











10-118 Industrial Ventilation

\ .- Extend as low as possible
\\ to clear work

Side baffles
are desirable

SLOT TYPE

Q = 100 ¢fm/ft? door plus 1/2
Products of combustion

Minimum duct velocity = 2000 fpm
he = 1.0 VP + 0.25 VPy

Size plenum for
1000 fpm maximum

Slot on three sides with
Vg = 2000 fpm.

Locate on inside or outside of door.

CANOPY TYPE

Q = 200 cfm/ft2 of hood face
plus 1/2 products of combustion

he = 0.25 VP4
Duct velocity = 2000 fpm

Notes:

1. For dryers, include rate of
water vapor liberated.

2. For flammable solvent drying
refer to Chapter 2, "General
Industrial Ventilation .
Hoods at each end of oven. Reduce
size of doors as much as possible.
Separate vent must be added for
products of combustion.

For construction and safety, consult
NFPA code (Reference 10.75.1).
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Q(exh) = 10 to 12 air changes/hour
Q(supply) = 10 to 12 air changes/hour
Balance room slightly negative

Q(exh) = 1.05 Q(supply)

Entry loss = 1.78 VPs+ 0.05 VPp
Minimum duct velocity = 2000 fpm

Stack velocity = 3500 fpm
Floor line

For construction and safety consult NFPA Code
Reference 10.75.1 and 10.75.2

Specific Operations

—Paint mix
pot (typ.)

10-119
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10-120 Industrial Ventilation

10.80 MECHANICAL SURFACE CLEANING AND
FINISHING

Mechanical surface cleaning is generally used to clean a
surface in preparation for painting, welding, or other opera-
tions. The surfaces may be coated with paint, rust, or oxida-
tion; plated with other metals; or covered with molding sand,
inorganic, organic, or biological matter. Mechanical cleaning
may be accomplished by abrasive blasting, wire wheels, sand
paper/sanding belts, grinding wheels, or use of abrasive chips
in tumbling mills. The capture velocity needed to entrain large
particles is often very high and the collection hood must be
positioned so the materials are directed toward the hood. A
minimum duct transport velocity of 3500 fpm is needed but
4000 to 5000 fpm is recommended. A hood that encloses as
much of the operation as practical is desired. The toxicity of
the material removed must be considered when cleaning
mechanically. Complete enclosures may be used or the
worker may need to wear a respirator in addition to using local
exhaust ventilation.

For many grinding, buffing and polishing operations, regu-
lations from the Occupational Safety and Health Administra-
tion (OSHA)1%%-D and National Fire Protection Association
(NFPA)10202 may apply.

10.80.1 Abrasive Cleaning: VS-80-01,-02, and -03 show
suggested designs for abrasive blasting and tumbling mills. A
supplied air respirator must be used in abrasive blasting
rooms.

10.80.2 Grinding: Mechanical surface finishing uses or-
ganic bonded wheels, cones, saws or other shapes rotating at
a high rate of speed to smooth a surface; reduce an object or
part in size; or perform other operations. As the object is being
surfaced or finished, metallic particles are removed and leave
the object at a high speed. In addition, the abrasive wheel is
reduced in size and generates particles that must be controlled.
Frequently, grinding is accomplished using fluids to keep the
parts cool. This cooling fluid will be emitted as an aerosol or
mist and needs to be controlled and provisions must be made
in the duct to drain off the liquids that accumulate.

The hood used to capture the particles should enclose the
operation as much as possible and be positioned to take
advantage of the velocity and direction of the particles as they
are generated. Design specifications for grinding and surfac-
ing operations are shown in VS-80-10 through VS-80-19.

10.80.3 Buffing and Polishing: The same principles ap-
ply for buffing and polishing as for grinding and surfacing.
The buffing wheel or belt should be enclosed as much as
practical and positioned to take advantage of the centrifugal
force of the particles as they leave the wheel or belt. The
minimum duct velocity for the generated particles is 3500 fpm
and 4500 fpm if the material is wet or sticky. Since many
varieties of metals and alloys are buffed and polished, it is
extremely important not to mix ferrous and non-ferrous met-
als in the same exhaust systems (see NFPA codes).(10802)
VS-80-30 through VS-80-35 show suggested designs for
buffing and polishing.

REFERENCES

10.80.1 U.S. Department of Labor, Occupational Safety and
Health Administration: 29 CFR.1910. US-
DOL/OSHA, Washington, DC (1970).

10.80.2 National Fire Protection Association: National Fire
Codes—in particular NFPA-65 (Processing and Fin-
ishing of Aluminum); NFPA-68 (Guide for Explo-
sion Prevention Systems); NFPA-77 (Practice on
Static Electricity); NFPA-91 (Installation of Blow-
ers and Exhaust Systems for Dust, Stack and Vapor
Removal or Conveying); NFPA-480 (Storage, Han-
dling and Processing of Magnesium); NFPA-481
(Production, Processing, Handling and Storage of
Titanium); NFPA-482 (Production, Processing,
Handling and Storage of Zirconium); and NFPA-
561 (Manufacture of Aluminum and Magnesium
Powder). NFPA, Quincy, MA.

10.80.3 National Institute for Occupational Safety and
Health: Recommended Industrial Ventilation
Guidelines. DHEW (NIOSH) Pub. No. 76-162;
NTIS Pub. No. PB-266-227. National Technical In-
formation Service, Springfield, VA (1975).

10.80.4 American Foundrymen's Society, Inc.: Foundry
Ventilation Manual. AFS, Des Plaines, IL (1985).

10.80.5 National Institute for Occupational Safety and
Health: Ventilation Requirements for Grinding,
Buffing and Polishing Operations. DHEW (NIOSH)
Pub. No. 75-107; NTIS Pub. No. PB-277-332. Na-
tional Technical Information Service, Springfield,
VA (1975).
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> j)”
r 3500 fpm, minimum ————= r=-—- To dust collector

\ ----- Air inlets, baffled %\\

«— Floor grille

PR EFEEE R EONE

SECTION THROUGH TYPICAL ROOM

60—100 cfm/f]‘2 of floor for downdraft with typical choice 80 cfm/ﬁz_
100 cfm/f12 of wall for crossdraft-

Q
Q

I

If

Lower control velocities may be used depending on toxicity of the contaminant,
object and blasting media and the size of the blasting room.

Notes: 1. The above ventilation is for operator visibility and to control escape
of contaminants into adjacent work areas.

2. Operator in an abrasive blasting room is required to wear appropriate
NIOSH certified respiratory protection.

3. For rotary tables use 200 cfm/ft2 of total opening (faken withcut
curtains).

For blasting cabinets see VS—-80-02.

10.80.3 and

Reference 10.80.4

AMERICAN CONFERENCE ABRASTVE BLASTING
OF GOVERNMENTAL ROOM
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10-122

Screened viewing
window

Industrial Ventilation

................. —_

Rubber gloves
attached to
ca b[ n G‘f e

Notes:

™~ -~ A
:ﬂ /? J
// ’
o
il

=

- To Exhaust System

— Door with
~ dust tight
gasket

- Return to blasting hopper for reuse

20 air changes per minute

At least 500 fpm inward velocity at all openings
Minimum duct velocity = 4000 fpm
If cabinet has self-contained dust collector,
consult manufacturer for losses.

he =

1.0 VP,

AMERICAN CONFERENCE
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GOVERNMENTAL

ABRASIVE BLASTING

CABINET
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Specific Operations 10-123

Hinged access door--»---/

Y‘ End bell

©

Air slot velocity =
400 fpm. minimum

SECTION THROUGH HOLLOW STAVE MILL
TRUNNION TUMBLER (END SECTION)

Minimum duct velocity = 5000 fpm Minimum duct velocity = 3500 fpm
Entry loss (hg) depends on design and he = 0.25 VR
typically ranges from 3 to 9 "wg.

EXHAUST RATES

Square mill Round mill Exhaust cfm**

side diam in. I.D. in inches Trunnion Stave

Uo fo 24 incl. 430 800
“Up to 24 incl. 24 — 30 900
25 — 30 31 - 36 980
31 - 36 37 - 42 1330
37 - 42 43 — 48 1750
43 - 48 49 — 54 2200
49 - 54 55 — 60 2730
55 — 60 61 — 66 3300

61 - 66 i 67 77 3550 " T 3950
S | 4600

* Low—loss designs have large air inlet openings in end bell
Holes in end discs are sized for velocities of 1250 — 1800 fpm.

** For lengths over 72", increase exhaust rate proportionately

AMERICAN CONFERENCE
|  OF GOVERNMENTAL |
| INDUSTRIAL HYGIENISTS e o507

TUMBLING MILLS
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Adjustable tongue (keep adjusted to not
more than 1/4" from wheel )

7"~1 SPECIAL TOOL REST
Reference 10.10

b

|
4507
P

N\

2

/—- Chip trap if desired

EXHAUST FLOW RATES, cfm

Wheel diam. wnﬁil Good Poor
inches inches enclosure* enclosure

Up fo 5 i 220 390
5 to 10 . 390 610
10 to 14 500 740
14 to 16 610 880
16 to 20 740 1000
20 to 24 880 1200

24 to 30 1200 1600
30 to 36 1600 2000

*Special hood and tool rest as shown, no more than 25% of the wheel exposed.
Minimum duct velocity = 4000 fpm

= 0.65 VRy for straight take—off
= 0.40 VRy for tapered take—off

AMERICAN CONFERENCE GH@{(/]?}]EJ]V__ il CzVHgJJ;/gSOOD
OF GOVERNMENTAL - LLLA

| OF GOVERNMENTAL ABOVE 6500 sfpm




Specific Operations 10-125

Adjustable tongue (keep adjusted to not
more than 1/4" from wheel)

T

_— Chip ftrap
7 if desired

EXHAUST FLOW RATES, cfm

Wheel diam thiil Good Poor
inches Wi enclosure* enclosure
inches

Up to 5 1 220 220

5 10 1.5 220

300

to 300

10 to 14 500

14 to 16 390 610
500 740

610 880

16 to 20
20 to 24

24 to 30
36

880 1200
1200

S AW NN

30

to 1600

* No more than 25% of wheel exposed.
Minimum duct velocity = 4000 fpm

h, = 0.65 VFy for straight takeoff
0.40 VPFy for tapered takeoff

AMERICAN CONFERENCE GRINDING WHEEL HOOD
| OF GOVER AL BELOW 6500 sfom 3
| INDUSTRIAL HYGIENISTS [se—r5—ar om0 7|
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Grinding wheel —

2
NN =
| Example for: \\ )
| = ~
i A=3" x 4.5 \\\\\\;\\ -
r .................... [t - /

Vs | Q.cfm ,
1000 52 . 0.043 Vg (10X~ + A)

Q

2000 | 100 Minimum duct velocity = 3500 fpm
h
X

3000 160

. e 0.25 VFy
wL‘}QQQ“ZLO distance from hood face to center of wheel, ft
5000} 260 A hood face areaq, ft2
| 6000 | 310 Ve = Wheel Speed, surface feet per min. (SFM)

7 (D/12) R
diarmeter in inches

rpm of grinding wheel
10000 520 Reference 10.80.5

I T T VI I Y|

©
O
(@]
(&)
N
~d
C

o)
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- Slip and swivel joint

7~~ Supports

N

|

Access door —_ / \ A
# \ — Cut to suit around frame
/

b
I/

[N T
]
I

I __—— Use canvas or rubber baffles
T to surround disc as far as

| S /LM — M»} - /J_-‘L poSSib|e
ot - Diameter -
[ WA
=

| \

Disc diameter [Duct diameter | ¢fm
6" 900

Up to 207
20" 1o 30" 8" 1600
12" 3500

30" to 53
.53 to 72 16 6300

t
= 4000 fpm
= 2000 fpm

Minimum duct velocity
Minimum slot velocity

@) h,= 1.0 VE + 0.40 VR,

(2) he+ elbow losses + joint losses

AMERICAN CONFERENCE o IR

JORE GRINDER
OF GOVERNMENTAL COREGRINDE
INDUSTRIAL HYGIENISTS e 5507 [Foore Vo 80 1
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i D !
y Ring attached to hood at
1/2 ] convenient locations

L &
TP&\

!

]

6

Adjustable to
clear grinder

I
[

Hﬂﬂﬂﬂﬂlﬂﬂﬂ o nnonnonn
| |

=/ T

| T
) g -
~ Angle of slots to be in relation to rotation

EXHAUST FLOW RATE, cfm

Disc diameter 1/2 or more of disc covered Disc not covered
inches No.* Exhaust flow rate, cfm No.* Exhaust flow rate, cfm
Up to 20 1 500 2 780
20 to 30 2 780 2 1500
30 to 53 2 1800 4 3500 N
53 fo 72 2 L ....3100 5 | - 5000

* Number of exhaust outlets around periphery of hood or equal distribution
provided by other means.

Minimum slot velocity = 2000 fpm
Minimum duct velocity = 4000 fpm
he= 1.0 VR, + 0.5 VR

AMERICAN CONFERENCE VERTICAL SPINDLE DISC
OF GOVERNMENTAL GRINDEFR

INDUSTRIAL HYGIENISTS [0 Teom 1755077



Specific Operations 10-129

("C] //—~ Close clearance

I Work

Endless belt conveyor or §
any other method. -

Disc diameter |Exhaust flow rate
inches cfm

Up to 18 610 Section A—A
19 to 25 880 ]
25 to 30 1200

Note: If the disc is tightly enclosed by machine
30 to 993 2000 housing, then exhaust from the housing is
53 to 72 6300 acceptable.

Minimum duct velocity = 4000 fpm
he = 0.65 VPy straight take—off
= 0.45 VPy tapered take—off

AMERICAN CONFERENCE | HORIZONTAL DOUBLE-SPINDLE]
| oF GovERNMENTAL DISC GRINDER

DATE FIGURE
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<~ Branch takeoff at top or back. Central location

yr multiple branches if several booths are used.
Additional adjoining
booths if needed.

//

—

Booth encloses grinder | Keep width as small
frame and suspension. as practical.

Grinder to operate in
close to face opening. -

For a large opemng, 4’ to 6 wide
Q = 150 cfm/ft? of opening

For a small opening, 2’ to 2'—6 with
grinder in front
Q = 200 cfm/ft? of opening

Minimum duct velocity = 3500 fpm
he = 0.25 VFRy

: Small local exhaust hoods mounted behind
grinder wheel may trap the stream of sparks,
but are usually not effective in control of
airborne dust.

AMERICAN CONFERENCE - -
S [JY T ) A g ",’ 0
OF GOVERNMENTAL SWING  GRINDEK

INDUSTRIAL HYGIENISTS 5o T"om TS50




Specific Operations 10-131

Reduce open area
with baffles

s~Top takeoff (optional)

Booth width to suit -
regular work

“

. /

:///

4
/
s

// /

Hinged side doors may be
opened for longer pieces —

¢ 12
JN TR HE AN U}
7

-
Uik
s

T
h
4
S

Saw operates at face
of booth

~

A

\(L/:/‘/AL
VL

¢

i,
VO

- Rear takeoff
(best)

AL _____/L

{
e

AL
7 )
B —

A
y

P 2

~ Hinged cleanout
door

N

-7

Close in area under
table

RS

Q = 250 cfm/ﬂ2 of open face arec
Minimum duct velocity = 4000 fpm
he = 0.50 VP4 (no taper)

0.25 VP4 (with 45 taper)

AMERICAN CONFERENCE ABRASIVE CUT-OFF
OF GOVERNMENTAL SAW

INDUSTRIAL HYCGIENISTS T <=7
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Back and side shields highly
desirable, enclose sides and
top to make booth if practical.

Bench top _/

\/wC!ecmouT doors ‘ 45 m{\
.

— or drawers.

- Tapered takeoff necessary
for distribution.

Q = 150-250 cfm/ft* of bench area.
Minimum duct velocity = 3500 fpm
he = 0.25 VP4

If slots are used for distribution

he = 1.78 VR, + 0.25 VP4

Notes: If grinding in a booth, use 100 fpm face velocity.

1.
2. For downdraft grilles in floor: Q=100 cfm/f‘r2 of working area.
3. Provide equal distribution.

4. Provide for cleanout.

AMERICAN CONFERENCE
OF GOVERNMENTAL
| INDUSTRIAL HYGIENISTS

HAND GRINDING BENCH

FIGURE
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- Opening to be \‘\\
sized to handle \
3/4 of total air \ 2/5 of duct
at 1000 fpm width

/

r

Y U Mg ey T W gy i Oy g Y
]T[J;”-H EETHT ILVJT}
|

A R Dy ol S U s i o

-7 [

AN

X

=X
|
|
I
I
=
T
g )
i
I
B ) / |
— .. |
|
I
I
I
|

—
L Sliding gate

i

[E ]

~ Opening to be sized to handle
1/4 of total air at 200 fpm

Q = 150 cfm/]”r2 opening
Minimum duct velocity = 3500 fpm
he = 0.25 V4

AMERICAN CONFERENCE PORTABLE CHIPPING AND
OF GOVERNMENTAL GRINDING TABLFE

| INDUSTRIAL HYGIENISTS s
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Adjustable fongue — keep -
as close to wheel as 1
possible. i -] l=— 0.25 D at least.
.................. (I i M
AN Ul
O -
i o i B i Direction of rotation.
bel e~ 15" for hard wheel.
| 3" for soft wheel.
i
1 P [ ] 1 | S—
e EJ { ,_{,,,,,L,_,&_"* — ]
s A = -
{ i i 45
K"”l“"/i
A X\\
ERNAEE : N
=St N
oy N | Z
Bkt | , | A
g | | ZERY,
; /{\ ' \ f 7
by N 1 ;
Yo _,: - ’ [
% , . |
, ‘ t
L-075 D if —= |~ Trap with cleanout
possible - when desirable.
N
N
Minimum duct velocity : 3500 fpm,
4500 fpm if material is wet or sticky
he = 0.65 VPy for straight take—off.
he = 0.40 VPy for tapered take—off.
Wheel diam. Wheel width Exhaust flow rate Exhaust flow rate
inches inches cfm cfm
Good enclosure * Poor enclosure
Up o 9 2 300 400
over 9 to 16 3 500 610
over 16 to 19 4 610 740
over 19 to 24 e 5 740 1200
over 24 to 30 6 1040 1500
over 50 to 36 6 A 1200 2000

* not more than 25% of the wheel is exposed
Note : Consult applicable NFPA codes Reference 10.80.2
Caution : Do not mix ferrous and non—ferrous metals
in same exhaust system.

MANUAL
BUFFING AND POLISHING

AMERICAN CONFERENCE
OF GOVERNMENTAL

DATE

{FIGURE




Specific Operations 10-135

- When main duct is overhecd,
locate preferred take—off
location as shown.

Adjustable tongue — keep —
minimum clearance. \ \
%

_—— Keep side clearance
*1 to a minimum.

if
P '

Adjustable hopper -

/)-.,.
'/

~ Alternate |
take—off.

Cleanout door —\ :

Wheel diam. Wheel width Exhaust flow rate
inches inches cfm
Up to 9 2 400
9 to 16 610

16 to 19 740

19 to 24 1200

24 to 30 1500

30 to 36 1900

Note: For wider wheels than listed, increase cfm with width
Minimum duct velocity = 3500 fpm
4500 fpm if material is wet or sticky
h,= 0.40 VPy

i Notes: 1. Consult applicable NFPA codes. See Reference 10.80.2
2. For titanium, aluminum, and magnesium, eliminate hopper
use 5000 fpm through hood cross—section.
3. Caution : Do not mix ferrous and non-—ferrous metals in same exhaust system.

AMERICAN CONFERENCE
O GOVERNMENTAL
INDUSTRIAL HYGIENISTS

BUFFING LATHE




10-136 Industrial Ventilation

- Side opening should be minimal
1/4" maximum desired

— Adlustoble tongue; not more than 1/4"
from belt

__Hinged side panel

maintenance
\ \

Cleanout door—" 7

i \\\\\\ // !
| For heavy dust accumulations g
: housing may extend to floor

Belt width| Exhaust flow ratel Exhaust flow rate
inches cfm cfm
Good enclosure * Enclosure

11/2 220 300
390 610

500 740

880 1200
1200 ‘ 1570

2
3
4 610 880
5
6

i

* Hood as shown; no more than 25% of wheel
exposed.
he = 0.40 VPy
Minimum duct velocity = 3500 fpm, 4500 fpm if wet or sticky.
Notes:
1. Consult applicable NFPA codes, 10.80.2
2. For titanium, aluminum and magnesium eliminate hopper and use
5000 fpm through hood cross section.
3. Caution: do not mix ferrous and non-—ferrous
metals in same exhaust system.

AMERICAN CONFERENCE BACKSTAND [DLEFR
| OF GOVERNMENTAL POLISHING MACHINE
| INDUSTRIAL HYGIENISTS o e
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Use one branch duct
/[ for each wheel

Hinged access doors for maintenance,
normally closed

“— Slow speed belt conveyor

Q = 500 cfm/wheel, minimum2
Not less than 250 cfm/fi"fotal open area
Minimum duct velocity = 3500 fpm, 4500 fpm if
material is wet or sticky

he = 1.78 VB, + 0.25 VP

Note:
1. Consult applicable NFPA standards. Reference 10.80.2
2. Caution: Do not mix ferrous and non—ferrous

metfals in same exhaust system.
3. Wheel adjustments on outside of enclosure.
4. For highly toxic material, enclose the return strand
of the belt conveyor.

AMERICAN CONFERENCE STRAIGHT LINE AUTOMATIC
OF GOVERNMENTAL BUFFING

DATE
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Access door

Q = 500 cfm/wheel, minimum
Not less than 250 cfm/ft" total open area
Minimum duct velocity = 3500 fpm, 4500 fpm if
material is wet or sticky
he= 1.78 VP, + 0.25 VF,
On small, 2 or 3 spindle machines, one take—off may be used.
Multiple tacke—offs desirable.

Note:
1. Consult applicable NFPA standards, Reference 10.80.2
2. Caution: Do not mix ferrous and non—ferrous

metals in same exhaust system.

AMERICAN CONFERENCE
OF GOVERNMENTAL
I INDUSTRIAL HYGIENISTS

CIRCULAR AUTOMATIC B U]?“flf“’/'NG

DATE
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- Flange
Sliding tongue /

Belt width, inches | Exhaust flow rate, cfm
Up to 3 220
3 to 5 300
5 to 7 390
7 to 9 500
9 fo 11 610 i
171 to 13 740

Minimum duct velocity = 3500 fpm, 4500 fpm if
material is wel or sticky
hy, = 0.65 VPgfor straight take—off

0.45 VP4 for tapered take—off

Notes:

1. Consult applicable NFPA codes Reference 10.80.2

2. Caution : Do not mix ferrous and non—ferrous
metals in same exhaust system

AMERICAN CONFERENCE
OF GOVERNMENTAL
INDUSTRIAL HYGIENISTS T

METAL POLISHING BELT
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10.85 VEHICLE VENTILATION

The objective of providing ventilation for vehicles in an
environment is to keep a worker's exposure to toxic exhaust
fumes and gases below the TLV, both the TWA and STEL,
or other appropriate standards. This can be achieved either by
dilution or local exhaust ventilation.

It is difficult to establish dilution ventilation requirements
accurately for the operating vehicles in a plant. For an existing
facility, the designer has the opportunity to measure the
emission in the field. Standard techniques can be used to
measure gas flow rates, composition and temperatures, and
contaminant levels. Using the equations in Chapter 2 and the
measurements, the dilution rates can be calculated. However,
it is not always possible to accurately determine the contami-
nant generation rate because generation is not uniform. More-
over, no such data are available to the designer for new
vehicles.

The use of dilution ventilation is usually considered only
after rejection of the source capture concept. Common reasons
for rejecting source capture (local exhaust) are operating
interference problems or layout constraints. For lift trucks or
cars in motion or idling outside of stalls, local exhaust is not
feasible. Hence the only method for control of health hazards
is dilution ventilation.

Over the years, some empirical rates have been developed
which have been applied successfully to achieve contaminant
control. The recommended dilution rates based on average
operating conditions are:

5,000 cfm/propane fueled lift truck
8,000 cfm/gasoline fueled lift truck
5,000 cfm/operating automobile
10,000 cfm (or more)/operating truck
100 cfm/horsepower for diesel fueled vehicle

The above dilution rates for lift trucks apply under the
following conditions:(085-H

1. A regular maintenance program incorporating final
engine tuning through carbon monoxide analysis of
exhaust gas must be provided. CO concentration of
gases should be limited to 1% for propane fueled
trucks; 2% for gasoline fueled trucks.

2. The periods of lift truck engine operation do not ex-
ceed 50% of the working day (total engine operation
of lift truck equal to or less than 4 hours in an 8-hour
shift).

3. A reasonably good distribution of air flow must be
provided.

4. The volume of space must amount to 150,000 ft3/liﬁ
truck or more.

5. The lift truck is powered by an engine of less than 60
HP.

Where actual operating conditions vary from the above, the
ventilation rate should be increased. On the other hand, me-
chanical ventilation may not be required in large buildings
where lift truck operation is intermittent and where natural
infiltration based on a maximum of one air change/hour for
the net building volume exceeds the recommended dilution
ventilation rate.

The alternative to dilution ventilation is to capture the
contaminant at the source by installing local exhaust ventila-
tion. For stationary vehicles in service garages, effective
systems are shown in VS-85-01 (overhead) and VS-85-02
(under floor). The systems should be connected directly to the
vehicle exhaust and should terminate outdoors above the roof.
The design procedure outlined in Chapter 5 must be followed.
For friction loss data of flexible ducts, manufacturers should
be contacted. As with all flexible systems, the length of
flexible duct must be minimized, and non-collapsible duct
should be used. Unnecessary and/or sharp bends should be
avoided. Exhaust requirements for automobiles are shown in
VS-85-02 and for diesel engines in VS-85-03.

The requirements for parking or storage garages should be
based on short-term exposure of drivers to exhaust emissions
when entering or departing. A continuous supply of 500 cfm
fresh air/parking space should be adequate. Additional venti-
lation may be required if there are long periods of engine
idling (winter warm-ups, loading, etc.) or if the general traffic
pattern is such that clusters of vehicles arrive or depart.

Attendant booths of parking garages should be pressurized
with a supply of fresh air from uncontaminated sources.

For indoor loading docks, continuous supply of 2 cfm/ft?
of dock area should be adequate where truck motors are shut
off except when entering or leaving the dock.

REFERENCES

10.85.1 Hama, G.M_; Butler, Jr., K.E.: Ventilation Require-
ments for Lift Truck Operation. Heating, Piping and
Air Conditioning (January, 1970).

10.85.2 Goldfield, J.; Sheehy, J.W.; Gunter, B.J.; Daniels,
W.I.: An Affordable Ventilation Control for Radia-
tor Repair Shops. Ventilation ‘91: 3rd International
Symposium on Ventilation for Contaminant Con-
trol. American Conference of Governmental Indus-
trial Hygienists, Cincinnati, OH (1993).




