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Introduction

The use of personal protective
equipment is extremely imporiant
in spill situations because response
personnel face exposure to
chemicals that could cause serious
injury or illness and even death. The
unknown physical environment of a
spill site and its multiple hazards
distinguish such incidents from
either spills in the iaboratory or
exposure 1o chemicals in the
workplace. Spill responders
entering a site cannot always
predict what chemicais or
concentrations they will encounter
and what other hazards may be
present,

Praventing exposure 1o toxic
chemicals is a primary concern at
spill sites, Substances can enter
the unprotecied body by inhalation,

ingestion, and permeation.
Ingestion can occur when
contaminants are absorbed during
eating or smoking cr by other
forms of contact with the mouth.
Some chemicals readily pass
through the skin in a process
known as permeation.

Ciothing and respirators are the
most common types of protective
equipment required for spiil
respense. Totaily encapsulated

A NOTE T0 OUR READERS

chemical protection suits (TECPS)
or gas-tight suits are used when
the contaminant is unknown or
when skin-permeating or skin-
attacking chemicals are present.
The self-contained breathing
apparatus (SCBA} provides the
highest protection against the
inhalation of chemical contaminants
and is the most commonly used
form of respiratory protection in the
initial phases of a spill.

As you will probably have noticed, production of the Spill newsletter has been suspended for
twa years. We are preparing to post the newsletter on our website and will stop producing a
paper copy. in the meantime, we’re mailing out a few more issues in the “old fashioned” way.

This is the first of these catch-up issues.

Merv Fingas

Envircnment  Environnement
Canada Canada




A response team assesses a burned-out chemical warehouse using Level A,

Response Levels

The response levels used in North
America are commonly accepted
among spill response organizations
inciuding Envirenment Canada, the
U.S. Environmental Protection
Agency, and the U.S. Coast Guard,
Gloves and boots are used
throughout the first three
protection levels.

L.evel A is the first-response or
entry level. Totally encapsulated
suits and self-contained breathing
apparatus are used to protect
against high or unknown levels of
chemicals such as acids that may
permeate or otherwise attack the
skin.

l.evel B response involves the use
of SCBAs with liguid-tight chemical-
protection clothing or “splash” gear
as it is sometimes known. Level B
gear is used to enter a site where it
is known that no skin-permeating
or skin-attacking chemicals are
present, or where high levels of

contaminant may be present that a
standard airpurifying device would
not protect against. There is a
variety of acceptable options, but
the clothing usually consists of a
special watertight suit or water-
fight rain gear.

Level C response includes
respirators and standard protective
clothing, which typically consists of
liquid-repellant coveralls made of
polypropylene or treated cellulose
fabrics, which are preving more
comfortable than Tyvek. Cleanup
crews often use this level of
response when the situation has
stabilized and chemical
concentrations are known and are
not likely to rise above the
capability of the respirater. No skin-
permeating or skin-attacking
rmaterials are present.

Level D response appiies 1o spill
sites where there are no airborne
contaminants of concarn and there
is a minimal likelihood of harm by
contact with the spilied material.

This would be the response level at
many contaminated sites. Many
organizations provide treated cotien
coveralls or similar garb for working
in such frequently occurring
situations.

Frequently Spiiled
Compounds

When selecting protective
equipment, the most important
consideration is the target
chemical. While it is not possible to
be prepared for all types of
chemical spills, it is possible to be
prepared for the most frequently
spilled chemicals,

Some common chemicals spilled
from 1990 to 1989 and the
frequency and volume of spills are
iisted in Table 1 {Fingas et al,,
2002).

A worker using Level C response
retrieves a label from a chemnical
drum.




Table 1 Frequently Spilled Substances {from 1990 to 1999)

Number Spill
Chemical of Spills Volume (t}
Sulphuric acid H06 5310
Hydrochloric acid 377 770
PCBs 367 21
Ethylene glycol 349 200
Sodium hydroxide 339 4000
Ammonia 225 180
Nitric acid 134 24
Chiorine 124 31
Ammonium hydroxide 123 690
Sulphur 114 6600
Ammonium nitrate 98 1500
Methanol 80 1300
Sodium hypochlorite 78 50
Freon 73 14
Phosphoric acid 66 64
Mercury 65 103
Ethylbenzene b8 150
Toluene b8 100
Calcium chloride K2 500
Aluminum sulphate 52 223
Sodium chiorate 52 134
2.4-D 51 14
Benzene 50 88
Phencl 47 287
Naphtha 47 33
Ferric chloride 47 23
Ethancl 45 350
Chromic acid 45 39
Vinyt chloride 42 84
Kylenes 42 82
Formaldehyde 4 47
Hydrogen peroxide 40 96
Styrene monomer 38 75
Sodium chloride 35 4060
Calcium oxide 34 536
Nitrogen 32 214
Calcium carbeonate 27 268
Maleic anhydride 27 5
Trichloroethane 27 1
Isopropanol 26 12
Halon 26 1
Urea 25 138
Potassium hydroxide 25 14
Sulphur dioxide 24 6
Glyphosate 24 3
Ammonium sulphate 23 22
Potassium chloride 22 9190
Sedium dichromate 21 21
Calcium hypochiorite 21 19
Hydrofluorosilicic acid 20 101

Canada has a national database
which has been maintained for a
number of years (Beach, 198Z;
Fingas, 1996). Such a database is
useful in assessing priorities.
Looking at total spills, only about
40 materials have been spilled
more than 10 times and about 150
materials have been spilled more
than 3 times. The data show that
about 5% of the spills are single or
one-time incidents with a low
probability of repeat. About 90% of
the incidents are spills of common
industrial chemicals. Fifty
substances account for about 80%
of the spills and 100 substances for
about 80% of the spills. Most spills
are of high-volume production
industrial chemicals while less
common chemicals account for
only a small number of spills.

