxic gases when spilled in water.

For example: UN1746 - Bromine trifluoride and UN1836 - Thionyl chloride.

Note 2: If a water-reactive material only has one entry in Table 1 for (when spilled in water) 
and the product is NOT spilled in water, Table 1 and Table 2 do not apply. You will find safe 
distances in the appropriate orange-bordered guide.

For example: UN1183 - Ethyldichlorosilane and UN1898 – Acetyl iodide.
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Table 2 - Water-Reactive Materials Which Produce Toxic Gases 

Lists:
•	 by order of ID number, materials that produce large amounts of Toxic Inhalation Hazard 

(TIH) gases when spilled in water; and
•	 TIH gases produced by these materials. 

You can easily identify water-reactive materials in Table 1, as their names are immediately 
followed by (when spilled in water).

NOTE: The TIH gases indicated in Table 2 are for information purposes only. These TIH gases 
have already been taken into consideration in the distances of Table 1.

For example, Table 2 indicates that UN1689 sodium cyanide, when spilled in water, will 
generate hydrogen cyanide gas (HCN). In Table 1, you must refer to the distances for sodium 
cyanide, solid and not the distances for hydrogen cyanide gas.

Table 3 - Initial Isolation and Protective Action Distances for Large Spills for Different 
Quantities of Six Common TIH Gases

Lists the following 6 most common TIH materials:
•	 UN1005 - Ammonia, anhydrous
•	 UN1017 - Chlorine
•	 UN1040 - Ethylene oxide and UN1040 - Ethylene oxide with nitrogen
•	 UN1050 - Hydrogen chloride, anhydrous and UN2186 - Hydrogen chloride, refrigerated 

liquid
•	 UN1052 - Hydrogen fluoride, anhydrous
•	 UN1079 - Sulfur dioxide/Sulphur dioxide

Table 3 shows: 
•	 initial isolation and protective action distances for large spills (more than 208 liters 

or 55 US gallons)
•	 different container types (therefore different volume capacities) for daytime and 

nighttime, and for three different wind speeds (low, moderate and high)
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N95 respirators are the most common of the seven types of particulate filtering facepiece 
respirators. This product filters at least 95% of airborne particles (0.3 microns), but is not 
resistant to oil. N95 filtering facepiece respirators do not protect against gases and vapors.

Powered air-purifying respirators (PAPR) force ambient air through the air-purifying cartridge 
or filter into the facepiece. A PAPR does not supply oxygen or air from a separate source 
(e.g., cylinders).

CHEMICAL PROTECTIVE CLOTHING AND EQUIPMENT

For you to safely use this type of protective clothing and equipment, you need specific skills 
developed through training and experience. This type of special clothing may protect against 
one chemical but be readily permeated by chemicals for which it was not designed. Therefore, 
do not use this type of protective clothing unless it is compatible with the released material. 
Also, be aware that it offers little or no protection against heat and/or cold. 

Examples of this type of equipment have been described as:

(1)	 Vapor Protective Suits (NFPA 1991), also known as Totally-Encapsulating Chemical 
Protective Suits or Level A* protection (OSHA 29 CFR 1910.120, Appendix A & B)

(2)	 Liquid-Splash Protective Suits (NFPA 1992), also known as Level B* or C* protection 
(OSHA 29 CFR 1910.120, Appendix A & B), or suits for chemical/biological terrorism 
incidents (NFPA 1994), class 1, 2 or 3 Ensembles and Standard CAN/CGSB/
CSA-Z1610-11 – Protection of first responders from chemical, biological, radiological, 
and nuclear (CBRN) events

No single protective clothing material will protect you from all hazardous materials/dangerous 
goods. Do not assume any protective clothing is resistant to cold and/or heat or flame exposure, 
unless certified by the manufacturer (NFPA 1991 5-3 Flammability Resistance Test and 5-6 
Cold Temperature Performance Test).

*Consult the glossary for more information about protection levels under the heading 
“Protective Clothing.”
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The applicable guides clearly warn you of these potentially dangerous reactions. Technical 
advice is required for these materials since:

•	 Water getting inside a ruptured or leaking container may cause an explosion.
•	 You may need to cool adjoining containers with water to prevent them from rupturing 

(exploding), or to prevent the fire spreading further.
•	 Water may be effective in mitigating an incident involving a water-reactive material, 

but only if you can apply it at a sufficient flooding rate for a long period.
•	 Products from the reaction with water may be more toxic, corrosive or undesirable 

than the product that caused the fire.

