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Brisbane, June 2 2009

Wood dust, welding fumes and all that

David Bromwich and Associates — Consulting Occupational Hygienists

Dr David Bromwich

www.dbohs.com blog.dbohs.com

Adjunct Associate Professor

Centre for Environment & Population Health, Griffith University

Topics

= Wood Dust
= Welding Fumes

= Will also visit
= Industrial Ventilation
= Ultra violet (solar & welding)
= Protection from swine flu
= Respiratory protection
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Lungs Three numbers to remember
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Aerosol sizes Sizes Aerodynamic diameter
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Lung deposition
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Impaction

= An inertial overshoot onto a surface.

Sedimentation

= Dropping out of the airflow.

| Impaction MICRO-ORGANISMS L8 1.vbutent siow
= Sedimentation ey
. . “"0“""‘.’\" AR EXCHANGE SURFACE
m Diffusion 3
Particle trajectory Particle trajectory
ht Source: ILO E"CYCOPaedia of OHS Source: ILO Encyclopaedia of OHS
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Diffusion Lung clearance — fast phase Lung clearance - slow phase

= Random movement caused by individual
air molecules on dust particles

Particle trajectory

Source: ILO Encyclopaedia of OHS
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= Approx 1 day .. =N
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= Months
= Macrophages
= Lymphatics

Note: Smoking causes
paralysis of cilia thus
reducing lung clearance.
Increased coughing is a
compensatory effect

CAPILLARY
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“Nuisance” dusts

= TLV 10 mg m=3
» Relatively low risk
= or effects sometimes not well documented

TLV® - Threshold Limit Value
www.acgih.org

ACGIH - American Conference of Governmental Industrial Hygienists

16 TAFE WHSO Conference June 2 2009

Mechanism of aerosol formation

= Mechanically Generated
= Wood dust

» Thermally generated
= Welding fumes
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Wood Dust

= UK 2 studies (1965 and 1968)
= Nasal cancer
= Furniture and cabinet workers
= 1970s US National Cancer
Institute study

» 37 nasal cancers listed as the
cause of death

= 8 were furniture workers
= IARC = human carcinogen

= International Agency for %?
Research on Cancer gﬂ ¥

http://www.emedicine.com/ent/topic413.htm

18 TAFE WHSO Conference June 2 2009




19

Wood dust toxicity

= Initially hard wood
= Also soft wood

= Mechanism?
= Dust deposits in nose
= Nasal mucosa dries
= Mucociliary clearance stops
= Wood dust stays there longer
= Carcinogens have longer to act
= Welding
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Welding fumes

= A very complex topic
= Welding produces metal vapour
» Individual atoms condense to form fume,
often partially oxidized
= nanoparticles
= Fume particles agglomerate
= Like bunches or grapes
= Sometimes in a long strings
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Engineering Controls

Industrial Ventilation

21
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Dilution ventilation

= Low toxicity material

= Small quantities

= Emission slow and predictable
= Exhaust fan near emission

= Flow from person to source

= Fresh air not contaminated

= Adequate makeup air
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Welding fumes
= Which direction should they go?

www.osh.dol.govt.nz/.../part08-10.html
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Welding fumes

= So why are mfost exhausts above?

www.osh.dol.govt.nz/.../part08-10.html
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Ventilation 1892, welding

=
Ed
-
=
B
=
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Typical Industrial Ventilation system

1:2 m?s 1-Bm* s
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Ventilation Myth 1

m Sucking air is the same as blowing air

Source: Ren & Stimpy cartoon
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Ventilation Myth 1...
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Ventilation Myth 1...

Fan i 300 1 |

Approximately 10% of face velocity at
30 diameters from jet opening

Exhausting:

Approximately 10% of face velocity
one (1) diameter from exhaust opening

g

from McDermott 1976

29 TAFE WHSO Conference June 2 2009

Ventilation Myth 2

m Denser than air vapours sink to the floor

= Consider vapour with density twice air at 1000
ppm. Room temperature is 20 C

= Will it sink to the ground?
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Ventilation Myth 2...

= Qualitatively (see notes for calculations)
= Consider a bag of 1000 marbles
= One marble weighs twice as much
= Does this make a big difference?
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Ventilation Myth 2...

= Density difference
% difference is
(1,000x2 + 999,000x1) - 1,000,000 x1 N
1,000,000

100

=02%
s Temperature gradient to ceiling ~say 1 °C

= PV=nRT, but P, V constant so nT = constant
Thenen= 20 C =273 +20 =293 ° K
Teeiing = 21 C =273 +21 = 294 ° K, 1 degree higher

Density proportional to number of atoms = Npeey OF Negijing
moles

Change in density = (n,-n.)/n, = 0.34% >> 0.2%
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Ventilation Myth 2 (in detalil)...

