Case Study of Bridge Repair Workers.
Objective: To become familiar with sampling strategies for sampling particulates.  To understand particle size selective sampling.  To be able to interpret laboratory results.

Background


A contractor was hired to demolish some sections of an old bridge, so that it might be replaced with a new bridge. The footings/piers of the bridge are being retained and the metal sections cleaned with abrasive blasting before repainting. The bridge had been painted many times to protect it from the weather. In the U.S. lead based paint was traditionally used on exterior steel structures like bridges. Watch the slides to see how they used acetylene torches to cut the steel beams and girders. In some cases they have used hand grinders to remove the paint prior to cutting it. Prior abrasive blasting of the bridge footings the crew must hang tarps from the overpass to create a containment in which they work. Blasting is done with a slightly wet mixture of Black Beauty (coal slag).  When complete, the abrasive and paint scraps are shoveled into waste containers, the ground cleaned by sweeping, vacuuming or water washing and the tarps are then taken down, folded for storage. 


The crew consists of : 

1) 1 Laborer doing cleanup(1 hr in am 1 hr in pm), tarp hanging and removal (3 hrs total) and hand scraping (4 hrs total) of paint from bridge surfaces; 

2) 1 Abrasive blaster (1.5 hrs setup; 6 hr blast; 1.5 hr cleanup) 

3) 1 Ironworker doing acetylene torch cutting (1 hr setup and 1 hr cleanup; 8 hr total cut).

Part I Questions

1. Decide whether the airborne lead exposures in this situation are inhalable, thoracic or respirable hazards.  Based on this answer, what type of particle size selective sampler would you use to collect a biologically relevant size selective sample? Why?  

Ans. Inhalable because lead is a systemic toxin

2. If you were an OSHA compliance officer, what type of sampling device would you use to collect airborne lead samples?

Ans. Closed face cassette

3. If you were trying to determine compliance with the OSHA lead standard who would you sample and for how long?

Ans. Usually target worst case ie. person or person you suspect to have highest exposure (blaster or ironworker) but since only 3 people probably do them all. Sample for full shift. 

4. The type of respirator a worker should be matched to the exposure. Since exposures vary by task, who and how long would you sample if you were trying to develop a respiratory protection program?  Consider the Vol-min and Vol-max for the method in determining your answer.  
Vol min is 200 Liters if sample at 4 liter per minute = 50 min min sampling time to be able to measure at 0.05 mg/m3 (the PEL)  All tasks listed lasted at least 1 hr so this would be fine.  However if the tasks were shorter you could still sample if you expected exposures to be higher than PEL. So for example if you expected levels to be 2x the PEL you could cut the sampling time by ½ so only need 25 min and still collect enough material on filter to be above the LOD. 

When done…..ask for Part II information
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Supplementary information 

Thermal cutting:  Flame cutting uses a fuel gas such as acetylene, hydrogen, natural gas or propane that bums and produces sufficient heat to vaporize and separate the metal. Principal hazard is exposure to metal fume. 

Scarfing/Gouging:  Uses electrode in a manual arc welding holder with integral compressed air supply to blow away the molten metal when the electric arc creates a puddle of metal as it melts.  The principal hazard of this opertion is exposure to metal fume. 

Lead paint on steel structures : Lead has been added to paint (as red lead, lead silico chromate, lead sulfate, etc.) as an anti-corrosive coating. Corrosion can cause steel structures to collapse. 

[image: image1.jpg]Pb

MW: 207.19 (Pb)

LEAD by Flame AAS

223.19 (PbO)

CAS: 7439-92-1 (Pb)
1317-36-8 (PbO)

7082

RTECS: OF7525000 (Pb)
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METHOD: 7082, Issue 2

EVALUATION: FULL

Issue 1: 15 February 1984
Issue 2: 15 August 1994

OSHA: 005 mg/m®
NIOSH:
ACGIH: 0.15 mg/m’