\% »»»»»»» Main duct:

. Plenum design best —

\ or design as in chapter 5.

Specific Operations 10-141

Stackhead — See Fig. 5-31

size for 2000 fpm maximum

At least ¢

e Ho% e can be
counterweighted

Flexible joint |
2’ from - All joints soldered

For dual tailpipes

use one hose with 'Y’
or use two outlets per
stall.

Vehicle horsepower (hp)

cfm/vehicle Flexible duct Branch
diam. connection

Up 1o 200

100 3"

Over 200

200 4’

Diesel trucks

See VS—85-03

On dynamometer test rolls

Automobiles and light duty frucks = 350 cfm

Heavy duty trucks

1200 cfm minimum

For ftriction loss of flexible duct; consult manufacturers’ data.

See V5-85-02

AMERICAN CONFERENCE R SERVICE GARAGE VENTILATIO N

OF GOVERNMENTAL

INDUSTRIAL HYGIENISTS
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Note : In ventilating a garage use either the overhead or under floor system.
Exhaust to be discharged above roof.
To fan and )
discharge above
roof

- Double or single floor plates suitable.

Flex duct fo - \sfﬂ:losing floor plates desiry/’

A

Ly 7 b(l
\>\ \%\
N
¢ 9
30" —45 _
Along ceiling of floor below, or in french. ==
If in trench, drain ftile with cemented

joints is suitable. Must be sloped and
drained for flushing.

Size main for
2000 fpm or 4~ Sump or dry
less. well

UNDER FLOOR SYSTEM
EXHAUST REQUIREMENTSH*

Type cfm per vehicle Flex duct 1D (min) |

"

Automobiles and frucks up to 200 hp 3

Automobiles and trucks over 200 hp 200 i UART:

Diesel i See VS—-85-03

* On dynamometer test rolls
Automobiles and light duty trucks = 350 cfm
Heavy duty frucks = 1200 cfm minimum

** 3" diam. permissible for short runs with proper fan.
For friction loss of flexible duct; consult manufacturers’ data.

Use adapters

on dual exhausts
and special
tailpipes.

AMERICAN CONFERENCE SERVICE GARAGE
OF GOVERNMENTAL VENTILATION UNDERFLOOE |
INDUSTRIAL HYGIENISTS [T —To T




Specific Operations 10-143

1
i

NA — Normally Aspirated
TC — Turbo Charged

fm

<

Exhaust,

2000 3000
Engine speed, rpm

Exhaust, ¢fm = acfm + 20% excess
For specific design information request manufacturers 13 mode

EPA engine bench test

AMERICAN CONFERENCE | AAHAUST SESTEM KREQUIREMENTS
| or COVERNMENT AL FOR TYPICAL DIESEL ENGINES

R UNDEER LOAD
| INDUSTRIAL HYGIENISTS e T
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Q g
i - Edge of

/ TOﬁk

Water tank

C Lift J("‘"’|
X a—
B Enclosure .
- -

]\"" ’’’’’ 7 opening

1

B S s |
Water tank /\‘IX (‘
I //%é;/\&yx\\ Plan View
: ! \\

I
; T
LJ | - S \N ,
. Elevation View \ \/\/\L//
\ — -- Note 1

| -

Q = 190 cfm/ft?2
opening (L x W)

Minimurn duct velocity = 3000 fpm \[h/
he= 0.25 VPy -

L = Height of ventilated opening in mm.

W = Width of ventilated opening in mm.

Notes: 1. Enclosure can be made of metal or fire resistant curtain
material

| reference: 10.85.3

? AMBERICAN CONFERENCE VENTILATED BOOTH FOR e
’ OF GOVERNMENTAL RADIATOR REPAIR SO/DWALWG

| INDUSTRIAL HYGIENISTS 757 T




10.90 WELDING AND CUTTING

The purpose of welding and cutting ventilation is to control
gases, fumes, and particulate generated during the welding
and cutting operations.

10.90.1 Hazards: The generation rate of fumes and gases
varies with the composition of the base metal, fluxes, and
fillers, and with the rate and depth of welding. Exposure to
the welder varies with the generation rate, duration and fre-
quency of operations, work practices (particularly distance of
the plume from the breathing zone), and the effectiveness of
ventilation.

Contaminants from welding may include:

1. Fume from the base metals and filler or electrode
metals.

2. Fume from coatings (e.g., zinc oxide from galvanized
surfaces, thoria from T.[.G. welding, and fluorides and
NO, from electrode coatings).

3. Ozone due to ionization of oxygen by the ultraviolet
light from arc welding.

4. Carbon monoxide from ultraviolet effects on carbon
dioxide in shield gas.

5. Shield gases such as carbon dioxide, helium and argon.

6. Fluoride gases and other thermal decomposition prod-
ucts of fluxes and electrode coatings.

7. Flammable gases such as acetylene.

There are welding tasks that present enhanced hazards such
as welding on materials containing or contaminated with
heavy metals or welding in the presence of flammable vapors
or halogenated hydrocarbons. If such welding is required,
extraordinary precautions must be taken on a case-by-case
basis. Even in the absence of such hazard materials, any

Specific Operations 10-145

welding operation in a confined space is potentially lethal and
requires continuous and copious dilution ventilation.

10.90.2 General Recommendations:

1. Choose hood designs in the following descending
order of effectiveness: enclosing hoods; vacuum noz-
zles; fixed slot/plenum hood on a worktable or rectan-
gular hood fixed above a worktable; moveable hood
above a worktable; moveable hood hanging freely or
overhead canopy; dilution ventilation.

2. Integrate planning for ventilation systems with plan-
ning for materials handling.

3. Place welding curtains or other barriers to block cross-
drafts.

4. Installturntables, work rests, and other aids to improve
utilization of the hoods.

5. Avoid recirculating filtered air from welding hoods
back into occupied spaces unless the welding is low
hazard and produces low quantities of gaseous con-
taminants.

6. Face velocity for enclosing hoods should be 100-130
fpm with the higher values used for poor conditions
such as high cross-draft velocities.

7. Capture velocity for non-enclosing hoods should be
100-170 fpm with the higher values used for poor
conditions such as high cross-draft velocities and with
higher hazard levels.

Enclosing hoods are by far the most effective in controlling
welding contaminants; however, they restrict access and force
reconsideration of material and product handling. Capturing
hoods are less effective than enclosures but for low hazard
conditions can be adequate if properly used.
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45" taper angle
—  Slots—size for 2000 fpm

Baffles are
desirable

Maximum plenum velocity
1/2 slot velocity

Q = 350 cfm/ft of hood length

Hood length = required working space

W = 24" maximum, if W>24" see chapter 3
Minimum duct velocity = 2000 fpm

he = 1.78 VPs + 0.25 VFRy

General ventilation, where local exhaust can nof be used:

Rod, diam. | Cfm/welder . For open areas, where welding fume can
iy rise away from the breathing zone:
5/32 1000 cfm required = 800 x Ib/hour rod used

3/16 1500
1/4 3500

For enclosed areas or positions where fume
does not readily escape breathing zone:
cfm required = 1600 x Ib/hour rod used

3/8 4500

For toxic materials higher airflows are necessary and operator
may require respiratory protfection equipment.

Other types of hoods

Local exhaust: See VS—-90-02

Booth: For design see VS—90-30

Q = 100 cfm/ft* of face opening

MIG welding may require precise air flow control

AMERICAN CONFERENCE WELDING  VENTILATION
OF GOVERNMENTAL BENCH HOOD

INDUSTRIAL HYGIENISTS — oS00
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Overhead
support To exhaust

c

PLAIN DUCT CONE HOOD FLANGED HOOD

RATE OF EXHAUST GENERAL VENTILATION, where local exhaust cannot
X, inches |Plain duct | Flange or be used : Rod, diam. cfm/welder

cfm cone, c¢fm

: 5/32 1000
Up to 6 335 250 3776 =00
6-9 755 560 1/4 3500
| 9-12 1335 1000 3/8 L 4500
| Face velocity = 1500 fpm . —
| Minimum duct velocity = 3000 fpm A. For open areas, where welding fume can rise

| Plain duct entry loss = 0.93 VPq away from the breathing zone:
| Flange or cone entry loss = 0.25 VP4 cfm required = 800 x Ib/hour rod used
B. For enclosed areas or positions where fume

does not readily escape breathing zone:
| Nofes: cfm required = 1600 x Ib/hour rod used
| 1. Locate work as close as
possible to hood. For toxic materials higher airflows are necessary
. Hoods perform best when located and operator should use respiratory protection
to the side of the work. equipment,
. Ventilation rates may be
inadequate for toxic materials. Other types of hoods

. Velocities above 100-200 fpm Bench, see VS—-90-01
may disturb shield gas. Booth, for design see VS—90-30

Q = 100 cfm/ft2 of face opening

AMERICAN CONFERENCE WELDING VENTILATION
OF GOVERNMENTAL MOVABLE EXHAUST HOODS

| INDUSTRIAL HYGIENISTS

|FIGURE M9_90_02§
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/~»—- Window
rdal 4

Grities 12" to 30" high @
Design for 300-500 Tom §

!
. E
Vv 2 \
! { 1 t
! ! ! :

I
|
[
b
L

TG v v v\

v vV v G v

7Y VNG v v
y <
‘\\., < O A AN

C(Jr' silhouette

Flow line

Q = 1000 to 1200 cfm/linecr ft of booth
filter loss + 0.5 VPy
Minimurn duct velocity = 3500 fpm

AT A ONFERENCE PRODUCTION LINE
AMERICAN CONFERENCE WELDING BOOTH

OF GOVERNMENTAL
| INDUSTRIAL HYGIENISTS [ :
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6 foot center —
to center

-~ Slots sized for maximum
\ZOOO fom

° taper
angle

Cleanout
doors

) L
- ~—- Enclose base
of bench

Q = 150 cfm/ﬁZ of gross bench area
Minimum duct velocity = 4000 fpm
he = 1.78 VP + 0.25 VPy

AMERICAN CONFERENCE O
OF COVERNMENTAL TORCH CUTTING VENTILATION

INDUSTRIAL HYGIENISTS free ey oo o 0010
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o —

Slot velocity = 2000 fpm
Hood located within 4"

from source to maintain
200 fpm capture velocity

To exhaust blower Rigid pipe

Flexible
weld hose

Swivel
//'\\

N

Slot nozzle
see detail above

Rotation

]

[ Floor line

he= 1.78 VR+ 0.25 VFy
Minimum duct velocity = 3500 fpm

| AMERICAN CONFERENCE
| OF GOVERNMENTAL %
| INDUSTRIAL HYGIENISTS 75— g —Tron 500571

ROBOTIC APPLICATION
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45" taper angle

Slot velocity = 2000 fpm\/ S

Face open—/

METALLIZING BOOTH

Non-toxic: Q = 150 cfm/ft? face area

Toxic:

Provide appropriate NIOSH

Minimum duct velocity

certified respirator
Q = 200 cfm/ft? face area

3500 fpm

he = 1.78 VP
Small lathe,

+ 0.25 VF4

etc., may be mounted in booth

[~ Flex duct to allow
| movement full leng
of work

\ Gun (on tool post)

Hood extends as low as possible

- clear lathe rail. Hood may be
LOCAL HOOD

Note: Local hood may not be satisfactory for spraying toxic metals.

Q = 200 cfm/]‘]L2 face openings
Minimum duct velocity = 3500 fpm

he = 0.25 VP4

10-151

th

fo

connected to move with tool rest.

AMERICAN CONFERENCE | o
’ ' TPAT SPRAVING
OF GOVERNMENTAL METAL SPRATING

T

INDUSTRIAL HYGIENISTS fre= GRS
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10.95 WOODWORKING

Woodworking equipment generates large amounts of wood
dust by abrasive or cutting action. It is important to provide
good ventilation for all equipment as the broad particle size
distribution of wood dust creates the potential for health and
housekeeping problems as well as fire hazards. Excessive
amounts of dust, if allowed to accumulate inside equipment
and in shop areas, can create fire or explosion hazards. An
additional consideration should be the toxicity of the wood
species used.

In many instances, woodworking equipment, such as saws
and sanders, generates air flow patterns which make dust
control difficult. Exhaust hoods should enclose the operation
as much as possible. Where the equipment tends to eject wood
dust (e.g., at sanding belt pulleys) the exhaust hood should be
placed in the ejection path.

Enclosures must incorporate cleanout doors to prevent dust
build-up. Duct velocities should be maintained at a minimum
of 3500 fpm to prevent settling and subsequent clogging of
the duct.

Exhaust flow rates will vary with equipment type and size.
Design data are provided for a number of operations in

VS-10-95-1 through 10-95-20 and in Table 10.95.1. Addi-
tional information for hand-held sanders using Low Volume-
High Velocity (LV-HV) can be found in sub-section 10.40.
Where information for a specific operation is not provided,
data for similar listed operations can be used.

REFERENCES

10.95.1 Hampl, V.; Johnston, O.: Control of Wood Dust
from Horizontal Belt Sanding. American Industrial
Hygiene Association Journal 46(10)567-577
(1985).

10.95.2 Hampl, V.; Johnston, O.: Control of Wood Dust
from Disc Sanders. Applied Occupational Hygiene
6(11):938-944 (November 1991).

10.95.3 Topmiller, J.L..; Watkins, D.A.; Schulman, S.A.;
Murdock, D.J.: Controlling Wood Dust from Orbital

Hand Sanders. Applied Occupational Hygiene
11(9):1131-1138 (September 1996).

10.95.4 Hampl, V.; Topmiller, J.L.; Watkins, D.S.; Mur-
dock, D.J.: Control of Wood Dust from Rotational
Hand-Held Sanders. Applied Occupational Envi-
ronmental Hygiene 7(4):263-270 (April 1992).
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~ Blade

— Hood slotted to
enclose blade

— Hinged door
— for cleanout

Blade
.

-Table "
/ Slotted wood J :"‘:’“t:l

block

\\
4 ——— Top hood
.
/
7/

L Entire base enclosed
on all sides

N—
T

= T

- =

-
=
==
s
AL

TOP HOOD DETAIL

!
l DOOR ¥
|
|
Il

e e v b

Blade width, Exhaust flow rate, cfrri::

inches Bottom Top Total

J S

} Up to 2 350 350 700
2 1o 350 550 900 |
3 to 550 800 1350 |
4 to 550 | 1100 1650
6 yo

550 1400 1950

O N

-

Minimum duct velocity = 3500 fpm
he = 1.75 VR (Point @ in duct riser)

AMERICAN CONFERENCE
OF GOVERNMENTAL
INDUSTRIAL HYGIENISTS

BAND SAW

DATE 12-9(0 | FIGURE
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— Saw blade

— 1/2" minimum, size for
2000 fpm

N

" taper angle Cleanout door and drawer ——2

Saw blade diameter, Exhaust flow rate,
inches cfm

Up to 16 350
16 to 24 440
over 24 550
Saw with dado blade | 550

Minimum duct velocity = 4000 fpm
h, = 1.78 Vi + 0.25 \/Pd

AMERICAN CONFERENCE e e
OF COVERNAMENTAL FLOOR TABLE SAW

?LN@U TRIAL HYGIENISTS [rm—T5—




Specific Operations 10-155

1 3/4" inside diam.
_______ : flexible hose

430 cfm

\ l T \\\Sgl_/ Table

Hood 4 1/2" wide

Blast gate

Minimum duct velocity = 4000 fpm
he= 3.5 VPg(point A in duct riser)

For booth enclosure, see VS—-80-17

AMERICAN CONFERENCE
OF GOVERNMENTAL
INDUSTRIAL HYGIENISTS

RADIAL ARM SAW

DATE FIGURE /S — G9hH — ()3

le-90
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Front view

Type hood where table
of hood

is cut through

Front view
of hood

Type hood where table
is not cut through

Saw diameter, Exh. flow rate
inches ctfm

Up to 20 incl. 350
over 20 440

Minimum duct velocity = 4000 fpm
he = 1.78 VPy + 0.25 VFy4

AMERICAN CONFERENCE e
AMERICA NFERENC SWING SAW

| OF GOVERNMENTAL |
| INDUSTRIAL HYGIENISTS s T o557 1
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Qg= 100 CFM

Guard Frame

S
2

%:

Saw Table

7777
O \

M
Saw Blade

Side View End View

st vs—95-02

| AMERICAN CONFERENCE e an A v e
L o COVERNMENTAL TABLE SAW GUARD EXHAUST |

| INDUSTRIAL HYGIENISTS — T oo
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Single

Drum surface
square inches

Exhaust flow rate
cfm

Up to 200
(and less than 10" diam.)

350

200 to

400

550

400 to

700

790

700 to

1400

1100

1400 to

2400

1400

Minimum duct velocity =

3500 fpm

Entry loss depends on hood design.

he= 1.78 VR + 0.25 VRy as illustrafed

AMERICAN CONFERENCE
OF GOVERNMENTAL

| INDUSTRIAL HYGIENISTS |5 =57

SINGLE DRUM SANDIER

mwmzygmgﬁwjgﬁ




< Cleanout

Specific Operations

or otherwise provide for
maintenance.

- Drum covers necessary. Hinge

Exhaust

flow rates

Drum length

Total exhaust for
machine cfm/drum *

Up to 317

550

31" to 49

790

49" to 67"

1100

over 67"

1400

Brush rolls

350 cfm at brush

Note:

he= 0.25 VP4

Provide one more take off than
the number of drums.

Minimum duct velocity

= 3500 fpm

AMERICAN CONFERENCE
| OF GOVERNMENTAL
| INpUS'

T'RIAL

MULTIPLE DRUM SANDER

HYGIENISTS

DATE

FIGURE

o 95—

10-159
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Disc diameter, Total exhaust flow rate Applies to
inches cfm duct
Up 1o 12 350 A
12 to 18 440 A
18 to 26 550 A
26 to 32 700 * A-B
32 to 38 900 * A-B
38 to 48 1300 ** A—-B-C

* Two bottom branches.
** One top and two bottom branches.

Minimum duct velocity = 3500 fpm
Entry loss depends on hood design.
he= 1.0 VPs + 0.25 VP4 as illustrated

AMERICAN CONFERENCE
OF GOVERNMENTAL
| INDUSTRIAL HYGIENISTS

DISC SANDERS

‘E ]2__. 90 IF‘IGURE VS___ 95~_ “
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— Plenum

Qe (See Note 2)

' Length, L depends
Jet Stripper on size of disk

| localion, mount
B lo work table

0.625" diam. — Q""" —
(see Note 5)

0.375" diam.
gir inlets

0.125" diam. to —————""""
pressure gauge
pressure line optional

Jet Stripper
(see note 1)
NOTES:
1. Jet stripper may be added as shown. It is used in

addition to the ventilation specified in VS-95-12.

2. Qe is same as shown in VS—95-12.

3. Clearance between stripper nozzle and disk is 0.25".
4. Nozzle ooening diameter is 0.035".

5. Total air flow {Qg) to stripper = 1.8 L. (L in inches)
6. Stripper inlet pressure = 15 psi

The Jet Stripper is patented (#5,099,616). Use of the devise (not for sale) is
permissible. To obtain information regarding license for commercial production

b of the devise contact NIOSH, 1—800-—35NIOSH.
| Reference 10.95.2

AMERICAN CONFERENCE OPTIONAL JET STRIPPER
|  OF GOVERNMENTAL FOR DISK SANDER
| INDUSTRIAL HYGIENISTS RSPy
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Nl
//\\\,/
d
e
7
7
e
e
\\\
// - - Belt '—7 ! )&
»»»»»»»»»»»»»» : ~ Tail

Belt — - feac
A _
\\ \'\
o S
\‘1,_/:,_‘_____‘__hA-##_ﬁ,,~,\)‘_\V// |
1
1 i 11 I
\ | N/
Y ——

HORIZONTAL BELT SANDERS

Belt width, Exhaust flowrate CFM
inches Head end Tail end Total
up to 6 440 350 790
6 to 9 550 350 900
9 to 14 800 440 1200
over 14 1100 550 1700

Minimum duct velocity = 3500 fpm

he= 0.40 VP

AMERICAN CONFERENCE
OF GOVIERNMENTAL
INDUSTRIAL HYGIENISTS

HORIZONTAL BELT SANDERS

FIGURE

VS

LI
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Main Hood:
w belt width, in.
Qg 75 cfm per inch of belt width
Note 1

Auxiliary Hood: ‘ )
Lo = auxiliary hood length to extend 3" - 6
. . Belt
into end of sanding area.
Qyn = 135 cfm per ft of hood length -—

Qg Stripper jet

\ Qe
,/-A\J \ Main hood

Auxiliary hood

Workrest Notes: .,
1.Tips of stripper jets must be positioned 0.25 from
belt and inside hood face.

2.Keep clearances between hood, belt and workrest
to ¢ minimum.

Auxiliary hood
M Qg

4 tubes per inch

ﬁZ.S” Orifice Orifice
_L MZL{V

777 ¥ 0.045" i
o125 043 ~

0.063" Stripper Jet

Tube and Orifice Detail = belt width, in.

s 0.5 cfm per tube,
Reference 10.85.1 inlet pressure 10 — 12 psig

AMERICAN CONFERENCE HORIZONTAL BELT SANDER
OF GOVERNMENTAL PUSH—-PULL SYSTEM

INDUSTRIAL HYGIENISTS 7557 Fo0m 75— 0577
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Rear table — -— Front table

[orme

o
Velocity at this m/{ _ iﬂj

space, 2000 fpm / ’ vl
minimum / 45"

minimum clearance

\

|

|

\\‘ Cleanout or dead-end Cop',_,;y/J
> e

Knife length, Exhaust flowrate
inches cfm

Up to 6 350
6 to 12 440

12 to 20 550
over 20 800

Minimum duct velocity = 4000 fpm
he= 1.0 VR, + 0.25 VR4

AMERICAN CONFERENCE
; OF GOVERNMENTAL
;PNDIKYHQMMQZHYGIENISTS

JOINTERS

IG URIL V»S’"“‘“ {}5 — ?0

DATE
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4

lenum exhaust
copper fitting 17 elbow
or equivalent.

N Y4
2%t
RGHAAS

R
IR
R
KR

S
N
N
RS

R

Holes to match
pad mounting holes (Note 4)

1. Plenum machined from metal of plastic.
2. Plenum can be used with air or electrically powered sander.
3. Qe = 50 cfm at approximately 25" wg.
4. Mounting holes located to motch sander pad mounting holes.

The Exhoust Plenum Retrofit has a patent pending. Use of the device (not for
sale) is permissible. To obtain information regarding the license for commercial
production of the devise contact NIOSH, 1-800-35NIOSH

Reference: 10.95.3

AMERICAN CONFERENCE § EXHAUST PLENUM RETROFIT

| OF GOVERNMENTAL FOR ORBITAL HAND SANDER §
| INDUSTRIAL HYGIENISTS frmmy
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~afj———————— Sander Air Supply

——————————=— Normal Sander Aspirator Exhaustf
—— Additional Exhaust, Q¢ ‘

U / j Qe
|

VY .\ @

Q
ZM/odified Sander Pad | e
Note 1

E siot depth = 1/2 d

slot radius = 1/2 d

4

Existing
Pad Holes

Modified Sander Pad.

NOTES:

1. Additional exhaust plenum to
fit sander.

2. Qg= 50 cfm at 25" wg

3. Qg is In addition to normal sander
aspirator exhaust.

4. Additional exhaust may be supplied

by standard shop vacuum cleaner.

The Auxiliary Exhaust Modification Configuration is patented (#5,105,858).
Use of this device (not for sale) is permissible. To obtain information regarding
license for commercial production of the device contact NIOSH, 1-800—35NIOSH.

Reference: 10.95.4

AUXILIARY EXHAUST RETROFI T
\ AM(})E? I((:}L?)I:]/E%O\IT/IEEI}\II?F%TJCE FOR AIR POWERED RANDOM §
. ORBITAL HAND SANDER
' INDUSTRIAL HYGIENISTS




TABLE 10.95.1.

Specific Operations

Miscellaneous Woodworking Machinery not Given in VS Prints

10-167

The following list of recommended exhaust volumes is for average-sized woodworking machines and is based on many years of experience. It must be noted that
some modern, high-speed, or extra-large machines will produce such a large volume of waste that greater exhaust volumes must be used. Similarly, some small
machines of the home workshop or bench type may use less exhaust air than listed.

Self-feed Table Rip Saw
Exhaust Flow Rate, cfm

Molders, Matchers, & Sizers
Exhaust Flow Rate, cfm

Saw Diameter, inches Bottom Top Total | Size, inches Bottom Top Right Left
Up to 16 inclusive 440 350 790 | Upto 7, incl. 440 550 350 350
Over 16 550 350 900 | Over 7to 12, incl. 550 800 440 440
Self-feed, not on table 800 550 1350 | Over 12 to 18, incl. 800 1100 550 550
. Over 18 to 24, incl. 1100 1400 800 800
Gang Rip Saws ’
Exhaust Flow Rate, ¢fm Over 24 1400 1770 1100 1100
. . Exhaust Flow Rate, cfm
Saw Diameter, inches Bottom Top Total -
- - Sash stickers 550
Up to 24, inclusive 550 350 900 Woodshapers 440 to 1400
Over 24 to 36, incl. 800 440 1240 Tenoner Same as moulder
Over 48 1400 550 2060 | Eorming lathe 350 to 1400
Vertical Belt Sanders Chain mortise 350
(rear belt and both pulleys enclosed) Dowel machine 350 to 800
and Panel raiser 550
Top Run Horizontal Belt Sanders Dove-tail and lock corner 550 to 800
Belt Width, inches Exhaust Flow Rate, cfm Pulley pockets 550
- Pulley stile 550
Up to 6, incl. 440 Glue jointer 800
Over 6 to 9, incl. 550 Gainer 350 to 1400
Over 9 to 14, incl. 800 Router 350 to 800
Swing Arm Sander: 440 cfm Up to 12" wide 1400
X Over 12" wide 3100
Single Planers or Surfacers Floorsweep
Exhaust Flow Rate, cfm 6" to 8” diameter 800 to 1400
Up to 20” knives 785
Over 20" to 26” knives 1100
Over 26" to 32" knives 1400
Over 32" to 38" knives 1765
Over 38" knives 2200
Double Planers or Surfacers
Exhaust Flow Rate, cfm
Bottom Top Total
Up to 20” knives 550 785 1355
Over 20" to 26" knives 785 1100 1885
Over 26" to 32" knives 1100 1400 2500
Over 32" to 38" knives 1400 1800 3200
Over 38" knives 1400 2200 3600
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10.99 MISCELLANEOUS OPERATIONS

In the previous sections of the chapter, hood ventilation
sketches were grouped together because they provided venti-
lation concepts for similar operations, used the same ventila-
tion approach, or were applicable within the same industry.
However, not all hood ventilation sketches are so easily
categorized.