A priority list of spill substances
has been prepared using spill and
toxicity data. A summary of the
protection requirements necessary
for the highest pricrity materials is
provided in Table 2. The
assessments are given in terms of
whether self-contained breathing
apparatus (SCBA) or encapsulated
suits are reqguired,

It is important to stress that the
protection levels listed in the table
are for typical spili situations. When
chemicals and/or their
concentrations are unknown or
when working in enclosed or
confined spaces, SCBAs and totally
encapsulated suits must always be
worn. Once chemical
concentrations are known and the
situation is under control, then
lower levels of protection might be
appropriate.

Overview of Equipment

A wide variety of respirators is
available on the market. The two
basic types of respirators are air



Table 2 Specmc Safety Concerns and Equ:pment Recommendations

Health Exposure Limits
. Significant Vapowr
at Normal TV TV

Name Temperature  (ppm) ~{mg/m3)
2.4-D . - 10
Z-gthythexanol ’
Acetic acid
Acetic anhydride
Acetaldehyde
Acetone
Acetonitrile
Acrylamide
Acrylonitrile
Aldrin
Aluminum chloride
Aluminum sutfate
Aminocarh
Ammonia v 25
Ammonium chlgride as fume 5 10
Ammonium hydroxide  as ammonia a
Ammonium nitrate
Ammonium phosphates
Ammonium sulfate
Arsenic
Arsenic trioxide
Ashestos
Aniline
Alrazine

10
5
100
500
40
o

2
0.02

0.03
(.25

< SRTES

0003
0.003
0.1 fil%:res,fcc

06 )
Avenge
Azinphosmethy! 0.02 0.2
Barium sulphate 1 10
Benzene 0.5
Benzene hexachloride (Lindane)0.04 0.5
Benzoic acid
Benzoyl chicride
Bipheny!
2-Butanof
Buiyl acetate
Butyl alcohol
Busan (2-bromo-4’ hydroxyacetophenone)
Calcium carbonate dus i0
Calciun chloride
Calcium cyanide
Calcwrn hydroxide 1.6 5
Caleium hypochlorite
Calciurn oxdle 0.5 2
Calciurm phosphate

0.01

as arsenic 0.01

fibre

0.1
ceiling
0.2
100
150

Caprolactam 5 vapour 1 {dust)
Carbaryi 0.6 5
Carbofuran 0.01 0.
Carbon black 7 3.5
Carbon dioxide v 5000

Carbon disulphide v 10

Carbon menoxide v 25

Carbon tetrachloride v 5

Carboxin

Chlordane 0.03 0.5
Chloroform 10

Chiorine 0.5
Chigradifivoromethane 1000
Chiloring dioxide 0.1
Chlorpyrifos 0.015 0.2
Chromic acid as chromivm 0.05
Cabaltous nitrate as cobait 0.02
Copper sulfate

Creosote

Cresol 5

Cyanidas v 200
Demeton 01

Diazinon 0.01 0.1
Dicamba

Diclofop-methyl

1,2-dichlorabenzene .25
1,2-dichlorotetrafluoroethane o 1000
Dichiorvos 0.10 0.9
Dieldrin i 0.25
Diethanolamine . 0.5 2
Diethylamine v [
Dimethoate :

Dimethylamine v 5

Dinoseb

Dioctyl phthalate 0.3 5
Diquat 0.03 0.5
Ethwl alcohol v 1000

Ethyl acetate v 400

Ethyl acrylate v &
Ethylamine 5
Ethylbenzene v 100
Ethylene v 10000
Ethylene dichioride v 10

Ethylane glycol v 10

Ethylene oxide v 1
Fenitrothion

Ferric (ous} chioride

Ferric nitrate

Ferric oxide

Fluorescein ’

Fluorine v 1
Formaldehyde v

Formic acid I's 5

Freons v ~106
Glyphosate

Hatons v ~100

Hexane v 50
Hydrazine v 0.01

STEL
{ppmi

15

150
750
60

10
0.06

35
9

o R Y] s N
NE0o e
SLow v

[

2
10 tvpl

30000

200
10
0.1

1
1250
0.3

<0.3
10

100

STEL

{mg/m?)

200
. 2000
- 3500

0.75

2 fas aluminum sails or dust)
2 fas aluminum saits or dusi)

20

5

3 {dust)

03

.75

10

<100 .

IDLH

{ppm)

10
50

500

85
2

- 300

1.5

100

08
500

10
2000

1700
1400

12
3600
40000
500
1200
200
6
500
10
2500

250
1300
0.8

200
15000
1
318
200

500

Maximum Use Capacity for Bespirators!. (PPM)

IDLH Concemn with Canister half "Regular
{mgfni¥)  ‘Skin Contact “face Canister
00 . 2 5
poss poss
corrosive 10 25
corrosive 80 126
Lo 400 1000
- 500 1000
© 40 100
permeation . ascape only
. 20 50
25 absorbed 0.5 1
: ’ Poss poss
poss pOSS
poss POSS
50 150
iG 25
50 150
poss poss
poss poss
poss poss
5 escape ohly
ascape onhly
POSS poss
permeation 20 50
2 5
POSS puss
10 absorbed 0.2 04
pPOSS POSS
permeation 10 50
absorbed 0.4 2 4
POSs POSs
2 5
4 8
200 1000
200 1000
150 750
poss poss poss
poss poss
Poss poss
poss POSS
dust only dust only
poss flet:d
25 dust only dusi only
poss pOSS
10 25
100 2 3]
poss POSS
1760 700 1700
asphyxiant
permeation 10 25
100 500
permeation 20 100
pOSS pPoss
100 absorbed 1 3
gscape only
coreosive 5 5
500 1500
5 1 2.5
permeation
corrosive
25 125
250 700
absorbed 0.5 0.5
absorhed 0.2 0.5
50 100
asphyxiant
100 absorbed 2 5
50 ahsorbed i 2
permeation poss POSS
irritation 50 100
irritation 100 250
poss POSS
Poss POSS
absorbed pOSS POSS
- 400 2000
1000 1800
50 180
100 250
160 400
asphyxiant only
o 5 25
75 L 8 25
: o escape only
. DOSS poss
pOss poss
" poss poss
POSS poss
POSS Poss
escape only
2 3
5 1%
escape only
poss poss
escape only

