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What are the hazards? 

Is it ACTUALLY a hazard? 

Industrial Hygiene = A Science & An Art 

ÅThe science of 
anticipating, 
recognizing, 
evaluating, and 
controlling workplace 
conditions that may 
ŎŀǳǎŜ ǿƻǊƪŜǊǎΩ ƛƴƧǳǊȅ 
and illness  
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ANTICIPATION 
RECOGNITION 
EVALUATION 
CONTROL 
 
 

ANTICIPATION 

ÅJob review/hazard 
analysis 

ÅWalk-through & 
interviews 

ÅMSDS review/waste 
stream review 

ÅUnderstand the process 

 

ÅLook for signs of 
possible exposure  
ÅEmissions from system 

ÅHazardous chemicals 

ÅDeposits/dust buildup 
on floors, surfaces 

ÅCondition of controls 

ÅLook for exposure 
routes: 
ÅCondition and use of PPE 

ÅLocation of workers 
relative to 
contamination source 

ÅTALK to the employees 

 Outcome:  Exposure determination 

Is it ACTUALLY a hazard? 

ÅCan it get into or 
affect the body? 

 

ÅInhalation 

ÅAbsorption 

ÅIngestion 

ÅInjection 

 

ÅHow much is there? 

ÅWhat is the exposure 
duration? 

 

ÅAre there controls in 
place? 

ÅVentilation 

ÅSound barriers 

ÅPPE 

ÅWork practices 

ÅProximity 

Routes 
of Entry 
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ANTICIPATION 

RECOGNITION 
EVALUATION 
CONTROL 
 
 

Do we need to sample? 

ÅIs quantification (evaluation) necessary? 

ÅHealth effects?  

ÅOSHA Standard? Occupational Exposure Limit(OEL)? 

ÅAnalytical technique available?  

ÅExposed workers or empty room? 

ÅtǊŜǾŜƴǘƛƻƴ ƛǎ ǘƘŜ ōŜǎǘ ƳŜŘƛŎƛƴŜΧ 

Do we need to sample? 
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Automotive Parts Manufacturer 

Case Study 

Case Study: Pre-Assessment 

ÅStamping metal parts 

ÅFinal parts assembly 

ÅUse forklifts for material handling 

ÅNew production line (test phase) - foam cushion 

ÅOff-site plant- refurbish old parts 

MSDS REVIEW 
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INTRODUCTION  
to 
AIR CONTAMINANTS 

Overview 

 

 

ÅAir contaminant hazards and types 

ÅOSHA and occupational exposure limits (OELs) 

ÅWhy do we sample? 

 

 

Chemical Exposure 
Severity & Duration  
ÅñAcuteò effects: 

Åusually occur rapidly as a result of short-term exposures,  

Åand are of short duration 

ÅñChronicò effects: 

Å generally occur as a result of long-term exposure,  

Åand are of long duration  
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CHEMICAL AGENTS 

Toxicity Information 

1.3% 
17.2% 

81.5% 

Chemicals Commonly Used 

Occ. Exp. Limits 
Toxicity Info 
Little/No Tox Info 

0.01u 0.1u 1u 10u 100u 

Visible 

Fumes 
Dusts 

Mists 

1u = 1 micron = 1/1,000,000 meter 
Red Blood Cell = 7u 
Bacteria (E. coli)~2u 

Respirable 

Gases  
Vapors 

Fog 

Smoke 

(Airborne) Chemical Hazards: 

Size Range 

(Some perspective on micron (ɛm) sizeé) 
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Types of Hazardous Atmospheres: 
Asphyxiants  

ÅAsphyxiantτέƭŀŎƪ ƻŦ ƻȄȅƎŜƴέ 

ÅSimple asphyxiant (O2 not present) 

ÅChemical asphyxiant  
(O2 present, but not useable) 

 

 
 

 
 

Classifying 

Contaminants in the Air 

Gas 

Vapor 

Aerosol 

Dust 

Fume 

Smoke 

Mist 

Fiber 

 

Air Contaminants  
ÅGas 
ÅMono-molecular at room 

temperature and pressure; expands 
to fill space. 
ÅOxygen 
ÅNitrogen 
ÅCarbon Monoxide 
ÅCarbon Dioxide 
ÅOxides of Nitrogen 
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Air Contaminants  
ÅVapor 
ÅGaseous phase of a Liquid at room 

temperature and pressure; 
behaves similarly to a gas; 
equilibrates with liquid phase in an 
enclosed space 

ÅHigher VP, more in the vapor phase 

 

 

 

Aerosols (general)  

ÅA suspension of solid or liquid particles in a gas.  

ÅAerosols are usually stable for at least for a few seconds and 
may last a year or more.   

ÅThe term aerosol includes both the particulates and the 
suspending gas - usually air. 