This section provides a location for those hood ventilation
sketches that do not fit in other sections. Some have a unique
application such as VS-99-04 for the Pistol Range. Others
have such broad application that they could appear in many
of sections (e.g., the canopy hood in VS-99-03). In other
cases, this section will be used for new ventilation sketches
for a particular application or industry. Such sketches will
reside in this section until other hood ventilation sketches are
developed and a new section formed. Finally, this section will
be used for tabular presentation of specific design parameters
for a variety of operations which could not be adequately
described in previous sections.

REFERENCES

10.99.1 Pennsylvania Department of Labor and Industry:
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tin No. 13.

10.99.2

10.99.3
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Goldfield, J.; Brandt, F.E.: Dust Control Techniques
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American Industrial Hygiene Conference, Miami
Beach, FL. (May 12-17, 1974).

Hama, G.M.: Ventilation Control of Dust from Bag-
ging Operations. Heating and Ventilating (April
1948).

Hutcheson, J.R.M.: Environmental Control in the
Asbestos Industry of Quebec. C 1 MM Bulletin
64(712):83-89 (August 1971).

Private Communications. Occupational Health Pro-
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(X T——AS” min. slope
'«..-»,., \
Feed —— \\!-J; \ éx v Flexible connection if desired
Y =
/s ‘\\,{;},T Y - lop take—off preferred