not effective
timited usefulness

. 'Gas Mask

“1
Noss
50
200
2000
2500
200
85
2
poss
Poss
poss
300
50
300
Poss

pOSs
Poss

poss
100
10
poss
Q0.8
poss
200
unfimited

5
poss
DOSS
POSS
POSS
POSS
250
1300
0.9
1
poss
poss
200
unlimited
10

3
poss
200
poss
500
poOSS
poss

noSS
poss
Poss
poss
poss

20
30

poss

_SCBA

“unlimited

unlimited
unlinmited
unlimited
unlimited

- -unlimited

unlimited

-unfimited
unlimited

unlimited
unlimized
unlimited

unlimited

unlimited
unfimited
unlimited
poss
poss
poss
unlimited
unfimited
poss
unfimited
uniimited
POSS
uniimited
DOSS
unlimited

poss
unlimited
wnlimited
unlimited
unlimited
unlimited

poss
poss
Doss
unlimited
poss
unfimited
pOss
unlimited
unlimited
poss
unlimited
uniimited
500
unfimited
unfimited
DOSS
uniimited
unlimited
unlimited
unlimited
uniimited
POsS
poss
poss
poss
poss
unlimited
unlimited
unfimited
unlimited
Poss
POss
unlimited

unlimited
unltimited
CpOsS
unfimited
| poss
unlimited
. pOSs
poss
poss
untimited
unfimited

undimited
unlimited

-ynlimited

unimited
unlimited
. poss
".poss
.poss
poss
poss
unlimited
unlimited
unlirnited
unlimited
Doss
unlimited
unlirmited
unfimited

Noed TECPS
under Nomial
Conditions? 2

OOy

o0

oo

- untimited -
‘untimited




Health Exposure Limits Maximem Use Capacity for Respirators? (PPM)