ÅParticle sizes range from 0.001 to 100 um 

Air Contaminants  
ÅDust                      

Ådry particle aerosols produced 
by mechanical disintegration of 
parent material 

Å i.e. breaking, grinding, 
pulverizing (<1um to 1mm); 
highly variable particle shape 
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Air Contaminants  

ÅFume 

Åvery fine solid aerosol 
particles produced from 
condensation of vaporized 
solids (<1um);  

Åtend to be spherical at pt of 
generation, agglomeration 

 

Air Contaminants  
ÅSmokes 
Åcomplex mixtures of solid and 

liquid aerosols particles, gases 
and vapors resulting from 
incomplete combustion; 
(particles are less than 1 or 2um) 

Air Contaminants  

ÅMist 

Åaerosols produced by processes 
such as splashing, bubbling or 
spraying or condensation  <1um 
to ~20um);  

ÅElectroplating, spray paint, 
metal working fluid 

 

 

 



10/31/2011 

12 

Air Contaminants  

 

ÅFiber 

Åelongated fibers 
having an aspect 
ratio of >3:1 (length 
to width) 

Ingestion Inhalation Intravenous Intraperitoneal 

Subcutaneous 

Intramuscular 

Dermal 
Gastrointestinal 

Tract 

Feces Expired Air Secretions Urine 

Lung 

Liver 

Bile 

Blood and Lymph 

Kidney 

Bladder 

Lung 

Alveoli 

Secretory 
Structures 

Extracellular 
fluid 

Organs 

Soft 
Tissue 

Bone 

Fat 

A 
B 
S 
O 
R 
P 
T 
I 
O 
N 

E X C R E T I O N 

D 
I 
S 
T 
R 
I 
B 
U 
T 
I 
O 
N 

Disposition of Chemicals 

Skin Absorption:  Example 

ÅIsocyanate over-exposures leading to 
occupational asthma 

 

ÅRespiratory Disorder Caused By Either: 
ÅAirborne exposure 

ÅDermal exposure 

 

ÅSome examples incl. 

 pesticides/insecticides 

Remember our ñToxicology 

Principleò  -- the entry route 

may not be the final target tissue 
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Reproductive toxins  

ÅChemicals that damage reproductive 

capabilities 

ÅIncludes chromosomal damage 

(mutations) and damage to fetuses 

(teratogenesis) 

ÅSigns and Symptoms: Birth defects, sterility 

ÅChemicals: Lead 

Concentration Nomenclature  
ÅGases and Vapors (eg: toluene, carbon monoxide) 

ÅConcentration expressed as parts of gas or vapor per million parts of 
contaminated air, ppm, or (ppb) 

 

ÅSolids or Liquid droplets (eg: oil mist, lead, silica) 

ÅConcentration expressed as weight of air contaminant per unit volume, 
ug/m 3, mg/m3 

 

ÅFibers (eg: asbestos) 

ÅConcentration expressed as number of fibers per unit volume, fibers/cc 

How Much and For How Long: 
What are exposure limits and  
how were they created anyways? 

 

ÅRegulatory (OSHA) and Non-Regulatory Limits 
ÅAll were established using the principles of Toxicology 
Å{ǘǳŘƛŜǎ ǿƘŜǊŜ ŀƴƛƳŀƭǎ ǿŜǊŜ άŘƻǎŜŘέ ǿƛǘƘ ŘƛŦŦŜǊŜƴǘ ƭŜǾŜƭǎ ƻŦ ŀ 

chemical and watched for a response.  
ÅEstablished non-toxic dose, toxic dose, and lethal dose 

 
ÅRemember, dose depends on a variety of factors (how the chemical is 

absorbed, other chemicals in the body, age, gender, genetic make-up, 
etc.) 
 
ÅOnce these levels are established, safety factors are built into an 

equation that determines the final permissible occupational exposure 
limit.  
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Exposure Limits (OELs) 
Air Contaminants 

ÅOSHA 

ÅOccupational Safety and Health 
Administration 

ÅNIOSH 

ÅNational Institute of Occupational Safety and 
Health 

ÅACGIH  

ÅAmerican Conference of Governmental 
Industrial Hygienists 

4
0
 

Exposure Definitions 

ÅPEL ς Permissible Exposure 
Limit 

ÅOSHA regulated limit for 
amount/concentration of 
chemical in the air. Based 
on 8-hr TWA 

ÅTWA ς Time Weighted 
Average 

Åtakes into account variable 
exposure through a full 
shift, 8 hour work day 

ÅSTEL ς Short Term Exposure 
Level 

Ålimit of exposure during a 
short period, 15 minutes  

 

ÅAL ς Action level 

Åcalculated as an 8-hour 
TWA; once reached, 
ŎŜǊǘŀƛƴ άŀŎǘƛƻƴǎέ ǊŜǉǳƛǊŜŘ 
by OSHA 

ÅC ς Ceiling limit 

Åabsolute maximum level of 
exposure not to be 
exceeded (instantaneous) 

 

Other OELS 

ÅTLV ς Threshold Limit Value 
Å 8-hour TWA for ACGIH 

ÅREL ς Recommended Exposure 
Limit 
Å 8-hour TWA for NIOSH 

 

 These are per individual 

OSHA PELs 
LEGAL Requirements 

1.  The Z-Table lists:    29 CFR 1910.1000 
ÅTable Z-1 (1968-TLV list) 

ÅTable Z-2 (ANSI list) 

ÅTable Z-3 

Å(For Construction) 29 CFR 1926.55 Subpart D 

2. Promulgated standards for specific chemicals  

-29 CFR 1910.1001 thru ~ 1910.1052 

-Lead, Asbestos, Cadmium, etc. 

-(For Construction) @1926.1100τSubpart Z 
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Ȱ3ÕÂÓÔÁÎÃÅ 3ÐÅÃÉÆÉÃȱ 3ÔÁÎÄÁÒÄÓ 
(Asbestos, Lead, Cadmium, Formaldehyde, etc.) 