z ‘.:\ .\\\\ \\&( /
\\\\\\\\ \\&><

~_
>~ ~2T T~ - Oversize

— Complete enclosure

~~~~~ Screen

FLAT DECK SCREEN

Q =200 cfm/f'fz'l'hrough hood openings, but not less thon

50 c¢im/ft"screen area. No increase for mulliple decks
Minimum duct velocity = 3500 fpm

hg = 0.50 VE,

Complete —
enclosure x\ - 45 min. slope

Screen - \ ’

CYLINDRICAL SCREEN

Q = 100 cfm/ﬁzcirculor Cross sac’rion of
screen; at least 400 cfm /ft°of
enclosure opening

L Minimum duct velocity = 3500 fpm

= i he = 0.50 VP

\
(/\\ Hopper ©
> \ ”v |

- Qversize

AMERICAN CONFERENCE
OF GOVERNMENTAL
| INDUSTRIAL HYGIENISTS = »

SCREENS
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2
Q = 50-100 cfm/ft" of table top.
Minimum duct velocity = 2000 fpm
he= 1.78 VR + 0.25 VR4

Note: See "Open Surface Tanks', VS—70-01 and VS-70-02
for ofther suitable slot types. Air flow rafte may
be calculated on dilution basis if data is available.
Maximum plenum velocity = 1/2 slot velocity.
Large plenum essential for good distribution.

AMERICAN CONFERENCE TADT I QT AT
OF GOVERNMENTAL PABLE SLOT
INDUSTRIAL HYGIENISTS
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TANK
OR
PROCESS

Not to be used where material is toxic and worker must bend
over tank or process.

Side curtains are necessary when cross=—drafts are present.

Q = 1.4PHV for open type canopy.
P = perimefer of tank, feet.
V. = 50-500 fpm. See Chapter 3

W+ L)HV for two sides adjacent enclosed.
lec

W & L are open sides of hood.

V. = 50-500 fpm. See Chapter 3

WHV for three sides enclosed. (booth)

or V = 50-500 fpm. See Chapter 3
LHV

he= 0.25 VR4
Duct velocity = 1000-3000

AMERICAN CONFERENCE o
OF GOVERNMENTAL CANOPY HOOD

INDUSTRIAL HYCGIENISTS
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\~ If baffle is used, it must be located at
the extreme down range end of the booth.

be avoided.

— If baffles are present use a
8~10" ceiling height bar positioned to provide a

6 inch space between shooter
and bench.

/ Double 0.25" pegboard wall will provide better distribution
than single. Wall must be constructed with spacers to
assure free air circulation within wall.

Q(minimum) = 50 HW, but not less than 20 cfm/h‘2
of room cross—sectional area

Notes:
Replacement air distribution:
Uniform air distribution necessary.
Perforated rear wall or ceiling plenum system
preferred. Grilles and diffusers are not
recommended.

NIOSH certified dust respirator for lead is necessary
during clean—up and lead removal from bullet trap.

Acoustical material on walls, ceiling and thick fabric
on bench top are recommended

AMERICAN CONFERENCE INDOOR PISTOL AND
AMERICAN CONFERENCE Mook JTOL, AN

| OF GOVERNMENTAL e e ATION
| INDUSTRIAL HYGIENISTS sm—T5—op—Treom 7500071
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12" minimum
Slots

Side baffles desirable

A\ 6" freeboard in tank

| 45° minimum slope-

Use at least two slots. One at
bottom of hood.

Q = 150 cfm/ﬁzof bed (150LW)
Slot velocity = 2000 fpm
he= 1.78 VPy + 0.25 VP4
Minimum duct velocity = 3500 fpm
W not to exceed 36

Free board must be maintained to prevent material carryout.

AMERICAN CONFERENCE FLUIDIZED BEDS

OF GOVERNMENTAL
INDUSTRIAL HYG

IENISTS [ome—75—5p | VS — 99— 05

FIGURE
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N

< /

IS

>

~ Overflow pipe
S/

Q = 200 L x W

he = 1.78 slot VPs+ 0.25 duct VP(g
Duct velocity = 2500 - 3000 fpm
Slot size for 1500 - 2000 fpm

| AMERICAN CONFERENCE | - S
L OF COVERNMENTAL OUTBOARD MOTOF 115

| INDUSTRIAL HYGIENISTS f= —— TR e Tows 6
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Table with hood
in place

To Exhaust

[

Hood ]i
Table

Cross—section of
table and hood

Qrm = Qi+ Q;= 725 cfm
Slot Velocity = 2000 fpm
Duct Velocity = 2000 fpm
he = 1.78 VP, + 0.5 VPy

Note 1: Position of exhaust take—offs may vary due to table configuration
place to assure same airflow distribution into slot.

Reference 10.99.24

AMERICAN CONFERENCE MORTUARY TABLE

| OF GOVERNMENTAL
| INDUSTRIAL HYGIENISTS
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Slot hood -

Perforated plale -

— Slot hood

-~ Note 1 I
Perforated plote §
10% open area

1/2" hole ¢

Slide damper ——"
(full width of hood)

Reference 10.99.25

- Tank drain

g= 45 cfm/ﬁ2 of tank area
Q= 65 cfr‘n/H2 of tank crea
Plenum velocity < 1/2 slot velocity

Slot velocity = 2000 fpm
he= 1.78 VRy +.25 VP,

: Build perforated plate in
sections for easy cleaning
Allow freeboard height at least 9

Baffle to extend to ends of tank
8" (minimum) above fop of workpiece

Adjust slot to achieve
Qq/Qy flow distribution

AMERICAN CONFERENCE
OF GOVERNMENTAL

| INDUSTRIAL HYGIENISTS |

FURNITURE STRIPPING
TANK
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TABLE 10.99.1. Grain Elevators, Feed Mills, Fiour Mills 1022

The following data are offered as guides. Air flow rates can vary considerably depending on degree of enclosure, flow rate of material, and dustiness of the grain.
Minimum duct velocity = 3500 fpm. Ventilation control is desirable for these operations to minimize the explosive characteristics of grain dusts and to preserve
plant housekeeping standards.

To bin — VS-50-10
To elevator — VS-50-1, VS-50-20

Qperation Hood Design Air Yolume
Bag Loading VS-15-02, VS-15-03 As shown
Booth VS-15-01 100 cfm/ft? open face area
Belt Discharge To belt — VS-50-20 350 cfm/ft of belt width up to 200 fpm belt speed

500 cfm/ft of belt width over 200 fpm belt speed

Increase 1/3 if material drop is over 10 ft

Bins

Direct exhaust. Use taper.

500 cfm/bin

Bucket Elevator

VS-50-01

100 cfm/ft? cross-section

Cleaning Machines

Consult manufacturer

Distributors Enciose discharge 200 fpm in-draft through No. of Spouts Diameter of Spouts
enclosure openings. & 7 & py
0-6 Exhaust 550 675 950 1250
612 cfm 950 1250 1500 1900
12-24 1500 1900 2250 2750

Feed Grinders

Consult manufacturer

Ftoor Dump Booth 200 cfm/ft? open face area

Floor Sweep 950 cfm in 4” x 8” opening

Garner Bin Direct exhaust. Use taper. cim = 1.25 x bushels/min

Mixers Ventilated cover Mixer Capacity Exhaust, cfm
Upto 0.5 ton 300
0.5to 1.5 tons 675
Over 1.5 tons 950

Percentage Feeders

Enclosed conveyor

200 cfm at each feeder

Purifiers Enclosure 30 — 40 cfm/tt? screen area

Roll Stands Enclosure 60 cfm/lineal ft

Scales Enclosure Scale Capacity, Bushels Exhaust, ¢fm
Uptob 250
6 to 10 400
Qver 11 600

Scale Hopper Direct exhaust. Use taper. cfm = 1.25 x bushels/min

Screw Conveyor

Direct exhaust. Use taper.

200 cfm — ducts on 30 ft centers

VS-50-20. Spout ends — tapered connec-
tion. Spillage — exhaust under head pulley.

belt width

Sifters Enclosure 200 cfm/compartment
Track Sink Direct exhaust from hopper. Use taper. 100 cfm/ft? grate area
Tripper Car Belt discharge. VS-50-01, VS-50-10, See “Belt Discharge” above. 200 cfm/ft? spout cross-section 90 cfm/ft
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TABLE 10.99.2. Miscellaneous Specific Operation Standards
Ventilation
Minimum Design Reference Mo. and
Operation or Industry Type of Hood Air Flow or Capture Velocity | Duct Velocity (fpm) Remarks
Abrasive Wheel Mfg. 4000 10.99.1
Grading screen Enclosure — booth 50 fpm at face
Barrels Close canopy 400 fpm at face 4000 Bbls. receive dust from
cyclone
Grinding wheel dressing Enclosure — booth 400 fpm at face 3000
Aluminum Furnaces Enclosure 150-200 fpm through opening 2000 10.99.2
Asbestos
Bagging Enclosure — booth 250 fpm through all openings 3500 10,99.3, 10.99.4
Carding Enclosure 1600 cfm/card 3500
Crushing Enclosure 150 fpm through all openings 3500 10.99.5
Drilling of panels Moveable hood 400 fpm capture velocity 4500 10.99.6
containing asbestos
Dumping Booth 250 fpm face velocity 3500 10.99.6
Grinding of brake shoes Enclosure 400 fpm minimum capture at 3500 10.99.6
the tool rest
Hot press for brake shoes Enclosure 250 fpm through ail openings 3500 10.99.6
Mixing Booth 250 fpm face velocity 3500 10.99.6
Preform Press Enclosure 250 fpm through all openings 3500 10.99.6
Screening Enclosure 200 fpm through all openings 3000 10.99.3
but not less than 25 cfm/ft?
screen areas
Spool winding Local Hoods 50 cfm/spool 3500
Spinning and twisting Partial 50 cfm/spool 3500 Hinged front panels and skirt,
wet twisting preferred
Weaving Canopy with baffles 50 fpm through openings 3500 Wet weaving preferred
Auto Parking Garage 2-Level 500 cfm/parking space 10.99.7
Ceramic Enclosure 200 fpm through all openings 3500 10.99.8, 10.99.9, 10.99.10
Dry pan Local at die 500 cfm 3500 Automatic feed
Dry Press Local at die 500 cfm 3500 Manual feed
At supply bin 500 cfm 3500 Manual feed
Aerographing Booth 100 fpm (face) —
Spraying (lead glaze) Booth 400 fpm {face) 2000
Coating Pans Air flow into opening of pan 100150 fpm through 3000 10.99.8, 10.99.11
(pharmaceutical) opening If heated air supplied to pan,
add volume of heated air to
exhaust
Cooling Tunnels (foundry) Enclosure 75-100 cfm per running foot — 10.99.12, 10.99.13
of enclosure
Core Knockout (manual) Large side-draft or semi- 200-250 cfm/At? dust 3500 10.99.12, 10.99.13,
booth—exhaust near floor producing working area 10.99.14
Core Sanding (on lathe) Downdraft under work 100 fpm at source 3500 10.99.15
Crushers and Grinders Enclosure 200 fpm through openings 3500 10.99.16
Drilling (rocks) Special trap (see references) 60 cfm — vertical 10.99.17, 10.99.18,
(downward) work 10.99.19
200 cfm—horizontal work May vary with size and speed
of drill
Forge (hand) Booth 200 fpm at face 1500 10.99.2
Outboard Motor Test Tank Side draft 200 cfm/ft? of tank opening —
Packaging Machines Booth 50 - 100 fpm at face 3000
Downdraft 95 - 150 fpm down to
Complete enclosure 100 — 400 fpm opening 4000
Paper Machine Canopy 200 - 300 fpm at face 1500 10.99.20, 10.99.21




TABLE 10.99.2. Miscelianeous Specific Operation Standards (con’t)

Specific Operations

Ventilation

Minimum Design

Reference Ne. and

Operation or Industry Type of Hood Air Flow or Capture Velocity | Duct Velocity (fpm) Remarks
Quartz Fusing Booth on bench 150-200 fpm at face — 10.99.20, 10.99.21
Rotary Blasting Table Enclosure 500 fpm through all openings 3500

when in operation
Silver Soldering Free hanging 100 fpm at source 2000
Steam Kettles Canopy 150 fpm at face 2000
Varnish Kettles Canopy 200--250 fpm at face 1500 10.99.2, 10.99.10

Wire Impregnating

Covered tanks

200 cfm/ft? of opening

10.99.22
Chlorinated naphthalenes &
diphenyls

10-179







BIBLIOGRAPHY

10.

11.

14.
15.

16.

17.

. American Air Filter Co., Rotoclone Dust Control, Janu-

ary, 1946.

. American Society of Heating, Air Conditioning and

Refrigerating Engineers, Heating, Ventilating and Air
Conditioning Guide, 1963.

. American Society of Mechanical Engineers, Power Test

Code 21, Test Code for Dust-Separating Apparatus,
1941.

. American Society of Mechanical Engineers, Power Test

Code 19.2.5, Liquid Column Gauges, 1942.

. Anemostat Corporation, Anemotherm Air Meter, 10

East 29th St., New York 16, NY.

. Bloomfield, J. J.,and DallaValle, J. M., The Application

of Engineering Surveys to the Hatters Fur Cutting In-
dustry, U.S.P.H.S.

. Brandt, A. D., Industrial Health Engineering, John

Wiley and Sons, New York, 1947.

. Brandt, Allen D., Should Air Be Recirculated from

Industrial Exhaust Systems?, Heating, Piping and Air
Conditioning, 19, 69, Aug., 1947.

. DallaValle, J. M., Exhaust Hoods, Industrial Press, New
York, 1946.
Dreesen, W. C,, et al.,, A Study of Asbestosis in the

Asbestos Textile Industry, Public Health Bulletin 241,
August, 1938.

Drinker, P., and Hatch, T., Industrial Dust, McGraw-
Hill, New York, 1936.

. Drinker, P., and Snell, J. R., Ventilation of Motion

Picture Booths, Journal of Industrial Hygiene and Toxi-
cology, 20, 321, April, 1938.

. Fen, O. E., The Collection and Control of Dust and

Fumes from Magnesium Alloy Processing, Peters-Dal-
ton, Inc., January, 1945.

Hartzell Propeller Fan Company, Bulletin 1001.
Hastings Instrument Company, Air Meter, Box 1275,
Hampton, Virginia

Hatch, T., Design of Exhaust Hoods for Dust Control
Systems, Journal of Industrial Hygiene and Toxicology,
18, 595, 1936.

Hatch, T., et al, Control of the Silicosis Hazard in the
Hard Rock Industries. II. An Investigation of the Kelley
Dust Trap for Use with Pneumatic Rock Drills of the

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Jackhammer Type, Journal of Industrial Hygiene, 14,
69, February, 1932.

Hay, P. S., Capt., Modified Design of Hay Dust Trap,
Journal of Industrial Hygiene, 12, 28, January, 1930.

Hemeon, W. C. L., Air Dilution in Industrial Ventila-
tion, Heating and Ventilating, 38, 41, February, 1941.

Huebscher, R. G., Friction Equivalents for Round,
Square and Rectangular Ducts, Heating, Piping and Air
Conditioning, 19, 127, December, 1947.

[llinois Testing Laboratory, Alnor Thermo-Anemome-
ter, Chicago 10, Illinois.

Kane, J. M., Foundry Ventilation, The Foundry, Febru-
ary and March, 1946.

Kane, J. M., The Application of Local Exhaust Ventila-
tion to Electric Melting Furnaces, Trans. Am. Foundry-
men's Assn., 52, 1351, 1945.

Kane, J. M., Design of Exhaust Systems, Heating and
Ventilating, 42, 68, November, 1945.

Kane, J. M., Foundry Ventilation, University of Michi-
gan Inservice Training Course, October, 1945.

Madison, R. D., and Elliot, W. R., Friction Charts for
Gases Including Correction for Temperature, Viscosity
and Pipe Roughness, Heating, Piping and Air Condi-
tioning, 18, 107, October, 1946.

Moucher, S. C., Principles of Air Flow, Sheet Metal
Workers, September, 1947.

Air Movement and Control Association, Inc., 30 West
University Dr., Arlington Heights, IL. 60004, AMCA
Standard 210-74.

Neal, P. A., et al., Mercurialism and Its Control in the
Felt-Hat Industry, Public Health Bulletin 263, 1941.

New York Department of Labor, Rules Relating to the
Control of Silica Dust in Stone Crushing Operations,
Industrial Code Rule No. 34, July, 1942,

Oddie, W. M., Pottery Dusts: Their Collection and Re-
moval, Pottery Gazette, 53, 1280, 1928.

Page, R. T., and Bloomfield, J. J., A Study of Dust
Control Methods in an Asbestos Fabricating Plant, Re-
print No. 1883, Public Health Reports, November 26,
1937.

Pennsylvania Department of Labor and Industry, Abra-
sive Wheel Manufacture, Safe Practice Bulletin No. 13.



11-2

34.

35.

37.

38.

39.

40.

41.

42.

43.

44,

46.

47.

48.

49.

50.

51.

Industrial Ventilation

Postman, B. F., Practical Application of Industrial Ex-
haust Ventilation for the Control of Occupational Expo-
sures, American Journal of Public Health, 30, 149, 1940.

Riley, E. C., et al, How to Design Exhaust Hoods for
Quartz-Fusing Operations, Heating and Ventilating, 37,
23, April, 1940.

. Riley, E. C., and DallaValle, J. M., A Study of Quartz-

Fusing Operations with Reference to Measurement and
Control of Silica Fumes, Public Health Reports, 54, 532,
1939,

Rothmann, S. C., Economic Recovery of Pottery Glazes
with Reduction of Dust, American Journal of Public
Health, 29, 511, 1939.

Silverman, Leslie, Velocity Characteristics of Narrow
Exhaust Slots, Journal of Industrial Hygiene and Toxi-
cology, 24, 267, November, 1942.

B. F. Sturtevant Company, What We Make, Catalog No.
500.

Tuve, G. L., and Wright, D. K., Air Flow Measurements
at Intake and Discharge Openings and Grilles, Heating,
Piping and Air Conditioning, 12, 501, August, 1940.

Tuve, G. L., Measuring Air Flow at Intake or Exhaust
Grilles, Heating, Piping and Air Conditioning, 13, 740,
December, 1941.

Underwriters Laboratories, Inc., Control of Floating
Dust in Grain Elevators, Underwriters Laboratories Bul-
letin of Research No. 1, December, 1937.

Whalen, F. G., The Whalen Gage, Engineering Experi-
mental Station Bulletin 10, University of Illinois,
March, 1921.

Witheridge, W. N., Principles of Industrial Process Ven-
tilation, University of Michigan Inservice Training
Course, October, 1945.

Yaglou, C. P., Ventilation of Wire Impregnating Tanks
Using Chlorinated Hydrocarbons, Journal of Industrial
Hygiene and Toxicology, 20, 401, June, 1938.

Yaglou, C. P., Committee on Atmospheric Comport,
A P .H.A. Report Presented at the 77th Annual Meeting,
A.P.H.A., New York City, October 27, 1949.

Adolph, E. E., Tolerance of Man Toward Hot Atmos-
pheres, Supplement #192, Public Health Reports, 1946.

Your Place in the 'Smart Man's War,' Heating, Piping
and Air Conditioning, 14, 463, August, 1942,

Factory Mutual Insurance Company, Properties of
Flammable Liquids, Gases and Solids, Factory Mutual
Solvent Data Sheet 36.10, January, 1945.

Malin, Benjamin S., Practical Pointers on Industrial
Exhaust Systems, Heating and Ventilating, 42, 75, Feb-
ruary, 1945.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

National Board of Fire Underwriters, Standard for Class
A Ovens and Furnaces, Pamphlet #86.

United States Bureau of Mines, Limits of Flammability
of Gases and Vapors, Bulletin #503.

Silverman, Leslie, Centerline Velocity Characteristics
of Round Openings Under Suction, Journal of Industrial
Hygiene and Toxicology, 24, 259, November, 1942,

Schulte, H. F., Hyatt, E. C., and Smith, Jr., F. S., Exhaust
Ventilation for Machine Tools Used on Materials of
High Toxicity, A.M.A. Archives of Industrial Hygiene
and Occupational Medicine, 5, 21, January, 1952.

Mitchell, R. N., and Hyatt, E. C., Beryllium—Hazard
Evaluation and Control Covering a Five-Year Study,
American Industrial Hygiene Quarterly, 18, No. 3, Sep-
tember, 1957.

Hemeon, W. C. L., Plant and Process Ventilation, Indus-
trial Press.

Manufacturing Chemists' Association, Technical Data
on Plastics, February, 1957.

First, M. W., and Silverman, L., Airfoil Pitometer, In-
dustrial Engineering and Chemistry, 42, 301-308, Feb-
ruary, 1950.

Stoll, H. W., The Pitot-Venturi Flow Element, Transac-
tions ASME, 963-969, October, 1951.

Republic Flow Meters Co., Air Speed Nozzle, Bulletin
ME-186-A, Chicago, Illinois, April, 1948.

University of Michigan, Encyclopedia of Instrumenta-
tion for Industrial Hygiene, Institute of Industrial
Health, Ann Arbor, Michigan.

Dwyer Manufacturing Company, Magnehelic Gage, P.
0. Box 373, Michigan City, Indiana.

Burton, J. R., Friction Chart, Quaker Oats Company,
Chicago, Illinois.

U. S. Dept. of Health and Welfare, Public Health Serv-
ice, Syllabus, Short Course for Industrial Hygiene En-
gineers, p. B-25,7.

National Fire Protection Association, Ventilation of
Cooking Equipment 1971, Bulletin 96.

American Air Filter Co., Inc., Usual Exhaust Require-
ments (for) Grain Elevators, Feed and Flour Mills, April,
1956.

Air Movement and Control Association, Inc., 30 West
University Drive, Arlington Heights, IL 60004.

Print, Robert T., Dust Contro! in Large-Scale Ore-Con-
centrating Operations, American Institute of Mining and
Metallurgical Engineering, Tech. Publication #1225,
February, 1940.



70.

71

73.
74.

75.

76.

78.

79.

80.

8l1.

82.

83.

84.

85.

86.

Langley, M. Y., Harris, Jr., R.. L., Lee, D. H. K., Calcu-
lation of Complex Radiant Heat .oad from Surrounding
Radiator Surface Temperatures, American Industrial
Hygiene Association Journal, 24, Mar., 1963, pps. 103-
112.

. Thor Power Tool Company, Aurora, Illinois.
72.

Chamberlin, Richard 1., The Control of Beryllium Ma-
chining Operations, American Medical Assn., Archives
of Industrial Health, 19, No. 2, Feb., 1959.

The Black and Decker Tool Company, Townson, MD.

Hoffman Air and Filtration Div., Clarkson Industries,
Inc., New York, NY.

Alexander, J. M., Croley, Jr., J. J., and Messick, R. R.,
Use of Vortex Tube for Cooling Wearers of Industrial
Protective Clothing, U. S. Atomic Energy Commission
Report DP-86l, Office of Technical Services, U. S. Dept.
of Commerce, Washington, DC, Oct., 1963.

Trickler, C. J., Engineering Letter E-4R, New York
Blower Co., LaPorte, IN.

New York State Department of Labor, Division of In-
dustrial Hygiene.

Air Conditioning, Heating and Ventilating, Vol. 60, No.
3, March, 1963.

Hama, George, M.S., Frederick, W., Sc.D., and Mon-
teith, H., M.S., Air Flow Requirements for Underground
Parking Garages, American Industrial Hygiene Associa-
tion Journal, Vol. 22, No. 6, December, 1961.

Feiner, B., and Kingsley, 1., Ventilation of Industrial
Ovens, Air Conditioning, Heating and Ventilating, De-
cember, 1956, pp. 82-89.

U. S. Air Force Technical Order 00-25-203, Standards
and Guidelines for the Design and Operation of Clean
Rooms and Clean Work Stations, Office of Technical
Services, Department of Commerce, Washington, D.C.,
July, 1963.

Federal Standard No. 209B, Clean Room and Work
Station Requirements, Controlled Environment, General
Services Administration, Specifications Activity,
Printed Material Supply Div., Bldg. 197, Naval Weap-
ons Plant, Washington, DC 20407.

Austin, Philip R., and Timmerman, Stuart W., Design
and Operation of Clean Rooms, Business News Publish-
ing Co., Detroit, 1965.

Constance, J. A., Estimating Air Friction in Triangular
Ducts, Air Conditioning, Heating and Ventilating, Vol.
60, No. 6, June, 1963, pp 85-86.

McKarns, J.S., Confer, R. G, and Brief, R. S., Estimat-
ing Length Limits for Drain Type Stacks, Heating, Pip-
ing and Air Conditioning, Vol. 37, No. 7, July, 1965.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

Contents 11-3

Clarke, J. H., Air Flow Around Buildings, Heating,
Piping and Air Conditioning, Vol. 39, No. 5, May, 1967,
pp 145-154.

British Steel Castings Research Association, Dust Con-
trol on Stand Grinding Machines, Conditions in Steel
Foundries, First Report of Joint Standing Committee,
London, 1961.

The Kirk and Blum Mfg. Co., Woodworking Plants, pp
W-9, Cincinnati, OH.

American Foundrymen's Society, Engineering Manual
for Control of In Plant Environment in Foundries, 1956,
Des Plaines, IL.

Alden, John L., Design of Industrial Exhaust Systems,
1939, Industrial Press, 200 Madison Ave., New York,
NY 10016.

The Quickdraft Corporation, P. O. Box 1353, Canton,
OH.

Boies, Robert B., Air Educators Used to Handle Noxious
and Corrosive Fumes, Air Engineering, Vol. 7, No. 6,
June, 1965.

Private Communication, E. A. Carsey, The Kirk and
Blum Mfg. Co., Cincinnati, OH 45209.

Harris, W. B., Christofano, E. E., and Lippman, M.,
Combination Hot Plate and Hood for Multiple Beaker
Evaporation, American Industrial Hygiene Assn., Jour-
nal, Vol. 22, No. 4, August, 1961.

Dieter, W.E., Cohen, L., and Kundick, M. E., A Stainless
Steel Fume Hood for Safety in Use of Perchloric Acid,
U. S. Dept. of Interior, 1964.

Lynch, Jeremiah R., Computer Design of Industrial Ex-
haust Systems, Heating, Piping & Air Conditioning,
September, 1968.

Hama, George, A Calibrating Wind Tunnel for Air
Measuring Instruments, Air Engineering, December,
1967, pp 18-20, 41.

Hama, George, Calibration of Alnor Velometers, Ameri-
can Industrial Hygiene Assn. Journal, December, 1958.

Hama, George, and Curley, L. S., Instrumentation for the
Measurement of Low Velocities with a Pitot Tube, Air
Engineering, July, 1967, and American Industrial Hy-
giene Assn. Journal, May- June, 1967.

Yaffe, C.D., Byer, D. H., and Hosey, A.D., Encyclopedia
of Instrumentation for Industrial Hygiene University of
Michigan, Ann Arbor, MI, 1956, pp 703-709.

Airflow Developments Ltd., Lancaster Rd., High Wy-
combe, Bucks., England.

Heating and Cooling for Man and Industry, American
Industrial Hygiene Association, 1969.



11-4

104. ASHRAE Guide & Data Book, American Society of

105.
106.

107.

108.

109.

110,

111,

112.

113.

114.
115.
116.

117.

118.

119,

120.

121.

Industrial Ventilation

Heating, Refrigeration and Air Conditioning Engineers,
1961, p 243.

F. W. Dwyer Company, Michigan City, IN.

HPAC Data Sheet, How to Design Drain Type Stacks,
Heating, Piping and Air Conditioning, June, 1964, p.
143.

Air Movement and Control Association, Inc., 30 W.
University Dr., Arlington Heights, IL. 60064, AMCA
Standard 99-2408-69.

Adapted from U. S. Dept., of Labor, Occupational Safety
and Health Administration, Washington, DC, Federal
Register, Vol. 36, No. 105, May 29, 1971, Occupational
Safety and Health Standards; National Consensus Stand-
ards and Established Federal Standards.

Hama, George, How Safe Are Direct-fired Makeup
Units, Air Engineering, September, 1962, p. 22.

Hama, George M., and Butler, Jr., Kerrel E., Ventilation
Requirements for Lift Truck Operation, Heating, Piping
and Air Conditioning, January, 1970.

Hama, George M., Is Makeup Air Necessary?, Air Con-
ditioning, Heating and Ventilating, November, 1959.

Hama, George, and Bonkowski, K. J., Ventilation Re-
quirements for Airless Spray Painting, Heating, Piping
and Air Conditioning, October, 1970, pp 80-82.

National Fire Protection Association, 470 Atlantic Ave.,
Boston, MA 02210.

L. J. Wing Mfe. Co., Linden, NJ, Bulletin IFB-61, p. 4.
Hart & Cooley Mfg. Co., Holland, M1, Bulletin E-6.

Hama, George, The Characteristics of Weather Caps, Air
Engineering, September, 1962.

U. S. Dept. of Health, Education and Welfare Health

Services and Mental Health Administration, NIOSH,
Report HSM 72-10269, Criteria for a Recommended

Standard . . . . Occupational Exposure to Hot Environ-
ments.
Rajhans, G.S., and Thompkins, R. W., Critical Veloci-

ties of Mineral Dusts, Canadian Mining Journal, Octo-
ber, 1967, pp 85-88.

Djamgowz, O.T., and Ghoneim, S.A.A., Determining
the Pick-up Air Velocity of Mineral Dusts, Canadian
Mining Journal, July, 1974, pp 25-28.

Baliff, J., Greenburg, L., and Stern, A.C., Transport
Velocities for Industrial Dusts—An Experimental
Study, Industrial Hygiene Quarterly, Vol. 9, No. 4, De-
cember, 2948, pp 85-88.

DallaValle, J. M., Determining Minimum Air Velocities
for Exhaust Systems, Heating, Piping and Air Condition-
ing, 1932.

122.
123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

Hatch, T.F., Economy in the Design of Exhaust Systems.

NIOSH Research Report #75-107, Ventilation Require-
ments for Grinding, Buffing and Polishing Operations.

Hutcheson, J. R .M., Environmental Control in the Asbes-
tos Industry of Quebec, C 1 MM Bulletin, Vol. 64, No.
712, Aug., 1971, pp 83-89.

Goldfield, J., and Brandt, F.E., Dust Control Techniques
in the Asbestos Industry, a paper presented at the A.I.H.
Conference, Miami Beach, FL, May 12-17, 1974.

Private Communications, Occupational Health Protec-
tion Branch, Ontario Ministry of Labor, October, 1976.

Hama, G.M., Ventilation Control of Dust from Bagging
Operations, Heating and Ventilating, April, 1948, pp 91.

Ventilation and Air Contracting Contractors Association
of Chicago, Testing and Balancing Manual for Ventilat-
ing and Air Conditioning Systems, 228 N. LaSalle St.,
Chicago, IL, 1963.

Langner, Ralph R., How to Control Carcinogens in
Chemical Production, Occupational Health and Safety,
March-April, 1977.

Wright, Jr., D. K., A New Friction Chart for Round
Ducts, ASHVE Research Report No. 1280, ASHVE
Transactions, Vol. 51, 1945, p. 303.

Leith, David, First, Melvin K,W., and Feldman, Henry,
Performance of a Pulse-Jet at High Filtration Velocity
11, Filter Cake Redeposition, Journal of the Air Pollution
Control Assn., Vol. 27, 1977, p. 636.

Beake, E., Optimizing Filtration Parameters, Journal of
the Air Pollution Control Assn., Vol. 24, 1974, p. 1150.

Leith, David, Gibson, Dwight D., and First, Melvin W.,
Performance of Top and Bottom Inlet Pulse-Jet Fabric
Filters, Journal of the Air Pollution Control Association,
Vol. 28, July, 2978, p. 696.

National Council on Radiation Protection and Measure-
ments, Basic Radiation Protection Criteria, NCRP Re-
port No. 39, January 15, 1971, 4201 Connecticut Ave.,
N. W., Washington, DC 20008.

Rajhans, G. S., and Bragg, G. M., Engineering Aspects
of Asbestos Dust Control, Ann Arbor Science Publica-
tions, Inc., Ann Arbor, MI, 1978.

Caplan, K. J., and Knutson, G.W., Laboratory Fume
Hoods: A Performance Test, ASHRAE Transactions,
