Hazardous Materials Technician, 1st Edition

Hazard Detection and Monitoring

Chapter 7
Hazard Detection and Monitoring
Lesson Goal
After completing this lesson, the student shall be able to discuss various detection and monitoring devices, and describe monitoring and sampling techniques.
Objectives

Upon successful completion of this lesson, the student shall be able to:


1.
Describe the application of detection devices. [NFPA® 472, 7.2.1.3, 7.2.1.3.1, 7.2.1.3.2, 7.2.1.3.3, 7.2.2.2(13, 32, 38), 7.4.3(6)]


2.
Describe detection and monitoring operations. [NFPA® 472, 7.2.1.3.4(3-4, 6-7, 13, 15), 7.2.1.3.5(2-3, 5-8, 10), 7.2.3.5]

3.
Identify monitoring and sampling techniques. [NFPA® 472, 7.3.5.3, 7.4.3(6)]


4.
Identify sensor-based instruments and other devices. [NFPA® 472, 7.2.1.3.4(12)]

5.
Describe advanced hazard identification and monitoring technologies. [NFPA® 472, 7.2.1.3, 7.2.1.3.1, 7.2.1.3.2, 7.2.1.3.4(1-2, 5, 8-11, 14, 16-18), 7.2.1.3.6]


6.
Explain sample and evidence collection techniques. [NFPA® 472, 7.2.1.5]


7.
Perform maintenance and testing on monitoring equipment, test strips, and reagents. [NFPA® 472, 7.2.1.3.6; Skill Sheet 7-1]

8.
Demonstrate the use of a multi-gas meter (carbon monoxide, oxygen, combustible gases, multi gas and others) to identify hazards. [NFPA® 472, 7.2.1.3.5(1, 3-4); Skill Sheet 7-2]

9.
Demonstrate the use of pH meters to identify hazards.  [NFPA® 472, 7.2.1.3.5(6); Skill Sheet 7-3]

10.
Demonstrate the use of colorimetric tubes to identify hazards.  [NFPA® 472, 7.2.1.3.5(2); Skill Sheet 7-4]

11.
Demonstrate the use of pH paper to identify hazards. [NFPA® 7.2.1.3.5(9); Skill Sheet 7-5]


12.
Demonstrate the use of reagent test strips to identify hazards.  [NFPA® 472, 7.2.1.3.5(10); Skill Sheet 7-6]


13.
Demonstrate the use of radiation detection instruments to identify hazards.  [NFPA® 472, 7.2.1.3.5(8); Skill Sheet 7-7]


14.
Demonstrate the use of passive dosimeters to identify hazards.  [NFPA® 472, 7.2.1.3.5(5); Skill Sheet 7-8]

15.
Demonstrate the use of photoionization and flame ionization detectors to identify hazards.  [NFPA® 472, 7.2.1.3.5(7); Skill Sheet 7-9]


16.
Demonstrate the use of WMD detectors (chemical and biological) to identify hazards.  [NFPA® 472, 7.2.1.3.5(11); Skill Sheet 7-10]


17.
Collect samples of a hazardous material solid, liquid, or gas.  [NFPA® 472, 7.2.1.5; Skill Sheet 7-11]
Instructor Information

This is the lesson covering hazard detection and monitoring. This lesson describes various detection and monitoring techniques and various pieces of equipment. The lesson also covers sampling and evidence collection techniques.  

Important instructor information is provided in shaded boxes throughout the lesson plan. Carefully review the instructor information before presenting the lesson.

This lesson includes skill evaluation checklist(s) that assess student ability to perform skills pertaining to the detection and monitoring of hazardous materials. These checklists will allow students to meet the requirements of learning objectives 7-17. 

Methodology

This lesson uses lecture, discussion, and skill evaluation checklists. The level of learning is application.
Outline Contents
	Section
	Outline Pages
	Text Pages

	Section I: Application of Detection Devices
	6
	258

	Section II: Detection and Monitoring Operations
	13
	263

	Section III: Monitoring and Sampling Techniques
	23
	271

	Section IV: Sensor Based Instruments and Other Devices
	27
	274

	Section V: Advanced Hazard Identification and Monitoring Technologies
	57
	292

	Section VI: Sample and Evidence Collection Techniques
	76
	301

	Section VII: Skill Sheets
	86
	309

	Section VIII: Summary and Review
	91
	308


Audiovisuals

· Visuals 7.1 to 7.85 (PowerPoint® Presentation)

Evaluation

· Chapter 7 Quiz 
· Chapter 7 Test
· Skill Evaluation Checklists 7-1 to 7-11
Presentation Tools

Interactive Objects allow instructors to present information a piece at a time by clicking on hot spots in a larger image.
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Each object is labeled in the Lesson Outline and indicated in the PowerPoint® presentation by a RED arrow in the top left corner of the image. This lets instructors know to use the mouse to explore all of the information on the slide.
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After all of the information is displayed a reset arrow will appear in the bottom right corner of the image. Instructors can use this to remove the text and quiz students on content just covered or simply move on to the next slide.
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To move to the slide after an interactive object, select the Click for next slide arrow on the left side of the slide.

Videos are used as discussion starters or to illustrate a concept or process discussed in the chapter. 
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These are labeled in the Lesson Outline and indicated in the PowerPoint® presentation by the Click image to play arrow on the left side of the slide.

Section I:
Application of Detection Devices 
I. application of detection devices
pp. 258-263
Objective 1 – Describe the application of detection devices.
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Application of Detection Devices

1. Monitoring

a. Similar to size-up

b. Dynamic process

c. Should be done on ongoing basis

d. Allows responders to 

i. Determine effectiveness of preventive or remedial actions

ii. Evaluate progress of general cleanup effort

2. Information obtained from monitoring and detection equipment may be used to

a. Determine and set response zones

b. Determine potential for exposure for both emergency responders and general public

c. Determine if locations are at safe levels for public to reoccupy

d. Assist in selection of personal protective equipment

e. Help determine location of contamination and identify safe areas that may not be contaminated

f. Determine areas that are immediately dangerous to life and health

g. Help identify flammable atmospheres, oxygen deficient atmospheres, or the presence of toxic substances

h. Confirm mitigation actions and proper decontamination

Instructor Note: This information correlates with Skill Sheet 7-1. More information is found at the end of this lesson outline.
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Detection Hazards

1. In field, haz mat technicians may be forced to work in proximity to variety of hazards

2. Important to understand hazards and bearing they may have on detection and monitoring equipment

3. Hazardous products can potentially

a. Damage detection equipment

b. Prevent accurate readings

c. Cause total failure of equipment
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Note: Maintaining responder safety takes priority over concerns about damaging equipment.
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Combustibility/Flammability

a. Typically most commonly encountered hazards

b. Significant threat to responder safety

c. Combustible gas indicators (CGIs)

i. Measure amount of flammable vapors and gases in atmosphere

ii. Display measurements in following ways

(a) Percentage of lower explosive limit (%LEL)

(b) Parts per million (ppm) or parts per billion (ppb)

(c) Percentage of gas per volume of air

d. Most instruments allow responder to determine flammability of product, either known or unknown, with relative accuracy

e. Many are combination instruments and may have ability to monitor for oxygen and other hazards as well
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Corrosivity

a. Primary tools – pH meters and pH paper

b. Has potential to damage detection equipment; should not discourage responders from using equipment
6. Oxidation potential or oxygen deficiency

a. Oxygen potential

i. Presence of oxygen means substances may become oxidized

ii. When oxygen is released, combustion is enhanced
iii. Hazards increase when dealing with products that have ability to oxidize

b. Oxygen deficiency

i. Major concern

ii. Potential indoors or in confined space

iii. Most instruments will identify both deficient and enriched atmospheres

iv. Many instruments have alarm points ranging from 19.5 percent (deficient) up to 25 percent (enriched)

