 U.S. ARMY CENTER FOR HEALTH PROMOTION AND PREVENTIVE MEDICINE

INDUSTRIAL HYGIENE DIVISION
Introduction to Medical Equipment Set-Industrial Hygiene

OBJECTIVES:
1. Identify the purpose and value of the MES-IH.

2. Identify abilities and limitations of the MES-IH and its equipment.

3. Exhibit the ability to operate and maintain MES-IH equipment items.

NOTES

A.  Purpose of MES-IH:

      1.  The primary purpose of the MES-IH is to identify health hazards associated with field occupational settings.  The secondary mission of the MES-IH kit is identification of environmental health hazards.  It should be noted that the equipment was not originally designed to meet this criteria.

· Collection of qualitative data

· Collection of limited quantitative data

· Collection of area monitoring data

2. Data collection is necessary to:

· Support occupational exposure assessments

· Support initial entry risk assessments

· Identify and correct IH issues in the field

B.  Abilities and Limitations of MES-IH

1. The MES-IH kit has a focus on industrial use chemicals as well as physical hazards.

· Presence/absence of certain chemical compounds (qualitative)

· Physical hazards include heat stress, noise, and ventilation (quantitative)

2. The MES-IH cannot identify and/or measure any biological hazards.

C.  MES-IH Pros and Cons

1. Pros

· Provides a good screening tool

· Equipment relatively easy to use

· Equipment relatively easy to maintain

2. Cons

· Limited assessment capabilities

· No personal monitoring

· Limited environmental monitoring

· Limited hazard qualification/quantification

· Equipment calibration

· Is expensive, time consuming, and may require special training

· Most equipment requires at least yearly calibration

· Limited shelf-life of expendable supplies

· Most last from 1-3 years

NOTES-EQUIPMENT OPERATION AND MAINTANANCE
A.  Heat Stress Monitor

1. Description

· Stortz( wet bulb globe temperature (WBGT) measuring device

· Wet bulb thermometer

· Black globe thermometer

· Dry bulb thermometer

· Provides quantitative heat stress index for outdoor and indoor environments based on:

· Humidity

· Radiant heat

· Air temperature

2. Usage

· Open the kit and lift out the thermometer assembly

· Examine for any deficiencies

· Broken or missing parts

· Wet the cotton wick and fill the plastic reservoir with distilled/deionized water

·  Place kit on tripod

· About 4 feet above ground

· Away from building/tents

· Place WBGT in a sunny location and face towards sun (when outdoors)

3. Heat Index Determination

· Obtain the temperature readings from each thermometer

· Calculate heat stress index using:

· Slide rule

· Manual calculations

· WBGT outside = (0.7)(WB) + (0.2)(BG) + (0.1)(DB)

· WBGT inside  = (0.7)(WB) + (0.3)(BG)

4. Pros and Cons

· Pro

· Simple and easy to maintain

· Rugged construction

· No in-depth calibration requirements

· Cons

· Not as accurate as electronic WBGT monitors

· Distilled/deionized water might not be available

· No personal monitoring capability

· Only does area monitoring

B.  Air Velocity Meter (No longer on MES-IH UAL)

1. Description

· Kurz( hot wire anemometer

· Heated external wire located on attached wand

· Air passes through wand and cools wire

· External temperature compared to internal wire temperature to determine velocity

· Provides quantitative high/low range readings on analog scale

· Provides basic air velocity measurements for local exhaust ventilation

· Can provide rough general ventilation measurements

· Air exchanges per hour (ACH)

      2.  Usage

· Carefully extend wand and place in locked position

· Turn switch to “Battery”

· Light should come on

· Needle should fall within “Battery OK”

· Turn switch to “High” FIRST and take air velocity measurement

· You do not want to overwhelm the meter’s sensor (Don’t peg out the meter)

· If measurement is ABOVE “0.5” on “High Range” scale

· Multiply reading by “1000”

· If reading is BELOW “0.5” on “High Range” scale

· Switch to “Low”