<0.1 mg/m?%

blood Pb <60 4g/100 g

PROPERTIES:

soft metal;

d 11.3 g/em® MP 327.5 °C
valences +2, +4 in salts

SYNONYMS: elemental lead and lead compounds except alkyl lead

SAMPLING MEASUREMENT
SAMPLER: FILTER TECHNIQUE: ATOMIC ABSORPTION
(0.8-4m cellulose ester membrane) SPECTROPHOTOMETER, FLAME
FLOW RATE: 1t 4 L/min ANALYTE: lead
VOL-MIN: 200 L @ 0.05 mg/m® ASHING: conc. HNO,, 6 mL + 30% H,0,,
-MAX: 1500 L 1ml; 140 °C
SHIPMENT: routine FINAL SOLUTION: 0% HNO,, 10 mL
SAMPLE FLAME: air-acetylene, oxidizing
STABILITY: stable
WAVELENGTH: 283.3nm
BLANKS: 210 10 field blanks per set
BACKGROUND
CORRECTION: D, or H, lamp, or Zeeman
CALIBRATION: Pb?* in 10% HNO,
ACCURACY
RANGE 10 to 200 g per sample [2,3]

RANGE STUDIED:

BIAS:

OVERALL PRECISION (8,,):

ACCURACY:

0.13 to 0.4 mg/m® [1];
0.15 to 1.7 mg/m? (fume) [2]

-31%

0.072 [1];
0.068 (fume) [2]

+ 17.6%

ESTIMATED LOD:

PRECISION (§)):

2.6 ug per sample [4]

0.03 [1]

APPLICABILITY: The working range is 0.05 to >1 mg/m® for a 200-L air sample. The method is applicable to elemental lead,
including Pb fume, and all other aerosols containing lead. This is an elemental analysis, not compound specific. Aliquots of

the samples can be analyzed separately for additional elements.

INTERFERENCES: Use D, or H, continuum or Zeeman background correction to control flame or molecular absorption. High
concentrations of calcium, sulfate, carbonate, phosphate, iodide, fluoride, or acetate can be corrected.

OTHER METHODS: This method combines and replaces P&GAM 173 [3] and S341 [4,5] for lead. Method 7300 (ICP-AES) and
7105 (AAS/GF) are alternate analytical methods. Method 7505 is specific for lead sulfide. The following have not been revised:
the dithizone method, which appears in P&CAM 102 [5] and the lead criteria document [6]; and P&CAM 191 (ASV) [7].

NIOSH Manual of Analytical Methods (NMAM), Fourth Edition, 8/15/94



Abrasive Blasting:  Worker uses compressed air to project abrasive under pressure onto surface to be cleaned.  Worker wears air supplied blasting hood while working.

 Lead  can enter the body through inhalation or digestion.  When lead is swallowed, 10-15% of lead that reaches the digestive system is absorbed into the blood. When it is inhaled lead is efficiently absorbed into the blood stream where it affects the nervous system, blood, kidneys, heart and reproductive system. Acute effects include depression, irritability, headaches, fatigue, loss of appetite, difficulty concentrating, sleep problems, aches and pains in muscles and joints, stomach cramps, reproductive problems. Chronic or long term exposure can cause permanent damage to the nerves of the hands and feet, brain, kidneys and reproductive system. PEL and TLV-TW A = 50 micrograms/cubic meter with Action Level of 30 micrograms/cubic meter.

Iron oxide is the main constituent of the fume when steel is flame cut. Iron oxide is considered a nuisance dust that may cause a benign condition called siderosis of the lung. REL and TL V = 5 milligrams/cubic meter. 
[image: image2.png]‘9861 'VdI:ON “ied e|Bueyi |, yoreasay *pea 1o} epaIuD
Aienp A1y *(vd3) Aoueby uoj1oe101d [RluewILOIAUT *§'f) :001N0S

$9X0|JoY Jamo|s

81190 poojg pay
paseasdaq

swd|qoid aananpoiday
swa|qosd Kaupry
ainssaid poojg
SWIA|qOId

anIaN pue ujeig

elwauy

s1apiosiq ujelg

'

a

SHNPY ul peaT jo syoay3 yyeaH

[

(sajosnui 10suaIxa
Jo ssawjeam) ,doip 1S, @  §S8uUBI0S 40 ufed ulof pue BppsN  ®
AinoesadAy e inow ayj uy 81se) ojjeje e
swnb oy uo ouy peay, e ssauquinN e
Bluwosu| e $SOUPaIY BAISSB0X] @
siouen auly ojed e
BasneN e uonedjsuon e
sanNoIp 8Anonposday e Kepxue/Aiiqens) e
SSOUNEOM @ ssoujzziq o
° aedde 004 e
ssaussajdanls @ ayoepesH e
:Buimojioy ayy apnjour Buiuosiod peaj jo swordwAs ayy
‘ainssaud

poo|q Yy 01 SBINALIUCD PUE WASAS dAONpoIdal pue ‘Lesy ‘seuoq
‘sfouppy ‘weysAs snoatsu ‘poojq ay) 0) eBewep uj JNsas Aew ‘sBunes
uonaNIsuo9 uj [ealdAy s yoym ‘pesj o) aansodxa aAleNWNY