7. Pathogenicity

a. Measure of pathogen’s ability to infect organism

b. Pathogens – Viruses, bacteria, fungi

c. Most accurate way of determining presence – Laboratory testing

d. Field screening includes

i. Immunoassay indicators

ii. DNA fluoroscopy

iii. Polymerase chain reaction (PCR)

8. Radioactivity

a. Cannot be determined or measured using senses

b. Requires metering

c. Detectors available to monitor alpha and beta particles and gamma rays

d. Many detectors determine multiple types of radiation

9. Reactivity

a. Chemical reaction – Process that results in energy changes

b. Exothermic reactions 

i. Give off heat

ii. Can be extremely dangerous

iii. Typical – Fire or explosion

c. Difficult to determine with naked eye

d. Temperature of chemical can give valuable information on stability of chemical

10. Toxicity

a. Many different technologies

i. Some chemical-specific

ii. Some identify large groups of chemicals

b. Examples described later
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Determining Types of Hazards and Identification at Unknown Responses
1. Necessary to plan safe response

2. Should be available prior to making entry whenever possible

3. If chemicals cannot be identified or determined, technicians must use available resources to address situation in safe, risk-based manner
4. If unknown chemical or hazard, obtain quality information using available meters

a. LEL meter will help determine if chemical has flammable properties

b. pH paper can help determine corrosive properties

c. Radiation metering equipment can be used to detect elevation in background radiation

d. Infrared temperature gun will assist in determining if chemical or product is undergoing reaction
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Determining Effectiveness of Decontamination
1. Number of methodologies available

a. Visual inspection

b. Wipe sampling

c. Permeation testing

d. Analysis of cleaning solution

2. Metering devices may also be used 
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Review Question: How can information obtained from monitoring and detection equipment be used by the hazardous materials technician?
See pp. 258-263 of the manual for answers.

Section II:
Detection and Monitoring Operations

II. detection and monitoring operations

pp. 263-271
Objective 2 – Describe detection and monitoring operations. 
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Detection and Monitoring Operations

1. [image: image15.png]


Helps provide additional or confirming information so that responders can employ safest approach in risk-based response

2. Can help determine

a. Appropriate PPE

b. Safe areas and evacuation zones

c. Control tactics

3. Must be ongoing process

4. No single instrument will completely identify or quantitate compounds

5. Can be used to help estimate concentrations or known product

6. May help identify unknown products

7. Assist in evaluating 
a. Health and safety effects of chemical

b. Exposures during medical surveillance
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Fundamentals of Monitoring

1. Features that should be considered when evaluating detection and monitoring equipment
a. Portability and durability

i. Should be portable and rugged

ii. Should be able to withstand exposures to elements

iii. Should have internal power supply

b. Cost

i. May be additional expenses

ii. Can include

(a) Maintenance costs

(b) Calibration gases

(c) Sensor replacements

(d) Library updates

(e) Training

c. Ease of operation – Should consider operation while wearing PPE

d. Usability in hazardous environment – Should be

i. Explosion-proof

ii. Intrinsically safe

iii. Purged

Instructor Note: Discuss with students the ways in which equipment may be certified or listed. 

Devices certified or listed by agencies such as Underwriters Laboratories as explosion-proof, intrinsically safe, or purged for a given class, division, and group, and it is used, maintained, and serviced correctly, it will not contribute to ignition.
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Technology

a. Instrument response time

i. Interval between time instrument senses contaminant and when it generates data

ii. Important to producing reliable and useful results

iii. Relies on

(a) Test(s) to be performed

(b) Dead time between sample periods

(c) Sensitivity of instrument
iv. May range from few seconds to several minutes

b. Sensitivity

i. Ability of instrument to accurately measure changes in concentration

ii. Important when slight concentration changes can be dangerous

iii. Operating range 

(a) Between lower and upper use limits

(b) Defined by lower detection limit at low end and saturation concentration at high end

c. Selectivity

i. Ability of instrument to detect and measure specific chemical or group of similar chemicals

ii. Depends on interfering compounds that may produce a similar response

iii. Must be reviewed and interpreted with sensitivity

iv. Can be affected by interferences

d. Specificity

i. Comparison of relationship between antigen and antibody

ii. Measures portion of negative samples correctly identified as negative

e. Operating range – Range of concentration accurately measured by instrument

f. Amplification

i. Instrument’s ability to increase very small electronic signals emanating from detector to readout

ii. Changing does not change sensitivity

iii. May be useful in calibration

iv. Can be affected by radio frequency from 

(a) Pulsed DC or AC power lines

(b) Transformers

(c) Generators

(d) Radio wave transmitters

g. Accuracy

i. Relationship between true value and instrument reading

ii. Important to understand error factors

h. Reliability – Ability of device to produce consistently accurate readings
i. Direct-reading

i. Requires little or no need to interpolate, integrate, or compile large amounts of data

ii. Offers results at time of sampling

iii. Can detect contaminant concentration as low as 1 part per million (PPM) without need for samples to be sent to laboratory

iv. Beneficial to planning and response
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Instrument response time

a. Interval between time instrument senses chemical or contaminant and when it produces data

b. May depend on 

i. Type of test to be performed

ii. Dead time required for instrument to analyze and display data

iii. Sensitivity of instrument

c. Greatly varies based on types of instruments (passive, pump and draw tube)

d. Some respond as quickly as 10 seconds; others may take upwards of 1 minute

Instructor Note: Refer students to the information box titled “Automatic Pumps for Manual Devices” on p. 266 of the manual. 
Discuss with students how monitoring equipment equipped with automatic pumps can be a time saver for the haz mat technician.
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Calibration

1. Performed at factory to respond accurately to given vapor or gas within specific concentration range

2. Should be checked before and after each use and at intervals established by AHJ

3. Instructions provided in operating manual supplied by manufacturer

4. Checks must be documented

5. Bump test

a. Verifies instrument’s calibration by exposing it to known concentration of test gas

i. Reading should be compared to actual quantity of gas present
ii. Quantity will be indicated on calibration gas cylinder
b. Determines if sensors are operating properly

c. Determines if instrument sounds alarms at set action levels

d. Not calibration, but test performed immediately prior to entering hazard area
e. Ensures instrument is accurate and precise

6. Relative response

a. Instrument’s response to reading relative to its calibration gas

b. Conversion factors or relative response curves can be used to convert instrument reading to true concentration of vapor or gas present

i. Only works if vapor or gas can be identified

ii. Can be calculated by dividing instrument reading by actual concentration

iii. Expressed as ratio or percent

c. If being used for chemical different from calibration standard, may be possible to find conversion factor in instrument’s technical manual

d. If no relative response data for chemical in question, may be possible to recalibrate instrument

7. Cross-sensitivities and interference

a. Can result in either decreased instrument sensitivity or false readings

b. May occur on many different types of instrumentation

c. May be prevented by filters 

d. Information typically supplied by instrumentation manufacturers – Should be consulted before evaluating instrumentation readings

e. Must be determined if present
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Action Levels

1. Response to known or unknown chemicals or products that will trigger some action

2. When reached, may trigger

a. Removal of unprotected or unnecessary personnel
b. Additional monitoring

c. Alteration or adjustment of PPE

d. Total area evacuation

3. Should be based on department SOPs and developed by AHJ

4. When considering for LEL, must be determined if product is known or unknown
a. If known and relative response conversion is available, may be possible to have high LEL action levels

b. If unknown, more conservative approach must be taken

5. May be multiple established

6. Can vary depending on mission
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Review Question: What factors should be considered when selecting monitoring and detection devices?
See pp. 264 -271 of the manual for answers.

