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Adjustment For Unusual
Hours

A Most common type of adjustment of
exposure limits

A Most documented in literature and
legislation

A Good introduction to the approach
of adjusting for unusual conditions



Usual Work Schedules

TLVs assume:

8 hour days
5 days per week
A total of 40 hours



Usual Work Schedules
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Unusual Work
Schedules

Overtime T extra hours
| extra days
Compressed work week

- four 10 hour days
- three 12 hour days

Flex time
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Nsit mopl er vel

The general Equation 28 for regular repetitive schedules simplifies to
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in which, using hours as the time unit,

ti» = length of normal daily work shift (8 hours),

t2n = length of normal daily nonexposure periods (16 hours),
lin + t2, = length of normal day (24 hours),
T, = length of normal week (168 hours),
n = number of workdays per normal week (5),

length of special “daily” work shift, hours,

t2; = length of special nonexposure periods between shifts, hours,
tis + to length of basic work cycle, analogous to the “day,” hours,

T; = length of periodic work cycle, analogous to the “day,” hours,

m

number of work “days” per work “week” in the special schedule.



Three Models

ABrief and Scala
AOSHA

APharmacokinetic



Brief and Scala

A Corrects for increased
exposure time and
decreased recovery time

A Simple to use
A Very conservative



Brief and Scala

A First such model

A Corrects for both increased
exposure time and
decreased recovery time

A Simple to use
A Very conservative
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Daily Adjustment
Formula

Adjusted TLV =

=TLVX(8)x(24-h)
h 16
Where h = # of hours worked per day




Weekly Adjustment
Formula

Adjusted TLV =

=TLVXx(40)x(168-h)
h 128
Where h = # of hours worked per week




Brief and Scala

Calculate reduction from both
daily and weekly formula

Apply the formula that
recommends the greater
reduction



Brief and Scala
Example

Solvent has a TLV of 100 ppm

Worker works four 10 hour
days.

What adjustment (if any) would
you recommend?



Daily Adjustment
Formula

Adjusted TLV =

:TLVx(i)x(24-10)
10 16
= /70 ppm




Weekly Adjustment
Formula

Adjusted TLV =

=TLV x(40)x(168-40)
40 128
= 100 ppm (no adjustment)




Brief and Scala Example

A Daily formula gives 70 ppm

A Weekly formula gives 100 ppm
A Take lower of the two

A Adjusted TLV = 70 ppm

A Gives same protection as 100
ppm for five 8 hour days



Brief and Scala

A Easy to use
A Only need to know hours worked
A Very conservative

A Gives more restrictive
recommendations than other
models



OSHA Model

A Named after US
Occupational Safety and Health
Administration

AAmi ddl e of the r



OSHA Model

ADi stributes fis't
exposure over an extended
time period

A Considers health basis and
short vs long term effects

A Still simple to use



Best Job In the world

Drink 8 bottles of beer over 8 hours

< >

60 minutes per bottle




Second Best Job in the World

Drink 8 bottles of beer over 10 hours

< >

75 minutes per bottle




Standards are based on
different health effects

Organ toxicity 49%
Irritation 40%

Narcosis 5%

Odour, visibility, taste 3%

Note: not all deal with body
burdens e.q. sugar




Health

Health Effect

Code
1 Cancer
2 Chronic toxicity T suspected carcinogen or mutagen
3 Chronic toxicity T long term organ toxicity other than nervous
4 Acute toxicity -short term high hazard effects
5 Reproductive hazards i fertility impairment or teratogenesis
6 CNS disturbances -cholinesterase inhibition
7 CNS disturbances -nervous system effects other than narcosis
8 CNS disturbances -narcosis
9 Respiratory effects -respiratory sensitization, asthma
10 Respiratory effects -cumulative lung damage
11 Respiratory effects -acute lung damage / edema
12 Haematologic disturbances - anemias
13 Haematologic disturbances i methaemoglobinaemia
14 Marked irritation i eye, nose, throat, skin
15 Moderate irritation i eye, nose, throat, skin
16 Mild irritation T eye, nose, throat, skin
17 Asphyxiants
18 Explosive, flammable, safety, no adverse effects encountered
when good housekeeping practices are followed.
19 Low risk health effects -nuisance particulates, vapors gases
20 Low risk health effects -odors antabuse
21 Dermal effects -dermal sensitization acne




OSHA Model Categories

Category | Classification Criteria
1A Ceiling None
1B Irritants None
1C Technical limitations None
Acute effects Hours/day
3 Chronic effects Hours/week
4 Acute & chronic Hours/day &

hours/week




OSHA Model

A Considers Health Effect

A Different approach for acute
and chronic agents

Al ntroduces t he

N



Category 1

A No Adjustments to normal
TLV required

A Standards are not related to
body burden



Category 2
Adjusted TLV =
TLV x (8 /# of hours per day)

e.g. 10 hour days
TLVaq = TLV x (8 / 10)
=0.8xTLV



Category 3
Adjusted TLV =

TLV x (40 / # of hours per week)

e.g. 44 hour weeks

L Vagi = TLV X (40 / 44)
= 0.91 x TLV




Category 4

Calculate both daily and weekly
formulae and use formula that
glves most restrictive
adjustment



How do | know which
model to use?