‘uojiuane [earpawl dwoud 186 pue

ainsodxa jo swoydwiAs iy 9ziuboogas ueo seakojdwa jey os Juepodu
a1e BujuRl) pUB SSBUBIEME 19NIOM "SASSau|| ,O)I-N]), B|qUIasal

ads jou aie Buiuosiod pea) Jo s1oajje Ajiea ay | “pajeujwe
Bulaq si 1 ueyy Jaisey Apoq aupy uy dn Buipping si pesj ey pue ainsodxa

U881 UBaq SEY 81aLJ] TeY] SUBBW A|[ENSN [9A8] Pea| poojq Buiseaiou uy

'$100)J2 0|X0) BSNED O} B} 19A0 paseafal Amojs aq Aeut | Sapeoap 10y
$8U0q Y1 u| sABIS )| “JaA)| pue ujelq ‘skaupp| oy Buipnjouy ‘sueblio pue
$10q 'POO|q OU|) Uf SAIBINWNOJE 1| “UOSIOd BAIBINWIND B S| pear

‘Bujuosiod

pes| 8SNBI UBD UONEINP S$408M g 10 | Jo sqof ueng “abewep
juaueunad 1o Arelodwiay 1aya asnea ued pue (9juoyo) awi jo popad
Buoj e 18A0 suonenuastod ansodxa mo| 1 10 (31NJk) SUOPRNUBILOD
ainsodxa yby 1e 1200 ueo Buuosiod pee ‘yjeap pue ‘Bul0d
‘saInzjas 0} Bujpea) ‘ufeiq 8y} 108)je UBD 1| {NOA Ji1y UBD aInsodxe pea
“uasald

s1 pea) a1aym sqol uo juepodw si sualbAy [euosiad pooy) “|njwley aq
uea qof ayy uo Bupjowss 10 ‘Bupjupp ‘Bunes eia paisabuy Ajjeuopuaiuiun
aq Aew ey pes| Jo sjunowe jjews Asp (Bupes) uonsabuy

pue (Buyreaiq) uonefeyur Aq Apoq ayy o) paquoSqe 8q UED pear

$1094)3 YilesH






Part II 

The following samples were taken:

Table I

	Sample Number
	Type
	Time (hours)
	Description

	301
	task
	3.2
	Torch Cutting 

	303
	task
	3.8
	Use hand tools on bridge surface

	306
	task
	1.1
	Setting up/cleanup and tarp hanging/removal

	308
	area
	7.2
	In containment while blasting

	311
	personal
	7.6
	George K.  Laborer

	312
	personal
	7.1
	Franklin V. Ironworker


Table I tells the type of sample, the length of sample and the sample #. It is the kind of information collected on the day of sampling.  Table II is the kind of information received from a commercial lab.  It tells the type of analysis done on the filter sample, the amount of air collected (pump flowrate times time sampled), the analytical results and the air concentration.  The connection between the two tables is via the sample number. Note that sample # 308 had two kinds of analysis done on it. First the samples was weighed to determine the total mass on the filter (Grav) and then analyzed by atomic absorption spectroscopy (AA) for lead (Pb) which was a subset of the mass on the filter. 

Table II 

Techno Laboratories Report

	Sample #
	Sample Air Volume (m3) 
	Type of Analysis
	   Results (ug)
	Air Conc (ug/m3)

	301
	0.384
	Pb
	274
	714

	303
	0.456
	Pb
	34
	75

	306
	0.132
	Pb
	38
	288

	308
	0.864
	Pb
	3176
	3675

	308
	0.864
	Grav
	12 mg
	14 mg/m3

	311
	0.912
	Pb
	178
	195

	312
	0.856
	Pb
	516
	603


Part II Questions

5. Based on the data you were given calculate the daily TWA for each of the 3 workers using the task level and the time each worker spent doing that task.

a. How does the TWA calculated from task levels compare with the full-shift TWA sample that was collected on the worker?