Section III:
Monitoring and Sampling Techniques
III. monitoring and sampling techniques

pp. 271-274
Objective 3 – Identify monitoring and sampling techniques. 
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Monitoring and Sampling Techniques

1. Important for technicians to understand physical properties of hazardous chemicals

2. Critical to monitor several locations in area, both high and low

3. Important to be thorough to ensure that identified area has been adequately assessed

4. Should occur in slow and methodical manner

5. [image: image24.png]Monitoring and sampling
techniques require planning and
thorough implementation.

Carefully plan to not waste time
and resources

Location chosen with proper
considerations

-
Document locations that have
been monitored

0 DIFSTA

J—



Must be carefully planned so that time and resources are not wasted

6. Locations should be chosen based on chemical hazards and environmental considerations

7. Documentation of locations that have been monitored 

a. Paramount

b. Should be described in detail

c. Should include – From source
i. Distance
ii. Direction
iii. Elevation
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Individual Monitoring and Area Monitoring

1. Individual monitoring

a. Usually conducted with handheld equipment

b. Factors to consider

i. Location of area to be monitored
ii. Proximity of product within area to be sampled

iii. Type of instrument needed to detect given sample

iv. Lower flammable limits of chemical

v. Oxygen concentrations within sample area

vi. Specific instrument response within sample area

c. Whether chemical is known or unknown, important that technician utilize risk-based response when conducting individual monitoring operations

d. Use of equipment will either help confirm concentrations or alert responders to presence of potential hazard

e. Monitoring

i. Should be carefully planned so that time and resources are not wasted

ii. Locations should be chosen based on environmental conditions

(a) Inside – Consider vapor density 

(b) Outside – Consider wind direction and speed

2. Area monitoring
a. Performed at planned locations within given area where chemical dusts, vapor, or fumes are generated
b. Objective – To determine presence and concentration of product in area

c. May use portable equipment, but fixed equipment should be used for long-term incidents

d. Instruments

i. Photoionization detectors

ii. Oxygen sensors

iii. Explosivity meters

iv. Chemicals sensors

e. Should be preplanned on area map or drawing to define exact locations

f. Plans should be reviewed and approved by IC prior to implementation
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Confined Spaces

1. Monitoring critical for safe operation

2. SOPs should be followed

3. OSHA requires that calibrated direct reading instrument be used

4. Responders must be trained to appropriate level

5. Hazards remain same

6. Monitoring activities should be performed as with any other response

7. OSHA requires preentry test if unoccupied for more than twenty minutes
D. Cargo Containers

1. Take extreme care because of unknown conditions

2. Product identification may be possible given right tools

3. Air monitoring should be attempted through any open vents

4. Once safe to enter, risk-based response should be used
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Review Question: How are monitoring and sampling techniques similar?
See pp. 271-274 of the manual for answers.

Section IV:
Sensor-Based Instruments and Other Devices
IV. sensor-based instruments and other devices
pp. 274-292
Objective 4 – Identify sensor-based instruments and other devices. 
Instructor Note: This information correlates with Skill Sheet 7-2. More information is found at the end of this lesson outline.
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Oxygen Indicators
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Used to evaluate atmosphere for 

a. Oxygen concentration for respiratory purposes

i. Normal air – 20.9% oxygen

ii. If oxygen concentration drops below 19.5%, atmosphere is oxygen-deficient

iii. 1% drop in oxygen level indicates that 50,000 ppm of some other products has taken its place

b. Increased risk of combustion – Concentrations above 23.5% considered oxygen-enriched
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WARNING!  A 1 percent drop in oxygen level indicates that 50,000 ppm of some other product has taken its place in the atmosphere!
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WARNING!  Increases in the oxygen level may indicate that some type of reaction or displacement has taken place!!

2. [image: image32.png]Oxygen indicators evaluate the
atmosphere for respiratory purposes
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Often used in tandem with other sensors because instruments require sufficient oxygen for operation

3. Use electrochemical sensor to determine oxygen concentration

4. Principal components

a. Oxygen sensor

i. Two electrodes

ii. Housing containing electrolytic solution

iii. Semi-permeable membrane

b. Meter readout

5. Reaction between oxygen, solution, and electrodes produces small electric current proportional to oxygen content

6. Affected by temperature and atmospheric pressure

7. Normal operating range – Between 32°F (0°C) and 100°F (38°C)

a. Between 0°F (-18°C) and 32°F (0°C) response may be slow
b. If exposed to temperatures below 0°F (-18°C), may be damaged
8. Operation depends on absolute atmospheric pressure – Sensor should be calibrated at altitude at which instrument will be utilized
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Combustible Gas Indicators

1. Measure concentration of flammable vapor or gas in air

2. Reading displayed as percentage of lower explosive limit (LEL) of calibration gas

3. Available in many styles and configurations

4. Some have pump to draw air sample into detector; others use ambient air allowed to diffuse over sensor

5. Most are combination meters

6. Use combustion chamber containing filament that burns flammable gas or electronic sensor

a. To facilitate combustion, filament heated or coated with catalyst or both

b. In hot wire type, filament is part of balanced resistor circuit called Wheatstone bridge

c. Hot filament burns gas on immediate surface of element, thus raising temperature of filament

d. As filament temperature increases, so does resistance

e. Change in resistance causes imbalance in Wheatstone bridge

f. Measured as ratio of combustion vapor present compared to total required to reach LEL

7. Concentration greater than LEL and lower than UEL indicates ambient atmosphere is readily combustible

8. Response is temperature-dependent

9. Intended for use only in normal oxygen atmospheres

10. Interference caused by

a. Organic lead vapors

b. Sulfur compounds

c. Silicone compounds

d. Acid gases
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Electrochemical Cells

1. Type of fuel cell designed to produce current precisely related to amount of target gas in atmosphere

2. Consists of

a. Container

b. Two electrodes

c. Connection wires

d. Electrolyte

3. Lifetimes can vary based on

a. Manufacturer

b. Frequency of use

c. Concentrations during use
D. Metal Oxide Sensors

1. Used to detect gases – Like natural gas and hydrogen sulfide
2. Inside – Gases 

a. Interact with thin film of metal oxide

b. Either reduce or oxidize – Depending on properties

c. Reaction causes increase or decrease in conductivity of metal oxide film

d. Degree of change translated into concentration of gas
E. pH Meters

1. May be more accurate and reliable than pH paper

2. Measure concentration of hydrogen ions

a. Acids dissolve in water, forming positively charged hydrogen ions

b. Alkalis or bases dissolve in water, forming negatively charged hydrogen ions

3. Measures electrochemical potential between known liquid inside gas electrode and unknown liquid outside gas electrode

a. Thin glass bulb used as basis for pH meter and allows hydrocarbon ions to interact with glass

b. Glass electrode measures electrochemical potential of hydrogen ions, or potential of hydrogen

c. To complete electrical circuit, reference electrode needed

d. Probe passes electrical signals to meter which displays reading in pH units

e. More acidic solution, lower pH value will be

4. Must be calibrated; can be achieved by dipping probe into buffer solution of known pH and following manufacturer’s recommended steps
5. Disadvantages

a. Must be calibrated prior to each use

b. Easily damaged

c. More expensive than pH paper and strips
Instructor Note: This information correlates with Skill Sheet 7-3. More information is found at the end of this lesson outline.
F. Multi Sensor Instruments