ÅMedical surveillance 

ÅInformation and Training 

ÅMethods of Engineering 
Compliance 

ÅPPE 

ÅIƻǳǎŜƪŜŜǇƛƴƎ κ άwŜƎǳƭŀǘŜŘέ ƻǊ 
ά/ƻƴǘǊƻƭƭŜŘ ŀǊŜŀǎέ 

ÅEmergency Planning 

ÅRecordkeeping 

 

ÅIn addition to OEL 

 

Time Weighted Average (TWA)  
(most common is 8 -hr TWA)  

ÅAverage exposure for an individual over a working period of 
time as determined by taking one or more samples during the 
working period 

TWA = C1T1 + C2T2 + é + CNTN 

                 T1 + T2 + é + TN 

WHERE:    C = airborne concentration 

                     T = time 

0 200 400 

Employee Exposure to Acetone 

TIME (min) 

PPM 

800  

700  

600  

500  

400  

300  

200  

100  

0  

PEL = 1000 PPM 
TWA = 200 ppm 
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Example 

A degreaser operator is monitored for exposure to Stoddard 
solvent.  The monitoring data is: 

TIME PERIOD

(NUMBER)

CONCENTRATION

(PPM)

TIME

(HOUR)

1 80 2

2 110 4

3 55 2

TWA Example Calculation 
 
TWA = C1T1 + C2T2  + C3T3 

                    T1 + T2 + T3 

 
 

 

TWA   =  (80 ppm x 2 hrs) +(110 ppm x 4 hrs)+ (55 ppm x 2 hrs) 

    (2+4+2)hrs 
 

 
TIME PERIOD

(NUMBER)

CONCENTRATION

(PPM)

TIME

(HOUR)

1 80 2

2 110 4

3 55 2

Result 

 

 

8-HOUR TWA = 88.8 ppm 

 

(PEL for Stoddard Solvent is 500 ppm) 

 

Take the individual result and compare it to the established OEL. 

The individual TWA will vary, the OEL stays the same. 
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TWA-Variations on a Theme 

ÅFull-shift (8 hrs) 

ÅOSHA Compliance 

ÅRepresentative Sampling 

ÅSTEL exposures 

Time Time [CO] Monitored

Start Finish (ppm) Time (min) ppm*min

8:00 10:30 30

10:30 12:00 40

Lunch

12:30 14:00 50

14:00 16:30 65 TWA

Total:

Carbon Monoxide Monitoring 
Example 

Time Time [CO] Monitored

Start Finish (ppm) Time (min) ppm*min

8:00 10:30 30 150 4500

10:30 12:00 40 90 3600

Lunch

12:30 14:00 50 90 4500

14:00 16:30 65 150 9750 TWA

Total: 480 22350 46.6

Time Period:  Full Shift (8 hrs) 
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Time Period:  Less than Fullshift 
Compliance Criteria 
(Assumes no exposures for unmonitored period 4) 

Time Time [CO] Monitored

Start Finish (ppm) Time (min) ppm*min

8:00 10:30 30 150 4500

10:30 12:00 40 90 3600

Lunch

12:30 14:00 50 90 4500

14:00 16:30 TWA

Total: 480 12600 26.3

0 150 0 

Time Period:  Less than Fullshift- 
Representative Sampling Criteria 
(Assumes continuation of TWA exposure) 

Time Time [CO] Monitored

Start Finish (ppm) Time (min) ppm*min

8:00 10:30 30 150 4500

10:30 12:00 40 90 3600

Lunch

12:30 14:00 50 90 4500

14:00 16:30 TWA

Total: 330 12600 38.2

ppm*min Time TWA
4 Periods (480 min) 22350 480 46.6

3 Periods (330 min)

    Representative Exp. 12600 330 38.2

    Compliance Exposure 12600 480 26.3

Effects of Varying Time Period 
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Case Study: 
Find the Exposure Limits 
ÅStamping metal parts: noise, welding fume, metal working 

fluid 

ÅFinal parts assembly: noise, welding fume (including CrVI and 
manganese), metal working fluid, metal particles 

ÅMaterial handling: carbon monoxide (from forklifts) 

ÅNew production line: foam cushion- isocyanates & 
formaldehyde 

ÅOff-site plant (refurbish old parts): silica, total dust, lead 
 

OSHA Model for Adjusting PELs (for 
workshifts > 8 hours)  
ÅOSHA does not adjust PELs at this time. 

 

ÅTheir policy is to take the worst 8 hour period of the day and 
compare that to the PEL 

Åexcept Lead which has an adjustment formula in the 
standard 

BRIEF and SCALA MODEL 

T(hours) is the duration of exposure 

T(hours) 
x PEL ³ ³ 

16 hours 
Modified OEL =  OEL 

8 hours 24 - T(hours) 

T(hours) 
x  PEL ³ ³ 

128 hours 
Modified OEL =  OEL 

40 hours 168 - T(hours) 
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Ready for sampling! 

ANTICIPATION 
RECOGNITION 

EVALUATION 
CONTROL 
 
 

Evaluation 

 

ÅAir Monitoring 

ÅNoise Monitoring 

ÅObservation 
ÅPPE use 

ÅWork practices 

ÅVentilation 
measurements 

ÅWipe samples 
ÅSurfaces 

ÅPersonnel 

 

 

 

 

       
ÅPumps 

ÅDosimeters 

ÅDirect reading equipment 

ÅDust 

ÅCarbon monoxide 

ÅSound level meter 

ÅVelocity meter 

ÅCalibration equipment 

ÅMedia (cassettes, tubes) 

¢ƘŜ LIΩǎ ¢ƻƻƭōƻȄ 
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Air Sampling  

Equipment 

Media 

Calibration 

62 

Air Sampling Considerations 
ÅWhat equipment to use: 

ÅAppropriate Type Depends On: 