Laborer:

(5 hr clean x 288 ug/m3 sample #306) + (4 hr scrape x 75 ug/m3 samp # 303)






9 hrs worked

= 193 ug/m3

compare to Georges TWA of 195 ug/m3

Blaster:

3 hr setup x 288 ug/m3 sample #306) + (6 hr blast x 3675 ug/m3 samp # 308)






9 hrs worked

= 2546 ug/m3

Ironworker:

(2 hr setup x 288 ug/m3 sample #306) + (8 hr cut x 714 ug/m3 samp # 301)






10 hrs worked

= 629 ug/m3

compare to Franklin’s TWA of 603 ug/m3

b. Using these daily TWA estimates, is this worksite in compliance with the OSHA standard?  Which of the workers is over exposed and which workers exposures are within the standard ?

All are overexposed to 0.05 mg/m3 = 50 ug/m3 but this is 8 hr TWA PEL so since they work over 8 hrs PEL will be even less!

6. The workers on this worksite had shifts greater than 8 hours. To adjust for this additional exposure several approaches are possible…one such formula is

Adjusted OEL =   OEL    x       8 hours




          # hours worked


If you apply this adjustment to the measured TWA exposures does it change the compliance status of any of the workers?



Adjusted OEL = 50 ug/m3  x 8/9 = 44 ug/m3

Adjusted OEL = 50 ug/m3  x 8/10 = 40 ug/m3
So because not in compliance with 8 hr standard, then way out of compliance with 9 and 10 hour standards. 

7. What respirators would you recommend for the 3 workers on this site? (see attached fact sheet).

Laborer: Class I Powered Air Purifying Respirator (PAPR) ½ mask

Blaster: Class III pressure demand supplied air

Iron worker: Class II Full Face PAPR

8.  Can the gravimetric sample taken on this site be compared with the PNOS/PNOC standard?  

No, lead, which is regulated and is toxic is part of the dust so does not meet criteria for PNOS/PNOC

9.  What, if anything, is gained by having both the mass concentration and the lead concentration for the sample #308? 

Well if you assumed all dust was lead then could compare that to standard or use to choose respirator. Alternatively, if lead always the same % of dust you could estimate lead concentration from a dust sample. Since dust measurements are cheaper and easier than lead (which must undergo chemical analysis) this might be an advantage. Might also be able to use continuous direct reading instruments to monitor dust in that case. Generally though for lead people do sampling for metal itself not a surrogate like dust concentration. 

[image: image3.png]over an 8-hour period. If you are exposed to this much lead, your
employer must measure the amount of lead in the air at least every
six months or any time you change the activity or work
environment. You also must be trained about the hazards of lead
and visit a doctor for blood testing.

Action Level

The Action Level is like a yellow light. It means caution.

The Action Level for lead is 30 ug/m>.

The Action Level is an average of the amount of lead in the air

Permissible Exposure Limit

The Permissible Exposure Limit (PEL) is like a red light.
It means stop.

The PEL for lead is 50 ug/m?®.

The PEL is the highest average amount of lead that you are
allowed to be exposed to. It is the average amount of lead you are
allowed to breathe over an 8-hour period.

The PEL (50 ug/m®) is a very small amount of lead. Imagine a single rain
drop in a three story building—that’s how much lead 50 ug/m® is. Even this
amount of lead can damage your health.

‘When you work in an area where the amount of lead goes above the PEL,
the OSHA Lead Standard says you must stop until you have:-

* Respirators « Protective equipment
« Protective clothing « Change areas

« Washing facilities « Showers when feasible
+ Medical surveillance « Training

If you are exposed to lead above the PEL (averaged over an 8-hour time
period), your employer must monitor lead in the air every three months or
any time you change the activity or the work environment.








[image: image4.png]Lead-related tasks

The OSHA Lead Standard requires you to wear certain respirators when
you do certain tasks. The type of respirator you wear depends on the task
you are doing and how much lead dust gets in the air.

Class 1 Tasks (up to 500 ug/m?)

» Manual demolition of structures HALF-MASK
« Manual scraping or sanding
PAPR

« Using a heat gun
« Power tool cleaning with dust '}

collection systems =
« Spray painting with lead paint

Class 2 Tasks (up to 2,500 ug/m?)
« Using lead-based mortar

+ Burning iead

« Rivet busting lead-paint surfaces
« Power tool cleaning without dust

FULL FACE

PAPR
collection systems [/

« Cleaning up with dry abrasives

« Moving and tearing down enciosure m’b/l’
used for abrasive blasting

Class 3 Tasks (over 2,500 ug/m?) PRESSURE-DEMAND

« Abrasive blasting SUPPLIED-AIR

« Welding

» Cutting

« Torch buming