Significant Vapour Necd TECPS
at Normal TtV v STEL STEL 1DLH iDLH Concern with Canister half Regular under Normal
Temperature  (ppnt}  {mg/m3}  {ppm} {mg/m3}  (ppm}  (mg/m3) Skin Contact Canister Conditions? &
Hydrochioric acid v 5 50 COTTOSIVE 10 25 B0 - unlimited v
Hydrofluoric acid v 3 30 COrrosive .5 15 30 undinited v
Hydroflucrosilicle acid corresive POSS aleiH poss pess v
Hydrogen 4 -
Hydrogen chloride v 5 50 corrosive 10 25 50 uidimited v/
Hydrogen percxide v i 75 carfosive limited usefulness 75 unlimited [=
Hydrogen sulphide v 10 15 100 25 50 100 unfirited
isocyanates ey, Toluene-2,4-discoyanae}).005 0.02 2.5 sensitizer 415 1 2.5 unfimited
Isophthalic acid POSS POSS poss poss
Isapropyt alcohol 0 500 2000 560 1000 2000 unfimited
Lead sulphate 0.05 myg las lead) £OSS £OSS poss poss
IMagnesium chioride POSS POSS poss poss
Magnesiurn sulphate posSs poss poss [OSS
Malathion 0.7 0 18 250 absorbed & 10 18 unlimited
Maleic anhydride 01 2.5 i0 limited usefulness 2.5 unlinvited
MOPA poss poOSS poss poss
M ¢.006 0.08 0.06 0 1.2 i0 absorbed 0.2 0.5 1.2 unlimited
Marcury G003 0.028 0.02 Z absorbed 0.005 Q.01 0.02 unlirmited c
Miethoxychior 0.70 0 1.4 20 350 5000 70 200 350 unlirnited
fiethyl alcohol v 200 250 6000 permeation not effective vrlirmited
Nethyl chioride v 50 100 2000 petmeation not effective unlimited
Methyl ethyl ketone [’ 200 300 3000 de-fatting 600 1500 3000 unlimited
iviethyt methacrylate 50 100 1000 200 500 1000 unlimited
hethyi parathion 0.2 0.2 ahsorbed 2 5 10 unlimited
iethytene chioride 80 2300 de-fatting limited usefuiness unlimited
Metolachlor poss POSS 0SS poss
Naphtha 100 1000 200 500 1000 unlimited
Naphthaiene 10 15 250 50 160 250 unlimited
Nicke! sulphate 1.5 mig tas Ny poss noss poss poss
Nitric acid v 2 4 25 Gorrosive limited 15 25 unlimited e
Nitrogen tiquefied) v freezing asphyxiant only unlimited
Nonyiphenot 1ot necessary in Most circumstances
Cleum v 1 myo {as sulphuric acd) 3 2.5 1% Corosive 0.5 1 2.5 unlimited
Cxygen (liquetiad) v freezing unlimited
Paraqeat 0.05 0.5 C.09 1 abserbed 0.09 0.09 0.09 unlimited
Parathion 0.1 0.1 0.8 10 abserbed 0.2 0.4 6.8 unlimited
CBs 0.01 0. B0 % chorine is half this) absothed 2 5 10 unlimited
Pentachlorophenal 0.05 0.5 C.14 15 0. 2.5 absorbed 0.2 0.2 0.2 unlimited
Perchloroethylene v 25 100 180 defatting limited usefulness 150 unlimited
Phenol v 5 280 ahsorbed 50 128 250 unlimited
Fhenotsulphonic acid corrosive posSs poss poss poss ¢
Phosphamidon poss POss PoOsSs Poss
Phosphoric acid .25 i 0.7 3 245 1000 corosive 50 125 245 unlimited [
Phosphorus C.02 0.1 1 5 not effective unlimited
Phthalic anhydride 1 4 0 &0 sensitizer 2 5 10 unlinmited
Picloram 1 10 20 160 unlimited
Potassium chioride not necessary M most circumstances
Potasstum cyanide Gas ON- 11 25 maisture produces toxic ChN- 11 unlimited
Potassium hydroxide 0.9 b4 COMOSive 20 40 80 unfimited
Potassium permanganate Not NBcessary i most circumstances
Propylene glycol POss Poss poss POSS
Propylene oxide v 5 10 400 irritation not effective 400 unlimited
Pyriding s ] 10 1000 irritation 50 260 000 unlimized
Sodiurn bisulphite not necessary in most circumstances
Sodium carbonate NOL NBCESSALY i MAST CIFtuMSstances
Sodium chicrate not NECessary in Most circumstances
Sodium chicride NOt NECESSATY N MOST Circwmstances
Sodium chiorite NOL RECESSArY i MOST CHEUMSIANcas
Sodium chromate (.05 mg as Chromium not REcessary in MoOs! CHeumStances
Sodium gyanide {as CN-} 5 as CN- 1 2% moisture produces woxic CN- 1 urdimited
Sadium dichromate 0.05 mg as Chromium
Sodium hydrosulphite notl #ecessary in Most cHeumstances
Sodium hydroxide 1.2 2 2.4 4 8 9 corrosive 3] 6] ] unfimited
Sodiun hypochlorite corosive
sodium nitrite not necessary in most circumstances
sodium peniachlorophenate not necessary in most clircumstances
Sodium silicate Aot necessary in most circumstances
Sodium sulphate not necessary in most circumstances
Sodium sulphide not necessary in most circumstances
Sodium sulphite not necessary in most circumstances
sodium thiocyanate nol necessary in most circumstances
Styrene v 20 40 700 irritation 100 200 700 unlimited
SuHur nol necessary in most clrcumstances
Suftur dioxide v 2 & 100 2 50 100 unlimited
Sutturic acid v 0.2 1 Q7 3 4 15 Corosive 2 z 4 urirmited
Tetraethyl lead 0.007 0.1 ’ 3 40 absorbed 3 urdirnitedd
Thalliurn sulfate 0.1 mg (as thallium) POSS pOSs 0SS poss
Titanium dioxide ’ not necessary in most circumstances
Toluene v 50 150 500 permeation 100 260 500 tntimited
Toluene-2,4-diisocyanate v 0.008 0.02 2.8 sensitization escape only 25 unitmited
Trichlorogthane - v 10 o 100 permeation escape only 100 untirited
Trichioroethylene v 50 100 1000 de-faiting escape only 1000 untimited
Tiichiorfon ’ poss POss POss Nass
Trifturalin - poss poss Pess DOSS
Trinitrotoluene -0.01 0.1 0.02. 53 500 permeation escane only 50 untimited
Urea : ) poss poss poss POSS
Urea formaidehyde not NEcessary in Most circumstances
Urea nitrate . poss poss pO&s poss
Vinyl acetate 10 15 20 50 100 unbmited
Vinyl ehloride 4 1 ; hazardous escape only 25 unkimited
Viscose {celiviose xanthate) not necessary in Most circumstances
Xylenes v 100 150 00 200 450 800 untimited
Zing ehioride (furnes) 0.2 1 0.4 2 9 50 2 B el unlimited
Jing cyanide & as CN- 1 25 moisture produces toxic CN- 11 unfirnited
Zing oxide {dustffumes) i5 5 2,955 10 150 500 50 75 150 unfbimited

Zing sullate

not necessary in most circumstances

¢ = conditionat

o protleniatly
Bigh vapowt

conacanitalions

b Maximum Use Concentration i3 1aken fosm commureaal lerature o it is generally 1aken that WUC for 2 gas mask is equal
10 10LH, for & full facepices respirator is halt of 130 and for & half face 5 pueifying respirator is U IDLH. 1 is mpantant
10 00te that MUC may vary with manufacturer s model 1 is impartant 10 consult the mamdactures for specific data,

poss = possible, no MUC estabisshed, but respirater useable
valinsted = no lirnit ses, but shouid not exceed 5000 X TLY

- A Toteky-ancansuizted Chemics! Protective Sut [TECPS) should atways be wom when entering sgifl sites where the substance and its cencentsations arg 6ot kngwn




supplied and airpurifying. Air-
supplied respirators are used
when oxygen levels are in question
as well as when contaminant levels
are unknown or expected to be
high. Air-purifying respirators are
used when contaminant levels are
relatively known and are below the
maximum capacity of the
respirator.

Protective clothing is quite diverse,
but the most common items used
for spill response are boots, gloves,
totally encapsulated suits, splash
gear or firefighters’ bunker suits,
and coveralls. The selection of
totally encapsulated suits available
is more limited than for respirators.
Hearing protection and hard hats
are used where necessary.