ÅPhysical state of contaminant 

ÅGas, vapor, fume, mist, dust, fiber 

ÅChemical properties of contaminant 

ÅPolar, non-polar, reactivity 

ÅAnalytical methods 

ÅMust be methods available 

Preparation 

Types of Air Sampling Systems 
1) Direct Reading Equipment 

a) Passive 

b) Active 

2) Active Personal Monitoring 
a) Pumps 
b) Tubes and Filters  
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Types of Air Sampling Systems: 
Direct Reading  
ÅGive immediate 

results 

ÅSimple operation 

ÅTubes available for 
200 gases and vapors 
and some aerosols  

ÅRelatively low cost 

ÅMay not give a TWA 

ÅNot for measuring 
particles 

ÅHigher margin of 
error (accuracy 
issues) 

Å Shelf life 

 

Examples: detector tube, carbon monoxide meter, combustible gas indicator, 

mercury vapor meter, dust monitor, portable infrared analyzer or gas 

chromatograph 

 

65 

Detector Tubes  

 
 
 
 

ÅSmall volume pump is used to draw a known volume of air through an 
indicator tube. 

ÅConcentration of the air contaminant is determined based on the 
measured color change of the material in the tube  

 

Results may need to be adjusted based on: 

1) Chemical interference 

2) Temperature/Humidity/Pressure 
 

Sampling 

66 

Types of Air Sampling Systems: 
Active Measurement  

Systems that remove the substance from a measured 
volume of air for later analysis.  Substance 
removed by a filter medium or an 
absorbing/adsorbing medium. 

  

+ Can provide TWA 

-  May take several  

weeks to get results 

Sampling 
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high flow: 1.0 to 4.0 lpm 

low flow: 0.01 to 0.2 lpm 

Sampling 

68 

Sampling Train: Factors to Consider 

ÅMust be airtight 

ÅType of hose (flexible, but non-collapsible) 

ÅLength of hose 

ÅCrimped hoses 

ÅFittings to pump or sample media holder 

ÅCassette Leakage 

ÅCassette Orientation 

Sampling 

69 

Collection Medium 

1a. Mechanical Filters 
 MCEF (mixed cellulose ester fiber) ς  
  asbestos, welding fumes, metals 
 PVC (polyvinyl chloride) -   
  total and respirable weight, silica,    
  chromates 
 GFF  (glass fiber filter) ς  
  oil mist, isocyantes, some pesticides 
 
1b. Chemically-treated Mechanical     
      Filters 
  Isocyanates 

Sampling 
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Filter Cassettes 

Commonly used filter holders include (a) the 37-mm three-piece styrene acrylonitrile cassette 

used as shown or in open-face mode with one end removed, and (b) the polypropylene 25-mm 

cassette with cowl, specifically for use in asbestos sampling (end cap shown is removed during 
sampling) (graphics courtesy SKC, Inc., Eighty Four, Pa.). 

A B 

72 

Confusion Potentials 
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73 
Sampling 

74 

Personal 
Cyclone 

Exploded view of a personal 

respirable dust sampling assembly 

incorporating an SKC aluminum 
cyclone and 37-mm three-piece filter 

cassette. Nonrespirable particles are 

collected in the grit pot at the base of 

the cyclone, and the respirable 

fraction is collected on the filter for 
subsequent weighing or chemical 

analysis (graphic courtesy SKC, 

Inc.). 

Cassette Outlet 

 

 
Support Pad 

 

Filter 

 

 
 

Cassette Ring 

(middle) 

 

 
Cyclone 

 

 

 

 
 

 

 

Grit Pot 

Sampling 

75 

Cyclones in Use 

Sampling 
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Collection Medium 

2) Solid Sorbents Tubes 

Used for sampling vapors and gases 

Å Charcoal Tube: non-polar solvents  (toluene) 

Å Silica Gel tube: polar solvents (methanol) 

Å Florisil: PCBs 

 Tenax, XAD-2, Chromosorb 

Sampling 

77 

Sorbent Sample Tube With Backup Sorbent 
Layer 

Sampling 

78 
Sampling 
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79 
Sampling 

0ÁÓÓÉÖÅ 3ÁÍÐÌÅÒÓ ɉ0-Ƞ ȰÂÁÄÇÅȱȠ ȰdosibadgeȱɊ 

80 

Some Factors Affecting the Performance 
 of Passive Samplersa 

Relative humidity  Temperature 

 

Chemical Interference  Reverse diffusion 

 

Monitor orientation  Storage stability   

 

Exposure Time  Accuracy and  

         precision 
 

  
aData from Cassinelli et al. (10) 

Sampling 

81 

Collection Medium 

3) Liquid Sorbents 

  liquid absorbs the contaminant of  concern 

 Sodium bisulfite: formaldehyde 

 Sulfuric acid: ammonia 

 Sodium Hydroxide: hydrogen chloride 

Sampling 
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Types of Air Sampling Systems 

4) Systems that collect a 
measured volume of 
contaminated air for later 
analysis. 

  

 Examples: vacuum bottles, 
vacuum cans, gas sampling 
bags. 

 

 tǊŀŎǘƛŎŀƭƛǘȅ LǎǎǳŜǎΧ 

82 
Sampling 

83 
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Example 

Sampling 
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Sampling 
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Calibration of Air Sampling Pumps  

1. Primary Calibration 

Å Bubble meter 

Åbubble buret 

Åelectronic bubble buret (Buck) 

ÅGraphite piston 

ÅBios DryCal 

2. Secondary Methods 

Åprecision rotameter 

 

Calibration 

86 

Sampling Train Connected to Calibrator 

Calibration 

Calibration Steps 

ÅSet pump flow rate 

ÅPump Ą Tubing Ą Filter Ą Calibrator 

ÅEnsure correct position of filter media! 