» PV=nRT ideal gas equation

= T is absolute temperature (K)

= 1 mole = 6.02 x 1023 atoms = 24.45 L at 20 C

= but P, V constant so nT = constant

= Number of atoms in moles, n o 1/T

. nbench = nb, rIceiling :nc
= n,ol/Tyand n, o 1/T,

s T,=20C=273+20=293K

m T, =21C=273+21=294K
= Density proportional to number of atolns = n,, or n, moles
= Change in density = (n,-n/)/n, = (1/T,-1/T)*T, =0.34% >> 0.2%
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Myth 2...

= By comparison, a difference in
temperature of 1 °C changes the density
of air by about 0.3%

= Random air currents mix air from floor to
ceiling in most workplaces

= Use data from wet chemistry lab
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The BBQ effect

= You stand downwind of a BBQ and
smoke gets in your eyes

= You move upwind, but smoke still gets
in your eyes

] Why?
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Vortex shedding — Heard Island
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Vortex shedding (BBQ effect)...

Flow detachment...

Detached flow
=

Convection by body heat
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Combined effect in fume cupboard BBQ Effect in wind tunnel Hoods
= Hoods
= Shape airflow to capture contaminant
m Accelerate air smoothly into duct
m Bad hood design stuffs up everything
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Concept: Hood design

= Imagine a black hole...
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Hoods...(2)

= Air is sucked towards the black hole
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Hoods...(3)

m Lets make the hole bigger...

———>.(—

AN
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Hoods...(4)

= And attach a pipe to it...

o,

-—

N
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Hoods - Capture zone (5)

= Contaminants are collected within this

zone

-
N
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Hoods — Capture zone (6)

m But often much escapes...
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Hoods — 1903 adjustable hood
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Hoods — 1903 Push-pull
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Hoods — 1903, LEV and air cleaning
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Hoods - welding

http://www.safetyline.wa.gov.au/PageBin/hazsgenl0003.htm
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Hood types
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Captor Hoods

(a) Sice draft hood (b} %Slot hood

Portable grinder
P
NG
Fan \@I}
. fan

{c) Downdraft hood (d) Kigh velotity, low
wvolume hood
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Hoods — entry losses

Hoods — entry losses

Hoods — Total enclosure for toxics

Hood entry P
loss factor = Energy Iossqs as air is
saod type | Shape | duct VP accelerated into hood
n Efficient hoods are like
unflanged W3 050 merging lanes onto a
motorway
Farges o3| 0.3 = Most hoods are poorly
designed
s (03| 0.2 = Calculated in terms of the
o |53 o0 velocity pressure B ———
stot (03| :'iii v
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Hoods - Grinder Hoods — Fume cupboards Ducts

58

m Is yours connected?
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= Connect hood to air cleaner or fan
m Too large, then

= $$$

= Sedimentation (transport velocity too low)
m Too small

= Huge pressure drops
» Try breathing though a straw...
= Noise +++
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Ducts - Bends

= Think of a highway...

Hate

Merimm weinc

oty + 3000 fpm
&1l ibws 2B LA

spray-dryer exhaust system.
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Ducts — Junctions

m Think of a highway...

speayadeyee et spaem
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Air Treatment

m Sedimentation boxes

= Cyclones

m Filters

m Scrubbers

m Electrostatic Precipitators
m efc

= None!
= Ask the suppliers

m Usually before the fan
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Air flow around buildings

from Heinsohn
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Stacks

STACK AIR INTAKE

P
ROOF LIME

h = 10" ABOVE ROOF LINE AMD INTAKE IF WITHIM S0'
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Modifications
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Smoke Tubes

Fan O#Tm

{2} 100 ft/min or greater

asms’

Fan 4,

{c) 30 fe/min or lower O P p——

Tyndall lamp

= Not used in US, common in UK

Other welding hazards

= Chromium
= Initially Cr metal or Cr0
= Oxidised to Cr++
m Then Cr3+
» Then Cr4+