· Multiply reading by “100”

· Resulting answer will be in feet per minute (fpm)

3.  Calculations-Determining general ventilation in ACH

· Measure each room exhaust duct area in feet2
· Circular duct = 3.14 x radius2
· Rectangular duct = length x width

· Measure room dimensions and calculate room volume (length x width x height) in feet3
· Measure air velocity through each exhaust duct in fpm

· Calculate exhaust air flow in room in feet3/hour

· Q = [((Area of Exhaust x Air Velocity)] x 60

· Calculate ACH in room

· N = Q/Volume of room

· Prefer 2 to 10 ACH’s depending on environment

· Admin and sleeping areas can be toward low side

· Motor pools, labs, pesticide storage areas should be toward high side

· 4 to 6 ACH are within ideal range

     4.    Pros and Cons

· Pros

· Easy to use and maintain

· Rugged construction

· Cons

· Requires annual TMDE/factory calibration

· General ventilation results are only estimates

· Use balometer for more accurate results

C.  Sound Level Meter Kit

1. Description

· Quest Technologies( Sound Level Meter (SLM) Model 2400

· Battery operated, type II SLM with 70 dB range in either of 2 ranges

· Type II calibrator

· Generates a constant dB level at a specified frequency (Hz)

2. Usage

· Field calibration

· Check TMDE/factory calibration of each unit

· Do NOT use either unit if calibration is expired (> 12 months)

· Check battery power of SLM

· Turn on SLM

· If “LOBAT” is displayed, replace batteries

· Turn SLM to 70 to 140 dB range

· Turn on calibrator and listen for tone

· Insert microphone adapter (small, round black piece) into calibrator

· Place microphone into calibrator and ensure firm fit

· If SLM display matches the calibrator output, unit is ready to use

· If SLM display does not match calibrator output, use screw driver and adjust SLM display to match calibrator output

· The SLM calibration adjustment screw is located in a small hole above the SLM display

· If readings are taken above 3000 feet, refer to operating manual for an altitude correction

· Taking Readings

· Ensure SLM is set on following settings:

· Slow response mode

· 70 to 140 dB range

· “A” weighted scale

· Hold SLM away from your body at a 70O angle to noise source

· You do not want your body to block or reflect noise from the source

· Document all meter results and conditions when readings were collected

· Include serial numbers of SLM and calibrator

· Include dates of TMDE/factory calibration of units

3. Pros and Cons

· Pros

· Easy to use and maintain

· Rugged construction

· Field calibration capability

· Cons

· Requires annual TMDE/factory calibration

· No personal monitoring capability

D.  Multi-Gas Monitor

1. Description

· Neotronics EXOTOX 40( multi-gas monitor

· Self-contained, battery operated, portable instrument

· Earphone for high noise environments

· Manifold, aspirator bulb, and drop line for confined space monitoring

· Designed to monitor ambient air for:

· Oxygen

· Carbon monoxide or hydrogen sulfide

· Most monitors are equipped with carbon monoxide sensor

· Measure short-term exposure limit (STEL) concentrations (15-minute average) and time-weighted average (TWA) concentrations (operating time average)

· Explosive gas

· Specification

· Oxygen

· 0 to 30% (± 0.1%)

· Normal concentration in fresh air, at sea level is 20.9%

· Carbon Monoxide

· 0 to 999 ppm (± 1 ppm)

· Hydrogen Sulfide

· 0 to 500 ppm (± 1 ppm)

· Explosive gas

· 0 to 100% of lower explosive limit (LEL)

· 100% LEL is the minimum concentration of explosive gas in air that will cause an explosion

· Response (minimum sampling) time by gas

· Oxygen – 1 minute

· Carbon monoxide – 3 minutes

· Hydrogen sulfide – 15 minutes

· Explosive gas – 1 minute

· Operating environment range

· -4 to 104O F

· 0 to 99% humidity

· 10 hours of operation per full battery charge using:

· EXOTOX( battery charger

· 110 volt/60 cycle power source

· Takes approximately 4 hours to charge

2. Usage

· Field checking the instrument

· Not a calibration, you are zeroing the instrument to ambient conditions

· Required tools/equipment

· 2mm Allen wrench

· Neotronics( potentiometer adjustment tool (very small, standard screwdriver)

· Timer

· Procedure

· Turn on monitor in fresh air environment and wait 1 minute

· “Oxygen” should be displayed

· Adjust the oxygen potentiometer (POT) to read 20.9%

· Select the “Toxic” display

· Adjust the toxic gas POT until display indicates 0 ppm

· Select the “Explosive” display

·  Adjust explosive gas POT until display indicates 0%

· Return to “Toxic” display mode and ensure display indicates 0 ± 2 ppm

· If unit does not display 0 ± 2ppm, it is defective

· Return to “Explosive” display mode and ensure display indicates 0 ± 1%

· If unit does not display 0 ± 1%, it is defective

· Taking readings

· Air sampling must be conducted in the following order:

· Oxygen

· Explosive gas

· Toxic gases

· Machine automatically monitors in the correct order

· If oxygen concentration is outside the 19 to 23.5% range, explosive gas and toxic gas readings will be incorrect

· Oxygen is required for combustion process and this is part of the instruments sensing procedure

· Operation

· Switch monitor on by pressing “Power On/Off” button

· All display segments flashed by the “Alarm” indicator will flash accompanied by a beep

· The monitor will continuously display gas concentrations (in ppm or %)

· Every ten seconds the unit will beep accompanied by a flash of the alarm light

· Alarm activates if measurements exceed factory settings

· Most factory settings are set to react to concentrations of gas that are immediately dangerous to health and life limits

3. Pros and Cons

· Pros

· Relatively easy to maintain

· Rugged construction

· Cons

· Requires semi-annual TMDE/factory calibration

· Limited toxic gas selection

· Sensors have a 6 to 24 month life expectancy

· Sensors cost approximately $150 to $300 each to replace and calibrate

· No personal monitoring capability

E.  Photo-Ionization Detector (PID)

      1.  Description

· The PID is fielded by a number of manufacturers.  The PE Photovac 2020( is the model being demonstrated in class.

· Different manufacturers models will have different specifications

· Self-contained, battery-powered, portable instrument

· Sample probe

· Battery Charger

· Detects low concentrations of ionizable gases and vapors from 0.1 to 2000 ppm

· Ideal for leak detection in pipes or tanks

· Detects residual contamination of soil and water

· PID may be equipped with lamps of varying energy

· Each chemical compound has specific ionization potential (IP)

· Do not use PID to measure compounds with IP’s > lamp’s capacity

· Most PID’s are equipped with 10.6eV lamps

· Ex.  Benzene has an IP of 9.25 eV and will be detected by a 10.6 eV lamp.  Methylene chloride has an IP of 11.35 eV and will not be detected

· Can expect 8 hours of operation per full battery charge using:

· PE Photovac( battery charger

· 110 volt/60 cycle power source

2. Usage

· Specific instructions will vary by manufacturer

· Activate PID by pressing ON/OFF button

· Machine will perform its own self diagnoses

· Any deficiencies in the equipment will be detected at this time

· Allow the PID to warm-up/stabilize for 10 minutes

· “Zero” the PID in a fresh air environment

· Press “Enter” and select “Set,” “Cal,” and “Zero”

· Display should read 0 ppm

· Program the PID for continuous monitoring

· Press “Exit” 2 times and select “Mode” and “Peak”

· Monitor will return to default display after several seconds

· Taking measurements

· Use PID as an area “sniffer”

· Take measurements around outer perimeter of area to be sampled

· Slowly work your way in and continue to take area measurements within sampling area