Selecting Respirators

Selecting respiratery protective
equipment for use in the workplace
has been the topic of several well-
known guideiines (NIOSH, 1985;
OF, 1991, CSA, 1993). Some
publications have dealt with
selecting respirators for spill
situations (EPA, 1992; Fingas,
1996).

The difference between selecting a
respirator for the workplace and
one for use in spill situations
hinges on the certainty with which
both the substances present and
their concentrations are known. In
spiil situations, maximum
protection must often be used to
deal with the possible presence of
high concentrations of chemicals.

Respirators provide protection from
three dangers: chemical
contaminants, particulate matter,
and oxygen deficiency. Chemical
contaminants include a wide
variety of materials such as those
listed in Table 2. Particulate matter
consists of small matter that can
be inhaled. ‘Respirable’ particuiate

matter has particulate sizes less
than 10 ym in size, which lodge in
the lungs and can cause permanent
damage. Particulates are also
important in view of chemica! spiil
response because many chemicals
can be absorbed by or adsorbed to
particulate matter.

Many airpurifying devices are
equipped with special iypes of
fitters, known as HEPA or High
Efficiency Particulate filters, which
remove the small particulates.
Oxygen deficiency is a common
danger associated with chemical
contamination, particuiarly in
confined spaces where the air is
displaced by the chemical. Oxygen
deficiency can only be protected
against using airsupplied
respirators.

Respiratory protective devices
consist of a facepiece connected to
either an air source or an air
purifying device. Facepieces for
respirators are available in two
basic configurations, half
facepieces and full facepieces. Half

facepieces fit around the nose and
do not have an integrated eye-
shield.

Many devices are available on the
market, some of which are listed in
Table 3. This table also lists a
protection factor which is the ratio
of the concentraticn of the
contaminant outside the facepiece
to the concentration of the
contaminant inside the facepiece.
These protection factors represent
an average value for a large number
of individuals. Such values can be
much lower, however, if the
facepiece does not fit properly. For
axample, beards can cause leakage
around a facepiece and reduce the
protection factor by as much as 10
times.

Protection factors are important
criteria for selecting respiratory
protective equipment. The
protection factor must be high
enough to reduce the contaminant
inside the facepiece 10 an
acceptable level, usually taken as

A half facepiece mask with chemical cartridges.




Respirator

Table 3 Respiratory Protection Equipment

and Associated Protection Factors

Protection Factor?

Air-Purifying Respirators - Dust Masks

Single-use dust mask 5
Quarter mask 5
Half mask 10
Full-facepiece dust mask 100
Powered dust mask 1,600
Air-Purifying Respirators - Chemical Cartridge
Half-facepiece mask 10
Full-facepiece mask 100
Supplied-air Respirators
Demand half-facepiece mask 10
Demand full-facepiece mask 100
Pressure-demand half-facepiece mask 1,000
Pressure-demand full-facepiece mask 2,000
Continuous-flow helmet or suit 2,000
{Seif-Contained Breathing Apparatus)
Cpen-circuit demand 100
Open-circuit pressure demand 10,000
Closed-circuit, oxygen cylinder type 100

{all are full facepiece)

T Protection factor is the ratio of the comaminant concentration outside the facepiece versus the concentration inside

Define contaminant(s)

Is oxygen deficiency possible? \
No Yes Use SCBA

l

Define maximum expected chemical concentration.

Detine MUC, IDHL, TLV.

H below IDLH, can use air-purifying respirator.

|

If above IDHL, must use air-supplied respirator.

l

If concentration divided by protection factor is less than TLV and
if concentration is less than MUC, can use air-purifying respirator.

Check all calculations.

Figure 1 Respirator Selection Process

the TLV or Threshold Limit Value.
The TLV values for commonly
spilled materials are listed in Table 2.

These data are used in the
following manner (ACGIH, 2002;
NIOSH, 1997). A spill of a
substance with a TLV of 5 ppm,
which according 1o calculations
could rise as high as 5,000 ppm,
would require a respirator with a
protection factor of at least 1,000.
For a safety factor of Z, a
protection factor of 2,000 would be
required.

Pressure-demand SCBAs, which
have g protection factor of about
10,000, represent the ultimate in
safety and are generally used at
spill scenes because the exact
substance and level of the
contaminants are not known until
measurements have been made.
Airpurifying respirators are limited
in the concentrations that they can
handle or absorb. The top level at
which an airpurifying respirator is
usetul is referred to as the
“Immediately Dangerous t¢ Life
and Heaith” (IDLH) level. This is
also the level at which a chemical
can cause severe damage. The
IDLH level represents the point at
which one must either switch from
an airpurifying respirator to an air
supplying respirator or escape from
the environment. The [DLLH values
for cormmonly spilled chemicals are
listed in Table 2.

Another requirement for air
purifying respirators is that they be
used at contaminant concentrations
less than the specified Maximum
Use Concentration {(MUC). The
MUC is based on the capability of
the sorbent in airpurifying
respirators to deal with high
concentrations of materials.

The selection process for a
respirator is shown in Figure 1. The
foliowing guidelines can simplify



the selection process for
respiratory protective devicas for
use at a spill scene.

1. The SCBA should be used in
the following situations:
entry into an unknown situation;
unknown or high levels of a
toxic chemical are present; or
there is any possibility of an
oxygen shortage.

. The airpurifying respirator can
be used when the situation is
stable and when the levels of
chemicais are below the IDLH
with very little possibility of
them rising.

Regardiess of the type of respirator
used, the selection should be
verified by 1aking measurements
and calculating concentrations
inside the facepiece. In the past, a
number of qualitative measures
using indicators such as banana oil
and smoke were used which
provided a rough indication of mask
fit.