1. Often configured with oxygen sensor, LEL sensor, and CO and hydrogen sulfide (H2S) sensors

2. Variety of configurations

3. Subject to interference from variety of sources

a. Other gases

b. Vapors

c. Temperatures
d. Barometric pressures

4. Must be replaced periodically

5. Must be calibrated with gas specific to sensor
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Colorimetric Methods

1. Indicate and/or identify presence of chemical through chemical reaction that results in color change of test medium

2. Color change may be viewed visually or through use of more sophisticated equipment

3. Used widely by hazardous materials response professionals

4. Have been found to be reliable; however, some have wide variance of accuracy

5. Colorimetric tubes/chips
a. How they work

i. Consists of glass tubes impregnated with indicating chemical
ii. Tube connected to piston or bellows-type pump

iii. Known volume of contaminated air is pulled at predetermined rate through tube by pump

iv. Contaminant reacts with indicator chemical in tube, producing change in color whose length is proportional to contaminant concentration

b. Normally chemical-specific

c. Concentration ranges may be in ppm or percent range

d. Preconditioning filter may precede indicating chemical in order to

i. Remove contaminants that may interfere with measurement

ii. Remove humidity

iii. React with contaminant to change it into compound that reacts with indicating chemical

e. Kits available from several different manufacturers
i. Identify or classify contaminants as member of chemical group

ii. Done by sampling with certain combinations of tubes at same time using special multiple tube holder or by using tubes in specific sampling sequence

f. Sometimes only means of monitoring at range of concentration

g. Not always as accurate or precise as other monitoring equipment

h. Affected by cold temperature

i. Keep tubes warm until used

ii. Store at moderate temperature

i. Some do not have pre-filter; may be affected by high humidity

j. Chemical deteriorates over time

i. Assigned shelf life

ii. Varies from one to three years

iii. Tube only certified until expiration date

[image: image36.png]


Note: Tubes that are out of date can be used for training exercises, but they may give false readings.
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CAUTION: Storing tubes in a hot compartment or area can cause them to prematurely fail.
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WARNING!: Expired tubes should NEVER be used in a “real-world” incident!
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Advantage – Possible to select tube specific to chemical

l. Interpretation of results

i. Can be difficult

ii. User must be able to see end of stain

iii. Color changes may not be precise or clear at times

iv. Some stains are diffused

v. Length of stain may change as function of time

vi. Some tubes need longer reaction times before color change is obvious

m. Total volume to be drawn through tube

i. Varies with tube type and manufacturer

ii. Volume needed is given as number of pump strokes needed

iii. May take 1 to 2 minutes for each stroke to be completely drawn

iv. Sampling times can vary from 1 to 100 minutes or more per tube

n. Very important to read instructions provided

o. Colorimetric chips

i. Also called chip measurement system (CMS)

ii. Use chemical-specific measuring chips with electronic analyzer

iii. Have small tubes

iv. Most considered direct reading instruments
v. Offer highly reliable measurement for specific gases and vapors in digital readout format

vi. Tend to offer fast response

Instructor Note: This information correlates with Skill Sheet 7-4. More information is found at the end of this lesson outline.
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pH paper

a. Easy to use and interpret

b. Used to visually determine whether liquid or solution is acidic or basic

i. Acids turn it red

ii. Bases turn it blue

c. Can be used for both liquids and vapors

d. Several varieties with different pH ranges

e. Highly sensitive to differences in acid or base concentration

f. Can be used to measure acidity or basicity of liquid and solid samples by mixing solid with water and measuring pH of resulting solution

g. To detect corrosivity
i. May be dipped directly into chemical

ii. For safety, may be taped to stick or long rod

h. To detect corrosivity of vapor or corrosive properties in air, hold out moistened strip of pH paper

i. May be taped to suit or face shield to determine corrosivity of unknown atmosphere
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Note: In corrosive atmospheres, flammable gases may be released. In these instances, pH paper can be used in conjunction with other monitoring equipment to identify corrosive/flammable atmospheres.

Instructor Note: This information correlates with Skill Sheet 7-5. More information is found at the end of this lesson outline.
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Test strips

a. Variety found available for specific ions typically found in water
b. Can include

i. pH

ii. Fluoride

iii. Chloride

iv. Nitrates

v. Peroxides

vi. Oxidizers

c. Typically used for measuring water for components at low ppm range

d. Multi-function strips available

i. Typically contain tests for pH, oxidizers, and others

ii. Can be useful for

(a) Quick determination as to whether material has entered stream or other body of water 

(b) Establishing whether a pool of liquid next to potential leak source is rain water or from leak in container

iii. Need to be stored in climate-controlled environment to prevent deterioration

iv. Most have limited shelf life

Instructor Note: This information correlates with Skill Sheet 7-6. More information is found at the end of this lesson outline.
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M8, M9, and M256 chemical agent detection papers

a. M8 and M9

i. Change color in presence of liquid nerve agents or blistering agents

ii. M8 – Dipped into suspect liquid; color change compared to color chart

iii. M9 – Detects nerve and blister agents as droplets of air

iv. Easy to use

v. Will only show probable toxic agent present

vi. Will not display level of material present

vii. Will react with other chemicals, leading to false positive results

viii. Extremely useful in that they respond to chemical warfare agent immediately
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Note: M8 paper can also identify whether a liquid is organic in nature or water. If the liquid is organic, it will be absorbed by the paper. Water will bead on the paper.
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M256A1 Detector Kit

i. Hand-held set of colorimetric tests to detect

(a) Nerve agents

(b) Blister agents

(c) Blood agents
ii. Uses several different chemistries including immunoassay techniques
iii. Can detect presence of airborne WMDs at levels below the regulatory limit of exposure to those materials

iv. Can take up to thirty minutes to perform and is effectively two-person task

v. Susceptible to inferences leading to false positive results indicating presence of agent when not present
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Radiation Detection Instruments

1. Can help responders avoid hazardous exposure at scene of nuclear incident

2. Verifies that victims are free from radiological contamination

3. Radiation measured usually expressed as exposure per unit time

a. Curie (Ci)

b. Becquerel (Bq)

c. Counts per minute (CPM)

4. Used routinely to monitor personnel working around or with radiation sources

5. Also used to check for radiation leakage from containers used to store or transport radioactive materials
Instructor Note: This information correlates with Skill Sheet 7-7. More information is found at the end of this lesson outline.
6. Geiger-Mueller

a. Common example of gas-filled detector

b. Radiation ionizes gas inside detection chamber and instrument’s electronics measure quantity of ions created

c. Ion chamber

i. Very simple type of gas-filled detector that often uses regular ambient air as detection gas

ii. Can be affected by temperature and humidity

iii. Often calibrated so that response is directly related to intensity of radiation

iv. Reliable when encountering radiations with varying energies

d. Sealed from outside air

e. Not typically affected by temperature
f. Those with very thin window may be capable of detecting alpha, beta, and gamma radiation, making them useful for detecting radiological contamination
g. Those with sealed metal body are better suited for measuring penetrating gamma radiation that can be external exposure hazard 