ÅLet pump warm and run for 1-3 minutes before beginning 
calibration 

ÅNon-contaminated area 

ÅTake initial reading Ą make adjustments Ąadditional 
readings 
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Summary 

Always calibrate prior to the survey and following the survey 
Å Let pumps warm up and run 

 
Check for proper flow of air sample pumps during survey 
 
Pick your sampling strategy carefully 
 limitations: values do not exist for all substances 
  

Calibration 

89 

 

 

 
Conducting a Survey 

 
 

90 

ÅSurvey Preparation 
 

ÅUnderstand the process 
ÅLook for signs of possible exposure  
ÅEmissions from system 
ÅHazardous chemicals 
ÅDeposits/dust buildup on floors, surfaces 
ÅCondition of controls 
ÅLook for exposure routes: 
ÅCondition and use of PPE 
ÅLocation of workers relative to contamination source 
ÅTALK to the employees & supervisors 

 
Additional tools: MSDS; process flowcharts; health 

effects 
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91 

92 

93 
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Air Sampling Considerations  
 
ÅWho to sample: 
 
Årepresentative individuals 
Å25% of workers conducting specific task 

ÅWorst Case Exposure 
ÅMobility 
ÅAir circulation 
ÅLocation of equipment 
ÅLocation of ventilation sources 
ÅAmount of chemicals used 

 

  
 

 

Preparation 

95 

Air Sampling Considerations  
 

ÅWhere to sample: 

Åplace area samples near sources 

Åuse area samples to map different 

contaminant levels throughout facility 

Åpersonal samples 

 

Preparation 

96 
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Air Sampling Considerations  
 
ÅWhen to sample: 
 

Åshift differences (1st vs. 2nd. vs. 3rd) 

Ådifferences within the shift (a.m. vs. p.m.) 

ÅTWA vs. STEL vs. C 

ÅSpecific activities 

ÅChallenges in identification and timing 

 

Preparation 

98 

99 
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101 

Air Sampling Considerations  

ÅHow long to sample 

ÅSTEL, C, TWA 

ÅPartial period consecutive samples (2 3-hr 
samples; 7 1-hr samples) 

ÅThe sampled period should cover at least 70-80% 
of the full shift period (caveat: Substance specific 
reqs) 

ÅFrequency of sampling 

Åbased on legal requirements 

Åbased on variations in work processes, seasons, 
non-routine tasks 

Preparation 

102 

Determining 8 hour TWA Exposure  

1. Full period Consecutive Samples 

ÅBest measurement method 

 Examples:  

Å8 one hour samples 

Å2 four hour samples 

Å4 two hour samples 

Å2 three hour and one 2 hour sample 
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104 

Determining 8 hour TWA Exposure  

2. Full period Single Samples 

ÅExamples:  

Å1 eight hour sample 

 

Ånext to best if an appropriate sampling/analytical 
method is available 

Å(determined by min-max volume reqs) 

ÅProblems with this choice? 
 

 

105 

0 200 400 

Employee Exposure to Acetone 

TIME (min) 

PPM 

800  

700  

600  

500  

400  

300  

200  

100  

0  

8-hr TWA = 200 PPM 



10/31/2011 

36 

106 

Determining 8 hour TWA Exposure  

3. Partial Period Consecutive Samples 

ÅExamples:  

Å2 three hour samples 

Å7 one hour samples 

Åless desirable; the sampled period should cover at 
least 70-80% of the full period (OSHA says 7 hrs is 
enough). 

ÅProblem: how to handle unsampled period.  Must 
assume that sampled period is representative of 
unsampled period 
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Air Sampling Considerations  
 
 

What method to use? 
Qualitative 

ÅDetermine presence 
or absence of 
contaminant 

ÅUse detector tubes or 
other direct reading 
instruments 

 

Quantitative 

ÅDetermine how much 
contaminant is 
present (quantify) 
ÅDetermine TWA 

concentrations 
ÅCompare results with 

exposure limits 
ÅUse classic industrial 

hygiene air sampling 
pumps and collection 
media 

 

108 
Preparation 
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Survey Preparation 

ÅSelect sampling and analytical methods 

    Sources of Sampling Methods 

ÅNIOSH 

ÅOSHA 

ÅAPHA 

ÅEPA 

ÅAnalytical Laboratory 

 

ÅTo estimate risk, need: reliable estimate of 
exposure (monitoring) and standard for 
comparison 
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Survey Preparation 

ÅPick instruments and 
ŀŘŘƛǘƛƻƴŀƭ άfixinsέ 

ÅBatteries 

ÅTubing 

ÅConnectors 

ÅBelts 

ÅTape 

ÅScrewdrivers, tube 
scorers, loose change 

ÅPlastic baggies 

ÅSharpie 

ÅCalibration 

ÅPre-calibrate 

ÅHow many 
times/pump? 

ÅbƻǘŜ Ŧƭƻǿ ǊŀǘŜΧΦ 

ÅWhere? On what? 

 

ÅAny extra 
equipment/media? 

110 

Scissors, gloves, baby wipes 

111 

  
Performing the Survey 

 

ÅObserve work practices, control measures, PPE use, 
air flow patterns, employee movement 

ÅWhere is the chemical going? 

ÅWho has the exposure? 