· Deactivate PID by pressing “On/Off” button for > 2 seconds

3. Pros and Cons

· Pros

· Relatively easy to use

· Semi-rugged construction

· Disadvantages

· Provides concentration of total ionizable gases in air

· Does not specify chemical compounds in air

· Must know chemical profile of air to estimate concentrations

· Gives concentration in relation to calibration gas

· Isobutylene is the most common calibration gas

· Use correction factor for known compounds in air

· Some PID’s are equipped with internal libraries for correction

· Compound detection sensitivity based on lamp energy

· Interferents will produce lower readings

· High humidity or water vapor

· Compounds with high IP’s such as methane

· Dirty UV lamp

· Dusts and particulates

· Hot gases and vapors

· Corrosive gases and vapors such as acids

· Some interferents will cause false readings

· Minerals for highly humid areas

· Near sea or brackish water

· High concentrations of gases and vapors

· Should be calibrated after each lamp/filter maintenance event or annually

· No personal monitoring capability

F.  Combination Multi-Gas Meter/PID 

1. Description

· Rae Systems MultiRAE PLUS®
· Used to measure low levels of VOC’s

· Fuel products:  gasoline, diesel, jet fuels, benzene

· Paints & thinners:  xylene, toluene

· Grease & oils:  trichloroethylene (TCE)

· Resins & plastics:  vinyl chloride monomer

· Chemical solvents:  acetone, butyl acetate
· Direct readout for:

· Oxygen (as percentage by volume)

· Explosive gas (as percentage LEL)

· 2 Toxic gases (as ppm by volume)

· Ionizable gases (as ppm by volume)

· Concentrations provided as STEL and TWA

· Combination of uses from PID and multi-gas meters BUT:

· Has data logging capability

· Can be used as a personal exposure monitor

2. Usage

· Field Calibration

· Activate instrument by pressing “MODE” button

· Allow instrument to conduct self-diagnosis/check

· “Zero” instrument in fresh air environment

· Press and hold both “Mode” and “N/-” buttons until “Calibrate Monitor?” is displayed on screen

· Press “Y/+” button - “Fresh Air Calibration?” should be displayed on screen

· Press “Y/+” button again to start zero

· “Zeroing” will be complete after approximately 5 seconds

· “Multiple Sensor Calibration?” will be displayed on screen

· Push “MODE” button twice to return to normal monitoring
· Operation
· Real time monitoring is default mode

· Press “MODE” button to determine PEAK, MIN, STEL, and TWA
· Press “MODE” button to determine:
· Battery condition

· Current date, time, minutes operational, and temp

· Start datalog

· LEL calibration gas

· VOC calibration gas

· Print reading

· Communicate with PC
· Menu guides are given in the operation manual to adjust settings as needed

· Deactivate instrument by pressing “MODE” button for > 5 seconds

3. Pros and Cons

· Pro

· “All in one” portable instrument

· Relatively easy to operate

· Limited personal monitoring capability

· Con

· Failure of 1 component results in failure of whole instrument

· Requires more in-depth calibration and maintenance

· Limited chemical hazard qualification capability

G.  Gas Detector Tube

1. Description

· Sensidyne( gas detector tubes and bellows

· Sealed tube

· Inert support media (granular material)

· Media impregnated with color changing agents

· Some tubes include pre-cleaning or reaction layers (or tubes)

· Air sampling device

· Bellows, piston, or bulb pump

· Sensidyne( system uses a piston pump

· Smoke tubes use a bulb pump

· Continuous (integrated sampling)

· Passive (diffusion principles)

· Principles of operation

· Air sampling device draws air sample through tube

· Specific contaminant chemically reacts with tube media causing color change

· Color change correlated to contaminant concentration by comparing length of stain to:

· Calibration scale on tube

· Conversion chart

· Comparison calibration tube

· Detection capabilities

· Sensidyne( tubes included in the MES-IH are as follows

Included in MES-IH

ETHYLENE OXIDE



0.05 - 3 ppm

CHLORINE





0.5 - 8 ppm

CARBON MONOXIDE



8.0 - 1000 ppm

NITROGEN DIOXIDE



0.2 - 125 ppm

OZONE





0.025 - 3 ppm

TOLUENE





5 - 600 ppm

AMMONIA





0.5 - 60 ppm

HYDROGEN SULFIDE



0.25 - 120 ppm

SULFUR DIOXIDE




0.5 - 60 ppm

ETHYLENE OXIDE



0.4 - 350 ppm

GASOLINE





0.03 - 6 %

METHYL ALCOHOL



0.02 - 1.5 %

AMINES (METHYLAMINE)


5 - 100 ppm

HYDROGEN CYANIDE



0.36 – 120 ppm

HYDROGEN CHLORIDE



0.2 - 400 ppm

NITROGEN OXIDES



2.5 - 600 ppm

METHYLENE CHLORIDE


25 - 1500 ppm

PHOSGENE





0.05 - 20 ppm
STODDARD SOLVENT



50 - 8000 mg/m3

FORMALDEHYDE




2 - 100 ppm

Included Augmentation Kit

ACRYLONITRILE LR



0.1-18 ppm

AMMONIA LR




1-60 ppm

BEZENE LR





0.125-60 ppm

CARBON DIOXIDE




0.13-6.0%

CARBON DISULFIDE 



0.63-100 ppm

DIBORANE





0.02-5 ppm

HYDRAZINE




0.05-2 ppm

HYDROCARBONS, PETROLEUM

0.5-28 mg/l

HYDROGEN FLUORIDE



0.25-100 ppm

LP GAS (PROPYLENE)



0.02-0.8%

MERCURY VAPOR



0.05-13.2 mg/m3

METHYL ETHYL KETONE (MEK)

0.02-0.6%

NITRIC ACID LR




0.1-40 ppm

NITRIC OXIDE




5-200 ppm

OXYGEN





3-24%

PHOSPHINE LR




0.05-9.5 ppm

TOLUENE LR




1-100 ppm

TRICHLOROETHYLENE MR


2-250 ppm

XYLENE





5-500 ppm

2. Usage

· Make sure that pump and tube manufacturer are the same

· Check pump for serviceability

· Inspect rubber inlet flange for cracks/tears

· Insert fresh sealed detector tube into pump

· Align guide marks and pull handle into locking position

· Unlock handle after 1 minute and guide handle back

· Pump handle should return within ≤ to ¼ of fully closed position

· Taking measurements

· Select appropriate tube for compound to be sampled

· Use tube breaker to break off tips and insert tube into pump

· Insertion direction is labeled on tube

· Read instructions to determine appropriate number of pump strokes (N)

· Instruction sheets are contaminant/detector-tube specific

· Fully extend handle into locking position and wait appropriate amount of time

· Appropriate amount of time will be included in instructions for each specific detector-tube/pump combination

· Some pumps have a device that notifies the user of when vacuum has released and next stroke can be taken

· Unlock handle and repeat previous step until appropriate number of strokes have been taken

· Read scale on tube to determine air contaminant concentration

· Read scale quickly due to fading of media

· Factoring a different number of strokes

· Not recommended

· Can correct for errors in stroke count

· If you pumped half as much air as required, multiply reading on tube by a factor of 2

· If you pumped twice as much air as required, multiply reading by 0.5

· Will not give best results

3. Pros and Cons

· Pros

· Easy to use and maintain

· No field calibration since tubes are calibrated by manufacturer

· Wide chemical concentration range

· Rapid detection, identification, and quantification

· Cons

· Accuracy of results = ( 25 to 35%

· Potential interferences

· False negatives and positives from other compounds

· Usually noted in instructions

· Stain color changes

· Response (reaction) may change at temperature and humidity extremes

· Stain fades with time

· Can’t show results at a later time

· Limited shelf-life for tubes

· 1 to 3 year shelf life

· Cost

· Box of 10 tubes cost an average of $40

· Limited sensitivity/limits of detection for some tubes

· Air sampling device should be calibrated annually

· Bubble buret and soap solution should be used

· No personal monitoring capability
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