7. Scintillation detectors

a. Radiation interacts with crystal to produce very small flash of light

i. Sodium iodide

ii. Cesium iodide

iii. Zinc sulfide

b. Electronics of instrument amplify light pulse thousands of times in order to produce signal that can be processed

c. Device called photomultiplier tube that is attached to crystal provides light amplification

d. Some have thin Mylar covering over crystal making them useful for detecting radiological contamination
e. Most useful when detection of very small amounts of radiation required

f. Those sealed in metal body better suited for measuring penetrating gamma radiation

g. Probes are usually larger than gas-filled detector probes because of photomultiplier tube

h. Susceptible to breakage if not handled properly

8. Dosimeters and badges

a. Useful for keeping track of wearer’s total accumulated radiation dose
b. Measures total radiation dose an individual has received

c. Several different types

d. Self-reading dosimeters (SRDs)
i. Measure radiation dose in

(a) Roentgens (R)
(b) Milliroentgens (mR)

(c) Microsieverts

(d) Milisieverts

(e) Gray (Gy)

ii. Generally only measure gamma and X-ray radiation

iii. To read, hold up to light source and look through eyepiece

iv. Record reading before entering radiation field

v. Read at 15- to 30-minute intervals and again upon exit

vi. If reading is higher than expected or off-scale, responders should

(a) Notify others in hot zone

(b) Have them check their SRDs

(c) Exit hot zone immediately

(d) Follow local procedures

vii. Guidelines suggest 5 rem (0.05 Sv) occupational limit for most situations; limits flexible

Instructor Note: This information correlates with Skill Sheet 7-8. More information is found at the end of this lesson outline.
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Photo-Ionization Detectors (PIDs)
1. Detect concentrations of gases and vapors in air

a. Use ultraviolet light source to ionize airborne contaminant

b. Once ionized, can be detected and measured

2. Also used in gas chromatographs
3. Can detect levels as low as 0.1 ppm and in some instances even ppb

4. Use fan or pump to draw air into detector of instrument where contaminants are exposed to UV light and resulting charged particles are collected and measured

5. UV lamp

a. Ionizing potential of chemical to be detected must be compared to energy generated by UV lamp of instrument

b. Lamp cannot be too energetic or oxygen and nitrogen will ionize and interfere with readings for contaminants
c. Most common energy used in haz mat response 10.6

d. Other energies that may be encountered are 9.8 and 11.7

e. Used for selective determination of chemicals

6. Limitations

a. Dust may collect on lamp and block transmission of UV light

b. Condensation may form on lamp and reduce available light

c. Moisture may reduce ionization of chemical and reduce overall readings

d. Radio frequencies may produce error in response

e. As lamp ages, output intensity will decrease 
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Calibrated to single chemical

8. Response to chemicals other than calibration gas/vapor can vary

9. Correction factor

a. Measure of sensitively of PID sensor to specific gas

b. Scaling factor that offers correction to read-out of gas to which sensor was calibrated

c. Allows for instruments such PIDs to be calibrated to “surrogate” gases that are less expensive and hazardous than some gases that may be found in field

10. Combinations in field instruments

a. PIDs, oxygen sensors, explosive detection meters, chemical sensors

b. Grouped into different combinations to measure air concentrations
c. Useful for continuous monitoring during operations or for perimeter monitoring to warn responders and community of increases in airborne contamination
d. Some can be radio-linked to central command post to provide real-time monitoring

11. Advantages
a. Does not destroy test sample
b. Allows sample to be retained for later analysis
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Flame-Ionization Detectors

1. Use combustion (hydrogen flame) to ionize organic airborne contaminants

a. Organic compounds contain carbon-hydrogen or carbon-carbon bonds
b. Once ionized, many contaminants can be detected and measured

2. Respond to virtually all organic compounds

3. Inside detector chamber, sample exposed to hydrogen flame that ionizes organic vapors

a. When most organic vapors burn, positively charged carbon-containing ions are produced, which are collected by negatively charged collecting electrode in chamber

b. As positive ions are collected, a current proportional to hydrocarbon concentration is generated on input electrode

c. Current is measured with preamplifier that has output signal proportional to ionization current

d. Signal-conducting amplifier used to amplify signal from preamp and to condition it for subsequent meter or external recorder display

4. More generalized response in detecting organic vapors

a. Due to breaking of chemical bonds

b. Requires set amount of energy and is known reproducible event

5. Most sensitive for

a. Saturated hydrocarbons

b. Alkanes

c. Unsaturated hydrocarbon alkenes

6. Sensitivity reduced by substituted functional groups
7. Respond only to organic compounds

8. Do not detect inorganic compounds

9. Cannot detect some halogen compounds

10. Good for using conjunction with PIDs
Instructor Note: This information correlates with Skill Sheet 7-9. More information is found at the end of this lesson outline.
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Other Detection Devices

1. Thermal imagers (TI)
a. Type of thermographic imaging device used widely by firefighters

b. Render infrared radiation as visible light

c. Allow firefighters to see areas of heat through smoke, darkness, or heat-permeable barriers

d. Typically handheld; may be helmet-mounted

e. Constructed using heat- and water-resistant housings

f. Designed to withstand hazards of fireground operations

g. Consist of five components

i. Optic system

ii. Detector

iii. Amplifier

iv. Signal processing

v. Display

h. Components work together to render infrared radiation to visible light representation in real time

i. Display shows infrared output differentials

i. Two objects with same temperature will appear to be same “color”

ii. Many use grayscale to represent normal temperature objects

iii. Highlights dangerously hot surfaces in different colors

j. Used by haz mat responders to look for hot spots or differences in temperature

k. May be used to identify chemical reactions occurring in container
l. Can be used to determine liquid levels in uninsulated containers or flow in transfer hose

m. Some are sensitive enough to differentiate cold temperatures

n. Useful in identifying leaks involving products such as propane and ammonia

o. Useful for identifying differences in temperature between containers

2. Infrared thermometers

a. Detect temperature using portion of thermal radiation emitted by object of measurement

b. Typically very accurate

c. Most basic design consists of lens that focuses infrared thermal radiation onto detector

i. Detector converts radiant power to electrical signal that can be displayed in units of temperature after being compensated for ambient temperature

ii. Facilitates temperature measurement from distance without contact with object to be measured

d. Useful for measuring temperature under circumstances where thermocouples or other probe-type sensors cannot be used or do not produce accurate data

e. Can be used to serve wide variety of temperature-monitoring functions

i. Determining surface temperature of container

ii. Determining temperature of material

iii. Determining if chemical reaction is taking place in and/or outside the container

iv. Monitoring materials in process of chemical reaction

3. Halogenated hydrocarbon meters

a. Measure for halogenated hydrocarbons 

i. Carcinogens; can pose serious health risk

ii. Can be detected with use of colorimetric tubes and chips and more advanced methods

b. Portable devices

c. Capable of detecting vapor concentrations of 25 parts per million by volume (ppmv)

d. Indicate concentration of 25 ppmv or greater by emitting audible or visual signal that varies as concentration changes

e. Disadvantages

i. Do not provide numerical value
ii. Not typically intrinsically safe

f. Advantages

i. Cost effective

ii. Easy to use

iii. Chemical family specific
iv. Provide verification of readings from other detection devices
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Review Question: How do pH meters, radiation detection instruments, and thermal imagers compare with one another?
See pp. 274-292 of the manual for answers.