 

ÅCheck equipment and  

   the employees wearing them periodically  

Survey 
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Putting on the Pump 

112 Survey 

Explain the what-why-where-and-how  

to the employees you are monitoring 

Personal: The sampling device is directly attached to the worker who 

wears it during the entire work shift, exclusive of the lunch break.  The 

air sample intake is located in the workerôs breathing zone, defined 

to be a sphere approximately 6ò to 9ò around the head. 

 

Common Questions/Concerns 
ÅCan I smoke with this on? 

ÅSweatpants/gym shorts (aka no belt/pocket problem) 

ÅWhat if I have to go to the bathroom? 

ÅLΩƳ ƭŜŀǾƛƴƎ ŀǘ млŀƳΧ 

ÅbƻǊƳŀƭƭȅ LΩƳ ŘƻƛƴƎ !./Χōǳǘ ǘƻŘŀȅ LΩƳ ŘƻƛƴƎ ·¸½ 

Åά¢Ƙƛǎ ŎŀǎǎŜǘǘŜ ƭƻƻƪǎ ǊŜŀƭƭȅ ŘƛǊǘȅΧƛǎ ǘƘƛǎ ǿƘŀǘ LΩƳ 
ōǊŜŀǘƘƛƴƎ ƛƴΚέ 
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Common Questions/Concerns 

Åά¢Ƙƛǎ Řƻƻ-ƘƛŎƪŜȅ ŦŜƭƭ ƻŦŦΧέ 

Åά¢Ƙƛǎ Řƻƻ-hickey ŀƛƴΩǘ vibratin ƴƻ ƳƻǊŜΧέ 

Å¢ƘŜ ά{ƻΣ ŀƳ L ƎƻƛƴƎ ǘƻ ƭƛǾŜΚέ ƻǊ άŀǊŜ ǘƘŜȅ killinΩ ǳǎΚέ 
questions 

Å¢ƘŜ άhƘ ŎǊǳŘΧL ŦƻǊƎƻǘ ǘƻέΥ 

ÅTurn pump on 

ÅPut media on correctly 

ÅLabel the media 

ÅBring an opener 
 

114 
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115 Survey 

116 Survey 

Area: The sampling device is placed in a fixed location in the work area 

generally occupied by employees.  The device intake is located at a 

breathing zone height. 

 

CAREFUL: canôt use this data for comparison  

to the PEL 
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Sample Analysis 
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Post-Sampling 

ÅField blanks 

ÅField desorption? 

ÅPost-calibrate pumps 

ÅCalculate volume collected (= 
time x flow rate) 

ÅChain-of-custody/sample 
submission form 
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Data Collection 

ÅChain of Custody 

ÅTraces sample path 
from collection to 
reporting of results 
 

ÅField Notes 

ÅType of operation 
(Spray painting? 
Welding and welding 
type?) 

ÅLocation 

ÅPPE 

ÅSpecific activities 

ÅTemperature 

ÅHumidity 

ÅVentilation/controls 
in place  

 

120 
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Shipping 

ÅCheck lab shipping 
requirements 

ÅIce? 

Å24 hours?  

ÅPlugs vs. additional 
sealing 

121 

EXAMPLE 

122 

123 
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124 

RESULTS AND 
REPORTING 

TOPICS 

ÅAnalysis & Calculation 

ÅReporting & Communication 

ÅControls, suggestions, recommendations 

Å¢ƘŜ άDǊŜȅέ ŀǊŜŀǎ 
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SOURCES OF EXPOSURE 
VARIABILITY 

ÅSampling device errors 

Åimproper calibration  

Åfluctuations in pump flow rate  

Åcontamination of equipment 

Åequipment malfunction 

Årecordkeeping error 

ÅAnalytical method errors 

Åavoid through selection of accredited lab 

127 

SOURCES OF EXPOSURE VARIABILITY 
ɉ/2 Ȱ$/ 9/5 42534 7(!4 9/5 '/4ȩȱ 

ÅInter-day and intra-day fluctuations in 
concentrations 

Åchanges in production  

Åtask variability  

Åworker mobility 

Åwork practices 

ÅŜƳǇƭƻȅŜŜ άƛƴŦƭǳŜƴŎŜέ  

ÅIntended outcome 
 

CALCULATION REVIEW 

ÅTWA 

ÅTWA = C1T1 + C2T2 + C3T3 Ҍ Χ Ҍ CnTn 

                         T1 + T2 + T3 Ҍ Χ Ҍ Tn 

                          

 

Å8-hour TWA = C1T1 + C2T2 + C3T3 Ҍ Χ Ҍ CnTn 

                                         8 hours 
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RESULTS INTERPRETATION 

ÅLow enough? 

ÅPEL vs TLV 

ÅToo high? Next steps? 

ÅRe-monitoring 

ÅInterim control recommendations and OSHA 
requirements 

ÅCannot determine 

ÅNeed more information 

ASSUMPTIONS INFLUENCING 
INTERPRETATION 

ÅRepresentativeness 

ÅCrew size 

ÅTask type, duration, frequency 

ÅEnvironmental factors/influences 

ÅIf basing controls/programs off of current results, 
when should/would/could re-monitoring occur? 

ÅNew data 

ÅNew process 

ÅNew contaminants 

ÅNew people 

3/ 9/5 #/,,%#4%$ 4(% $!4!ȣ 
NOW WHAT? 