» Then Cré+
= hexavalent chromium
= carcinogen

=>More toxic at your face
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. Eye Tissue [ ged By Non-lonizing Radiati . .
Other welding hazards 11 Ultra Violet at altitude
", Uv=C (100=200) nm
3 vy O
- UV z -8 ;50-3!0]_ O[SU\;: o UVJ
= Welding vs Solar 3 \\ . ™\
_, ‘ e amdWan ) B
] OZOﬂe =} b :20_“‘" - penelrate ight cioud i
= __ .V oo v
= Created by ultra violet with oxygen I / G rcresaes by )
] vigible (400-700)nm + If:rﬂ:ﬂaﬁ;ac;
;O = |
% IR-A 30.1 = 1.4lum
i: -8 91.4 - 3pm
Y
IR-€ (3um~- lmm) P}
_‘. .......... ™7 | ™
arf ( >1mm ) http://www.arpansa.gov.au/uvrg/environ.htm
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Ultra violet outdoors

Shade can
reduce LV

Sand reflects |
A up o 25% of IV

KN .
http://www.arpansa.gov.au/uvrg/environ.htm
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Black Body Radiation

http://zebu.uoregon.edu/~imamura/122/lecture-3/stellar_spectra.ntml
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UV Action Spectra

T T I | |
E .
Sunlight spectrum
3 01 7 B
£
o
E
z
g 001 "Welding Erythemal action spectrum E
g
= oo01 |
| Ettective spectrum
1e-04 ! ! ! L :
280 300 320 340 0 380
Welding ‘Wavelength (nm)

TAFE WHSO Conference June 2 2009

Sunscreens

= Half the thickness, 10x the transmission
= SPF 16 becomes SPF 1.6

So what how much is the SPF
reduced when 25% the
thickness is applied?

Car windscreen

Window Glass Protection Factors

Glass PF UPF
Car side 12 12
windscreen
(laminated) 75 50+
Window glass
(house) 10 10
Office
building glass 80 50+

<Protection Factor (PF) measures the decrease in UV light transmitted

<PF of 50 means there is a 50-fold reduction in the amount of UVR transmitted
ttp:/fwwaw.uow. edu 2001 P9 «UPF (Ultraviolet Protection Factor) same but max of 50
http://www.arpansa.gov.au/is_upf.htm
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Photo-kerato-conjunctivitis Swine flu
. . = Droplets
= “Sunburn” of the cornea and conjunctiva c Ft) ¢
= Welder's flash . - _On ac
= Snow Blindness SWIne FIU = Airborne
= Severe pain, blurred vision, tearing = Office of Health Protection (2006). Interim
= Sloughing of epithelial cells Infection Control Guidelines for Pandemic
s & respirato rotection Influenza in Healthcare and Community
- Recg\{ery within 24 to 48_h_ours P P Settings. Canberra, Australian Government
n Clinical recoyery with no visible effects,_BUT Department of Health and Ageing.
= Repeated episodes may affect endothelial
health
m See blog.dbohs.com
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Respiratory Protection

= Hierarchy of Control
= “There is no such thing as complete protection”
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| Gas Masks

1877
1874 : J

"The Velvet-lined Gas
Mask of John Stenhouse"
(article from Armed Forces
Chemical Journal, 1958).

8 (National?) Fireman's

' Journal, Dec. 8, 1877; US
patents #195300 (1877),

John Tyndall, Fragments of #212969 (1879); Held (1970)

Science (1871); Manufacturer

and Builder (uly 1875) p.158-9; g patent #148868

Davis (1947) (1874); Barker

(1926); Smart (2000)
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WW | Gauze Masks
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Mouse mask

WWII Mickey
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1918 Flu Pand

s B
L
e

As the flu raged on, home
remedies, toiletries and
blatantly quack "protective”
devices were widely
advertised.
The VIT-O-NET was billed as
a "health garment" that, |
through magnetic wires,
would draw poisons out of the -
! ) _ body and "stimulate new life."
http://seattletimes.nwsource.com/pacifi
§6V/2004/1024/cover.html TAFE WHSO Conference June 2 2009

Protection Factors (PF)
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Filtration

m Gases — diffusion
= Molecular process
m Particulates — more mechanical
= Impaction
= Sedimentation
n (Electrostatic)
= Diffusion — only for very fine
= eg fumes
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Fit

» Usually the limiting factor
m Facial shape
= Facial hair
= 1-2 cm/month
= 10,000-20,000 microns/month
= 330 — 660 microns /day
= 14 — 28 microns/hour
m But respirable dust <10 microns
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Control

= Swine flu is a strain of influenza A

m Spread is by
= Airborne route
= Droplets and aerosols

= Contaminated surfaces
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Swine flu

= New version of the HIN1 strain which
caused the 1918 flu pandemic

= Current treatments do work, but there is
no vaccine

m Good personal hygiene, such as washing
hands, covering nose when sneezing
advised