Section V:
Advanced Hazard Identification and Monitoring Technologies

V. advanced hazard identification and monitoring technologies

pp. 292-301
Objective 5 – Describe advanced hazard identification and monitoring technologies. 
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Gas Chromatography

1. Tool used extensively to measure contamination levels in air, water, and soil

2. Used to separate and measure components in mixture

3. Can be exceptionally sensitive and very specific depending on product to be measured

4. Principle of operation

a. Commonly used in many research and industrial labs

b. Can analyze broad variety of samples as long as compounds are sufficiently stable when exposed to high temperatures

c. Takes into account affinity, volatility, and molecular weight between sample and stationary phase

d. During operation 

i. Sample is injected into column

ii. Inert gas helps push sample through

iii. Once in tube, sample is separated in column by stationary phase and sample interactions

iv. After sample passes through column, it reaches detector which will measure thermal conductivity of carrier gas

v. Generates electrical signal that transforms into chromatogram

5. Considerations

a. Expensive
b. Requires additional training

c. Significant issue – Possible misidentification of impurity peak due to interferences in chromatogram

d. Possible to report presence and concentration of product in air, water, or soil when product may not be present or may be present at much lower level
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Ion Mobility

1. Backbone of many chemical agent monitors used in emergency response

2. Deployed in many airports

3. Used for detection and screening of 

a. Explosives

b. Chemical warfare agents

c. Illicit drugs

4. Gross-level detectors of nerve, blood, blister, and choking agents

a. Examples

i. Chemical agent monitors (CAMs)

ii. Improved chemical agent detectors (ICADs)

iii. Advanced chemical agent detector alarms (ACADAs)

b. Provide visible and audible warning of agent doses, but only when concentration is above initial effects dose

c. Hand held

d. Battery operated

e. Post-attack devices

f. Monitor chemical agent contamination on personnel or equipment

g. May give false positive readings if certain organic solvents are present

Instructor Note: This information correlates with Skill Sheet 7-10. More information is found at the end of this lesson outline.
5. Principle of operation

a. Nickel-63 source ionizes gases which form cluster of ions

b. Gate circuit opens and ions of specific polarity enter chamber called drift tube or drift region

c. Clusters of ions focus and are accelerated by electromagnetic field moving through the drift tube in approximately 10-20 milliseconds

d. Ions arrive at electrode and produce electrical current proportional to relative number of ions present

e. Combination of drift time and charge-current then causes alarm to sound indicating presence of nerve or blister agent

6. Considerations

a. Ion mobility tends to be fast and reliable instrumentation that has been tested under many circumstances and conditions

b. Easily maintained by user 

c. Requires only periodic checks and yearly maintenance

d. Limitation

i. Analysis is dependent on vapor pressure

ii. Will affect detection of some explosives that have low vapor pressures

e. Ion mobility will work efficiently for particulate analysis as well as using wipe sampling technology
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Mass Spectroscopy

1. Generally most sensitive detection for GC and may measure components in low ppm or even ppb ranges

2. Advantage – Break down individual compounds into fragments and compare those fragments with fragmentation pattern of known sample of component being measured for identification purposes

3. Use can aid responder in identification of unknown materials

4. Principle of Operation

a. Ionizes samples in order to determine composition
b. Compares test results to library of known measurements to make positive identification

c. May be combined with Gas Chromatography since the role of GC is mainly to separate various components of chemical mixtures
5. Considerations

a. Disadvantages 

i. Older equipment was not truly “field portable” and needed to be set up at or near scene in stable environment

ii. Samples needed to be taken to equipment and needed to be operated by highly trained technician

b. Newer equipment 

i. Field-portable

ii. Hand-held

iii. Easier to run

iv. Still requires high level of skill to interpret

c. Best used to identify volatile and semi-volatile organic compounds including CWAs and TIs
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Surface Acoustic Wave

1. Principle of operation – MiniCAD®
a. Uses pair of SAW micro sensors that are extremely sensitive to small changes in mass of surface coatings that act as sponges for chemical warfare agents

b. Small pump collects vapor samples, concentrates them, and passes them over micro sensors

c. Onboard microcomputer analyzes responses to determine if hazard exists

d. Analysis time – Typically one minute

2. Considerations

a. Yet to prove itself in terrorism response environment

b. Extremely expensive

c. SAW MiniCAD® probably not sensitive enough to detect trace amounts of nerve and blister agents that may pose significant risk
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Gamma-Ray Spectrometer

1. Determines energies of gamma-ray photons emitted by source

2. Radioactive nuclei commonly emit gamma rays corresponding to typical energy levels in nuclei with reasonably long lifetimes

3. Such sources typically produce gamma-ray “line spectra”

4. Principle of operation

a. Most radioactive sources produce gamma rays of various energies and intensities

b. When emissions are collected and analyzed with gamma-ray spectroscopy system, gamma-ray energy spectrum can be produced

c. Detailed analysis of spectrum typically used to determine identity and quantity of gamma emitters present in source

d. Gamma spectrum is characteristic of gamma-emitting nuclides contained in source

5. Considerations

a. Can serve beneficial purpose in field if technology is available to responder

b. Offers reliable quantitative results for gamma-emitting isotopes

c. Fast, reliable, and sensitive means for complete assessment of gamma radiation field at fixed location

Instructor Note: Remind students that gamma spectrometers cannot detect a product unless it is in the purchased chemical library for the device.
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Fourier Transform IR

1. Method of infrared spectroscopy

2. Developed to overcome limitations that may be found in dispersive instruments

3. To overcome limitation, simple optical device called interferometer developed which presented unique type of signal that has all infrared frequencies encoded into it

4. Allows for very quick response

5. Principle of operation

a. Very similar to infrared spectroscopy

b. Difference – Way signal is received and processed

c. Many signals received and processed instead of one

d. May be upwards in excess of 1,000 signals that are received and then averaged

e. Result offers more sensitivity and accuracy

6. Considerations

a. Tends to be extremely accurate

b. Only limited number of moving parts

c. Internally calibrated

d. Must be returned to factory for calibration

e. Tends to be very reliable when attempting to identify following

i. Solids, liquids, gels, and pastes

ii. Explosives

iii. Organic compounds

iv. Mineral acids

v. Substances in aqueous solutions

vi. Crystalline semi-metals

vii. Fluorescent materials

f. Limitations

i. Does not have ability to see through glass containers

ii. Very difficult or near impossible to identify

(a) Ionic substances

(b) Metals
(c) Elemental substances

(d) Complex mixtures

(e) Aqueous solutions

(f) Some strong acids

iii. Sometimes difficult to analyze spectra in field

iv. May be necessary to consult outside sources in order to analyze spectra

v. Other products present can adversely skew spectra

vi. Responder must physically touch product in order to obtain sample
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Infrared Spectrophotometers

1. Photometer that can measure intensity of beam of light as function of light source wavelength

2. Operates by passing beam of light through given sample and measuring strength of light that reaches detector

3. Organic compounds absorb infrared radiation at frequencies characteristic of and different for different molecules, allowing for infrared analysis
4. Infrared absorbance patterns are distinct enough for well-trained chemist to interpret patterns and identify characteristics of molecule

5. Amount of infrared energy absorbed by sample can be related directly to amount of specific component in that sample

6. Field-use instruments 

a. Available that can monitor and accurately identify thousands of compounds in their libraries

b. Some may be field-programmable if compound is already in instrument’s database

7. Operation

a. Gas sampling done by pumping ambient air through transparent chamber between infrared light source and detector

b. Infrared scan below is plot of amount of infrared radiation absorbed by sample as function of wavelength of IR radiation

8. Limitation – Water contamination
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Raman Spectroscopy IR

1. Similar to infrared spectroscopy

2. Sample is exposed to high intensity light and light reflected by sample is analyzed for absorbance characteristics of

a. Vibrational

b. Rotational
c. Stretching

d. Bending 

3. Principle of operation

a. Sample is irradiated with high intensity light; light that is reflected is analyzed

b. Some of energy from light source is taken up by sample and “redistributed” between various rotational, vibrational, stretching and bending modes of molecule

c. Net result is that light reflected or scattered by sample has “absorbance” bands characteristic of specific molecules
d. Interpretation similar to IR, but some frequencies will be missing

4. Considerations

a. Advantage – Water does not have Raman absorption spectrum

b. Limitations
i. Limited to detection of visible quantities of liquids or solids

ii. Most products only detect substances in clear containers

iii. Lasers used may be eye hazard

iv. Lasers may not identify black or dark materials

v. Laser may ignite dark flammables
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Note: The Raman spectrometer will provide an estimated time to analyze the sample. The longer this sample estimate is, the less potential there is for an accurate spectra.