A Documentation

A Desktop Guide



AnDesktop Guideo

~

Il n back

Chemical Name | Health | Description of Health | UWHA Primary Data
Codes Effects Code | TLVis Based on
Acetaldehyde 15, irritation, reproductive effects, 1A combination
5,2 suspected carcinogen

UWHA code = unusual work hour adjustment Code

Tells you which OSHA category a chemical falls into based
on the health effect of that chemical




Pharmacokinetic Model

Calculates to give same peak
body burden

Considers half life of product
Graphs make it easy

Technically the
of the 3 models
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Adjustment Factor, Fp
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Useful Graph of Common Unusual Schedules

A = Five 8-hr. days/wk.
B = Four 10-hr. days/wk.

C = Three 12-hr. days/wk.
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Calculate your own Unusual Work Hours

Spread sheet from McMaster University

Enter "Extended Shift" information in the cells

length of new (special) shift, hours 11
length of new (special) rest period, hours 13
length of special "day" hours 24
number of "days" in special "work week" 6
number of days in full cycle 7
Enter the biologic half life (T1/2),

hours 24.00

RESULT- for specific half-life

Fp = 0.75 atTl/2 24.00

http:/ www. mcmaster.ca/ oehl and



| f you donot

Look In the general literature

Use a different model that
doesnot use t he

Assume a worst-case half-life




Adjustment Factor, Fp
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What Model to Use

Brief & Scala too simple

Pharmacokinetic model is good
If graph / data available

OSHA model | S per
as It is simple and somewhat
conservative




Physical Agents

OSHA Model works well for
many types of physical agents.

ANoise
AUV
AVibration




Unigque Approches

Radiofrequency standard
based on a rolling 6 minutes

Lasers based on microsecond
Intraocular exposure




You Can Do This

A Not Overly Complicated

A Use Readily Available
Information

A Consistent with existing IH
methods




Starting to See Extended Hour
Adjustments In Legislation

5.50 Extended work periods

(1) If the work period is more than 8 hours in a 24 hour day, the 8-
hour TWA limit must be reduced by multiplying the TWA limit
by the following factors:

Factor Length of work period (in hours)
0.7 more than 8, but not more than 10
0.5 more than 10, but not more than 12
0.25 more than 12, but not more than 16
0.1 more than 16

[Amended by B.C. Reg. 315/2003, effective October 29, 2003.]



Routes of Exposure

CINHALATION >
HAZARD

| == it ap |




When was the last time you
did it?

Done a lot of air testing?

# of air surveys collectively as a
group = ???

# of dermal surveys collectively
as a group = ??7?



Industrial Hygiene Sampling
focuses on Air Sampling

Alnhalation main route of exposure
AStandards available

AMethods available

ARegulatory pressure

Alnertia



What about dermal
sampling?

ADermal not a significant route
AStandards not available
AMethods not available

ANo regulatory requirement

Al nertia (havenbot
SO0 why start?)



One small problem

Everyone of these
assumptions Is wrong!



Why not do dermal?

ADermal can be a significant or
even dominant route

AStandards are available
AMethods are available
ARequired by Regulations
Alnertia is just a mindset




Exposure = Inhaled Dose?

Dermal absorption of liquids
can be significant

In some settings, dermal
dose can exceed inhaled
dose

Dermal becomes more
Important as air standards
are lowered



Pesticide Application




Styrene In fibreglass industry
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Q? Resulting
Type of 52 (mg/om | Dermal Contact
Contact’ Typical Examples (cm?) D) (mq)

Routine, direct Filling/dumping up to 3100°
handling of solids containers of powders,
- 2 hands flakes, granules

Weighing powder/

scooping/mixing (i.e.,

dye weighing)

Handling wet or dried

material in a filtration

and drying process
Rouftine contact Handling bags of solid up to 1100
with surfaces - 2 materials (closed or
hands - solids empty)
Routine Handling wet surfaces 840 1.3 - up to 8,700
immersion, 2 Spray painting 10.3
hands - liquids
Routine contact, Maintenance 840 0.7-2.1 up to 1,800
2 hands - liquids Manual cleaning of

equipment

Filling drum with liquid
Incidental contact, Connecting transfer line 840 0.7-2.1 up to 1,800
2 hands - liquids
Incidental contact, sampling 420 0.7-2.1 up to 900

1 hand - liquids

Ladling liquid/bench
scale
liquid transfer

U.S. Environmental
Protection
Agency/Economics,
Exposure, and
Technology Division/
Chemical Engineering
Branch. Options for
Revising
for Screening-Level
Estimates of Dermal
Exposure, Final Report

June, 2000.