The protection factor can now be
measured for a given mask and a
given person. This is called 'fit

testing’. In the past 10 years, many
guantitative fit-testing apparatuses
have come onto the market. These
directly measure the protection
factor for a given mask by
measuring the concentration of
ambient particulate inside and
outside a mask or by measuring
the ingress of air using sensitive
prassure transducers. The
measurement devices now include
computers or built-in computing
devices 1o directly calculate
protecticn factors and the
percentage of facepiece leakage.

Fit testing should be done for new
users as wall as on an ongoing
basis 10 ensure adequate
protection. Scmetimes, certain
facial features, such as a scar or
facial hair or a very thin face, resuit
in a lack of proper protection. Such
individuais sheuld not be put in a
position that requires respiratory
protection.

Problems can arise when
respirators are used in extreme hot
or cold weather. The use of
respirators in very hot conditicns
dees not cause life-threatening
events, but the user can tire

quickly and excessive sweating can
cause face-seal problems with the
mask.

In cold weather, icing of the
regulator and fogging of the
facepiece window are concerns.
lcing of the reguiator becomes
serious hecause the
decompression of the air can cause
the moisture to precipitate and
then freeze. The amount of water
in the starting air is usually
measured by the dew point, which
is the temperature at which
condensation cccurs and moisture
begins to form droplets of water.
The dew peint and water content
of air are shown in Table 4. The CSA
standard reguires extensive
filtration to remcve the moisture
{CSA, 1985).

When using supplied-air respirators
in cold weather, a number of
precautions are taken, including
leaving tanks in heated vehicles
hefore use. The fogging of lenses
by exhaled moisture is readily
prevented by using a device known
as a ‘nose cup’ which directs moist
air to the exhalation valve and away
from the lens.

Table 4 Approximate Moisture Content in Compressed Breathing Air*

Atmospheric Dew Point (°C)

Water content at
30- or 60-minute apparatus  atmospheric pressure (ppm)

Pressure Dew Point (°C)
30-minute apparatus
at 2216 psig

60-minute apparatus
at 4500 psig

-45.5
-48.5
-51
-B3 (CSA standard)

- -b4
-56.5
-59.5
-62
-65
-68
-70.5
-73

*data adapted from CSA, 1985

68 | 7
48 2

34 : 2

27 | 5
24 6

SONE YA . -10
15 o 14

8 o - -18
55 : : 22
35 27
2.3 31
1.5 -34

18
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Another issue when using
respirators is the need for
prescription glasses in the
facepiece. Regular glasses cannot
pe worn because anything that
interferes with the seal of the
faceplece is dangerous and illegal.
Special lens holders are available
that fit into the facepiece. Contact
lenses, once not recommended for
use in a respirator, can now be
used, as new coniact lenses allow
for gas exchange and thus do not
dry out and stick to the eyeball.

For sirsupplied respirators, the
guality of the air is also an issue.
There are standards for the
minimum air purity ({CSA, 1985).
The moisture content in the air is
also an issue, especially when
operating in cold climates, as this
can cause the respirator o freeze.

Protective Clothing

Clothing, gloves, goggies, boots,
and other such items are required
to prevent the chemical from
contacting the skin or eyes, In the
case of vapours that can permeate
the skin, gas-tight or totally
encapsulated protection suits are
required. in the case of chemicals
that are corrosive or absorbed as
liquids through the skin, protection
is required to prevent contact with
the substance itself. Some
chemicals pose both dangers.

Chemicals gain access to the
wearer or affect clothing material
through three processes.

Permeation - This is the process by
which molecules of liquid or
gaseous chemicals move through
clothing material. It is the most
important indicator of the
usefulness of a particular clothing
material, Some chemicals can
permeate through clothing material
in only a few secends. if these

chemicals are toxic, then the
clothing materiail is not useful for
chemical protection.

Penetration - This occurs when
fiquid or gaseous chemicals flow
through closures, seams, pin holes,
or other openings in the clothing.
Penetration can occur regardless of
the type of material selected,
aithough some types of materials
are more or less resistant to
puncture mechanisms, such as
abrasion or pin-holing, depending
on the conditions the clothing is
subjected to.

Degradation - This is the
deterioration of clothing material
caused by the action of the
chemical. Degradation may change
bullk properties such as tensile
strength or cause smail areas of
the material to dissclve. In the
past, most data on a material’s
resistance to chemicals related to
degradation as there were no
standards for measuring other
types of chemical intrusion. Many
different measurements were
lumped together and termed
“chemical compatibility” As will be
shown later, degradation data,
although important, are not usually
as crucial as permeation data.

Permeation is the most important
of the entry mechanisms in terms
of spill response. It is chemical-
dependent and changes with
material thickness, temperaiure,
and the presence of other solvents.
it has been found that mixtures of
different chemicals can sometimes
permeate the clothing material
much faster than any of the
chemicais alone.

Existing data on permeation are
primarity measured using the ASTM
{American Society for Testing and
Materials} procedure or the 1SO
{international Standards
Organization) procedure. These
prescribe the use of a standard test
cell which consists of two spherical

halves. The clothing material to be
tested is placed as & divider
between these two halves. The
challenge liquid is placed on one
side, with air on the other side. The
air is then monitored and
breakthrough is said to occur when
the chemical can be measured in
the air space. As the clothing
material i1s completaly immersed in
the challenge lguid, the test
provides & conservative measure.,

The time it takes for some
chemicals t0 permeate some
typical clothing materials is given in
Table 5. Data are compiled from
Forsberg and Keith, 1995. The
clothing materials presented here
are those commonly used in totally
encapsulated suits or protective
gloves. Permeation data is very
important when selecting both of
these items. Permeation times of
iess than 30 minutes imply that the
material has little application to
spills as this is the time usually
spent in an encapsulated suit. In
some cases, however, there is no
material with a long encugh
permeation time and the material’
with the best permeation time
must be used.