Instructor Note: Direct students to the safety box “Hazards of Raman Spectroscopy” on p. 298 of the manual. 
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Mercury Detection

1. Mercury

a. One of most toxic elements on planet

b. Released mainly by burning fossil fuels

c. Deposited on land and sea, entering food chain through fish or shellfish

d. Can be found in industry and laboratories

e. Main component in thermometers and barometers

f. Used in some floats and switches

2. Principle of operation

a. Performed by measuring concentration of mercury vapor in optical cell

b. Pump continually draws sample gas through detector

c. Mercury concentration measured in optical cell entirely made of high purity grade fused silica

d. Another method – Gold film detectors

3. Considerations

a. Advantages

i. Very wide detection range

ii. Technology prone to very few interferences

b. Limitations

i. Gold film sensors can become contaminated, requiring regeneration

ii. Regeneration is time consuming and requires AC power
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Wet Chemistry

1. Principle of operation

a. Encompasses many types of kits and strips

b. Some kits contain portable chemistry sets designed to enable logical and progressive testing of sample in order to identify chemical or product

c. Approaches

i. Reagent tests

ii. Chemical test strips

iii. pH paper

iv. Multifunctional test trips

v. HAZCAT

vi. HEINZ 5 STEPTM Kit

vii. EPA Field Screening Kit

2. Considerations

a. May be possible to identify
i. Hazardous substances

ii. Common products

iii. Unknown products

b. Some require extensive training and are expensive

c. Use may be time consuming
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Biological Immunoassay Indicators

1. Identification system that can qualitatively detect biological agent by relying on specificity of antigen or antibody binding event

2. Can be used to detect certain biological agents by targeting proteins that are unique to that agent

3. Can help technician provide incident commander with information needed for critical decision making

4. May be used in conjunction with wet chemistry

5. Principle of operation

a. Based on response of specific antibodies to toxic materials

b. Living organisms will generate antibodies to respond to attack as part of immune system

c. During subsequent exposures, proteins and enzymes react to presence of toxic material rapidly at very low concentrations
d. Limited number of tests developed that use this reaction to detect and identify very low levels of contaminants in soil and water

e. Can be used for air analysis to identify presence of specific component

6. Considerations

a. Tests may offer quick results

b. Tests for biological agents can be susceptible to false positive readings
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DNA Fluoroscopy

1. Used in detection of biological agents

2. Designed to detect specific DNA sequences that are helpful in detection of protein-based biological substances

3. May be used in conjunction with fluorimeters to determine if sample contains DNA and RNA
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Polymerase Chain Reaction Devices

1. Used to quickly amplify or copy segments of DNA

2. Used to identify DNA

3. Can detect and identify biological agents and toxins

4. Principle of operation

a. Automated process amplifies segment of DNA

b. Sample segment heated until separates into two pieces
c. Process results in duplication of original DNA sample with each sample containing new and old strand of DNA

d. Each strand can be used to create new samples, and process can go on exponentially
e. Relatively quick and conducted by matching called thermocycler

5. Considerations

a. Accurate

b. Field use is limited 

c. May be cost prohibitive

d. Takes an average of 30 minutes to process test samples
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Review Question: What are some advanced hazard identification and monitoring technologies currently being used?
See pp. 292-301 of the manual for answers.

Section VI:
Sample and Evidence Collection Techniques
VI. sample and evidence collection techniques

pp. 301-308
Objective 6 — Explain sample and evidence collection techniques. 
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Sample and Evidence Collection Techniques
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During criminal incidents, crucial to investigation and prosecution
2. At criminal haz mat/WMD incidents, top priority after

a. Life preservation

b. Hazard mitigation

c. Protecting environment

3. Can help apprehend suspects and prevent incident recurrences

4. Standing for sampling – ASTM E2458, Standard Practices for Bulk Sample Collection and Swab Sample collection of Visible Powders Suspected of Being a Biothreat Agent from Nonporous Surfaces
5. Two categories of haz mat crime scenes
a. Traditional crime scene where hazardous materials are involved

b. Hazardous materials WMD or CBRNE event where intent is to cause harm to persons, property, or environment

6. Technician duties

a. Work with various law enforcement agencies to preserve and protect potential evidence
b. Assist law enforcement agency in collection of evidence
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Ask Students: What are some examples of the two categories of haz mat crime scenes? 

Briefly discuss answers with students. Give some examples of each type of crime scene, using your own experiences or those in the news.
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Evidence Collection

1. Evidence must be

a. Documented

b. Collected

c. Preserved

d. Packaged

2. During processing and documentation, evidence should be

a. Appropriately packaged

b. Labeled

c. Maintained in secure manner
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Investigator duties

a. Maintain scene security throughout processing and until scene released

b. Lay out investigative evidence collection grid system

c. Document collection of evidence by recording 
i. Location at scene

ii. Date of collection

iii. Who collected it

d. Collect each item identified as evidence

e. Establish chain of custody

f. Obtain control samples
g. Provide blank samples

h. Immediately secure electronically recorded evidence and remove to secure area

i. Identify and secure evidence in containers at crime scene

i. Different types of evidence require different containers

ii. Follow requirements of lab analyzing samples with regard to types of containers and amount of sample to collect

j. Package items to avoid contamination and cross-contamination

k. Document condition of firearms/weapons prior to rendering safe for transportation and submission

l. Maintain evidence at scene in a manner designed to diminish degradation or loss

m. Transport and submit evidence items for secure storage

C. Chain of Custody

1. Practice of tracking item of evidence from time found until disposed of or returned to owner

2. Written history that must include each person who maintains physical control over item throughout process
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Sample Collection

1. Can come in many forms - Depends on type of material present and amount of material

a. Wipe samples

i. Used when contaminants visible or suspected on surfaces

ii. Equipment varies

iii. Techniques and precautions
(a) Attempt to wipe 1-square foot area, pressing hard on sample surface

(b) Use information determined from field monitoring and detection equipment since chemical, radiological, and biological samples require different wipe sample materials