CEBOGs



Skin Notation = when there Is skin
contact, air testing alone is not
enough

About 20% of the chemicals that
have a TLV have a Skin Notation



POP Quiz

What does it mean when a
chemical does not have a Skin
Notation?



POP Quiz

The chemical does not pose a
significant dermal risk



POP Quiz Better Answer

The chemical has been evaluated
and does not pose a significant
dermal risk

OR

The chemical has never been
evaluated for dermal risk



Might want to look If Skin
Notation Is present

NA Skin notatilon
because relatively

low doses applied to rabbit skin
produced | et hal

- Documentation for EPN



Dermal Absorption of Liquids

Proportional To:

Contact Area (cm?)
Contact Time (hour)
Flux Rate (mg/cm?4/hour)



Dermal Hazard Ratio

Quantify potential exposure under
standardized conditions as a starting
point for evaluating specific conditions

And

Means of selecting chemicals that are
Nnsafero from a der ma



Dermal Hazard Ratio

Dermal Dose (baseline conditions)
Inhalation Dose from TLV exposure




Dermal Dose

Area of contaminated skin x
Duration of contamination X
Flux rate



Dermal Hazard Ratio Assumptions

Area of contaminated skin = area
of both palms and bottom of
fingers (360 cm? or 2% of body)

Duration of contamination = | hour

Flux rate = flux rate from BEI data,
LV documentation or calculated
flux rate




Need to know Flux rate

The empirical formula for the skin penetration

J (mg/cm?/hour) as described by Fiserova (1993) is:

J =C,,/15x(0.038 + 0.153 P, )e-"016MW

with Csat = the aqueous solubility (mg 1."1);
Pow = octanol-water partition coefficient;

MW = Molecular Weight.

Formula is provided / explained in BElI Documentation Intro



Inhalation Dose

Volume of Air inhaled in 8 hours x
TLV concentration X
Percent retention

This i1Is how much a worker would

retain if exposed to the TLV for 8
hours



Sample DHR Calculation

Benzene

360 cm? x 1 hour x a flux rate of 0.4
mg/cm?/hour = 144 mg

10 m* X 48% retention x
LV of 1.6 mg/m?3 = 7.68 mg

DHR =144/ 7.68 = 18.8 (unitless)



Some Dermal Hazard Ratios

Parathion 270 SKin
Benzene 18.8 Skin
Toluene 17.2

Aniline 15.8 Skin
Dimethylformamide 15.43 Skin
Nitrobenzene 14.4 Skin
Ethoxyethylacetate 13.3 Skin
Pentachorophenol 8.64 Skin
Styrene 7.82

Ethylbenzene 3.86

Methanol 2.72 Skin
Ethoxyethanol 2.5 Skin
Phenol 1.89 Skin
Carbon disulfide 1.48 Skin
Furfural 1.15 Skin
Xylene 0.94

MEK 0.28

Trichlorethylene 0.10

Perchlorethylene 0.08



Picking nSafer

The lower the DHR, the
lower the significance of
the dermal exposure under
identical conditions

Naturally other things to
consider than just dermal



Estimating Exposure

Use DHR and compare
actual conditions to
assumed conditions

Example

Worker has palm of 1 hand
covered with benzene for 6
minutes

Is this significant??




Estimating Dermal Exposure

Exposure in example =

DHR x Actual time x actual area
Assumed time assumed time

=18.8x(0.1/1) x (180/360)

= 0.94 ( 94% of 8 hour exposure
to the TLV )



Need to know Flux rate

The empirical formula for the skin penetration

J (mg/cm?/hour) as described by Fiserova (1993) is:

J =C,,/15x(0.038 + 0.153 P, )e-"016MW

with Csat = the aqueous solubility (mg 1."1);
Pow = octanol-water partition coefficient;

MW = Molecular Weight.

Formula is provided/explained in BElI Documentation Intro



DHR vs Skin Notation
Skin Notation

Significance of dermal
exposure varies greatly
between chemicals

Skin Notation not quantitative

Doesnot help tell
the dingos



DHR vs Skin Notation

Dermal Hazard Ratio

Quantifies significance of dermal
exposure

Fits well with existing IH approach

DHR replace or supplement Skin
Notation in TLV booklet?
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