Specific permeaticn data on the
clothing material actually used in
the manufacture of the clothing
item should be obtained whenever
possible. As already noted,
permeation data vary greatly, even
with similar materials. Some of this
variance may be due to the
thickness of the material. The
thicker the material, the longer the
permeation time. In fact, thickness
is 0 important that materials, such
as those used in light clothing, that
showv significant permeation in thin
sheets of typically 0.05 cm, can
have no or little permeability at
thicknesses of about 0.5 cm thick,
Permeation through very thick
synthetic materials, such as those
in SCBA facepieces, may therefore
not be a serious concern.
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Table 5 = Permeation Times for Clothing Materials ({in minutes)
~{Forsherg and Keith, 1995)

Chemical BETEX* Butyl Rubber** Neoprene Nitrile PVCH** Teflon

>360 180 120 360 360 180
>360

>480
>240 60 210 180 90 >180
>480 2 (V) >180 250 (V) 15 {V) >300
>480 120 360 360 180
30 (V) 3 (V) 12 (V) 15 (W) 1 (V)
=480 >480 =480 >480 30 >300
»>480 360 360 360 360 >480
>480 60 120 >360 70 (V) >180
15 {V} b 50 (V) 360 30 >300
>360 6 >360 =360
>480 360 >360 360 360
>480 150 {v) 360 120 (V) 360
>480 15 10 (V) 180 {V} 2\
>480 360 150 100 (V) 240
Pentachiorophenol 150 6-360 (V) >360 180 -
Perchioroethylene 20 4. (V) 0 15 (V) 40 (V) 15 (V) >180
Phenal >480 >480 60 (V) 180 80 20 (V) > 180
PCBs >480 80 >480 180 (V) =480
Sodium hydroxide >480 360 360 360 >360 =480
>360 360 360 360 360
30 V) 1 {V) 12 30 30
>480 80 >360 10 (V) 10 (V)
Toluene <10 10 (V) 5 (V) 10 (V) 20 (V) 10 (V) >180
Toluene diisocyanate >480 7 V) 0-240 (V) 240 480 >480
Vinyt chloride 300
Xylenes 10 30 (V) 2 (V) 4 (V) 80 (V) 11V

Acetic acid
Acetic anhydride
Armmonia, anhydrous  >360
Armmonium hydroxide  »>360
Benzene 15
Chlorine >360
Ethylene glycol >360
Formaldehyde >360
Hexane 5
Hydrogen peroxide >360
Hydrochioric acid 300
Hydrofiuoric acid >480
Methanol 100
Nitric acid >360

>200

>480
>480
>480

>360
=360

Sodiurm hypochlorite
Styrene 10

>240
Sulphuric acid >360

>180

Legend *  BETEX = Butyl on necprens
**  Rubber = natural rubber
**% PVC = Polyvinyl chloride
0 indicates that the material should not be used, usually because material degrades

Blank indicates no testing performed
V Indicates highly variable data

Permeation times also vary with gloves has improved in the past protection suit (TECPS). This is

material fabrication and other
differences may be due to erroneous
data. It {s important to verify the
permeation data for a given
material with more than one
source,

Boots and gloves are the most
important pieces of protective
clothing because they most often
come into contact with
contaminated materials. The
technology for manufacturing

few years and many companies
have good selection charts based
on parmeation data for their specific
materials. The manufacture of
boots has not progressed much,
however, and very few specific
permeation data are availabie for
them.

Totally encapsulated chemical

protection suits - Another important
piece of clothing for chemical spills
is the totally encapsulated chemical

used if the materials encountered
are urknown or known to he skin-
permeating. A few cautions shouid
be noted in selecting totaily
encapsulated suits.

1. There are few standards
governing the design and
manufacture of these suits.
Existing standards are applicable
primarity to suits for firefighters.
The buyer must therefore ensure




that the suit purchased is
appropriate for use in a chemical
spill response,

2. Any permeation data provided by
the manufacturer must have been
measured for the actual suit
material and be generated by a
standard method, preferably the
ASTM method.

3. Suits that interfere with the seal
of the facepiece of the Selt-
Contained Breathing Apparatus
{SCBA) should not be purchased,
Such practice is dangerous and
contravenas most cccupational
health laws.

4, As gas-tight suits are sometimes
made of several materials,
permeation of the weakest material
is the limiting factor. The
permeaticn time of each material in
the suit should be measured, as
well as the joint between each type
of material. It may be wise tc avoid
suits made of more than one type
of material.

5. The suit should aliow access to
the controls of the SCBA, whether
the SCBA is worn inside or outside
the suit. Many responders prefer
that the SCBA be worn cutside the
suit so that they have unrestricted
access to the controls,

6. The guestion of whether the
SCBA should {or can be) worn
inside or outside the suit is still
controversial, Sales staff may
indicate that suits with built-in face
masks are not safe or legal, but this
is not correct,

7. Caution should be observed
when dealing with sales people for
totally encapsulated suits. Sales
staff are often not familiar with the
intricacies of spili response, the
respiratory protection required,
safety reguirements at spill scenes,
and permeation data for the
clothing needed.
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8. Any prospective suits should be
tested for use in different weather
cenditions. Many suits cannot be
used in cold weather because they
are too stiff and some suits do not
atlow enough movement o
perform many tasks.

9. Other users of the suit should be
surveyed to ensure that the suit
has performed well in actual
chemical spill situations.