Vol. 84, Part 1, 1978.

Caplan, K.J., and Knutson, G.W., Laboratory Fume
Hoods: Influence of Room Air Supply, ASHRAE Trans-
actions, Vol. 84, Part 2, 1978.

Sheet Metal and Air Conditioning Contractors' National
Assn., Inc., Round Industrial Duct Construction Stand-



139.

140.

141.

142.

143.
144.

145.

146.

147.

148.

149.

150.
151.

152.

153.

154.

ards, 1977, 8224 Old Courthouse Rd., Tysons Corner,
Vienna, VA 22180.

Sheet Metal and Air Conditioning Contractors' National
Assn., Inc., Rectangular Industrial Duct Construction
Standards, 8224 Old Courthouse Rd., Tysons Corner,
Vienna, VA 22180.

Air Movement and Control Association, Inc., 30 W.
University Dr., Arlington Heights, IL 60004, AMCA
Publication 201.141.

Huebener, D. J., and Hughes, R. T.: Development of
Push-Pull Ventilation, American Industrial Hygiene As-
sociation Journal, No. 46, 1985, pp. 262-267.

Hughes, R. T., Design Criteria for Plating Tank Push-
Pull Ventilation, Ventilation 86, Elsevier Press, Amster-
dam, 1986.

Hughes, R. T., Unpublished data.

American Society of Heating, Refrigerating and Air
Conditioning Engineers, Guide and Data Book — Fun-
damentals and Equipment, 1985.

Air Moving and Control Association, Inc., AMCA Pub-
lication 203-81: Field Performance Measurements, 30
W. University Dr., Arlington Heights, IL 60004.

American Society of Mechanical Engineers, Fluid Me-
ters - Their Theory and Applications, 1959.

Farant, J. P., McKinnon, D. L., and McKenna, T. A.,
Tracer Gases as a Ventilation Tool: Methods and Instru-
mentation, Ventilation '85 - Proceedings of the First
International Symposium on Ventilation for Contami-
nant Control, pages 263-274, October 1-3, 1985,
Toronto, Ont., Canada

ASME Power Test Codes, Chapter 4, Flow Measure-
ment, P.T.C., 19.5:4-1959.

U. S. Dept. of Health, Education and Welfare, PHS,
CDC, NIOSH, The Industrial Environment - Its Evalu-
ation and Control, 1973.

U. S. Air Force, AFOSH Standard 161.2.

U. S. Dept. of Health and Human Services, PHS, CDC,
NIOSH, Occupational Exposure to Hot Environments,
Revised Criteria, 1986.

American Welding Society, (AWS D1.1-72), P. O. Box
351040, Miami, FL 33135.

Gibson, N., Lloyd, F. C., and Perry, G. R., Fire Hazards
in Chemical Plants from Friction Sparks Involving the
Thermite Reaction, Symposium Series No. 25, Insn.
Chemical Engineers, London, 1968.

Hughes, R.T., and Amendola, A. A., Recirculating Ex-
haust Air: Guides, Design Parameters and Mathematical
Modeling, Plant Engineering, March 18, 1982.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

Contents

U. S. Dept. of Health, Education and Welfare (NIOSH),
The Recirculation of Industrial Exhaust Air - Sympo-
sium Proceedings, Pub. No. 78-141, 1978.

American Conference of Governmental Industrial Hy-
gienists, Air Sampling Instruments for Evaluation of
Atmospheric Contaminants, 6th Ed., Chapters U and V,
Cincinnati, OH, 1983.

Baturin, V.V., Fundamentals Industrial Ventilation, Per-~
gamon Press, NY, 1972.

U. S. Public Health Service, Air Pollution Engineering
Manual, Publication No. 999-AP-40, 1973.

U. S. Public Health Service, Air Pollution Engineering
Manual, Publication No. 999-AP-40, 1973.

Hampl, V., and Johnson, O.E.,: Control of Wood Dust
from Horizontal Belt Sanding, American Industrial Hy-
giene Assoc. Journal, Vol. 46, No. 10, pp. 567-577,
1985.

Hampl, V., Johnston, O.E., and Murdock, D.M.: Appli-
cation of an Air Curtain Exhaust System at a Milling
Process, American Industrial Hygiene Assoc. Journal,
Vol. 49, No. 4, pp. 167-175, 1988.

Air Movement and Control Association, Inc., AMCA
Publication 99-83, Standards Handbook, 30 W. Univer-
sity Dr., Arlington Heights, IL 60004,

FED-STD-209D, Federal Standard, Cleanroom and
Work Station Requirements, Controlled Environment,
Federal Supply Service, General Services Administra-
tion, Room 6654, 7th and D Street S.W., Washington,
DC 20407, June 15, 1988.

MIL-F-51477(EA), Specification Filters, Particulate,
High-Efficiency, Fire Resistant, Biological Use, General
Specifications For, Commander, US Army Armament
Research and Development Command, ATTN:
DRDAR-TSC-S, Aberdeen Proving Ground, MD
21010, October 4, 1982.

IES-RP-CC-002-86, HEPA Filters, Institute of Environ-
mental Sciences, 940 East Northwest Highway, Mount
Prospect, IL 60056.

IES-RP-CC-006-84, Testing Clean Rooms, Institute of
Environmental Sciences, 940 East Northwest Highway,
Mount Prospect, IL 60056.10.15.1.

Cooper, T. C., Control Technology for a Dry Chemical
Bagging and Filling Operation, Monsanto Agricultural
Products Co., Cincinnati, OH 1983.

Gressel, M. G., Fischback, T.J., Workstation Design
Improvements for the Reduction of Dust Exposures
During Weighing of Chemical Powders, Applied Indus-
trial Hygiene, 4:227-233, 1989.

American Foundrymen's Society, Inc., Foundry Venti-
lation Manual, Des Plaines, IL, 1985.



11-6

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

Industrial Ventilation

Mortimer, V. D., Kerder, S. L. and O'Brien, D. M.,
Effective Controls for Ethylene Oxide—A Case Study,
Applied Industrial Hygiene.

Hama, G. M., Ventilation for Fumigation Booths, Air
Engineering, December, 1964.

National Fire Protection Association Standard, NFPA
96-1987, Standard for the Installation of Equipment for
the Removal of Smoke and Grease-Laden Vapors from
Commercial Cooking Equipment, Quincy, MA, 1987.

National Sanitation Foundation, Standard No. 4, Com-
mercial Cooking and Hot Food Storage Equipment, Ann
Arbor, MI 1986.

Knutson, G. W., Effect of Slot Position on Laboratory
Fume Hood Performance, Heating, Piping and Air Con-
ditioning, February, 1984,

Caplan, K. J. and Knutson, G. W, Influence of Room
Air Supply on Laboratory Hoods, American Industrial
Hygiene Association Journal, 43, 10, 738-746, 1982.

American Society of Heating, Refrigerating and Air
Conditioning Engineers, ANSI/ASHRAE Standard 110-
1985, Method of Testing the Performance of Laboratory
Fume Hoods, 1985.

National Sanitation Foundation, Standard 49, Class 11
(Laminar Flow) Biohazard Cabinetry, Ann Arbor, MI
1987.

U. S. Air Force Technical Order 00-25-203, Standards
and Guidelines for Design and Operation of Clean
Rooms and Clean Work Stations, Office of Technical
Services, Department of Commerce, Washington, DC,
July, 1963.

Rain, Carl, Non-traditional Methods Advance Machin-
ing Industry, High Technology, November/December,
1957.

Schulte, H. F., Hyatt, E. C., and Smith, Ir., F. S., Exhaust
Ventilation for Machine Tools Used on Materials of
High Toxicity, American Medical Association Archives
of Industrial Hygiene and Occupational Medicine, 5, 21,
January, 1952.

Mitchell, R. N., and Hyatt, E. C., Beryllium—Hazard
Evaluation and Control Covering a Five-Year Study,
American Industrial Hygiene Quarterly, 18, 3, Septem-
ber, 1957.

National Grain and Feed Association, Dust Control for
Grain Elevators, Washington, DC, 1981.

American Air Filter Co., Rotoclone Dust Control, Janu-
ary, 1946.

Hampl, V., Johnston, O. E., and Murdock, D. M., Appli-
cation of an Air Curtain Exhaust System at a Milling
Process, American Industrial Hygiene Association Jour-
nal, 49, 4, pp. 167-175, 1988.

185.
186.

187.

188.

189.

190.

191.

192.

193.

194.

195.

196.

197.

198.

Private Communication, V. Sciola, Hamilton Standard.

National Fire Protection Association, Flammable and
Combustible Liquids Code, No. 30, Boston, MA, 1990.

National Fire Protection Association, National Electric
Code, No. 70, Boston, MA, 1990.

NIOSH Technical Report 81-121, An Evaluation of
Engineering Control Technology for Spray Painting,
1981.

Burgess, W. A, Ellenbecker, M. J., and Treitman, R.
D., Ventilation for Contro! of the Work Environment,
John Wiley and Sons, NY, 1989.

U. S. Department of Labor, Occupational Safety and
Health Administration, 29 CFR, 1910.

National Fire Protection Association, National Fire
Codes—in particular NFPA-65 (Processing and Fin-
ishing of Aluminum), NFPA-68 (Guide for Explosion
Prevention Systems), NFPA-77 (Practice on Static
Electricity), NFPA-91 (Installation of Blowers and Ex-
haust Systems for Dust, Stack and Vapor Removal or
Conveying), NFPA-480 (Storage, Handling and Proc-
essing of Magnesium), NFPA-481 (Production, Proc-
essing, Handling and Storage of Titanium),
NFPA-482 (Production, Processing, Handling and
Storage of Zirconium) and NFPA-561 (Manufacture
of Aluminum and Magnesium Powder), 1 Battery-
march Park, P. O. Box 9101, Quincy, MA 02269-
9101.

Hogopian and Bastress, Recommended Ventilation
Guidelines for Abrasive-Blasting Operations, CDC-99-
74-33, 1975.

American Foundrymen's Society, Inc., Foundry Venti-
lation Manual, 1985.

National Institute of Occupational Safety and Health
(NIOSH) Research Report #75-107, Ventilation Re-
quirements for Grinding, Buffing and Polishing Opera-
tions, 1974.

Kim, T. and Flynn, M. R.: Airflow Pattern Around a
Worker in a Uniform Freestream, Am. Ind. Hyg. As-
soc. J., 52:7 (1991), pp. 187-296.

George, D. K., Flynn, M. R., and Goodman, R.: The
Impact of Boundary Layer Separation on Local Exhaust
Design and Worker Exposure, Appl. Occup. and Env.
Hyg., 5:501-509, (1990).

Heriot, M. R., and Wilkinson, J.: Laminar Flow Booths
for the Control of Dust, Filtration and Separation,
16:2:159-164, 1979.

Flynn, M. R., and Shelton, W. K.: Factors Affecting the
Design of Local Exhaust Ventilation for the Control of
Contaminants from Hand-held Sources, Appl. Occup.
and Env. Hyg., 5:707-714, (1990).



199.

200.

201.

202.

203.

204.

205.

206.

207.

208.

2009.

210.

211.

Tum Suden, K. D., Flynn, M. R., and Goodman, R.:
Computer Simulation in the Design of Local Exhaust
Hoods for Shielded Metal Arc Welding, Am. Ind. Hyg.
Assoc. J., 51(3):115-126, (1990).

American Welding Society, Fumes and Gases in the
Welding Environment, F. Y. Speight and H. C. Camp-
bell, Eds., Miami, FL (1979).

The Trane Company, Trane Air Conditioning Manual,
30th Printing, February, 1961, LaCrosse, WI.

International Conference of Building Officials, Uniform
Building Code, Light, Ventilation and Sanitation, Sec-
tion 605, 1988 Edition.

American Society of Heating, Refrigeration and Air
Conditioning Engineers, Ventilation for Acceptable In-
door Air Quality, ASHRAE 62-1989.

American Society of Heating, Refrigeration and Air
Conditioning Engineers, Thermal Environmental Con-
ditions for Human Occupancy, ASHRAE 55-1992.

American Society of Heating, Refrigeration and Air
Conditioning Engineers, ASHRAE Handbook, 1992
HVAC Systems and Equipment.

Rajhans, G. S.: Findings of the Ontario Inter-Ministerial
Committee on Indoor Air Quality, Proceedings of the
ASHRAE/SOEN Conference, IAQ '89, ASHRAE, Inc.,
Atlanta, pp 195-223.

American Society of Heating, Refrigeration and Air
Conditioning Engineers, ASHRAE Handbook, 1989
Fundamentals.

Bauer, E. J., et al: Use of Particle Counts for Filter
Evaluation, ASHRAE Journal, October, 1973.

Duffy, G.: Filter Upgrades, Engineered Systems,
July/August, 1993.

Ottney, T. C.: Particle Management for HVAC Systems,
ASHRAE Journal, July, 1993, p. 26.

Goldfield, J., Sheehy, J. W., Gunter, B. J.,; and Daniels,
W. J.: An Affordable Ventilation Control for Radiator
Repair Shops; Ventilation '91; 3rd International Sympo-
sium on Ventilation for Contaminant Control; American
Conference of Governmental Industrial Hygienists; Cin-
cinnati, OH.

212.

213.

214.

215.

216.

217.

218.

219.

220.

221.

222.

Contents

Gressel, M. G., and Hughes, R. T.: Effective Local
Exhaust Ventilation for Controlling Formaldehyde Ex-
posure During Embalming; Applied Occupational Envi-
ronmental Hygiene; 7(12), December, 1992.

Estell, C. F., and Spencer, A. B.,: Case Study: Control
of Methylene Chloride Exposures During Commercial
Furniture Stripping; Submitted to American Industrial
Hygiene Association Journal, June, 1994.

Burgess, W. A., Ellenbecker, M. J. and Treitman, R. D.,
Ventilation for Control of the Work Environment, John
Wiley & Sons, New York, 1989.

Braconnier, R., Bibliographic Review of Velocity Fields
in the Vicinity of Local Exhaust Hoods. Am. Ind. Hyg.
Assoc. J, 49(4):185-198 (1988).

Air Movement and Control Association, Inc.: AMCA
Publication 201-90, Fans and Systems, 30 W. University
Dr., Arlington Heights, IL 60004-1893; (847)394-0150;
FAX: (847)394-0088; Publications: (847)394-0404.

American Society of Heating, Refrigeration, and Air-
Conditioning Engineers, Inc.: Fundamentals Handbook
1993; 1791 Tullie Circle, NE, Atlanta, GA 3032

Hampl, V., and Johnston, O.,: Control of Wood Dust
from Disc Sanders, Applied Occupational Hygiene,
6(11), November, 1991.

Topmiller, J. L., Watkins, D. A., Schulmna, S. A., and
Murdock, D. J.: Controlling Wood Dust from Orbital
Hand Sanders, Applied Occupational Hygiene, 11(9),
September, 1996.

Hampl, V., Topmiller, J. L., Watkins, D. S., and Mur-
dock, D. J., Control of Wood Dust from Rotational Hand
Sanders, Applied Occupational Environmental Hygiene,
7(4), April, 1992.

American Society of Heating, Ventilation and Air Con-
ditioning Engineers: HVAC Applications, Atlanta, GA
(1995).

Hogopian and Bastress, Recommended Ventilation
Guidelines for Abrasive-Blasting Operations, C DC-99-
74-33, 1975.






APPENDICES

Appendix A Threshold Limit Values for Chemical Substances in the Work
Environment with Intended Changes for 1997 . . . . . . .. ... ... ... ... ..

Appendix B Physical Constants/Conversion Factors

12-1






Appendix A 12-3

APPENDIX A

1997
Threshold Limit Values
for Chemical Substances
in the
Work Environment

Adopted by ACGIH
with Intended Changes

INTRODUCTION TO THE
CHEMICAL SUBSTANCES

Threshold Limit Values (TLVs) refer to airborne concentrations of sub-
stances and represent conditions under which it is believed that nearly all
workers may be repeatedly exposed day after day without adverse health
effects. Because of wide variation in individual susceptibility, however, a
small percentage of workers may experience discomfort from some sub-
stances at concentrations at or below the threshold limit; a smaller per-
centage may be affected more seriously by aggravation of a pre-existing
condition or by development of an occupational iliness. Smoking of tobac-
co is harmful for several reasons. Smoking may act to enhance the biolog-
ical effects of chemicals encountered in the workplace and may reduce the
body’s defense mechanisms against toxic substances.

Individuals may also be hypersusceptible or otherwise unusually
responsive to some industrial chemicals because of genetic factors, age,
personal habits (e.g., smoking, alcohol, or other drugs), medication, or
previous exposures. Such workers may not be adequately protected from
adverse health effects from certain chemicals at concentrations at or
below the threshold limits. An occupational physician should evaluate the
extent to which such workers require additional protection.

TLVs are based on available information from industrial experience;
from experimental human and animal studies; and, when possible, from a
combination of the three. The basis on which the values are established
may differ from substance to substance; protection against impairment of
health may be a guiding factor for some, whereas reasonable freedom from
irritation, narcosis, nuisance, or other forms of stress may form the basis
for others. Health impairments considered include those that shorten life
expectancy, compromise physiological function, impair the capability for
resisting other toxic substances or disease processes, or adversely affect
reproductive function or developmental processes.

The amount and nature of the information available for establishing a
TLV varies from substance to substance; consequently, the precision of the
estimated TLV is also subject to variation and the latest TLV Documentation
should be consulted in order to assess the extent of the data available for
a given substance.

These limits are intended for use in the practice of industrial hygiene
as guidelines or recommendations in the control of potential workplace
health hazards and for no other use, e.g., in the evaluation or control of
community air pollution nuisances; in estimating the toxic potential of
centinuous, uninterrupted exposures or other exiended work periods; as
proof or disproof of an existing disease or physical condition; or adoption
or use by countries whose working conditions or cultures differ from
those in the United States of America and where substances and process-
es differ. These limits are not fine lines between safe and dangerous con-
centrations nor are they a relative index of toxicity. They should not be
used by anyone untrained in the discipline of industrial hygiene.

The TLVs, as issued by ACGIH, are recommendations and should be
used as guidelines for good practices. In spite of the fact that serious
adverse health effects are not believed likely as a result of exposure to the
threshold limit concentrations, the best practice is to maintain concentra-
tions of all atmospheric contaminants as fow as is practical.

ACGIH disclaims liability with respect to the use of TLVs.

Notice of Intended Changes. Each year, proposed actions of the
Chemical Substances TLV Committee for the forthcoming year are issued
in the form of a “Notice of Intended Changes.” This Notice provides an
opportunity for comment and solicits suggestions of substances to be
added to the list. The suggestions should be accompanied by substantiat-
ing evidence. The “Notice of Intended Changes” is presented after the
Adopted Values in this section. Values listed in parentheses in the
“Adopted” list are to be used during the period in which a proposed change
for that Value is listed in the Notice of Intended Changes.

Definitions. Three categories of Threshold Limit Values (TLVs) are
specified herein, as follows:

a) Threshold Limit Value-Time-Weighted Average (TLV-TWA)—the
time-weighted average concentration for a conventional 8-hour workday
and a 40-hour workweek, to which it is believed that nearly all workers may
be repeatedly exposed, day after day, without adverse effect.

b) Threshold Limit Value-Short-Term Exposure Limit (TLV— STEL)}—
the concentration to which it is believed that workers can be exposed con-
tinuously for a short period of time without suffering from 1) irritation, 2)
chronic or irreversible tissue damage, or 3) narcosis of sufficient degree to
increase the likelihood of accidental injury, impair self-rescue or materially
reduce work efficiency, and provided that the daily TLV-TWA is not exceed-
ed. It is not a separate independent exposure limit; rather, it supplements
the time-weighted average (TWA) limit where there are recognized acute
effects from a substance whose toxic effects are primarily of a chronic
nature. STELs are recommended only where toxic effects have been
reported from high short-term exposures in either humans or animals.

A STEL is defined as a 15-minute TWA exposure which shouid not be
exceeded at any time during a workday even if the 8-hour TWA is within the
TLV-TWA. Exposures above the TLV-TWA up to the STEL should not be
longer than 15 minutes and should not occur more than four times per day.
There should be at least 60 minutes between successive exposures in this
range. An averaging period other than 15 minutes may be recommended
when this is warranted by observed biological effects.

¢) Threshold Limit Value—Ceiling (TLV-C)}—the concentration that
should not be exceeded during any part of the working exposure.

In conventional industrial hygiene practice if instantaneous monitoring
is not feasible, then the TLV-C can be assessed by sampling over a period
that should not exceed 15 minutes, except for those substances that may
cause immediate irritation when exposures are short.

For some substances, e.g., irritant gases, only one category, the
TLV-Ceiling, may be relevant. For other substances, one or two categories
may be relevant, depending upon their physiologic action. It is important to
observe that if any one of these types of TLVs is exceeded, a potential haz-
ard from that substance is presumed to exist.

The Chemical Substances TLV Committee holds to the opinion that
TLVs based on physical irritation should be considered no less binding than
those based on physical impairment. There is increasing evidence that
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physical irritation may initiate, promote, or accelerate physical impairment
through interaction with other chemical or biologic agents.

Time-Weighted Average (TWA) vs Ceiling (C) Limits. TWAs permit
excursions above the TLV provided they are compensated by equivalent
excursions below the TLV-TWA during the workday. In some instances, it
may be permissible to calculate the average concentration for a workweek
rather than for a workday. The relationship between the TLV and permissi-
ble excursion is a rule of thumb and in certain cases may not apply. The
amount by which the TLVs may be exceeded for short periods without
injury to health depends upon a number of factors such as the nature of the
contaminant, whether very high concentrations—even for short periods—
produce acute poisoning, whether the effects are cumuiative, the frequen-
¢y with which high concentrations occur, and the duration of such periods.
All factors must be taken into consideration in arriving at a decision as to
whether a hazardous condition exists.

Although the TWA concentration provides the most satisfactory, practi-
cal way of monitoring airborne agents for compliance with the TLVs, there
are certain substances for which it is inappropriate. in the fatter group are
substances which are predominantly fast acting and whose TLV is more
appropriately based on this particular response. Substances with this type
of response are best controlled by a ceiling limit that should not be exceed-
ed. It is implicit in these definitions that the manner of sampling to deter-
mine noncompliance with the limits for each group must differ; a single,
brief sample, that is applicable to a ceiling limit, is not appropriate to the
TWA; here, a sufficient number of samples are needed to permit determi-
nation of a TWA concentration throughout a complete cycle of operations or
throughout the workshift.

Whereas the ceiling limit places a definite boundary that concentrations
should not be permitted to exceed, the TWA requires an explicit limit to the
excursions that are permissible above the listed TLVSs. It should be noted
that the same factors are used by the Chemical Substances TLV Committee
in determining the magnitude of the value of the STEL or whether to include
or exclude a substance for a ceiling listing.

Excursion Limits. For the vast majority of substances with a TLV-TWA,
there is not enough toxicological data available to warrant a STEL.
Nevertheless, excursions above the TLV-TWA should be controtied even
where the 8-hour TLV-TWA is within recommended limits. Earlier editions
of the TLV list included such limits whose values depended on the
TLV-TWASs of the substance in question.

While no rigorous rationale was provided for these particuiar values,
the basic concept was intuitive: in a well-controlled process exposure,
excursions should be held within some reasonable limits. Unfortunately,
neither toxicology nor collective industrial hygiene experience provide a
solid basis for quantifying what those limits should be. The approach here
is that the maximum recommended excursion should be related to vari-
ability generally observed in actual industrial processes. In reviewing large
numbers of industrial hygiene surveys conducted by the National Institute
for Occupational Safety and Health, Leidel, Busch, and Crouse(!) found
that short-term exposure measurements were generally lognormally dis-
tributed with geometric standard deviations mostly in the range of 1.5 to
2.0.

While a complete discussion of the theory and properties of the log-
normal distribution is beyond the scope of this section, a brief description
of some important terms is presented. The measure of central tendency in
a lognormal description is the antilog of the mean logarithm of the sample
values. The distribution is skewed, and the geometric mean is always
smaller than the arithmetic mean by an amount which depends on the geo-
metric standard deviation. in the lognormal distribution, the geometric
standard deviation (sd) is the antilog of the standard deviation of the sam-
ple value logarithms and 68.26% of all values lie between mg/sdg and mgy
X sdy.
If%he short-term exposure values in a given situation have a geometric
standard deviation of 2.0, 5% of all values will exceed 3.13 times the geo-
metric mean. If a process displays a variability greater than this, it is not
under good control and efforts should be made to restore control. This
concept is the basis for the following excursion limit recommendations
which apply to those TLV-TWAs that do not have STELs:

Excursions in worker exposure levels may exceed 3 times the
TLV-TWA for no more than a total of 30 minutes during a workday,
and under no circumstances should they exceed 5 times the
TLV-TWA, provided that the TLV-TWA is not exceeded.

The approach is a considerable simplification of the idea of the lognor-
mal concentration distribution but is considered more convenient to use by
the practicing industrial hygienist. If exposure excursions are maintained
within the recommended limits, the geometric standard deviation of the
concentration measurements will be near 2.0 and the goal of the recom-
mendations will be accomplished.

When the toxicological data for a specific substance are available to
establish a STEL, this value takes precedence over the excursion limit
regardless of whether it is more or less stringent.

“Skin” Nolation. Listed substances followed by the designation “Skin”
refer to the potential significant contribution to the overall exposure by the
cutaneous route, including mucous membranes and the eyes, either by
contact with vapors or, of probable greater significance, by direct skin con-
fact with the substance. Vehicles present in solutions or mixtures can also
significantly enhance potential skin absorption. It should be noted that
while some materials are capable of causing irritation, dermatitis, and sen-
sitization in workers, these properties are not considered relevant when
assigning a skin notation. It should be noted, however, that the develop-
ment of a dermatological condition can significantly affect the potential for
dermal absorption.

While relatively limited quantitative data currently exist with regard to
skin absorption of gases, vapors, and liquids by workers, the Chemical
Substances TLV Committee recommends that the integration of data from
acute dermal studies and repeated dose dermal studies in animals and/or
humans, aiong with the ability of the chemical to be absorbed, be used in
deciding on the appropriateness of the skin notation. In general, available
data which suggest that the potential for absarption via the hands/forearms
during the workday could be significant, especially for chemicals with lower
TLVs, could justify a skin notation. From acute animal toxicity data, materi-
als having a relatively low dermal LDgq (1000 mg/kg of body weight or
less) would be given a skin notation. Where repeated dermal application
studies have shown significant systemic effects following treatment, a skin
notation would be considered. When chemicals penetrate the skin easily
(higher octanol-water partition coefficients) and where extrapolations of
systemic effects from other routes of exposure suggest dermal absorption
may be important in the expressed toxicity, a skin notation would be con-
sidered.