(c) Use gauze pads for large areas and swabs for smaller areas

(d) Store samples in sterile container or bag

b. Liquid sample kits may include

i. Transfer pipettes 

ii. Syringes and tubing

iii. Certified clean jars 

iv. Sterile vials 

c. Solid samples may include

i. Granular solids

ii. Powders

iii. Scrapings from solid materials – Paint or wood

iv. Equipment found in evidence kit could include

(a) Latex gloves

(b) Paper and glass fiber filters

(c) Cotton swabs

(d) Scoops

(e) Spatulas

(f) Forceps

(g) Dropper bottles

(h) Tape

(i) Sterile sample bags

(j) Marking pen

(k) Certified clean jars

(l) Sterile vials

(m) Solvents 

d. Procedures used similar to wipe samples

i. Smaller amounts collected using swab

ii. Scoop or spatula better for granular solides

iii. Scalpels used for wood, paint that may have absorved contaminant

iv. Scissors for material or fabric that absorbed vapor or liquid contaminant

Instructor Note: This information correlates with Skill Sheet 7-11. More information is found at the end of this lesson outline.
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Sampling plans

a. All samples should be collected in accordance with sampling plan

b. Most plans will include following steps

i. Preparing containers before entering exclusion zone, using system agreed upon by AHJ and receiving laboratory 

ii. Recording sample location, conditions, and other pertinent information in field notebook 

iii. Confirming that sample container number agrees with overpack container number 

iv. Wrapping sample container in absorbent material

v. Placing sample in overpack container and sealing with tamper-proof tape 

vi. Completing chain-of-custody form 

vii. Placing sample and chain-of-custody forms in approved transport container 

c. Sample plan should include sampling protocols for

i. Protecting samples and evidence

ii. Field screening samples

iii. Labeling and packaging

iv. Decontaminating samples and evidence

d. Minimum of two individuals recommended for sampling team

i. Sampler who takes samples and handles all sample equipment 

ii. Assistant who handles only clean equipment and provides it to sampler when needed 

iii. Third individual may be added for assistance

e. Safe packaging and transportation responsibility of law enforcement AHJ in cooperation with receiving laboratory and operator of transport vehicle
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Field screening samples

a. Samples must be field screened to eliminate specific hazards before they can be sent to laboratory

b. Tests necessary to ensure safety for individuals involved with

i. Packing

ii. Transporting

iii. Performing lab tests

c. Beforehand

i. Ensure bomb squad personnel have cleared potential explosives

ii. Check for crystallized materials around caps and containers

d. Work area should be well-ventilated
e. Samples to test for, at minimum

i. Corrosivity

ii. Explosivity

iii. Flammability

iv. Oxygen

v. Radioactivity

vi. Volatility

4. Decontaminating samples and evidence

a. Removes contamination from exterior evidence packaging

b. Take care to preserve integrity of evidence
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Review Question: Which sample and evidence collection techniques are most important? Why?
See pp. 301-308 of the manual for answers.

Section VII:
Skill Sheets

VII. SKILL SHEETS

p. 309
Objective 7 — Perform maintenance and testing on monitoring equipment, test strips, and reagents. 
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Skill Sheet 7-1

1. For this skill sheet, students will perform the skills to perform maintenance and testing on monitoring equipment, test strips, and reagents

2. This skill sheet can be found in the Skills Evaluation Checklist 7-1 on the curriculum flash drive

3. This checklist corresponds with the information on p. 258 of the manual

p. 310
Objective 8 — Demonstrate the use of a multi-gas meter (carbon monoxide, oxygen, combustible gases, multi gas and others) to identify hazards.
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Skill Sheet 7-2

1. For this skill sheet, students will perform the skills to demonstrate the use of a multi-gas meter to identify hazards

2. This skill sheet can be found in the Skills Evaluation Checklist 7-2 on the curriculum flash drive

3. This checklist corresponds with the information on p. 274 of the manual

p. 311
Objective 9 — Demonstrate the use of pH meters to identify hazards.  
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Skill Sheet 7-3

1. For this skill sheet, students will perform the skills to demonstrate the use of pH meters to identify hazards

2. This skill sheet can be found in the Skills Evaluation Checklist 7-3 on the curriculum flash drive

3. This checklist corresponds with the information on pp. 278-279 of the manual

p. 312
Objective 10 — Demonstrate the use of colorimetric tubes to identify hazards.  

D. [image: image82.png]Learning Objective 12

Demonstrate the use of reagent test
strips to identify hazards.

This objective is measured in Skill
Sheet 7-6.




Skill Sheet 7-4

1. For this skill sheet, students will perform the skills to demonstrate the use of colorimetric tubes to identify hazards

2. This skill sheet can be found in the Skills Evaluation Checklist 7-4 on the curriculum flash drive

3. This checklist corresponds with the information on pp. 279-280 of the manual

p. 313
Objective 11 — Demonstrate the use of pH paper to identify hazards.
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Skill Sheet 7-5

1. For this skill sheet, students will perform the skills to demonstrate the use of pH paper to identify hazards.
2. This skill sheet can be found in the Skills Evaluation Checklist 7-5 on the curriculum flash drive

3. This checklist corresponds with the information on pp. 282-283 of the manual

p. 314
Objective 12 — Demonstrate the use of reagent test strips to identify hazards.  
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Skill Sheet 7-6

1. For this skill sheet, students will perform the skills to demonstrate the use of reagent test strips to identify hazards

2. This skill sheet can be found in the Skills Evaluation Checklist 7-6 on the curriculum flash drive

3. This checklist corresponds with the information on p. 276 of the manual

p. 315
Objective 13 — Demonstrate the use of radiation detection instruments to identify hazards.  
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Skill Sheet 7-7

1. For this skill sheet, students will perform the skills to demonstrate the use of radiation detection instruments to identify hazards

2. This skill sheet can be found in the Skills Evaluation Checklist 7-7 on the curriculum flash drive

3. This checklist corresponds with the information on p. 284 of the manual

p. 316
Objective 14 — Demonstrate the use of passive dosimeters to identify hazards.  
H. [image: image86.png]Learning Objective 16

Demonstrate the use of WMD

detectors (chemical and biological) to
identify hazards.

This objective is measured in Skill
Sheet 7-10.

. DESTA



Skill Sheet 7-8

1. For this skill sheet, students will perform the skills to demonstrate the use of passive dosimeters to identify hazards

2. This skill sheet can be found in the Skills Evaluation Checklist 7-8 on the curriculum flash drive

3. This checklist corresponds with the information on pp. 285-286 of the manual

p. 317
Objective 15 — Demonstrate the use of photoionization and flame ionization detectors to identify hazards.  
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Skill Sheet 7-9

1. For this skill sheet, students will perform the skills to demonstrate the use of photoionization and flame ionization detectors to identify hazards

2. This skill sheet can be found in the Skills Evaluation Checklist 7-9 on the curriculum flash drive

3. This checklist corresponds with the information on pp. 286-290 of the manual

p. 318
Objective 16 — Demonstrate the use of WMD detectors (chemical and biological) to identify hazards.  
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Skill Sheet 7-10

1. For this skill sheet, students will perform the skills to demonstrate the use of WMD detectors to identify hazards

2. This skill sheet can be found in the Skills Evaluation Checklist 7-10 on the curriculum flash drive

3. This checklist corresponds with the information on p. 293 of the manual

pp. 319-320
Objective 17 — Collect samples of a hazardous material: solid, liquid, or gas.  
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Skill Sheet 7-11
1. For this skill sheet, students will perform the skills to collect samples of a hazardous material – solid, liquid, or gas
2. This skill sheet can be found in the Skills Evaluation Checklist 7-11 on the curriculum flash drive

3. This checklist corresponds with the information on pp. 304-305 of the manual


Section VIII:
Summary and Review 
VIII. SUMMARY AND REVIEW

A. Chapter Summary

1. Many decisions are based on the results of detection and monitoring.
2. Hazardous materials technicians must be familiar with detection and monitoring equipment in their cache of equipment.

3. It is important for haz mat technicians to familiarize themselves with each technology and know and understand the AHJ requirements adopted for that equipment.

B. Review Questions

1. How can information obtained from monitoring and detection equipment be used by the hazardous materials Technician? (258-263)
2. What factors should be considered when selecting monitoring and detection devices? (263-271)
3. How are monitoring and sampling techniques similar? (271-274)
4. How do pH meters, radiation detection instruments, and thermal imagers compare with one another? (274-292) 

5. What are some advanced hazard identification and monitoring technologies that are currently being used? (292-301)
6. Which sample and evidence collection techniques are most important? Why? (301-308)
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