» Influenza A kills up to 500,000 a year
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Australian Government Guidelines
2006
= Australian Government “Interim
Infection Control Guidelines for
Pandemic Influenza in Healthcare
and Community Settings” (Office of
Health Protection 2006)
“The relative contribution and clinical
importance of the different modes of influenza
transmission are currently unknown *“
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US Guidelines 2007

m 2007 Guideline for isolation
precautions: preventing transmission
of infectious agents in health care
settings” (Siegel, Rhinehart et al. 2007)
= 100 pages and reviews 1100 publications
= Influenza - “Airborne spread predominates”
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1918 Spanish Flu

= HIN1 strain

= 40% of the world's population were
infected

= 50 million people died, particularly
young adults [l e
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1957 Asian flu

m H2N2 strain from wild ducks
= 2 million killed
» Elderly vulnerable

— -
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1968 Hong Kong Flu

= H3N2 strain
= Around one million died
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Source of aerosols

Nor-inhalable

1000000

i // \_
i / /"\‘ i Vneexiﬂﬂ
27N e
7/

of Particles Prod

o1 1 10 100 1000

Size of Particles, microns
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Coughs, sneezes, talking

m A single cough is equivalent to talking for
5 minutes

m A single sneeze at 1 m equivalent to
talking to a person for several hours
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Nasal airflow

= Inhalation — from all directions
m Exhalation — in jets
= Mouth breathing common
. Simg!9m9WdBnggI;‘gr%gnose/nose»brea(hmg.png
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Sneezes

= Some 32% of women hold in their sneeze

= Many people sneeze differently in public
than in private

m 48 percent say they either put their finger
under their nose or pinch their nose
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Classic sneeze
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Actual Sneeze

= Head tilts down

y i A ™
Y \\
X (ﬁ f /‘/

e

| g

A I\
% \

Droplets

\ \/‘ / // f‘f directed
\ , d
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Effect of surgical mask
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Face masks — what to look for

= P2 or N95 certification
= Two straps around the head
= Not just around ears
= Insert to permit moulding around nose
= A good fit
= Need a smaller size for children
= No exhaust valve for infected people

104 TAFE WHSO Conference June 2 2009

105

Fit of face masks

» Usually the limiting factor
m Facial shape — women, children
m Facial hair
= 1-2 cm/month
= 10,000-20,000 microns/month
= 330 — 660 microns /day
= 14 — 28 microns/hour
m But respirable dust <10 microns
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Face Masks

s Common myth in healthcare is that
surgical masks protect the wearer

m Use of surgical masks in this role creates
fear
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Face masks 1

Face Masks 2
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Face Masks 3

Face Masks 4

Face Masks 5
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Face Masks 6
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Face Masks 9 — 1918 Spanish Flu Face Masks 10 — 1968 Hong Kong Separation
Eli
= Common Cold Research Unit UK
n10m
= “Universal Precautions”
nl-2m

115

g 025,pg
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hitp:/3.bp blogspot.com
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= What distance is realistic in crowds?
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Control: Elbow coughing

Stop th
that ms

VOUr upper
your hands

“ =
Put your used =
& be
Koeis i
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New Infection Cases

119

Control: Effect on room ventilation

1 2 3 4 5 B 7 8 9 10
Ventilation Rate (AC/hour)

TAFE WHSO Conference June 2 2009

Control: Ventilation

= Where does fresh air come from?

m Where does exhaust (contaminated) air go
to?

= How much (%) fresh air, and how much is
recycled?

m Filters do little (most infectious agents
pass through filters)

= Air flow pattern important
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Control: Humidity
m Low humidity =» droplet fails to drop to

floor
= High humidity =» droplet remains viable
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Infection though the eye?

tacrimal gland
— and canals

lacrimal duct

Iacrimal sac

tear duct 1o nose

LACRIMAL GLAND AND TEAR DUCT

TAFE WHSO Conference June 2 2009

Contaminated surfaces

= Influenza A
= Survival on surfaces (22¢c, 50-60% RH)
= Hands 5 min
m Paper, porous surfaces 12 h
= Copper 6 h
» Stainless steel, plastic 24-48 h

Weber, T. P. and N. I. Stilianakis (2008). “Inactivation of influenza A
viruses in the environment and modes of transmission: A critical

review." Journal of Infection 57(5): 361-373 )
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Summary

Many health hazards are invisible
Occupational diseases can take years to develop

= Particulates — mechanically or thermally
generated?

Controls are never 100% effective
Look for bad design in industrial ventilation

= PPE is last resort

= Respiratory protection is hard to fit and gives limited
protection
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Questions?