Substances having a skin notation and a low TLV may present special
problems for operations involving high airborne concentrations of the
material, particularly under conditions where significant areas of the skin
are exposed for a long period of time. Under these conditions, special pre-
cautions to significantly reduce or preclude skin contact may be required.

Biological monitoring should be considered to determine the relative
contribution of exposure via the dermal route to the total dose. The TLV/BEI
Booklet contains a number of adopted Biological Exposure Indices, which
provide an additional tool when assessing the worker’s total exposure to
selected materials. For additional information, refer to “Dermal Absorption”
in the “Introduction to the Biological Exposure Indices,” 6th edition of the
Documentation of Threshold Limit Values and Biological Exposure Indices,
and to Leung and Paustenbach.(2

Use of the skin designation is intended to alert the reader that air sam-
pling alone is insufficient to accurately quantitate exposure and that mea-
sures to prevent significant cutaneous absorption may be required.

“Sensitizer” Nolation. Listed substances followed by the designation
“SEN” refer to the confirmed potential for worker sensitization as a result
of dermal contact and/or inhalation exposure, based on the weight of sci-
entific evidence. Lack of the sensitizer notation does not necessarily mean
that the substance is not a sensitizer. The Documentation of the Threshold
Limit Values and Biological Exposure Indices should be consulted for
detailed information on the specific substance, the relative sensitizing
potency, and whether its sensitization potential is related to dermal contact,
inhalation exposure, or both.

Mixtures. Special consideration should be given also to the application
of the TLVs in assessing the health hazards that may be associated with

(1) Leidel, N.A; Busch, KA ; Crouse, W.E.. Exposure Measurement Action Level and Occupational Environmental Variability. DHEW (NIOSH) Pub. No. 76-131; NTIS Pub. No. PB-267-

509. National Technical Information Service, Springfieid, VA (December 1975).

(2) Leung, H.; Paustenbach, D.J.: Techniques for Estimating the Percutaneous Absorption of Chemicals Due to Occupational and Environmental Exposure. Appl. Occup. Environ. Hyg.

9(3):187-197 (March 1994).



exposure to mixtures of two or more substances. A brief discussion of
basic considerations involved in developing TLVs for mixtures and meth-
ods for their development, amplified by specific examples, are given in
Appendix C.

Particulate Matter. For solid and liquid particulate matter, TLVs are
expressed in terms of total particulate, except where the terms inhalable,
thoracic, or respirable particulate are used. Refer to Endnotes. See
Appendix D, Particle Size-Selective Sampling Criteria for Airborne
Particulate Matter, for the definitions of inhalable, thoracic, and respirable
particulate matter. The term total particulate refers to airborne material
sampled with the 37mm closed face cassette traditionally used in the
United States for aerosol sampling.

The intent of the Chemical Substances TLV Committee is to replace alt
total particulate TLVs with inhalable, thoracic, and/or respirable particulate
matter TLVs. All proposed changes will be included on the Notice of
Intended Changes and comments invited. Publication of the results of side-
by-side sampling studies using older total and newer inhalable, thoracic, or
respirable sampling techniques is encouraged to aid in the appropriate
replacement of current total particulate TLVs.

Particulates Not Otherwise Classified (PNOC). There are many sub-
stances on the TLV list, and many more that are not on the list, for which
there is no evidence of specific toxic effects. Those that are particulates
have frequently been called “nuisance dusts.” Although these materials
may not cause fibrosis or systemic effects, they are not biologically inert.
At high concentrations, otherwise nontoxic particulates have been associ-
ated with the occasionally fatal condition known as alveolar proteinosis. At
lower concentrations, they can inhibit the clearance of toxic particulates
from the lung by decreasing the mobility of the alveolar macrophages.
Accordingly, the Chemical Substances TLV Committee recommends the
use of the term “Particulates Not Otherwise Classified (PNOG)” to empha-
size that all materials are potentialty toxic and to avoid the implication that
these materials are harmiess at all exposure concentrations. Particulates
identified under the PNOC heading are those containing no asbestos and
<1% crystalline silica. To recognize the adverse effects of exgosure to oth-
erwise nontoxic particulate matter, a TLV-TWA of 10 mg/m? for inhalable
particulate and a TLV-TWA of 3 mg/m3 for respirable particulate have been
established and are included in the adopted TLV list. Refer to the
Documentation for Particulates Not Otherwise Classified (PNOGC) for a
complete discussion of this subject.

Simple Asphyxiants—“Inert” Gases or Vapors. A number of gases
and vapors, when present in high concentrations in air, act primarily as
simple asphyxiants without other significant physiologic etfects. A TLV may
not be recommended for each simple asphyxiant because the limiting fac-
tor is the available oxygen. The minimal oxygen content should be 18% by
volume under normal atmospheric pressure (equivalent to a partial pres-
sure, pOy of 135 torr). Atmospheres deficient in Op do not provide ade-
quate warning and most simple asphyxiants are odorless. Several simple
asphyxiants present an explosion hazard. Account should be taken of this
factor in limiting the concentration of the asphyxiant.

Biological Exposure Indices (BEI). A cross reference (<) is indicated
for those substances for which there are also Biological Exposure Indices.
For such substances, biological monitoring should be instituted to evaluate
the total exposure, €.g., dermal, ingestion, or nonoccupational. See the BEI
section in this Booklet.

Physical Factors. It is recognized that such physical factors as heat,
ultraviolet and ionizing radiation, humidity, abnormal pressure (altitude),
and the like may place added stress on the body so that the effects from
exposure at a TLV may be altered. Most of these stresses act adversely to
increase the toxic response of a substance. Although most TLVs have built-
in safely factors to guard against adverse effects to moderate deviations
from normal environments, the safety factors of most substances are not
of such a magnitude as to take care of gross deviations. For example, con-
tinuous, heavy work at temperatures above 25°C WBGT, or overtime
extending the workweek more than 25%, might be considered gross devi-
ations. In such instances, judgment must be exercised in the proper adjust-
ments of the TLVs.

Unlisted Substances. The list of TLVs is by no means a complete list
of all hazardous substances or of all hazardous substances used in indus-
try. For a large number of materials of recognized toxicity, little or no data
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are available that could be used to establish a TLV. Substances that do not
appear on the TLV list should not be considered to be harmless or nontox-
ic. When unlisted substances are introduced into a workplace, the medical
and scientific literature should be reviewed to identify potentially dangerous
toxic effects. It may also be advisable to conduct preliminary toxicity stud-
ies. In any case, it is necessary to remain alert to adverse health effects in
workers which may be associated with the use of new materials. The TLV
Committee strongly encourages industrial hygienists and other occupa-
tional health professionals to bring to the Committee’s attention any infor-
mation which would suggest that a TLV should be established. Such infor-
mation should include exposure concentrations and correlated health
effects data (dose-response) that would support a recommended TLV.

Unusual Work Schedules. Application of TLVs to workers on work
schedules markediy different from the conventional 8-hour day, 40-hour
week requires particular judgement in order to provide, for such workers,
protection equal to that provided to workers on conventional workshifts.

As tentative guidance, field hygienists are referred to the “Brief and
Scala mode!” which is described and explained at length in Patty.

The Brief and Scala model reduces the TLV proportionately for both
increased exposure time and reduced recovery (nonexposure) time. The
model is generally intended to apply to work schedules longer than 8
hours/day or 40 hours/week. The model shouid not be used to justify very
high exposures as “allowable” where the exposure periods are short (e.g.,
exposure to 8 times the TLV-TWA for one hour and zero exposure during
the remainder of the shift). In this respect, the general limitations on TLV
excursions and STELS should be applied to avoid inappropriate use of the
model with very short exposure periods or shifts.

Since adjusted TLVs do not have the benefit of historical use and long-
time observation, medical supervision during initial use of adjusted TLVS is
advised. In addition, the hygienist should avoid unnecessary exposure of
workers even if a model shows such exposures to be “allowable” and
should not use models to justify higher-than-necessary exposures.

The Brief and Scala model is easier to use than some of the more com-
plex models based on pharmacokinetic actions. However, hygienists thor-
oughly familiar with such models may find them more appropriate in spe-
cific instances. Use of such models usually requires knowledge of the bio-
logical half-life of each substance, and some models require additional
data.

Short workweeks can allow workers to have two full-time jobs, perhaps
with similar exposures, and may result in overexposure even if neither job
by itself entails overexposure. Hygienists should be alert to such situations.

Conversion of TLVs in ppm to mg/m?. TLVs for gases and vapors are
usually established in terms of parts per million of substances in air by vol-
ume {ppm). For convenience to the user, these TLVS are also listed in terms
of milligrams of substance per cubic meter of air (mg/m3), where 24.45 =
molar volume of air in liters at normal temperature and pressure (NTP)
conditions (25°C and 760 torr), giving a conversion equation of:

(TLV in ppm) (gram molecular weight of substance)
24 .45

TWin mg/m3 =

Conversely, the equation for converting TLVs in mg/m3 to ppm is:

(TLV in mg/m3) (24.45)
gram molecular weight of substance

TVinppm =

Resuiting values are rounded to two significant figures below 100 and to
three significant figures above 100. This is not done to give any converted
value a greater precision than that of the original TLV but to avoid increas-
ing or decreasing the TLV significantly merely by the conversion of units.

The above equation may be used to convert TLVS to any degree of pre-
cision desired. When converting TLVs to mg/m® for other temperatures
and pressures, the reference TLVs should be used as a starting point. When
converting values expressed as an element (e.g., as Fe, as Ni), the molec-
ular valug of the element should be used, not that of the entire compound.

In making conversions for substances with variable molecular weights,
appropriate molecular weights have been estimated or assumed (see the
TLV Documentation).

(3) Paustenbach, D.J.: Occupational Exposure Limits, Pharmacokinetics, and Unusual Work Schedules. In: Patty's Industrial Hygiene and Toxicology, 3rd ed., Vol. 3A, The Work
Environment, Chap. 7, pp. 222-348. R.L. Harris, L.J. Cralley and L.V. Cralley, Eds. John Wiley and Sons, Inc., New York (1994).
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Bislogically Derived Airborne Contaminants. TLVs exist for certain
substances of biological origin, including cellulose; some wood, cotton, and
grain dusts; nicotine; pyrethrum; starch; subtilisins (proteolytic enzymes);
sucrose; and vegetable oil mist. However, for the reasons identified below,
there are no TLVs against which to compare environmental air concentra-
tions of most materials of biological origin. The ACGIH Bioaerosols
Committee has developed and separately published guidelines to assess,
control, remediate, and prevent biologically derived contamination in indoor
environments.(4) For the purposes of the guidelines, indoor biological con-
tamination is defined as the presence of a) biologically derived aerosols of
akind and concentration likely to cause disease or predispose people to dis-
ease; b) inappropriate concentrations of outdoor bioaerosols, especially in
buildings designed to prevent their entry; or ¢) indoor microbial growth and
remnants of biological growth that may become aerosolized and to which
people may be exposed. The guidelines define an approach to assessing
and controlling bioaerosol exposures. This approach relies on visually
inspecting buildings, assessing occupant symptoms, evaluating building
performance, monitoring potential environmental sources, and applying
professional judgement.

Biologically derived airborne contaminants include bioaerosols (air-
borne particles composed of or derived from living organisms) and volatile
organic compounds that organisms release. Bioaerosols include microor-
ganisms (i.e., culturable, nonculturable, and dead microorganisms) and
fragments, toxins, and particulate waste products from all varieties of liv-
ing things. Biologically derived contaminants are ubiquitous in nature and
may be modified by human activity. All persons are repeatedly exposed,
day after day, to a wide variety of such materials.

The guidelines provide background information on the major groups of
bioaerosols including their sources and health effects. The guidelines also
describe methods to collect, analyze, and interpret bioaerosol samples
from potential environmental sources. Occasionally, environmental moni-
toring detects a single or predominating biological contaminant. More
commonly, monitoring reveals a mixture of many biologically derived mate-
rials, reflecting the diverse and interactive nature of indoor microenviron-
ments. Environmental sampling for bioaerosols should be conducted only
following careful formulation of testable hypotheses about potential
bioaerosol sources and mechanisms by which workers may be exposed to
bioaerosols from these sources. Even when investigators work from
testable hypotheses and well-formulated sampling plans, results from envi-
ronmental bioaerosol monitoring may be inconclusive and possibly mis-
leading.

For the reasons identified below, there are no TLVs for interpreting envi-
ronmental measurements of a) total culturable or countable bioaerosols
(e.g., total bacteria or fungi); b) specific culturable or countable bioaerosols
(e.g., Aspergillus fumigatus); c) infectious agents (e.g., Legionella pneu-
mophila, Mycobacterium tuberculosis); or d) assayable biological contam-
inants (e.g., endotoxin, mycotoxin, antigens, or microbial volatile organic
compounds).

A Total culturable or countable bioaerosols. Culturable bioaerosols are
those bacteria and fungi that can be grown in laboratory culture. Such
results are reported as the number of colony-forming units. Countable
bioaerosols are those polien grains, fungal spores, bacterial cells, and
other material that can be identified and counted by microscope. A gen-
eral TLV for culturable or countable bioaerosol concentrations is not
scientifically supportable because of the following.

1. Guiturable microorganisms and countable biological particles do not
comprise a single entity, i.e., bioaerosols in occupational settings are
generally complex mixtures of many different microbial, animal, and
plant particles.

2. Human responses to bioaerosols range from innocuous effects to
serious, even fatal, diseases, depending on the specific material
involved and workers' susceptibility to it. Therefore, an appropriate
exposure limit for one bioaerosol may be entirely inappropriate for
another.

. It is not possible to collect and evaluate all bioaeroso! components

using a single sampling method. Many reliable methods are available

w

to collect and analyze bioaerosol materials. However, different meth-
ods of sample coilection and analysis may result in different esti-
mates of the concentrations of culturable and countable bioaerosols.

4. At present, information relating culturable or countable bioaerosol
concentrations to health effects is generally insufficient to describe
exposure-response relationships.

B. Specific culturable or countable bioaerosols other than infectious
agents. Specific TLVs for individual culturable or countable bioaerosols
have not been established to prevent hypersensitivity, irritant, or toxic
responses. At present, information relating culturable or countable
bioaerosol concentrations to heaith effects consists largely of case
reports and qualitative exposure assessments. The data available are
generally insufficient to describe exposure-response relationships.
Reasons for the absence of good epidemiologic data on such relation-
ships include the foliowing.

1. Most data on concentrations of specific bioaerosols are derived from
indicator measurements rather than from measurements of actual
effector agents. For example, investigators use the air concentration
of culturable fungi to represent exposure to airborne fungal antigens.
In addition, most measurements are from either area or source sam-
ples. These monitoring approaches are less likely to reflect human
exposure accurately than would personal sampling for actual effec-
tor agents.

2. Bioaerosol components and concentrations vary widely within and
among different occupational and environmental settings.
Unfortunately, replicate sampling is uncommon in bioaerosol
assessments. Further, the most commonly used air sampling
devices for indoor monitoring are designed to collect “grab” samples
over relatively short time intervals. Measurements from single,
short-term grab samples may be orders of magnitude higher or
lower than long-term average concentrations and are unlikely to rep-
resent workplace exposures accurately. Some organisms and
sources release aerosols as “concentration bursts,” which may only
rarely be detected by limited grab sampling. Nevertheless, such
episodic bioaerosol releases may produce significant health effects.

C. Infectious agents. Human dose—response data are available for only a
few infectious bioaerosols. At present, air sampling protocols for infec-
tious agents are limited and suitable primarily for research endeavors.
In most routine exposure settings, public health measures, such as
immunization, active case finding, and medical treatment, remain the
primary defenses against infectious bioaerosols. Facilities associated
with increased risks for transmission of airborne infectious diseases
(e.g., microbiology laboratories, animal handling facilities, and health
care settings) should employ engineering controls to minimize air con-
centrations of infectious agents. Further, such facilities should consid-
er the need for administrative controls and personal protective equip-
ment to prevent the exposure of workers to these bioaerosols.

D. Assayable biological contaminants. Assayable, biologically derived
contaminants (e.g., endotoxin, mycotoxins, antigens, and volatile organ-
ic compounds) are microbial, animal, or plant substances that can be
detected using chemical, immunological, or biological assays. Evidence
does not yet support TLVs for any of these substances. However, assay
methods for certain common airborne antigens and endotoxin are
steadily improving, and field validation of these assays is also progress-
ing. Dose-response relationships for some assayable bioaerosols have
been observed in experimental studies and occasionally in epidemiolog-
ic surveys. Therefore, TLVS for some of these substances may be appro-
priate in the future. Also, innovative molecular techniques are becoming
available for specific bioaerosols currently detectable only by culture or
counting.

ACGIH actively solicits information, comments, and data that will help
the Bioaerosols Committee evaluate the potential for health effects associ-
ated with bioaerosol exposures in occupational and related environments.
Such information should be sent to ACGIH Technical Affairs office.

(4) American Conference of Governmental Industrial Hygienists: Guidelines for the Assessment of Bioaerosols in the Indoor Environment. ACGIH, Cincinnati, OH (1989).



Note: In the interest of keeping this section as compact as possibie, the footnotes for
the adopted values are as follows:

FOOTNOTES

1997 Adoption.
See Notice of Intended Changes.

) Adopted values enclosed are those for which changes are proposed. Consult

the Notice of Intended Changes for current proposal.

1997 Revision or Addition to the Notice of Intended Changes.

Identifies substances for which there are also BEIs (see BEI section).

Substances identified in the BEI documentations for methemoglobin

inducers (for which methemoglobin is the principal cause of toxicity) and

organophosphorus cholinesterase inhibitors are part of this notation,

o Substance for which the TLV is higher than the OSHA Permissible Exposure
Limit (PEL) and/or the NIOSH Recommended Exposure Limit (REL). See Fed.
Reg. 58(124):35338-35351, June 30, 1993, and subsequent amendments for
revised OSHA PELs.

@ Substance identified by other sources as a suspected or confirmed human car-
cinogen.

A Refers to Appendix A — Carcinogens.

B Refers to Appendix B — Substances of Variable Composition.

C Denotes Ceiling limit.

(a) Parts of vapor or gas per million parts of contaminated air by volume at NTP
conditions (25°C; 760 torr).

(b) Milligrams of substance per cubic meter of air.

(c) Simple asphyxiant; see definition in the “Introduction to the Chemical
Substances.”

(d) NOC = not otherwise classified.

Rl
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(e) The value is for particulate matter containing no asbestos and < 1% crystalline
silica.

(f) Fibers longer than 5 wm and with an aspect ratio equal to or greater than 3:1
as determined by the membrane filter method at 400-450X magnification (4-
mm objective) phase contrast illumination.

(g) The value is for particulate matter containing < 5% crystalline silica. For par-
ticulates containing more than this percentage of crystalline silica, the envi-
ronment should be evaluated against the TLV-TWA of 0.1 mg/m3 for res-
pirable quartz. The concentration of respirable particulates for the application
of this limit is to be determined from the fraction passing a size-selector with
the characteristics defined in the “C” paragraph of Appendix D.

(h) Fibers longer than 5 pm; diameter less than 3um; aspect ratio greater than 5:1
as determined by the membrane filter method at 400-450X magnification (4-
mm objective) phase contrast illumination.

(i) Inhalable fraction. The concentration of inhalable particulate for the application
of this TLV is to be determined from the fraction passing a size-selector with the
characteristics defined in the “A” paragraph of Appendix D.

(i) Respirable fraction. The concentration of respirable dust for the application of
this limit is to be determined from the fraction passing a size-selector with the
characteristics defined in the “C” paragraph of Appendix D.

(k) As sampled by method that does not collect vapor.

(1) Does notinclude stearates of toxic metals.

(m) Based on “high-volume” sampling.

(n) However, should not exceed 2 mg/m3 respirable particulates.

(o) For greater assurance of worker protection, biological monitoring is
recommended.

() Except castor, cashew nut, or similar irritant oils.

() Lint-free particulate matter as measured by the vertical elutriator cotton-dust
sampler described in the Transactions of the National Conference on Cotton
Dust, p. 33, by J.R. Lynch (May 2, 1970).
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ADOPTED VALUES
TWA STEL/CEILING c&
Substance [cas# ppm@ mg/m3®) ppm® mg/mdb
o8 Acetaldehyde {75-07-0] (1993) .. — — (25A3 C(C45A3
Acetic acid [64-19-7] (1976) ..... 10 25 15 37
* Acetic anhydride [108-24-7) (1993) 5 21 — —
~<eAcetone [67-64-1} (1997)........... 500,A4 1188,A4 750,A4 1782,A4
° Acetone cyanchydrin [75-86-5],
as CN—Skin (1994) ............. — — C47 C5
o Acetonitrile {75-05-8] (1996)...... 40A4 67A4 60A4 101A4
Acetophenone [98-86-2] (1993). 10 49 —_ —
Acetylene [74-86-2) (1981)......... — - —_ —
Acetylene dichloride, see 1,2-Dichloroethylene
Acetylene tetrabromide

[79-27-6) (1986)..........oecnen. 1 14 — —
Acetylsalicylic acid (Aspirin)

[50-78-2] (1980)......ceo.v.ene — 5 — —

1 Acrolein [107-02-8] (1976).......... (0.1) (0.23) (03) (0.69)

u Acrylamide [79-06-11—Skin (1995) —  0.03,A3 — —

Acrylic acid [79-10-7]—Skin (19%6) 2,A4  5.9,A4 — —
om Acrylonitrile [107-13-1]—

SKin (1984) ....ocovercee. 2,A2 43,2 —_ —
Adipic acid [124-04-9] (1993) .... — 5 —_ —
Adiponitrile [111-69-3] —

SKin (1994) ..o 2 838 — —_

= Aldrin [309-00-2]—Skin (1996). — 025A3 — —
Allyl alcohol [107-18-6}—
SKIN (1976) ...eoeeveeeeereereee 2 48 4 9.5
s Allyl chloride [107-05-1] (1996)... - 1,A3 3,A3 2,A3 6,A3
3= Allyl glycidyl ether

(AGE) [106-92-3] (1976) ......... i) (23) (10) (47)
Aliyt propyl disulfide

[2179-59-1] (1976) .everooeve. 2 12 3 18
a-Alumina, see Aluminum oxide
Aluminum [7429-90-5] :

Metal dust (1986) ................. L= 10 — —

Pyro powders, as Al (1979).., — 5 —_ —_

Welding fumes, as Al (1879)] — 5 — —

Soluble salts, 33 Alqgrg).. — 2 —_ —_

Alkyls (NOC(D)), as Al (1979 — 2 —
Aluminum oxide [1344-28-1]

(1996) wrvrreere e — 10,(€)a4 - —

s 4-Aminodiphenyl [92-67-1]—

SKiN (1972) .o, — Al — —
2-Aminoethanol, see Ethanolamine
2-Aminopyridine [504-29-0] (1986) 0.5 1.9 — —
3-Amino-1,2 4-triazole, see Amitrole

8 Amitrole [61-82-5] (1996).......... — 0.2,A3 — —
Ammonia [7664-41-7] (1976)..... 25 17 35 24
Ammonium chioride fume

[12125-02-9] (1976) ................ — 10 — 20
Ammonium perfluorooctanoate

[3825-26-11—SKin (1994)....... — 0.01,A3 — —
Ammonium sulfamate

[7773-06-0] (1986) .....c.oovvvvreee — 10 — —
Amosite, see Asbestos
n-Amyl acetate [628-63-7] (1987) 100 532 — —
sec-Amy! acetate [626-38-0] (1987) 125 665 — —

<= Apiling [62-53-3] and

homologues—Skin (19%6)... 2,A3  7.6,A3 — —

8 0-Anisidine [90-04-0—
SKin (1996) ....oorveeveereeceenes 0.1,A3 05A3 —_ —
= p-Anisidine [104-94-9]—

SKIN (1996) ..ovovveveereieeranes 0.1,A4 05A4 — —
Antimony {7440-36-0] and

compounds, as Sb (1980).... _ 0.5 —_ —

= Antimony trioxide [1309-64-4}

production (1980y................. — A2 e —
ANTU [86-88-4] (1996} ...... — 0.3Ad — —_
Argon [7440-37-1] (1981) .......... —(c) - = —

<= Arsenic, elemental {7440-38-2] and inorganic compounds

(except Arsine), as As (1993). — 0.01,A1

ADOPTED VALUES
TWA STEL/CEILING c))
Substance [CAS#] ppm® mg/m3) ppm®) mg/msP
*m Arsine [77?4 -42-1] (1977) e 0.05 0.16 —
}om Asbestos(!)
$eAmosite [12172-73-5] (1980). — (0.5 fiber/ce, A1) — —_
$eChrysotile [12001-29-5] (1980)  — (2 fibers/cc, A1) — —
$eCrocidolite {12001-28-4] (1980) — (0.2 fiber /cc, A1) — —
FeOther forms (1980 ............. — (2 fibers/cc, A1) — —
1= Asphalt (petroleum) fumes

[8052-42-4] (1996) .................. —  (5,Ad) — —

Atrazine [1912-24-9] (1983) ....... — 5A4 — —
< Azinphos-methy! [86-50-0}—

SKin (1996) .....ooveeeeererrenne —  0.2,Ad — —
Barium [7440-39-3) and soluble

compounds, as Ba (1996).... — 05A4 — —
Barium sulfate [7727-43-7] (1986) — 10(8) — —
Benomyl [17804-35-2] (1996) .... 0.84 A4 10,A4 — —