When you respond to an incident involving water-reactive materials, take into account:
•	 existing conditions, such as wind, precipitation, location and accessibility to the incident
•	 availability of agents to control the fire or spill

Because there are variables to consider, base your decision to use water on fires or spills 
involving water-reactive materials on information from a reliable source. For example, consult 
the material’s manufacturer through the emergency response telephone number or the 
appropriate emergency response agency listed on the inside back cover.

VAPOR CONTROL

Limiting the amount of vapor released from a pool of flammable or corrosive liquids is an 
operational concern. It requires proper protective clothing, specialized equipment, appropriate 
chemical agents and skilled personnel. Before you engage in vapor control, seek advice on 
tactics to be used from qualified personnel.

There are several ways to minimize the amount of vapors escaping from pools of spilled 
liquids, such as special foams, adsorbing agents, absorbents, and neutralizing agents. To 
be effective, you must select a method for the specific material involved, and use it in a way 
that mitigates, not worsens, the incident.

Where specific materials are known, such as at a manufacturing or storage facilities, the 
hazardous materials/dangerous goods response team should prearrange with the facility 
operators to select and stockpile these control agents before a spill.

In the field, first responders may not have the most effective vapor control agent for the material 
available. They will be more likely to have only water, and only one type of firefighting foam 
on their vehicles. If the available foam is not appropriate, they will probably use water spray. 
Because water is being used to form a vapor seal, care must be taken not to churn or further 
spread the spill during application. Vapors that do not react with water may be directed away 
from the site using the air currents surrounding the water spray. Before using water spray 
or other methods to safely control vapor emission or suppress ignition, get technical advice 
based on a specific chemical name.
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•	 Wear appropriate personal protective equipment and respiratory protection.
•	 Identify and estimate the hazard by using the indicators above.
•	 Isolate the area and secure the scene.
•	 Isolate and decontaminate potentially contaminated people as soon as possible.
•	 To the extent possible, take measures to limit the spread of contamination. 

In the event of a chemical incident, the fading of chemical odors does not necessarily indicate 
reduced vapor concentrations. Some chemicals deaden the senses, giving you the false 
perception that the chemical is no longer present.

If there is any indication that an area may be contaminated with radioactive materials, 
including the site of any non-accidental explosion, responders:

•	 should be equipped with radiation detection equipment 
•	 should have adequate training in how to use this equipment

This equipment should be designed to also alert responders when an unacceptable ambient 
dose rate or ambient dose has been reached.

Initial actions to consider in a potential CBRN/terrorism event:
•	 Avoid using cell phones, radios, etc. within 100 meters (300 feet) of a suspect device.
•	 Notify your local police by calling 911.
•	 Set up incident command upwind and uphill of the area.
•	 Do not touch or move suspicious packages or containers.
•	 Be cautious about the potential presence of secondary devices (e.g., improvised 

explosive devices (IEDs)).
•	 Avoid contamination.
•	 Limit access to only those responsible for rescue of victims or assessment of unknown 

materials or devices.
•	 Evacuate and isolate people who were potentially exposed to hazardous materials/

dangerous goods.
•	 Isolate contaminated areas and secure the scene for analysis of material.

DECONTAMINATION MEASURES

For chemical and biological agents: Emergency responders should follow standard 
decontamination procedures (flush-strip-flush). Mass casualty decontamination should begin 
as soon as possible by stripping all clothing, and flushing with soap and water. For further 
information, contact the agencies listed on the inside back cover of this guidebook.

For people contaminated with radioactive material: Take care to minimize the spread 
of the contamination to the extent possible. Move them to a low radiation area if necessary, 
and if it can be done safely. Remove their clothing and place it in a clearly marked and 
sealed receptacle, such as a plastic bag, for later testing. Use decontamination methods 
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described above, but avoid breaking the skin (e.g., vigorous brushing). External radiological 
contamination on intact skin rarely causes a high enough dose to be a hazard, to either the 
contaminated individual or the first responders. For this reason, prioritize medical stabilization 
for a contaminated injured individual.

NOTE:	 The above information was developed in part by the Department of National Defence 
(Canada), the U.S. Department of the Army, Aberdeen Proving Ground and the 
Federal Bureau of Investigation (FBI).

IMPROVISED EXPLOSIVE DEVICE (IED)

An IED is a “homemade” bomb and/or destructive device used to destroy, incapacitate, harass, 
or distract. Because they are improvised, IEDs can come in many forms, ranging from a small 
pipe bomb to a sophisticated device capable of causing massive damage and loss of life.

The following table predicts the damage radius based on the volume or weight of explosive 
(TNT equivalent) and the type of bomb. 
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