ÅReporting and Recordkeeping 

ÅResults 

ÅRelative Risk 

ÅMedical Records 

Åhttp://www.osha.gov/pls/oshaweb/owadisp.show
_document?p_table=STANDARDS&p_id=10027 

ÅIndoor air quality versus traditional exposure 
 

http://www.osha.gov/pls/oshaweb/owadisp.show_document?p_table=STANDARDS&p_id=10027
http://www.osha.gov/pls/oshaweb/owadisp.show_document?p_table=STANDARDS&p_id=10027
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EXAMPLE RESULTS 

 

 
  

Name 
Job Description 

Time-Weighted Average Exposure 
Milligrams per cubic meter (mg/m3) 

  Total Weight Aluminum Barium Iron Oxide Copper 
Fume 

Manganese Zinc Oxide 
  

J Hood/Al welding 1.6 0.154 0.003 0.068 -- 0.003 0.036 

B Kelley/MIG welding 0.87 0.001 -- 0.512 0.007 0.041 0.027 

K Marion/MIG welding 2.8 0.002 -- 1.014 0.014 0.081 1.155 

D Brantley/Al MIG/TIG 0.26 0.034 0.002 0.052 -- 0.003 0.020 

D Youngblood/Spot weld 0.17 -- 0.001 0.070 -- 0.002 0.015 

R Spivey/galvaneal weld 0.43 -- 0.001 0.192 0.004 0.014 0.054 

J Henson/galvaneal weld 2.87 -- 0.016 0.659 0.010 0.041 2.11 

Exposure 
Limits 

  

  
OSHA PEL 

  
15 

  
-- 

  
15 

  
10 

  
0.1 

  
5 (ceiling) 

  
5 

  ACGIH TLV 10 5 10 5 0.2 0.2 2 
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Lead Standard- Over Exposure 
Result 

 

7(!4 )&ȣ 

ÅThere is no published health standard? 

ÅWhen analyte does not have an associated 
exposure limit, compare to similar chemical (use 
CAS #) 

Åbƻ ƻǾŜǊŜȄǇƻǎǳǊŜǎ ƴƻǘŜŘ ƻƴ Řŀȅ ƻŦ ǎǳǊǾŜȅΧōǳǘ 
ǇǊǳŘŜƴǘ ǇǊŀŎǘƛŎŜ ǿƻǳƭŘ ǎŀȅΧ 

ÅNo overexposures noted on day of survey, but 
ƻōǎŜǊǾŜŘ ǿƻǊƪ ǇǊŀŎǘƛŎŜǎ ǿŜǊŜ ǉǳŜǎǘƛƻƴŀōƭŜΧ 

ÅControls are in place but no maintenance schedule 
ŜȄƛǎǘǎ ŦƻǊ ŜǉǳƛǇƳŜƴǘΧ 

COMPLAINT/CONCERN: 
RESPIRATORY & EAR INFECTIONS 

 
1)Hazard Identification and 

Anticipation 
2)Hazard Prevention and Control 
3)Planning and Evaluation 
 
4)    Safety and Health Training 
 
5)Management Leadership/   

Administration and 
Supervision/Employee 
Involvement 
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HAZARD IDENTIFICATION AND 
ANTICIPATION 
 
ÅAsk questions 

ÅInspection of 
potential sources 

ÅInspection of existing 
controls 

ÅConduct sampling 

 

 

Name 
Job Description 

 
 

Time-Weighted Average Exposure  (mg/m3)  

  

Metal Working Fluid Total Weight 

T. Bowick/milling machine 0.3 1.3 

Exposure 
Limits 

OSHA PEL -- 15 

NIOSH REL 

0.4  
(thoracic particulate 

mass) 
-- 

 
HAZARD PREVENTION AND 
CONTROL 
 ÅMaintenance inspections 

ÅLogs and checklists 

ÅPerform repairs and upgrades 

ÅFollow-up assessments/measurements 

ÅGood housekeeping practices 

ÅGuarding 

ÅTraining  
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PLANNING AND EVALUATION 
 
ÅRegular inspections 

ÅMixed use buildings 

ÅGoals and objectives 

ÅAction Plan 

 
SAFETY AND HEALTH TRAINING 
 
ÅEmployees need to know how to identify and report 

air quality concerns and/or symptoms 

ÅEmployees need to know what exists in the facility 
currently/what work activities take place 

ÅInformation about any non-routine work taking 
place 

 
MANAGEMENT LEADERSHIP & 
EMPLOYEE INVOLVEMENT AND 
ADMINISTRATION AND SUPERVISION 

 

ÅReceptive to potential 
concerns and complaints 
ÅPrompt and effective action 

taken 
ÅSolutions/outcome relayed to 

employees 
ÅFoster a team approach for 

problem solving and 
consensus building 

ÅCƻǊƳ ŀƴ άL!v ¢ŜŀƳέ 
ÅBuilding occupants 
ÅAdmin staff 
ÅFacility operators 
ÅCustodians 
ÅBuilding healthcare staff 
ÅContract service providers 

 

ÅAssignment of 
responsibilities 
ÅKnowledge and authority 
ÅAccountability 
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HIERARCHY OF CONTROLS 

Remove the Hazard or 
Build a Barrier 

Improve Work Policies & 
Procedures 

Use Protective Clothing & 
Equipment 

DISCUSSION/QUESTIONS 

lawnmower 

chainsaw 

gunshot 

Physical Hazards 

 

 

ÅNoise 
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Physical Hazards: Noise 

Å2.9 million workers experience 8-hours noise exposures > 90 dBA 

Å1910.95 Noise and Hearing Conservation 

ÅPEL = 90 dBA 

ÅAction Level = 85 dBA 

ÅExposure over 8 hours 

 