@ Benz[a]anthracene [56-55-3] (1993) A2 A2 —

~<8Benzene [71-43-2]—Skin (1997) 0.5,A1 16,A1  25A1 8,A1
= Benzidine [92-87-5]—Skin (1982)  — Al — —
&8 Benzofb]fluoranthene

[205-99-2] (1992) .....vvvvvervenenes A2 A2 — —
p -Benzoquinone, see Quinone
Benzotrichloride [98-07-7)—Skin (1997) — — C01A2 C08A2
Benzoyl chloride [98-88-4] (1995) — — C05A4 C28A4
Benzoyl peroxide [94-36-0] (1996)  — 5A4 — —

= Benzo[a]pyrene [50-32-8] (1976) A2 A2 — —

Benzyl acetate [140-11-4) (1995) 10,A4 61,A4 — —_

= Benzyl chloride [100-44-7) (1996) 1,A3  5.2,A3 — —
=2 Beryllium {7440-41-7) and

compounds, as Be (1997).... — 0.002,A1 — 0.01,A1
Biphenyl [92-52-4] (1987).......... 0.2 1.3 — —
Bismuth telluride, as BioTes

Undoped [1304-82-1] (1996) .. —  10,Ad — —

Se-doped (1996)................... — 5A4 e —
Borates, tetra, sodium salts [1303-96-4]

Anhydrous (1977)........co....... — 1 — —

Decahydrate (1977) . — 5 — —

Pentahydrate (1977)............. — 1 —_ —
Boron oxide {1303-86-2] (1986). — 10 — —
Boron tribromide

[10294-33-4] (1986)............co... — — C1 c10
Boron trifluoride [7637-07-2) (1977) — - C1 C28
Bromacil [314-40-9] (1996)........ —  10A3 — —
Broming [7726-95-6) (1994)....... 0.1 0.66 0.2 1.3
Bromine pentafluoride

[7789-30-2] (1986) .....ov.......... 0.1 0.72 — —
Bromochloromethane, see Chiorobromomethane
Bromoform [75-25-2]—

SKin (1996) ......covereerrrnrennns 05A3 52A3 —_ —

em 1 3-Butadiene [106-99-0] (1994). 2,A2 442 — —
Butane [106-97-8] (1981)........... 800 1900 — —
Butanethiol, see Butyl mercaptan
1 n-Butanol [71-36-3}—

(SKin) (1977) oo — — (C50) (C152)
sec-Butanol [78-92-2] (1990) ...... 100 303 —_ —
tert-Butanol [75-65-0] (1995)...... 100,A4  303,M — —
2-Butanone, see Methyl ethyl ketone (MEK)

* 2-Butoxyethanol (EGBE)
[111-76-2]—Skin (1987) ........ 25 121 — —
1 n-Butyl acetate [123-86-4] (1996) 150,(A4) 713,(Ad) 200,(A4) 950,(A4)
sec-Butyl acetate [105-46-4] (1987) 200 950 — —
tert-Butyl acetate [540-88-5] (1987) 200 950 — —
n-Butyl acrylate [141-32-2] (1996) 10,A4 52,A4 — —_—
n-Butylamine [109-73-9}—

SKin (1976) ....oovevvereiennnn — — C5 C15

o= tert-Butyl chromate, as Cr0g

[1189-85-1]—Skin (1977)....... — — — Co1

= n-Butyl glycidyl ether (BGE)

[2426-08-6} (1981) ....coovevvene... 25 133 — —
n-Butyl lactate {138-22-7] (1977) 5 30 — —
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ADQPTED VALUES ADOPTED VALUES
STEL/CEILING C)) STEL/CEILING Cg
Substance [CAS #] ppm“) mg/m3b) ppm4)  mg/mSb Substance [CAS #] ppm“) mg/m 35) ppm@)  mg/m3?
® Butyl mercaptan [109-79-5] (1977) 0.5 1.8 — — <Chlorobenzene [108-90-7] (1996) 10,A3  46,A3 — —
0-sec-Butylphenot 0-Chtorobenzylidene malononitrile
[89-72-5]—SkKin (1980)........... 5 31 e — {2698-41-11—SkKin (1996)....... —_ — C0.05A4 C039A4
p-tert-Butyl toluene [98-51-1] (1993) 1 6.1 — — Chlorobromomethane
<em Gadmium, elemental [7440-43-9] and compounds, [74-97-5] (1990).......cocveereeee. 200 1060 — —
a5 Cd (1993} erorrscror — ool — — 2-Chloro-1,3-butadiene, see B-Chloroprene
— 000202 — —_— Chiorodifluoromethane
Calcium carbonate [75-45-6] (1996).........vvevvrrees 1000,A4 3540,A4 — —
[1317-65-3] (1986) vrsrrro.. — 10(€) — — ou Chiorodiphenyl (42% chlorine)
2 Calcium chromate {53469-21-9]—Skin (1980)...... - 1 — —_
(13765-19-0], as Cr (1991) ...... —  0.001,A2 — — <= Chiorodiphenyl (54% chlorine)
Calcium cyanamide {11097-69-1]—Skin (1996} ..... — 05A3 — e
[156-62-7) (1996) .......cooocoeeneen. —  05A — — 1-Chloro-2,3-epoxy propane, see Epichiorohydrin
Calcium hydroxide %-htl)moroetr‘]anol, see Ethylene chlorohydrin
[1305-62-0] (1978) .................. — 5 — - oroethylene, see Vinyl chloride
Calcium oxide [1305-78-8] (1978) — 2 — — ou C_hloroform [67-66-3] (1996) ..... 10,A3 49,A3 — —
Calcium silicate (synthetic) = bis(Chloromethyl) ether
[1344-95-2] (1996) ...vvvovoroov.er.. — 10,(€}a4 — (22 S TN 1:7) S— 0.001,A1  0.0047 A1
Calcium sulfate = Chloromethyl methyl ether
(7778-18-0] (1986) .............. — 0 - — (107-30-2] (1983)............. A2 A2 - -
Camphor, synthetic 1-Chloro-1-nitropropane
(76-22-2] (1996)...crrerern 2A4 1284 3A4 19A4 [600-25-9] (1981).....ocrcve 2 10 - -
Caprolactam [105-60-2] Chioropentafluoroethane
DUSt (1996).....rrrr — 1A —  3M [76-15-3] (1981)...ocvr 1000 6320 - -
° Vapor (1996) 5A4 23.A4 10,A4 46,A4 Chloroplcrm [76-06-2] (1996} .... 0.1,A4 067 A4 — _—
= Captafol [2425-06-1}— *=p-Chloroprene
Skin (1996) ..oovvoieee I 01 ’A4 — J— [125-99-8]—-5k|!'| (19_80) -------- 10 36 — -
= Captan [133-062] (1996)......... —  5A3 — — 2-Chloropropionic acid
Carbaryl [63-25-2] (1996) .......... — 5,A4 — — [598-78-71—Skin (1891) ........ 0.1 0.44 — —
Carbofuran [1563-66-2] (1996).. —  0.1,A4 — — o-Chlorostyrene
u Carbon black [1333-86-4) (1996) —  3.5.A4 _ B [2039-87-4] (1976) .................. 50 283 75 425
Carbon dioxide [124-38-9] (1985) 5000 9000 30,000 54,000 o-Chiorotoluene [0540.8) 19%0) 50 250 — -
< Carbon disulfide [75-15-0j— éh(l;g:g)r/(r)lf%s( [tzrlgt;:llggozr?ethyl) pyridine, see Nitrapyrin
SKin (1980) .ovvveooeeeeeece. 10 31 — — X e
«Garton morosie comomts ey T T
(630-08-0] {192) oo 25 29 - - (Chromate) pas Cr 19?8 — 0.05A1
Carbon tetrabromide Chromium m'etal {74&0-47)-.3.]“.and o N N
[558-13-4] (1976) ...cvveoven..n. 0.1 14 0.3 4.1 inorganic‘compounds as Cr
== Carbon tetrachioride (Tetrachloromethane) aMetal and Cr 1II compdunds (99 —  05A4 o -
[56-23-51—SkKin (1996) .......... 5A2 31,A2 10A2  63A2 -
Carbonyl chloride, see Phosgene «emWater-soluble Cr VI
c de, g compounds, NOG(d) (1909 —  0.05,A1 — —
arbonyl fluoride eslnsoluble Cr VI com
pounds,
[353-50-4] (1986) v 2 54 5 13 NOC(D) (1904) —  0.01,A1 — —
Catechol [120-80-9]— ouChromyl chioride o
SKIN (1996) .o 9A3  23A3 - - [14977-61-8] (1982).......ocv.o... 0025 0.6 — _
Cellplose (9004-34-6] (1986)..... — 10 — — u Chrysene [218-01-9] (1996)....... _ ‘A3 _ o
Cesium hydroxide Chrysotile, see Asbestos
[21351-79-1) (1977).covvrov - 2 - - Clopidol [2971-90-6] (1996) ... —  10A4 — —
= Chlordane [57-74-9}— 1 Coal dust (1987) ................... — @)y —  —
Skin (1996)............ — 05A3 - — <= Coal tar pitch volatiles
<= Ghlorinated camphene (Toxaphene) [65996-93-2), as benzene
[8001-35-21—Skin (1996)....... — 05A3 — 1,A3 solubles (1981)......cooc.......... —  02A1 — —
Chlorinated dipheny! oxide <m Cobalt, elemental {7440-48-4], and
[31242-03-0] (1990).............. — 0.5 — —_ inorganic compounds,
° Chlor!ne [7762-50-5) (1996)....... 05A4 15A4 1,Ad  29A4 aS CO (1994) weeveeercerannn. — 0.02A3 e —
Chlorine dioxide Cobalt carbonyl
[10049-04-4] (1976)................ 0.1 0.28 0.3 0.83 [10210-68-1], as Co (1983).... — 0.1 — —
Chiorine trifluoride Cabalt hydrocarbonyl
[7790-91-2] (1977} ... — — Co01 (€038 [16842-03-8], as Co (1983)..... — 0.1 — —
Chloroacetaldehyde 1 Copper [7440-50-8]
[107-20-0] (1977) ceoveercrrnne — — C1 C32 FeFUMeE (1977) e — (0.2) e e
Chloroacetone [78-95-5]— 1 Dusts & mists, as Cu (1986) ~ — U] — —
SKin (1989) oo — — C1 €38 Cotton dust, raw (198) .......... - 0.2(a) - -
a-Chloroacetophenone < Cresol [1319-77-3), all isomers—
[532-27-4] (1996} ........ ...0.05A4 0.32,A4 — —_ SKiN (1977) ..cveeeee 5 22 — —
Chloroacetyl chloride Cristobalite, see Sitlica—Crystaliine
[79-04-9] — SKin (1991) ....... 0.05 0.23 015 0.69 Crocidolite, see Asbestos
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ADOPTED VALUES ADOPTED VALUES
TWA STEL/CEILING c‘ TWA STEL/CEILING (C
Substance [CAS#1 ppm®) mg/m32) ppma) mg/m Substance [CAS #1 ppm®) mg/m3) ppma) mg/m3b
} Crotonaldehyde Dichloromethane, see Methylene chloride
[4170-30-3] (1996) ...cecovvvevvnen. (2,A3) (5.7,A3) — — 1,1-Dichloro-1-nitroethane
Crufomate {299-86-5] (1996) ..... — 5A4 — — [594-72-9] (1986).....cvvvrveeen, 2 12 — —
Cumene [98-82-8)—Skin (1987). 50 246 — — 1,2-Dichioropropane, see Propylene dichloride
Cyanamide [420-04-2] (1977) ... — 2 — — a 1 3-Dichloropropene
Cyanogen [460-19-5) (1977)....... 10 21 —_ — [542-75-6]—Skin (1996) ........ 1,A  45M —_— _
Cyanogen chloride 2,2-Dichloropropionic acid
[506-77-4] (1980)...........eoev..... — — C03 C075 [75-99-0] (1980)....vvvvccverrrrnecn 1 5.8 — —
Cyclohexane [110-82-7} (1987).. 300 1030 — — Dichlorotetrafluoroethane
Cyclohexanol [108-93-0]— D_[7r?|—14-2] (1996) ...covvvvreernns 1000,A4 6990,A4 — —
SKin (1977) oo 50 206 — —_ <Dichlorvos {62-73-7—
Cyclohexanone [108-94-11— SKin (1996) ....covveeeeerreer e 0.1,A4 0.90,A4 —_ —
SKiN (1996) eveemeecerreeenne 25A4  100,A4 — —_ Dicrotophos [141-66-2]—
Cyclohexene [110-83-8] (1977).. 300 1010 — — LT —— — 025M4 — —
Cyclohexylamine Dicyclopentadiene
[108-91-8] (1996) ...vvvvvvrvecs 10,A4  41,A4 — — [77-1361 (1977).oe 5 27 — —
« Cyclonite [121-82-4—Skin (1967) — 0.5, A4 — — Dicyclopentadienyl iron
Cyclopentadiene [542-92-7] (1987) 75 203 — — [102:-54-5] (1986) .....c.cvvvvevvnennn - 10 - —
Cyclopentane [287-92-3] (1987) 600 1720 —_— — 'D!e!dnn [60—5_7-1]—Sk|n (1996) — 0.25A4 —_ —
Cyhexatin [1312170-5] (1996)... —  5A4 — — Diethanolamine
2,4-D [9475-7] (1996)....rcrrc.r. —  10A4 — — Dig&};ﬁﬁg{;ﬁgg 5;9;’]” -------- 0.4 2 — —
o ichl iphenyltrichloroethan o
'0?51_22131 {?ggg"’“e itnchloreethane) g L SKiN (1994) oo 5AL 15A4  15A4  45.Ad
""""""""""" ' 2-Diethylaminoethanol
Decaborane [17702-41-9}— !
SKin (1976) ....co.ecvcvevvereeeee. . 0.05 0.25 0.15 0.75 D&?&ﬁ}?ﬂi};ﬁﬂr{l} e(1994) ........ 2 96 — —
b Desnl:fnt (::191[32;(;65-48-3}— 0.01 011 . . [111-40-0]—SKin (1977) ....... 1 42 — —
Diacetone al cohol """""""""" ’ ' Diethyl ether, see Ethyl ether
[123-42-2] (1987) 50 238 . _ Di_(2-ethy|hexyl)phthalate, see Di-sec-octyl phthalate
1,2-Diaminoethane, see Ethylenediamine ¥ g:gmy: l;ﬁt{(r)]r;?aggs-zz—ol (1981). 200 705 (=) =)
Diatomaceous earth, see Silica—Amorphous [84_3{36_2] (1987 _ 5 _ _
< Diazinon [333-41-5)— Difluorodibromomethane
SKin (1996) .....coovveeerrrerenns —  0.1,Ad — —
. [75-61-6] (1986)......cocerevrvenn... 100 858 —_ —
s Diazomethane [334-88-3] (1996) 0.2,A2 0.34,A2 — —_ e
. = Diglycidy! ether (DGE)
Diborane [19287-45-7) (1977).... 0.1 0.11 — — y . o
¢ Ethviene dibromid [2238-07-5) (1996) .....coovve...... 01,A4 05374
1,2-Dibromoethane, see Ethylene dibromide Dihydroxybenzene, see Hydroguinone
2-N-Dibutylaminoethanol Diisobuty! ketone
'[102-81-8]——Skin (1994) ........ 05 35 — —_— [108-83-8] (1977) oo 25 145 . .
Dibutyl phenyi Eg?osphate 03 35 Diiso_propylamine [108-18-9}—
[2528-36-11—05Kin (1990)....... : : - - SKiN (1977) vovvveeeeeees e 5 21 —_ —_
Dibutyl phosphate Dimethoxymethane, see Methylal
'[107-66-4] (1976) ..o 1 8.6 2 17 <N N-Dimethylacetamide
D!butyl phthalate [84-74-2] (1987} — 5 — - [127-19-5]—SKin (1996) ........ 10,A4  36,Ad — —
= Dichloroacetylene Dimethylamine [124-40-3] (1996) 5A4 92A4  15A4 276A4
g?ﬁzg"g (1995) P - — C01,A3 C039.A3 Dimethylaminobenzene, see Xylidene
o-Dichlorobenzene [95-50-1 < Dimethyaniling [121-69-7)
(1996) oo 25A4 150,A4  50,A4  301,A4 (N,N-Dimethylaniline)—
«a p-Dichlorobenzene SKin (1996) ......cvvveeerrvirenn. 5,A4 25,A4 10,A4 50,A4
[106-46-7] (1993)....covrvrc. 10A3  60,A3 - - Dimethylbenzene, see Xylene
=33 -D:chlorosb;nz:dme 23 = Dimethyl carbamoy! chioride
[91-94-1]—SKin (1996) .......... — — — [79-44-7) (1978)......cooviermrnne. — A2 —_ —_
1,4-Dichtoro-2-butene Dimethylethoxysilane
(764-41-0]—Skin (1993) ........ 0.005A2 0.025,A2 — — [14857-34-2] (1996)................. 05 2.1 15 6.4
Dichlorodifluoromethane Dimethyl-1,2-dibromo-2,2-dichloroethyl phosphate, see Naled
1 gs[-)n;ﬁ] (199562.& ..... thl ...... 1000,A4 4950,A4 —_ — <Dirsnkethylformamide [68~12-2}—10A4 50
3-Dichloro-5,5-dimethy iN (1996) ..o , 0, — —
hydantoin [118-52-5] (1976)... ~ — 0.2 — 0.4 2,6-Dimethyl-4-heptanone, see Diisobutyl ketone
1,1-Dichloroethane =@ 1,1-Dimethythydrazine
[75-34-3] (1996).......ccovvrrrernane 100,A4  405A4 — — [57-14-7)—Skin (1995).......... 0.01,A3 0.025,A3 — —
1,2-Dichloroethane, see Ethylene dichloride Dimethylnitrosoamine, see N-Nitrosodimethylamine
1,1-Dichloroethylene, see Vinylidene chloride Dimethylphthalate
1,2-Dichlorogethylene, sym [131-11-3] (1986)....00vrererrnes — 5 — —
[540-59-0), cis & trans (1987)..... 200 793 — — & Dimethyl sulfate
8 Dichloroethyl ether [77—78-1.]-——Skin (1996) .......... 0.1,A3 0.52A3 — —
[111-44-4]—Skin (1996) ........ 5,A4 29 A4 10,A4 58,A4 Dinitolmide [148-01-6] (1996).... — 5,A4 — —
Dichlorofluoromethane < Dinitrobenzene [528-29-0; 99-65-0; 100-25-4]
[75-43-4] (1980)......ecveecrncnne. 10 42 — — (all isomers)—Skin (1986) ..  0.15 1.0 — —
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ADOPTED VALUES
TWA STEL/CEILING c
Substance [CAS #] ppma) mg/m3b ) ppm4)  mg/m3b
Dinitro-o-cresol
[534-52-11—Skin (1986) ........ —_ 0.2 — —

3,5-Dinitro-o-toluamide, see Dinitoimide
=<sDinitrotoluene

[25321-14-6]—Skin (1997} ..... — 023 —
~om Dioxane [123-91-1}—
Skin (1997) ..o 25,A3 90, A3 —
<Dioxathion [78-34-2}—
SKin (1996) ... — 02 —
Diphenyl, see Biphenyl
Diphenylamine [122-39-4] (1986) —  10,A4 —

Diphenylmethane diisocyanate, see Methylene bisphenyl isocyanate

Dipropylene glycol methyl ether

[34590-94-8]—Skin (1976} ..... 100 606 150 909
Dipropyl ketone

[123-19-3] (1981) oovoveeerene. 50 233 —_ —_
Diquat [2764-72-99—Skin (1996}  —  05.()A4 — —

— 01,0 — —
= Dj-sec-octyl phthalate

[117-81-7] (1996) ........covnee... —_— 5,A3 —_— 10,A3
Disulfiram [97-77-8] (1996) ....... — 2,A4 — —
Disulfoton [298-04-4]—

SKin (1986) .....voeveereenenns — 0.1 — —

2,6-Di-tert-butyl-p-cresol

[128-37-0] (1996) .......rvocerrene — 10, — —
Diuron [330-54-1] (1996)............ —  10AMd —_ —
Divinyl benzene

[1321-74-0] (1980) ........coc...... 10 53 — —
Emery [1302-74-5] (1986)......... — 10l8)  — —
Endosulfan [115-29-7}—

SKiN (1996) c.eevvvvereereeeeireenes —  01,A4 — —
Endrin [72-20-8]—Skin (1996).. — 01Ad —— —

° Enflurane [13838-16-9] (1996) ... 75,A4  566,A4 — —
Enzymes, see Subtilisins
=ea Epichlorohydrin
[106-89-8}—Skin (1997) ........ 0.5, A3 1.9, A3 — —
<EPN [2104-64-5]—Skin (1996) .. —  01,A — —
1,2-Epoxypropane, see Propylene oxide
2,3-Epoxy-1-propanol, see Glycidol
Ethane [74-84-0] (1981)............ —(©) - = —
Ethanethiol, see Ethyl mercaptan
Ethanol [64-17-5] (1996)............ 1000,A4 1880,A4 — —
Ethanolaming [141-43-5] (1978) 3 75 6 15
< Ethion [563-12-2]—Skin (1977) — 04 — —
< 2-Ethoxyethanol (EGEE)

[110-80-5]1—Skin (1984) ........ 5 18 — —

<* 2-Ethoxyethyl acetate (EGEEA)

[111-15-9]—SKkin (1984)........ 5 27 — —
Ethyl acetate [141-78-6) (1996).. 400,A4  1440,A4 — —

ea Ethyl acrylate [140-88-5] (1990) 5,A4  20,A4  15A4  61,A4
Ethyl alcohol, see Ethanol
Ethylamine [75-04-7}—

SKiN (1994) ...oovoveeern 5 9.2 15 276
Ethyl amyl ketone

[541-85-5] (1977) ..oeevvvcernran 25 131 — —

< Ethyl benzene [100-41-4) (1976) 100 434 125 543
Ethyl bromide {74-96-4]—
Skin (1996) ......coocoocvneee. 5,A3 22,A3 — —
1 Ethyl butyl ketone

[106-35-4] (1987).................... 50 234 () (—)
Ethyl chloride {75-00-3}—

SKin (1995 ... 100,A3 264, A3 —_ —
Ethylene (74-85-1] (1996).......... e — — —_
Ethylene chlorohydrin

[107-07-3}—Skin (1996} ........ — — GC1A4 C33A4
Ethylenediamine

[107-15-3}—SKin (1996} ........ 10,A4  25A4 — —

= Ethylene dibromide

[106-93-4]—SKin (1996} ....... A3 A3 —

ADOPTED VALUES
TWA STEL/CEILING c
Substance [CAS #] ppm“) mg/m ppmd)  mg/msb
o8 Ethylene dichloride

[107-06-2] (1996) ........vevererrene 10,A4  40A4 — —
Ethylene glycol [107-21-1],

aerosol (1995) .........u...... — — — (G 100,Ad
Ethylene glycot dinitrate

[628-96-6]—Skin (1985) ........ 0.05 0.31 — —
Ethylene glycol methyl ether acetate,

see 2-Methoxyethyl acetate

om Ethylene oxide [75-21-8] (1984) 1A2  1.8A2 — —
ea Ethyleniming [151-56-4}—

SKin (1996) ..o 0.5A3 0.88A3 — —
Ethyl ether [60-29-7] (1976) ...... 400 1210 500 1520
Ethyl formate [109-94-4] (1987) 100 303 — —
Ethylidene chloride, see 1,1-Dichloroethane
Ethylidene norbornene

[16219-75-3] (1977).....cnrrrnvnne — — Ch C25
* Ethyl mercaptan [75-08-1] (1986) 0.5 1.3 — —

N-Ethylmorpholine

[100-74-3}—Skin (1986 ........ 5 24 — —

Ethyl silicate [78-10-4] (1986).... 10 85 — —
<Fenamiphos [22224-92-6]—

SKin (1996) ......ccovvreerreeeaee. —  0.1A4 — —
< Fensulfothion [115-80-2] (1996) —  0.1A4 — —
< Fenthion [55-38-9]—

SKin (1996) ..........cvnvverrrrnaee. —  0.2Ad — —
Ferbam [14484-64-1) (1996)......... —  10,A4 — —
Ferrovanadium dust

[12604-58-9] (1983)................. — 1 — 3
Fibrous glass dust, see Synthetic Vitreous Fibers—

Continuous filament glass fibers

<Fluorides, as F (1996).............. — 25A4 — —
¢ Fluorine [7782-41-4] (1976) ....... 1 16 2 3.1
Fluorotrichloromethane, see Trichlorofluoromethane
<Fonofos [944-22-9]—Skin (1995) —  0.1,Ad —
<& Formaldehyde [50-00-0] (1992)... — — (03A2 (0372
Formamide [75-12-7—
SKin (1988) ...ceeevvreeeerene. 10 18 — —
Formic acid [64-18-6] (1991)..... 5 9.4 10 19
<Furfural [98-01-1]—Skin (1996) 2,A3  7.9,A3 — —
Furfuryl alcohol [98-00-0}—
SKin (1982) ... 10 40 15 60
s Gasoline [8006-61-9] (1996) ...... 300,A3  890,A3 500,A3 1480,A3
Germanium tetrahydride

[7782-65-2] (1986) .................. 0.2 0.63 — —

Glass, fibrous or dust, see Synthetic Vitreous Fibers
1+ Glutaraldehyde [111-30-8],

activated & inactivated (1997)  — — (C0.05) (C0.2)
Glycerin mist [56-81-5] (1981) .. —_ 10 — —
Glycidol [556-52-5] (1996} ......... 2A3  6.1A3 — —
Glycol monoethyl ether, see 2-Ethoxyethanol
Grain dust (oat, wheat,

barley) (1986) ....coccrervo.n. — V() R— —
Graphite (all forms

except graphite fibers) .

[7782-42-5] (1991) oo — 20)

Gypsum, see Calcium sulfate

Hafnium [7440-58-6] (1986)....... — 0.5 — —
* Halothane [151-67-7] (1996)...... 50,A4 404 A4 — —

Helium [7440-59-7] (1981)......... - — — —
8 Heptachlor [76-44-8] and

Heptachlor epoxide

[1024-57-3]—Skin (1994) ........ — 0.05,A3 — e
 Heptane [142-82-5]

(n-Heptane) (1976)............... 400 1640 500 2050

2-Heptanone, see Methyl n-amyl ketone
3-Heptanone, seg Ethyl butyl ketone
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ADOPTED VALUES

TWA STEL/CEILING (G
[CAS #1 ppm@ mg/m3b) ppma)

Substance

mg/m3b

@ Hexachlorobenzene [118-74-11—
SKiN (1997)....cvoceceeeeernnnn —
s Hexachlorobutadiene

0.002,A3 —

[87-68-3}—SKin (1996) .......... 0.02,A3 0.21,A3 —

Hexachlorocyclopentadiene

[77-47-4] (1986)......................0.01,A4  0.11,Ad4 —

B Hexachloroethane

[67-72-1}—SKin (1996) .......... 1,A3 9.7A3 —_
Hexachloronaphthalene

[1335-87-1}—Skin (1986)....... — 0.2 —
Hexaffuoroacetone

[684-16-2]—Skin (1986} ........ 0.1
Hexamethylene diisocyanate

{822-06-0] (1988)..................... 0.005 0.034 —_

8 Hexamethyl phosphoramide

[680-31-9]—Skin (1996) ........ A3 A3 —

$<Hexane (n-Hexane)

[110-54-3] (1982) .....covvrvnerevns (50) (176) —

e Other isomers (1982)......... 500 1760 1000
1,6-Hexanediamine

[124-09-4] (1992) .......c.verer. 0.5
2-Hexanone, see Methyl n-butyl ketone
Hexone, see Methyl isobutyl ketone
sec-Hexyl acetate [108-84-9] (1977) 50 295 —
Hexylene glycol

[107-41-5] (1977) cvverrevrrrerrenns — — C25

8 Hydrazine [302-01-2]—

SKin (1995) ...eovvoeereeeins 0.01,A3 0013,A3 —
Hydrogen [1333-74-0) (1981)..... —{ - —
Hydrogenated terphenyls

[61788-32-7] (1977).....0evvreevne. 05 49 —
Hydrogen bromide

[10035-10-6] (1986).....0vervvvvven. — — c3
Hydrogen chloride

[7647-01-0] (1977) covceeerne. — — C5
Hydrogen cyanide and Cyanide salts as CN

Hydrogen cyanide [74-90-8]—

SKin (1994)........ccooeveene. — — c47

Calcium cyanide [592-01-8]—

SKin (1994)........ccovrenrnnnns. e - -

Potassium cyanide [151-50-8}—

Skin (1994).......oooveueen. — —_ —

Sodium cyanide [143-33-9]—

SKin (1994)........cccoovvvennes — — —
Hydrogen fluoride

[7664-39-3], as F (1986).......... — — Cc3
Hydrogen peroxide

[7722-84-1) (1996) ....ceovvvver 1,A3  14A3 —
Hydrogen selenide

[7783-07-5), as Se (1977) ...... 0.05 0.16 —

* Hydrogen sulfide
[7783-06-4] (1976) .....conveeev 10 14 15
 Hydroquinone [123-31-9] (1996}.. — 2,A3 —
4-Hydroxy-4-methyl-2-pentanone, see Diacetone alcohol
2-Hydroxypropy! acrylate

[999-61-1) — Skin (1980) ...... 0.5 28 —
Indene [95-13-6] (1987)............. 10 48 —
Indium [7440-74-6] & compounds,

aS 1N (1986) ..o — 0.1
lodine [7553-56-2) (1977) .......... — — Co041
lodoform {75-47-8] (1986)......... 0.6 10 —
Iron oxide dust & fume (Feo03)

[1309-37-1), as Fe (1996)........ —_
Iron pentacarbonyl

[13463-40-6], as Fe (1982)........ 0.1 0.23 0.2
Iron salts, soluble, as Fe (1986) —_ 1
Isoamyl acefate [123-02-2] (1987) 100

0.68 —

23 —

99
C75

C5
C5
C5
C5

C23

ADOPTED VALUES
TWA STEL/CEILING c%
Substance [CAS #] ppm“) mg/mab) ppma) mg/m3b
Isoamyl alcohol [123-51-3] (1976) 100 361 125 452
Isobutyl acetate (110-19-0] (1990) 150 713 — —
Isobutyl aicohol [78-83-1] (1987) 50 152 — —
Isooctyl alcohol [26952-21-61—

SKin (1982) ... 50 266 — —
Isophorone [78-59-1] (1995) .... — — C5A3 (C28A3
Isophorone diisocyanate

[4098-71-9] (1988) .................. 0.005 0.045 — —
Isopropoxyethanol

[109-59-1]—Skin (1987) ........ 25 106 — —
Isopropyl acetate

[108-21-4] (1976) ......cvvverenc... 250 1040 310 1290
Isopropy! alcohol

[67-63-0] (1976)......covoremee... 400 983 500 1230
Isopropylamine

[75-31-0] (1976).ccvvvverrnen. 5 12 10 24
N-tsopropylaniline

[768-52-5]—Skin (1986 ........ 2 11 — —
Isopropyl ether

[108-20-3] (1976).......ovee........ 250 1040 310 1300

= Isopropy! glycidyl ether (IGE)

[4016-14-2] (1976) .................. 50 238 75 356
Kaolin [1332-58-7) (1996} .......... — 2(ei)ag — —
Ketene [463-51-4) (1976) ........... 0.5 0.86 1.5 2.6

<= | ead, elemental [7439-92-1],

and inorganic compounds,

as Pb (1995) ....covvceercrciennens — 0.05,A3 — —
e | gad arsenate [7784-40-9], as

Pbg(AsO4)s (1985) ............ — 0.15 — —
o= | gad chromate [7758-97-6],

as Ph (1991) .o — 0.05A2 — —

aS Cr (1991) e — 0.012,A2 — —
Limestone, see Calcium carbonate

& | indane [58-89-9}—Skin (1996) —  05A3 — —
Lithium hydride

[7580-67-8] (1977) ....vvverenn. —  0.025 — —
L.PG. (Liquified petroleum gas)

[68476-85-7] (1987)................. 1000 1800 — —
Magnesite [546-93-0] (1986) ..... — 10(e) — —
Magnesium oxide fume

[1309-48-4] (1977) w.vvvvrnene — 10 — —

< Malathion [121-75-5]—

SKin (1996) ......covvoeerenea, — 10Ad — —
Maleic anhydride

[108-31-6] (1977} oo 0.25 10 — —
Manganese, elemental [7439-96-5],

and inorganic compounds,

as Mn (1995) ......cco.coverrrnnnne. — 0.2 — —
Manganese cyclopentadienyl tricarbonyl

[12079-65-1], as Mn—Skin

(1986) vvveeeeeeeesreesreeenn — 0.1 — —
Marble, see Calcium carbonate

< Mercury [7439-97-6], as Hg—Skin

Alkyl compounds (1980)...... — 0.01 — 0.03
 Aryl compounds (1982) ...... — 0.1 — —

Inorganic forms including

metallic mercury (1994).. — 0.025A4 — —
* Mesityl oxide [141-79-7] (1981). 15 60 25 100
Methacrylic acid [79-41-4} (1981) 20 70 — —
Methane [74-82-8] (1981)......... —{c) - - —
Methanethiol, see Methyl mercaptan
< Methanol [67-56-1}—
SKin (1976) ....covvveeereriennee 200 262 250 328
< Methomyl [16752-77-5] (1996) .. — 25A4 — —
»8 Methoxychlor {72-43-5] (1996).. —  10M — —
< 2-Methoxyethanol (EGME)

[109-86-4]—SkKin (1984) ........ 5 16 — —

<= 2-Methoxyethyl acetate (EGMEA)

{110-49-6]—Skin (1984) ........ 5 24 — —



Appendix A 12-13

ADOPTED VALUES ADOPTED VALUES
TWA STEL/;}EILING :SC)) TWA STEL/CEILING :SC‘
Substance [CAS#] ppm®) mg/m3®) ppma) my/m3P Substance [(CAS#1 ppm® mg/m3) ppma) mg/m3b
4-Methoxyphenol Methyl isocyanate
[150-76-5) (1982) .....vvvoveeerenne — 5 —_ — [624-83-91—SKin (1977) ........ 002 0047 — —
Methy! acetate [79-20-9] (1976) 200 606 250 757 Methyl isopropyl ketone
Methyl acetylene [74-99-7] (1990) 1000 1640 — — [563-80-4] (1981) oo 200 705 — —
Methyl acetylene-propadiene mixture ¢ Methyl mercaptan
(MAPP} (1976) ........ocrerernens 1000 1640 1250 2050 [74-93-11 (1977) e 0.5 0.98 — —
+ Methyl acrylate [96-33-3]— Methyl methacrylate
SKin (1997) ...cooovievenenes 2,Ad4 7.A4 — — [80-62-6] {1996).........c0rvvrrnne 100,A4  410,A4 —_ —
Methylacrylonitrile < Methyl parathion
[126-98-7]—SKin (1986) ....... 1 27 — — [298-00-01—Skin (1996) ........ — 02A - -
Methylal {109-87-5] (1987) ........ 1000 3110 — — * Methy! propyl ketone
Methy! alcohol, see Methanol [107-87-9] (1976) ...covvevvnevvcen. 200 705 250 881
Methylamine [74-89-5] (1992)... 5 6.4 15 19 Methyl silicate
Methyl amyl alcohol, see Methyt isobutyl carbinol [681-84-5] (1986) .........orvnvveen. 1 6 — —
Methy! n-amyl ketone a-Methyl styrene
{110-43-0] (1987) vvvvvvvore. 50 233 — — (98-83-0] (1981).......ooco. 50 242 100 483
< N-Methy! anifine [100-61-8]— Metribuzin [21087-64-9] (1996).. — 5A4 — —
SKiN (1986) .........orrerrerrrmrreens 0.5 2.2 — — <“Mevinphos {7786-34-7—
~em Methyl bromide [74-83-9}— $k|n (1976) ..o 0.01 0092 003 0.27
SKIN (1997) croorsoreoeereee 1A4  39A4 — — Mica [12001-26-2] (1986).......... = 3(ed)
= Methyl-tert butyl ether Mineral wool fiber, see Synthgttc Vitreous Fibers—
[1634-04-4] (1995) ...orrcvrrn. 40,A3  144,A3 —_— _ Glass, Rock, or Slag wool fibers
e Methy! n-buty! ketone Molybdenum [7439-98-7), as Mo
[591-78-6]—Skin (1981) ....... 5 20 - = Soluble compounds (1986).. ~ — 5 — -
a Methy| chloride [74-87-3— Insoluble compounds (1986) —— 10 — —
SKIN (1996) ..o 50A4 103A4 100A4  207,A4 Monochiorobenzene, see Chlorobenzene
=< Methyl chloroform Monacrotophos
[71-55-6] (1996)......oorooe. 350A4 1910A4  450A4 2460,A4 (6923-22-41—SKin (1996)...... — 02544 - —
§ Methyl 2-cyanoacrylate Morpholme [110-91-8}—
(137-05-3] (1976) oo @ @1 @ (18) Skin (99€) : 71,A4 - -
Methylcyclohexane <Naled [300-76-5]—Skin (1996) . — 3Ad4 — —_
[108-87-2] (1987) .o 400 1610 _ _ Naphthalene [91-20-3] (1996).... 10,A4 52 A4 15,A4 79,A4
Methylcyclohexan(}l L B-Naphthylamlne[91—59-8] (1972) ——(c) Al —_ —
[25630-42-3] (1987)............. 50 234 — — Neon [7440-01-9] (1981)........... - - - -
o-Methylcyclohexanone $emNickel (7440-02-0]
[583-60-8]—Skin (1976) ....... 50 229 75 344 {Metal (1966)............... - M - -
2-Methyleyclopentadienyl i-lnsolu’\tl)Ale compounds,
manganese tricarbonyl -Sals bll (1974)-~---~-d --------- - M — —
[12108-13-3], as Mn —Skin (1986) — 02 — — F=Soluble compounds,
<Methyl demeton s Ni (1976) ......ooocee — (0.1) - —
- femNickel carbonyl [13463-39-3],
[8022-00-2}— SKin (1986)...... —_ 0.5 — — as Ni (1977) (0.05 042 _ I
Methylene bisphenyl isocyanate yom Nickel sulfide roasting, fume & ) 0
(MD!) [101-68-8] (188) ...... 0005  0.051 - - Gust as i (1978, (Al _ _
«a Methylene chloride (Dichloromethane) NGOt B g (1AT)
) ‘[‘75'39-? {1996)........... i 50,A3  174,A3 — — Skin (196) . 05 _ N
<n 4 4'-Methylene bis(2-chloroaniline) [MOCA; MBOCA] . o 1na.ar.A] (1age - ' _
[101-14-4]—Skin (1993) ........ 0.01A2 0.11,A2 — - m:g?cngg [[;izggzig 1133?) 2 10’5/\‘21 4 20'/1\3
Methylene bis(4-cyclohexylisocyanate) <Nitric oxide [10102-43-9] (198};;. 25 31 — —
[5124-30-1] (1988) ... 0005  0.054 — - <«p-Nitroaniline [100:01-6}—
= 4 4'-Methylene dianiline Skin (1996) _ 3Ad . .
[101-77-9]—Skin (1996} ........ 0.1A3 0.81,A3 — — < Nitrobenzenen{.s';é-'é'él‘s'j: """"" ’
<Methyl ethyl ketone (MEK) SKin (1996) ... 1A3 5A3 _ _
[7803-3] (1976).eccrr..... - 200 590 300 885 o«mp-Nitrochlorobenzene ’ '
Methy! ethyl ketone peroxide [100-00-5}—Skin (1996) ....... 0.1A3 0.64,A3 — —
[1338-23-4] (1977) couvvvvvvrernaae — —_ coz2 C1.5 = 4-Nitrodiphenyl [92-93-3]—
Methyl formate SKin (1996) .....ooveveecececeenne — A2 —_ —
[107-31-3] (1976)..cevrerrrrverinnns 100 246 150 368 Nitroethane [79-24-3} (1986)..... 100 307 —_ —
5-Methyl-3-heptanone, see Ethyl amyl ketone Nitrogen [7727-37-9] (1989) ...... —{c) — — —
= Methyl hydrazine * Nitrogen dioxide
(60-34-41—S5kin (1995)........... 001,A3 0.019,A3 — — [10102-44-0] (1996)................. 3A4  56A4 5A4  94A4
= Methy! iodide [74-88-4}— <Nitrogen trifluoride
S LN (E LT 2 12 — — [7783-54-2] (1986) ..eovovvvvvenrns 10 29 — —
Methyl isoamyl ketone * Nitroglycerin (NG)
[110-12-3] (1982) ....oovvvvvvvvicnnns 50 234 — — [55-63-0}—Skin (1985)........... 0.05 0.46 — —_
Methyl isobuty! carbinol Nitromethane [75-52-5) (1984).. 20 50 _ -
[108-11-2}—Skin (1976) ........ 25 104 40 167 1-Nitropropane [108-03-2] (1996) 25,A4 91 A4 — —