The use of totally encapsulated
chemical protection suits is an
exlensive topic. Wearing TECPS is
often physically and mentally
stressful. In hot weather, a person
wearing such a suit can lose as
much as 2 kg of water through
perspiration. Organizations such as
the U.5. EPA have recommended
that TECPS should not be worn for
more than one hour a day and that
this be done in two half-hour
sessions. Two workers wearing
chemically protected suits are
shown in the photo.

Other clothing - The selection of
other clothing material is less
critical. Coveralls and other such
clothing are not worn when there is
a skin-penetrating material spilled.
Disposable coveralls are now
freguently worn at spill scenes and
are useful for minimizing contact
with chemicals. Treated cellulose
fabrics are now more popular than
Tyvek because of their greater
comfort.

Goggles are used occasionally at
the spill scene if there is a danger
of material getting into eyes and if
respirators with full facepiece
masks are not worn. Spiash guards
are also occasionally used, but are
not recommended as they were
originally designed to protect
construction workers from sparks
and projectiies projected directly at
the guard. In the case of liguid
spills, the materials are often at
groeund level and the open area at

the bottom of the device can
actually direct liquids to the face.

Hard hats and ear protectors
should be used as required in any
hazardous situation. Some types of
protective clothing, such as totally
encapsulated suits, do not readily
allow for the use of hard hats, but
most respenders would not require
both forms of protection at once.

Decontamination of ¢lothing and
breathing apparatus has been a
controversial issue. There has been
too much fixation on this task and
far too complicated procedures
have been proposed in the past.
Totally encapsulated suits rarely
need decontamination uniess they
have come in contact with a
material. If this is the case,
decontamination procedures for
specific chemicals should be
followed.

Generally, if the contaminantis a
gas, the suit should be hung in a
well ventilated area, away from the
sun and people, for about two
weeks. If the material is a liquid

A team working in Level A gear. It
is important to work in ‘buddy’
groups of two or three.




Protective clothing, especially boots,
after use.

that permeates, the suit may have
to be destroyed or special
procedures followed in consultation
with the manufacturer,

Non-permeating liquids or solids
can be washed from the suit by
placing the person in the suit under
a specially designed shower or
other water spray. If the material is
oily or can be removed easier with
a detergent, this can be used. Only
dish-washing detergents are mild
enough to not affect the suit
material. The suit can be more
damaged by a harsh
decontaminating mixture than if it
is simply washed with water. While
special detergents are avaiiable for
decontaminating for kacteria and
viruses, mild chloring and peroxide
solutions have also been used.

Boots must almost always be
decontaminated after use at a
chemical spill incident. A child’s
wading pool with a mild detergent
is suitable for many situations as
shown in the photo. The water
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must often be decontaminated

from the poo!l must often be
treated as contaminated waste in
the same way as the water from
decontaminating suits must be
treated. Gloves should be washed
separately in a bucket in a similar
manner 1o boois.

If it is suspected that equipment is
contaminated, it is far better to
dispose of it or put it into secure
containers for further assessment
than to try 1o reuse it without

knowing that it is in good condition.

Management will certainly be
sympathetic and replace any
equipment. In many organizations,
this occurs so rarely that the
occasional loss is not a serious
economic problem.

Confined Spaces

Confined spaces are those areas
with pocr air circulation where gas
concentrations can rise far beyond
danger levels, There is a high
notential for oxygen deficiency in

such areas as well as the danger of
entrapment and fire. Confined
spaces include sewers, closed
rooms, and sitos. Special
occupational health and safety rules
govern entry and work in cenfined
spaces because they pose a high
hazard. In many jurisdictions, the
entry into contined spaces and
details of activities and safety
procedures followed must be
recorded.

Chemical Spill Response
Program

Response to chemical spills
reguires a complete program that
includes medicat testing, training,
retraining, and practice. Purchasing,
maintaining, upgrading, and
replacing equipment are also part
of the program. One or more
persons in the organization should
be responsible for supervising,
coordinating, and developing such a
program.

Publications are available to help in
establishing a recognized and
systematic program {EPA, 1982,
OF, 1991). The program should be
based on a carefully developed
policy concerning spili-site entry
procedures and minimum
requirements for training and
equipment.

There are many requirements for a
thorough chemical spill response
program. These include keeping
records and developing check lists
for eguipment testing, donning and
doffing of equipment, and site
entry procedures. Detailed site
safety plans and standard operating
procedures must be developed. A
specification should be in place to
ensure that perscns required 1o
respond are fit 1o do so and this
sheuld include regular medical
checkups.




Regular training, practice programs
and technical refresher programs
are essential. In the United States,
40 hours of training are required
kefcre an individual can enter a spill
site. Annual refresher courses are
also required.

Organizations such as Environment
Canada and the U.S. Environmental
Protection Agency have had such
programs and policies in place for
rmany years. Employees who are
required to enter a spill site must
have at least one week of training
in using the assigned equipment
and a refresher course of at least
two days must be taken every year,
Cther response crganizations
should put similar reguirements
into place.

Envirecnment Canadsa has issued its
apill responders with self-contained
breathing apparatus and totally
encapsulated suits with all the
accessories. This equipment is

signed out by employees and kept
untif they leave the program. The
equipment is repaired and replaced
on a regular basis.

Conclusion

It is important to recegnize that
first-responders are generally like
first-aiders. They perform limited
emergency duties at the site but
refer to specialists for further
advice and follow-up action. Just as
the first-aider does not perform
surgery at the site, those who
respend to chemical spills shoutd
not be required to perform tasks
beyond their training and capability.
Response organizations should
build up a network of information
sources and consult professionals
in the fields of chemistry and site
remediation when required.
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