Physical Hazards: Noise 

ÅMandatory Hearing Conservation Program 

Åat an 8-hour TWA > 85 dBA 

ÅExposure monitoring 

ÅAudiometric testing 

ÅHearing protection 

ÅEmployee training 

ÅRecordkeeping 

 

 

Hearing Loss- 7ÈÁÔȭÓ ÉÔ ÌÉËÅȩ 

Åhttp://www.hse.gov.uk/noise/demonstration.htm 

 

http://www.hse.gov.uk/noise/demonstration.htm
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High Noise Exposures  
Rules of Thumb 

ÅNoise levels are above 85 dBA when you have to raise your 
voice to be heard (from a normal conversational distance of 2-3 
feet) 

ÅNeed protection: 

ÅWhen using electric, gasoline, or air powered tools 

 

 

 

 

Hearing Loss Test 

ÅWhen you pull into the parking lot turn off your 
car except for the radio. Turn the volume down 
on the radio until it is barely audible but where 
you can still hear each word clearly. After you 
have completed your work shift go back to your 
car and see if you can still hear your radio. If you 
cannot hear it or cannot hear it clearly you have 
probably suffered a temporary threshold shift 
(TTS) in your hearing due to exposure to noise at 
work.  

Pallet Manufacturing: 96 dbA 

Granite Countertop Manufacturing: 
86-92 dBA 

Poultry processing: 88 dBA 

 (all 8-hour TWA) 
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Noise Workshop 

 

 

 

Iƻǿ Řƻ L ŎƘƻƻǎŜ ǘƘŜ άǊƛƎƘǘέ 
hearing protection? 

Earmuffs Earplugs Canal Caps 

Examples of Hearing Protectors 

Calculating the NRR 

ÅFOR COMPLIANCE (THEORY) 

ÅMeasured TWA ς (NRR-7) 

 

ÅExample:  

ÅFull-shift TWA exposure (in 
dBA) = 95 dBA 

ÅNRR (of plug or muff) = 29 

 

ÅExpected TWA exposure 
using HP: 

Å95 dBA ς (29-7) = 73 dBA 

 

ÅFOR BEST PRACTICE 

ÅMeasured TWA ς {(NRR-7)/2} 

 

ÅExample: 

ÅFull-shift TWA exposure (in 
dBA) = 95 dBA 

ÅNRR = 29 

 

ÅExpected TWA Exposure using 
HP: 

 95 dBA ς {(29 - 7)/2} = 84 dBA 
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Dual Hearing Protection 

What if one type of protection is not enough? 

 

ÅGenerally recommended for full-shift exposures above 100 dBA  
 

ÅNot certain to provide enough protection if exposure > 105 dBA 

ÅUse Dual Hearing Protection Devices: 

 Example - Ear Plugs Under Ear Muffs 

Effectiveness of Hearing Protection 

ÅEffectiveness of hearing protection is reduced greatly if the 
hearing protectors are worn only part time during noisy work 

ÅRemoving a 30 dB hearing protector for only 5 minutes in an 8-
hour work shift reduces the average protection to 20 dB 

ÅRemoving this protector for 45 minutes during the work shift 
reduces the average protection to about 10 dB 

ÅConclusion: The amount of time a hearing protector is worn is 
far more important than the amount of protection it 
theoretically provides 
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Case Study: 
Noise Sampling Results 

Name/Job (TWA, dBA) Name/Job (TWA, dBA) 

T. Jackson / AX welder 78.6 L. Miller / front structure, club car 78.9 

R. Redford / WZW welder 82.9 P. Tinker / PN96 assembly 77.7 

L. Lewis / CS welder 84.0 B. Love / DS final assembly & club car 77.9 

J Surmanek / club car 80.1 L. Rankin / DS final assembly & float 78.5 

L. York / MMP 190 latch assembly 76.9     

S. Kesler / MMP 190 latch assembly 82.1     

A. Henry / CNC machine, Kingfisher 80.0     

8-hour shift: Hearing Conservation Program Required? 

12-hour shift: Hearing Conservation Program Required? 

All (but 1) production lines operational on day of survey; still no HCP? 

Rest of facility is still in HCP; exempt or not-exempt these tested job tasks? 

ANTICIPATION 
RECOGNITION 
EVALUATION 

CONTROL 
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OSHA Hierarchy of Control 
Å Product Elimination/Substitution 

Å Engineering controls (i.e. move noisy 
equipment, use less hazardous material, 
install ventilation system) 

ÅWork practice controls (i.e change how 
the job is done, wet vs. dry cut) 

Å Administrative controls (i.e. job 
rotation) 

Å Personal protective equipment (i.e. 
gloves, respirators, eye protection) 

1
6
3
 

Controls: Engineering 

 

 

 

 

Controls and Solutions 

ÅRetrofitting 

ÅSilencers 

ÅSubstitution 

ÅChange the pathway 

ÅPreventative maintenance 

ÅBuild a barrier 

ÅIsolate the process 
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166 

 
 
 
 
 
 

INDOOR AIR QUALITY 
(IAQ) 

 
 

 

Why should Indoor Air Quality be a major 
concern for businesses? 

167 

168 

INTRODUCTION 

ÅCausal Factors 

ÅEnergy Conservation         Minimize Infiltration of 
Outside Air          Buildup of Indoor Air Contaminants 

   ƘƻǿŜǾŜǊΧ 

ÅIAQ Investigations Often Fail to Identify Harmful Levels 
of Toxic Substances 
 