< Methyl isobutyl ketone om 2-Nitropropane
[108-10-1] (1981) ...veooveenes 50 205 75 307 [79-46-9] (1996)......c.voooeeen... 10,A3  36,A3 — —
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ADOPTED VALUES ADOPTED VALUES
TWA STEL/CEILING cg TWA STEL/CEILING cg
Substance [CAS#] ppm®) mg/m3%) ppm®) mg/m3P Substance [cAs#1 ppm® mg/m3b) ppma) mg/m3P
8 N-Nitrosodimethylamine Petroleum distillates, see Gasoling;
[62-75-9]—SKin (1996) ......... — A3 — — Stoddard solvent; VM&P naphtha
< Nitrotoluene [88-72-2; 99-08-1; 99-98-0] Phenacyl chloride, see a-Chloroacetophenone
—SKin (1982) ..o 2 1 — — < Phenol [108-95-2}—Skin (1996) 5,Ad4 19,A4 —_ —
Nitrotrichloromethane, see Chioropicrin Phenothiazine [92-84-2}—
Nitrous oxide SKin (1986) ...eceoveeeceecrrennn. — 5 —_ —
[10024-97-2] (1996)................. 50,A4  90,A4 — — = N-Phenyl-beta-naphthylamine
Nonane [111-84-2], [135-88-6] (1996) ......vrrevvvrreens — Ad — —
all isomers (1976) ................ 200 1050 — — 0-Phenylenediamine
Nuisance particuiates, see Particulates [95-54-5] (1996).......0cvrvvvrece —  0.1,A3 — —
Not Otherwise Classified (PNOC) m-Phenylenediamine
Octachloronaphthalene [108-45-2] (1996) ....v.vcevreren —  01AM — —
[2234-13-1]—Skin (1976) — 0.1 — 0.3 p-Phenylenediamine
Octane [111-65-9] (1976)..... . 300 1400 375 1750 [106-50-3] (1996) .......oovvrveeee —  01Ad —_— -
1 0il mist, mineral (1976).......... — 5(k) —  (10) Phenyl ether [101-84-8 1,
Osmium tetroxide [20816-12-0), VaPOT (1976) ..cooveevncenirneen. 1 7 2 14
aS 0S (1976) ..o 0.0002 0.0016 0.0006 0.0047 Phenylethylene, see Styrene, monomer
Oxalic acid = Phenyl glycidyl ether (PGE)
[144-62-7] (1976) ..covocorerrren. — 1 — 2 [12260-1}—Skin (1994) ........ 0.1,A3  0.6,A3 —_— —
Oxygen difluoride s Phenylhydrazine
[7783-41-7] (1986) ....eceooeenn — — €005 CO.11 [100-63-0]—Skin (1996) ........ 0.1,A3 0.44,A3 — —
$+ Ozone [10028-15-6] ° Phenyl mercaptan
$+ Heavy work (1997)........... 005  (0.1) — — [108-98-5] (1978) ... 05 2.3 — —
$» Moderate work (1997) ... (0.08)  (0.16) — — Phenylphosphine
++ Light work (1897)........... (0.1) (0.2) — — [638-21-1] (1977).......... " — — (€005 Co0.23
Paraffin wax fume Phorate [298-02-2}—‘Sk|n (1976y — 0.05 —_ 0.2
[8002-74-2] (1987) e — 2 - — Phosdrin, see Mevinphos
Paraquat [4685-14-7], Phosgene [75-44-5] (1978)........ 0.1 0.40 — —
Total particulate (1978)........ _ 05 _ _ Phosphine [7803-51-2] (1976)... 0.3 0.42 1 14
Respirable fraction (1978).... ~ — 01 — — Phosphoric acid
<« Parathion [56-38-2]— [7664-38-2] (1976) .......oeo.oen..e — 1 — 3
: Phosphorus (yellow)
SKiN (1996) ....covvvvreeecennne — 0.1,Ad —— —_
) ; ; [7723-14-0] (1986) ........co....... 0.02 0.1 — —
Particulate polycyclic aromatic Phosphorus oxychloride
hydrocarbons (PPAH), [10025-87-3] (1990)............ 01 063 — —
see Coal tar pitch volatiles Phosphorus pentachloride
Parllcul_a_tes Not Otherwise [10026-13-8] (1980)................. 0.1 0.85 — .
Classified (PNOC) . Phosphorus pentasulfide
Inhalable (1989)...........c........ — 10(9,!) — — [1314-80-3] (1976) +-rvvvveeemnen.... — 1 — 3
Respirable (1995) ................. — a(ed) - - Phosphorus trichloride
Pentaborane (7719-12-2] (1982) ... vvvmnvnenn. 0.2 1.1 0.5 2.8
[19624-22-7] (1976).....cecvoenvce. 0.005 0.013 0.015 0.039 Phthalic anhydride
Pentachloronaphthalene [85-44-9] (1996).......eorrvrrrerenes 1,A  6.1M — —
[1321-64-8]—Skin (1986)....... — 05 — — m-Phthalodinitrile
Pentachloronitrobenzene [626-17-5] (1977).ccovveveererrrsrere — 5 — —_
[82-68-8] (1996).........coerreaees — 05AM — — Picloram [1918-02-1] (1996)....... — 10,A4 — —
<= Pentachlorophenol Picric acid [88-89-1] (1990)....... —_— 01 — —
[87-86-5]—SKin (1996)........... — 0543 — — Pindone [83-26-1) (1987} .......... - 0.1 — —
Pentaerythritol Piperazine dihydrochloride
[15-77-5) (1986) ... — 10 — — [142:64-3] (1982).........c...... = 5 - -
1 Pentane (all isomers) (1976).. 600 1770 (750)  (2210) 2-Pivalyi-1 3-indandione, see Pindong
2-Pentanone, see Methyl propy! ketone E:ggtnel:rgf sf;éféﬁs_fe Calcium sutfate
<es Perchioroethylene (Tetrachioroethylene) Metal (1[98 ) ] o 1 . _
- (127184 (1993) .o 25A3 170A3 100A3 685A3 Soluble salts. 25 PLOSO . — 0,002 - -
erchloromethyl mercaptan Palychlorobinhenyl
ychlorobiphenyls, see
(594-42-3] (1977) ..o 0.1 0.76 — — Chiorodiphenyls
Perchloryl fluoride Polytetrafluoroethylene decomposition
[7616-04-6] (1976)............. 3 13 6 25 products (1972)............ _ B1 . _
Perfluoroisobutylene Portland cement [65997-15-1] (1885) — 10(€) — —
[382-21-8] (1992) .....oovocerne. — — €001 C0.082 Potassium hydroxide
Precipitated silica, see Silica—Amorphous [1310-58-3] (1977) vevevvevereer. — — — c2
Perlite [93763-70-3] (1996) ........ — 10,(€)a4 — — +o Propane [74-98-6] (1981) [0 Sy - —
Persulfates = Propane suitone [1120-71-4) (1996) — A3 — —
Ammonium Propargyl alcohol
[7727-54-0) (1996) ............... — 0.1 — — [107-19-7]—Skin (1987) ........ 1 23 — —
Potassium ® B-Propiolactone [57-57-8] (1996). 0.5A3  1.5A3 — —
[7727-21-1] {1996} .............. — 0.1 — — Propionic acid {79-09-4] (1990) 10 30 — —

Sodium [7775-27-1] (1996)..... — 0.1 —_— — Propoxur [114-26-1] (1996)........ — 053 — —
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ADOPTED VALUES ADOPTED VALUES
TWA STEL/CEILING :SC)) TWA STEL/CEILING C
Substance [CAS#] ppm® mg/m3b) ppma) mg/mdP Substance [cAS#1  ppm®) mg/m3b) ppma) mg/m3P
n-Propyl acetate [109-60-4] (1976) 200 835 250 1040 Soapstone .
n-Propyl alcohol (71-23-8]— Inhalable (1985)................. — g(ed) - —
SKiN (1976) oo vveerrecserrresns zog 492 250 614 Respirable (1985) ............... — 3(ed) - -
Propylene [115-07-1] (1996)...... A4(C — — — Sodium azide [26628-22-8] (1996)
= Propylene dichloride as Sodium azide................. — — — C029A4
[78-87-6] (1996)... 754 347,A4  110A4  508,A4 as Hydrazoic acid vapor...... _— — CO0.11,A4 —
< Propylene glycol dlﬂl rate Sodium bisulfite
[6423-43-4]1—Skin (1985)....... 0.05 0.34 — — [7631-60-5] (1996) «.....cr..c...... — 5,A4 — —
Propylene glycol monomethyl ether Sodium 2,4-dichloro-phenoxyethy!
« Plopyine mine pesear e 0 9% sulate, sce Sesone
SKIN (1996) ... 2A3  4TA3 — @ — T — os —
o8 PfOperne oxide [75-56-9 ] (1996) 20,A3 48,A3 — — Sodium hydroxide [1310-73-2] (1977) — . _ Cc2
<n-Propyl nitrate (627-13-4] (1978) 25 107 40 172 . it
Propyne, see Methyl acetylene S(;%:TS;T_] gt?g;:}lflte - 5.A4 - o
Pyrethrum [8003-34-7] (1996) ...  — 5A4 — — Starch [9005-25-8] (1’9‘56‘) """""" — 10Md _ _
Pyridine [110-86-1] (1987)......... 5 16 —_ — ( . _ _ B
Pyrocatechol, see Catechol Stgqrates (1996)....cvverenennn. 10,A4
Quartz, see Silica—Crysalline Stibine [7803-52-3] (1986) ......... 0.1 0.51 — —
Quinone [106-51-4] (1987)......... 0.1 0.44 — — * Stoddard solvent
RDX, see Cyclonite (8052-41-3] (1987) ... 100 525 — -
Resorcinol [108-46-3] (19%6).... 10A4  45A4  20A4  90A4 Strontium chromate
» Rhodium [7440-16-6) (7789-06-2), 85 Cr (1992)........ — 0.0005,A2 — —
oMetal (1996)...........coooooov...... — 1,A4 — — Strychnine [57-24-9] (1986) ...... - 0.15 - -
sInsoluble compounds, ~=<Styrene, monomer
as R (1996) ... — 1A — _ [100-42:5] (1997)............. 20A4 85A4  40A4 1704
» Soluble compounds, Subtilisins [.1395-217; 9014-01-1]
as RN (1996) ................. — 001, — — (Proteolytic enzymes
Ronnel [299-84-3] (1996} — 10,4 — — as 100% pure crystalline
Rosin core solder thermal decomposition enzyme) (1977) . — —£0.00006(™)
products, as resin acids—colophony Sucrose {57-50-1] (1996) .......... — 10,A4 — —
[8050-09-7] (1993) ....ooor........ Sensitizer; reduce exposure Sulfometuron methy!
to as low as possible [74222-97-2] (1994)................. — 5,A4 - —_
Rotenone (commercial) <Sulfotep [3689-24-5}—
[83-79-4) (1998)..orovvecer. — 5.A4 — - SKIN (1996) ... —  02A4 — —
Rouge (1996) .......ccoovvevereennn. — 10,(e)A4 — — Sulfur dioxide {7446-09-5] (1996) 2A4  52Ad 5A4
= Rubber solvent (Naphtha) 13,A4
[8030-30-6] (1977) .....cevevree. 400 1530 _ — Suifur hexafiuoride
Selenium [7782-49-2] and compounds, [2551-62-4] (1986) .................. 1000 5970 — —_
s 5 (1977) oo — 0.2 — — Sulfuric acid [7664-93-9] (1996) ~ —  1,A2% —  3A2%
Selenium hexaﬂtéoride 005 016 Sulfur monochloride
[7783-79-1], as Se (1979)....... . . — — 10025-67-9] (1986)....r....... — — C1 C55
Sesone [136-78-7] (1996) ... —  10,Ad — — SlEIfur penta#ﬁorid)e
2!:?:;;97 5:1‘?] g‘gchf(’)" ;e"ahydf ide [5744-227] (1986) v — — £001 €010
Hca— f U i
*Daloacens ath (e a0l oty — o1 com
hod ; Sulfuryl fluoride
— e, -
R B ST 7 T U
« Precipitated silica ulprofos [35400-43-2] (1996)... ~ — , — —
[112026-00-8] (1987) . 10 . . Synthetic vitreous fibers
Sifica, fume [69012-64-2) (1982)  — 2D — — *Cont,mu%l-ﬁ f||ar?:gn ! 1 e Mag
om Silica, fused [60676-86-0] (1982) — 0.10) — — *Cor%t?r?jo:xsefrilsainer;)““m — 1, - -
is_hca gel [112926-00-8] (1987) 10 . lass ﬁ?‘?g (1907).... . 81)) N .
@ Silica—Crystaliine *Glass wool fibers (1997)....  — 1fcc, — —
Cristobalte (iotas11 99 — 00500 ~Rock wool flbers (1667).... — Mk, (Q;M - -
o Quartz [14808.60.7] (1986).... _ 0.10) +Slag wool fibers (1997) ... — 11/oc,(Ma3 — —
Tridymite [15468-32-3](1986) . — 0.05(0) ~Special purpose "
o Tripoli {1317-95-9] (1985)...... — 01,0 of contained glass fibers (1997)......... — 11/ec, A3 - -
respirable quartz Systox, see Demeton
Silicon [7440-21-3] (1986) ........ — 10 — — 2,4,5-T [93-76:5] (1996)............ — 10A4 - -
Silicon carbide [409-21-2) (1995) — 10,4 — — Talc (containing no asbestos .
Silicon tetrahydride fibers) [14807-96-6] (1996) .. — 2/8i)ag
(7803-62-5] (1983) .............. 5 6.6 — — =Talc (containing asbestos
Silver [7440-22-4] fIDBIS) (1985)...crvrvorer e Use asbestos TLY-TWA(N)
o Metal (1981) ccooooorovovvveenn, —_— 0.1 — — Tantalum [7440-25-7], metal and oxide
Soluble compounds, [1314-61-0) dusts, as Ta (1988) — 5 — —
aS AQ (1981) oo, — 0.01 — — TEDP, see Sulfotep
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ADOPTED VALUES ADOPTED VALUES
TWA STEL/CEILING (C TWA STEL/CEILING (C
Substance [cAS#1 ppm® mg/m35) ppma) mg/m Substance (CAS#1 ppma) mg/m3P) ppma) mgmsP
Tellurium [13494-80-9] and compounds, 1,2,4-Trichlorobenzene
aS T8 (1977) ..o, — 0.1 — — [120-82-1] (1978} ....ocoooeverene. — — C5 c37
Tellurium hexafluoride 1,1,1-Trichloroethane, see
[7783-80-4}, as Te (1977)........ 0.02 0.10 — — Methyl chloroform
< Temephos {3383-96-8] (1986).... — 10 —_ — = 1,1,2-Trichloroethane
< TEPP {107-49-3}—Skin (1986) ... 0.004  0.047 — — [79-00-5]—SKin (1996)........... 10,A4  55Ad — —
Terephthalic acid [100-21-0} (1993) —_ 10 — — <8 Trichloroethylene
Terphenyls [26140-60-3] (1980)... — — (€053 c5 [79-01-6] (1993)......ouvvveeerrecee 50,A5 269A5 100A5 537 A5
1,1,1,2-Tetrachloro-2,2- difluoroethane Trichlorofluoromethane
[76-11-9] (1986) 500 4170 — —_ [75-69-4] (1996)........ccc0rvrnreens —_ — C 1000,A4 C 5620,A4
1,1,2,2-Tetrachloro-1,2- difluoroethane Trichloromethane, see Chloroform
[76-12-0] (1986).......orvrveeer... 500 4170 — — Trichloronaphthalene
1= 1,1,2 2-Tetrachloroethane [1321-65-9)—Skin (1986)...... ~ — 5 — —
[79-34-5]—SKin (1996} .......... 1,(Ad) 6.9,(A4) — — Trichlorenitromethane, see Chloropicrin
Tetrachloroethylene, see Perchloroethylene = 1,2,3-Trichioropropane
Tetrachloromethane, see Carban tetrachloride (96-18-4}—5Kin (1996) ....... 10A3  60,A3 - -
Tetrachloronaphthalene 1,1,2-Trichloro-1,2,2-trifluoroethane
(1335-88-2] (1986) ... _ 2 _ — [76-13-1] (1996) ..o 1000A4 7670,A4 1250A4 9590,A4
* Tetraethyl lead {78-00-2], Tricyclohexyitin hydroxide, see Cyhexatin
as Pb—Skin (1996).............. — 01,0)a4 —_— - Tridymite, see Silica—Crystalline
Tetrahydrofuran ir!etﬂalnolqmme [102-71-6) (1993) — 5 — —
109-99-6] (1976) ..ooorrrecrer. 2 590 2 737 riethylamine {121-44-8}—
« Trametig lead foTes, o % SKIT (1985) ... LA 41A4 3AL 12A4
as Pb — SKin (1986)............ — o150 — — Trifluorobromomethane
Tetramethyt succinonitrite 1 572'6?'.8]|(1?36;""'t“:"':""{:"' 1000 6090 - -
[3333-52-6)—SKin (1986)....... 05 28 — - 0~ MGlyCidy-s-iriazinetrione
Tetranitromethane [2451-62-9] (1997) ..o — 0.05 — —
[509-14-8] (1996) ..o 0.005A3 0.04,A3 — — Trimelitic anhydride
Tetrasodium pyrophosphate [ [ — — — — €004
Trimethylamine [75-50-3) (1992) . 5 12 15 36
[7722-88-5] (1980) .................. — 5 — — Ti
rimethyl benzene
Tetryl [479-45-8) (1986) ............. — 15 — — [25551-13-7] (1987) 25 123 _ _
Thallium, elemental {7440-28-0], Trimetny! phosphité """"""""
and soluble compounds,
; [121-45-9] (1986)................... 2 10 — —
as Th=-Skin (1977)............ - 0.1 - o 2,4,6-Trinitrophenol, see Picric acid
4,4"-Thiobis(6-tert-butyl-m-cresol) 24 6-Trinitrophenylmethylnitramine, see Tetryl
(96-69-5] (1996)........o..... — 10M - «2.4.6-Trinitrotoluene (TNT)
Thioglycolic acid [118-96-7)—SKin (1997) ........ — 01 — —
[68-11-1}—Skin (1978).......... 1 38 — — Triorthocresyl phosphate
Thiony! chloride [78-30-8]—SKiN (1996) ........ —  01p4 — —
(771909-7) (1986) .....croccvvee — — C1 C49 Triphenyl amine
Thiram [137-26-8] (1996).......... — 1,A4 — — [603-34-0] (1980} oo _ 5 — _
Tin [7440-31-6] Triphenyl phosphate
Metal (1982) ....oooccvvero — 2 - — [115-86-6] (1996) ....oororrrc.... —  3M — —
Oxide & Ingrganic compounds, except Tripo"r see S|||ca_Crysta”|ne
SniHg, as Sn (1982)......... - 2 - - Tungsten [7440-33-7], as W
Organic compounds, Insoluble compounds (1976).  — 5 — 10
] ?S SnfSKIn (1996) ......... — 0.1,A4 —_— 0.2,A4 Soluble compounds (1976)..... — 1 — 3
e= Titanium dioxide Turpentine [8006-64-2] (1987).... 100 556 — —
[13463-67-7] (1996)....cc.cvvcevee — 10A4 — — o= Jranium (natural) [7440-61-1]
= o-Tolidine (119-93-7]— Soluble & insoluble
SKiN (1996) ....cooonncercrerrcneens — A3 — — compounds, as U (199) ..... —  02A1 —  06A1
Toluene {108-88-31— n-Valeraldehyde
LU JO—— 50,A4  188,A4 - - [110-62-3] (1978} ecvveveemrrncene 50 176 - —
om Toluene-2,4-diisocyanate <Vanadium pentoxide [1314-62-1],
(TDI) [584-84-9] (1996) .......... 0005A4 0036A4 002A4 0.14A4 as V0g; respirable
o<n O-Toluidine [95-53-4]— dust or fume (1996) ............. — 0.05A4 — —
KN (4996) evrerorreceres e 2A3 88A3 — — Vegetable oil mists(P) (1972)..  — 10 — —
< m-Toluidine [108-44-1]— * Vinyl acetate
SKin (1996) ..o 2A4 88A4 — — [108-05-4] (1993)..........oecverenee 10,A3 35,A3 15,A3 53,A3
s<ap-Toluidine [106-49-0]— Vinyl benzene, see Styrene
SKin (1996) ........eveveeremercneees 2A3 88A3 — — = Vinyl bromide [593-60-2] (1980).  5,A2 22,A2 — —

Toluol, see Toluene
Toxaphene, see Chlorinated camphene
Tributyl phosphate
[126-73-8] {1986).......corvvvrvrvene 0.2 22
Trichloroacetic acid
(76-03-9) (1996).......vrveerrrrrenes 1A4  6.7A4

oa Viny| chloride [75-01-4] (1980} ...  5,A1 13,A1
Vinyl cyanide, see Acrylonitrile
4-Vinyl cyclohexene

{100-40-3] {(1996)........oevcrvcrrn 0.1A3  044,A3
= Vinyl cyclohexene dioxide
[106-87-6]—Skin (1996)......... 0.1A3 057A3



ADOPTED VALUES
TWA STEL/CEILING CS
Substance [CAS #] ppm") mg/m3 ppma}  mg/m3b
$o=Vinylidene chloride
[75-35-4] (1996) cerrrerrrrere. 5,(A3) 20,(A3) 20,(A3) 79,(A3)

Vinyl toluene [25013-15-4] (1996) 50,A4  242,A4 100,A4 483,A4
*VM & P Naphtha
[8032-32-4] (1996) ....... ... 300,A3 1370,A3 — —

Warfarin [81-81-2] (1987 — 0.1 — —
o= Welding fumes
(NOCU)) (1977) oo —  5B2 — —
= Wood dust (certain hard woods as
beech & oak) (1996) ......... — 1,A1 — —
2 Soft wood (1981) ...ceeeereceeece. — 5 — 10
< Xylene {1330-20-7; 95-47-6; 108-38-3;
106-42-3] (0-, M-, p-i :somers)
(1996) +.veeeeeeceeerireericenieneeens 100A4 434A4 150,A4 651,A4
m-Xylene o,a'-diamine
{1477-55-01—Skin (1977)....... — — — co1

< Xylidine (mixed isomers)
[1300-73-8}—Skin (1996)....... 05A3 25A3 — —
Yttrium [7440-65-5) metal &

compounds, as Y (1988)...... — 1 — —
Zinc chloride fume

[7646-85-7] (1976) .................. — 1 — 2

em Zinc chromates [13530-65-9; 11103-86-9;

37300-23-5], as Cr (1988)....... — 0.01At1 — —
Zinc oxide [1314-13-2]

Fume (1976} ......cecevevercre — 5 e 10

DUSE (1976).covoreeeeeeeeeeereeeeeone — 10(€) — —
Zirconium [7440-67-7] and compounds,

aS 21 (1996) ..oevooeceeeenn. — 5,A4 — 10,A4

WA designation refers to Sulfuric acid contained in strong inorganic acid mists.

NOTICE OF INTENDED CHANGES
(for 1997)

These substances, with their corresponding values, comprise those for
which either a limit has been proposed for the first time, for which a change
in the “Adopted” listing has been proposed, or for which retention on the
Notice of Intended Changes has been proposed. In all cases, the proposed
limits shouid be considered trial limits that will remain in the listing for a
period of at least one year. If, after one year no evidence comes to light that
questions the appropriateness of the values herein, the values will be recon-
sidered for the “Adopted” list. Documentation is available for each of these
substances and their proposed values.

TWA STEL/CE"JNG éc;
Substance cAs#1  ppm® mgm3?)  ppm@  mg/m3b
T Acrolein [107-02-8]—Skin........ — — G 0.1,A4 C0.23A4

1 Allyl glycidyl ether [106-92-3] ..  1,A4 47 A4 —_ —
T Asbestos, all forms
(1332-214) v —0.1 00, (AT — —

1 Asphalt (Petroleum; Bitumen) fume
[8052-42-4), as cyclohexane-
extractable inhalable particulate — 05 — —

n-Butanol {71-36-3]................. _— — C25 C76

Appendix A 12-17
ADOPTED VALUES
TWA STEL/CEILING c
Substance [CAS #1  ppm®) mg/m3b) ppma) mg/m3P
t n-Butyl acetate [123-86-4]........ 150 713 200 950
Coal dust
BIUMINOUS oo —09,(00)A4 — —_
ANtNIACHE. ... —0.4.@0)a4 — —
Copper {7440-50-8] and Inorganic compounds, as Cu
Fume and respirable )
PANICUIALE ..o — 0050 — —
Inhalable particulate, )
AUSts & MISES ......ooovveeneee — 1(i) — _
1 Crotonaldehyde [4170-30-3}—Skin ~ — — (0.3,A3 C0.86,A3
Diesel exhaust, particulate
CLINTY 1) IO —  0.15A2 —_ —
1 Diesel fuel/Kerosene—Skin ... — 100,A3 — —
1 Diethyl ketone [96-22-0........... 200 705 300 1057
1 Ethyl butyl ketone [106-35-4] ... 50 234 75 350
Ethyl cyanoacrylate
[7085-85-0) ... 0.2 1 — —
1 Glutaraldehyde [111-30-8] ........ — — C0.05A4 CO02Md
1 n-Hexane [110-54-3]—Skin ..... 50 176 — —
11-Hexene [592-41-6]................. 30 103 — —
1 Methy! n-butyl ketone
[591-78-6)—SKiN .................. 5 20 10 40
1 Methyl 2-cyanoacrylate
[137-05-3] .o, 02 1 — —
1 Methyl viny! ketone
[78-94-41—S8KiN ..., — — 02 cos
T Nickel )
tElemental/Metal 7440020  — 1.5,()A5 — —
+Soluble compounds, as Ni — 01,0084 —
tinsoluble compounds, .
S Nivceoreeeoeescrriene — 0.2,0A1 — —
Nickel carbonyl [13463-39-3],
AS NI o 0.05 0.12 — —
1 Nickel subsulfide [12035-72-2], .
AS Niceroeereeeeee e, — 0.1,{0a1 — —

Nickel sulfide roasting,  Delete listing; included in listing for Nickel

fume & dust, as Ni ... subsulfide
Oil mist, minerat..................... — 5(K) —
Qil mist, mineral, sum total

of 15 polynuclear aromatic hydrocarbons

(PAHs}) listed as carcinogens by the

U.S. National Toxicology

Program (NTP) ..........cc... — 0005, (KIA1 —_
T 0zone [10028-15-6]
Heavy work .......cccoveeeecenccn. 0.05A4 0.1A4 —
Moderate work... 0.08,A4 0.16,A4 —
Light Work.......ooeeeecenereeens 0.10,A4 0.2A4 —
Light, moderate, or
heavy workloads.............. 0.2% A4 0.4% A4 —
Pentane (all isomers)............. 600 1770 —
Propane {74-98-6)..........cccocvo.. 2500 4508 —
Synthetic vitreous fibers
Refractory ceramic
FIDBIS v —  A° —
11,1,2,2-Tetrachloroethane
{79-34-51—SKiN........cccou... 1,A3  69,A3 —_

tVinylidene chloride [75-35-4]. 5A4  20A4  20,A4

<2 hours
OThe TLV for Refractory ceramic fibers is under review.

79,A4
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ADOPTED APPENDICES
APPENDIX A: Carcinogenicity

The Chemical Substances TLV Committee has been aware of the
increasing public concern over chemicals or industrial processes that
cause or contribute to increased risk of cancer in workers. More sophisti-
cated methods of bioassay, as weil as the use of sophisticated mathemat-
ical models that extrapolate the levels of risk among workers, have led to
differing interpretations as to which chemicals or processes should be cat-
egorized as human carcinogens and what the maximum exposure levels
should be. The goal of the Committee has been to synthesize the available
information in @ manner that will be useful to practicing industrial hygien-
ists, without overburdening them with needless details. The categories for
carcinogenicity are:

A1 — Confirmed Human Carcinogen: The agent is carcinogenic to humans
based on the weight of evidence from epidemiclogic studies of, or
convincing clinical evidence in, exposed humans.

A2 — Suspected Human Carcinogen: The agent is carcinogenic in experi-
mental animals at dose levels, by route(s) of administration, at
site(s), of histologic type(s), or by mechanism(s) that are consid-
ered relevant to worker exposure. Available epidemiologic studies
are conflicting or insufficient to confirm an increased risk of cancer
in exposed humans.

A3 — Animal Carcinogen: The agent is carcinogenic in experimental ani-
mals at a refatively high dose, by route(s) of administration, at
site(s), of histologic type(s), or by mechanism(s) that are not con-
sidered relevant to worker exposure. Available epidemiologic studies
do not confirm an increased risk of cancer in exposed humans.
Available evidence suggests that the agent is not likely to cause can-
cer in humans except under uncommon or unlikely routes or levels
of exposure.

A4 — Not Classifiable as a Human Carcinogen: There are inadequate data
on which to classify the agent in terms of its carcinogenicity in
humans and/or animals.

A5 — Not Suspected as a Human Carcinogen: The agent is not suspected
to be a human carcinogen on the basis of properly conducted epi-
demiologic studies in humans. These studies have sufficiently long
foliow-up, reliable exposure histories, sufficiently high dose, and
adequate statistical power to conclude that exposure to the agent
does not convey a significant risk of cancer to humans. Evidence
suggesting a fack of carcinogenicity in experimental animals will be
considered if it is supported by other relevant data.

Substances for which no human or experimental animal carcinogenic
data have been reported are assigned no carcinogenicity designation.

Exposures to carcinogens must be kept to a minimum. Workers
exposed to A1 carcinogens without a TLV should be properly equipped to
eliminate to the fullest extent possible all exposure to the carcinogen. For
A1 carcinogens with a TLV and for A2 and A3 carcinogens, worker expo-
sure by all routes should be carefully controlied to levels as low as possi-
ble below the TLV. Refer to the “Guidelines for the Classification of
Occupational Carcinogens” in the Introduction to the 6th Edition of the
Documentation of the Threshold Limit Values and Biological Exposure
Indices for a more complete description and derivation of these designa-
tions.

APPENDIX B: Substances of Variable Composition

B1. Polytetrafiuoroethylene* decomposition products. Thermal decom-
position of the fluorocarbon chain in air leads to the formation of oxidized
products containing carbon, fluorine, and oxygen. Because these products
decompose in part by hydrolysis in alkaline solution, they can be quantita-
tively determined in air as fluoride to provide an index of exposure. No TLVs
are recommended at this time, but air concentration should be controlled
as low as possible.

(*Trade names include: Algoflon, Fuon, Teflon, Tetran)

B2. Welding Fumes—Total Particulate (NOC (%)); TLV-TWA, 5 mg/m3

Welding fumes cannot be classified simply. The composition and quan-
tity of both are dependent on the alloy being welded and the process and
electrodes used. Reliable analysis of fumes cannot be made without con-
sidering the nature of the welding process and system being examined;
reactive metals and alloys such as aluminum and titanium are arc-welded
in a protective, inert atmosphere such as argon. These arcs create relative-
ly little fume, but they do create an intense radiation which can produce
ozone. Similar processes are used to arc-weld steels, aiso creating a rela-
tively Jow level of fumes. Ferrous alloys also are arc-welded in oxidizing
environments that generate considerable fume and can produce carbon
monoxide instead of ozone. Such fumes generally are composed of dis-
crete particles of amorphous slags containing iron, manganese, silicon,
and other metallic constituents depending on the alloy system involved.
Chromium and nickel compounds are found in fumes when stainless steels
are arc-welded. Some coated and flux-cored electrodes are formulated with
fluorides and the fumes associated with them can contain significantly
more fluorides than oxides. Because of the above factors, arc-welding
fumes frequently must be tested for individual constituents that are likely
to be present to determine whether specific TLVs are exceeded.
Conclusions based on total concentration are generally adequate if no toxic
elements are present in welding rod, metal, or metal coating and conditions
are not conducive to the formation of toxic gases.

APPENDIX C: Threshold Limit Values for Mixtures

When two or more hazardous substances which act upon the same
organ system are present, their combined effect, rather than that of either
individually, should be given primary consideration. In the absence of infor-
mation to the contrary, the effects of the different hazards should be con-
sidered as additive. That is, if the sum of

G, G . Gn
T Ty Th

exceeds unity, then the threshold limit of the mixture should be considered
as being exceeded. C1 indicates the observed atmospheric concentration
and T1 the corresponding threshold limit (see Example A.1 and B.1).

Exceptions to the above rule may be made when there is a good reason
to believe that the chief effects of the different harmful substances are not
in fact additive, but are independent as when purely local effects on differ-
ent organs of the body are produced by the various components of the mix-
ture. In such cases, the threshold limit ordinarily is exceeded only when at
least one member of the series (G1/Tq + or + Co/To, etc.) itseif has a vaiue
exceeding unity (see Example B.1).

Synergistic action or potentiation may occur with some combinations
of atmospheric contaminants. Such cases at present must be determined
individually. Potentiating or synergistic agents are not necessarily harmful
by themselves. Potentiating effects of exposure to such agents by routes
other than that of inhalation are also possible, e.g., imbibed alcohol and
inhaled narcotic (trichloroethylene). Potentiation is characteristically exhib-
ited at high concentrations, less probably at low.

When a given operation or process characteristically emits a number of
harmful dusts, fumes, vapors or gases, it will frequently be only feasible to
attempt to evaluate the hazard by measurement of a single substance. In
such cases, the threshold limit used for this substance should be reduced
by a suitable factor, the magnitude of which will depend on the number,
toxicity, and relative quantity of the other contaminants ordinarily present.

Examples of processes that are typically associated with two or more
harmful atmospheric contaminants are welding, automobile repair, blast-
ing, painting, lacquering, certain foundry operations, diesel exhausts, etc.

Examples of TLVs for Mixtures

A. Additive effects. The following formulae apply only when the compo-
nents in a mixture have similar toxicologic effects; they should not be used
for mixtures with widely differing reactivities, e.g., hydrogen cyanide and



sulfur dioxide. In such case, the formula for Independent Effects should be
used.
1. General case, where air is analyzed for each component, the TLV of
mixture =
Co C3

Gy
— + +
T4 Ty T3
Note: It is essential that the atmosphere be analyzed both qualitatively and
quantitatively for each component present in order to evaluate compliance
or noncompliance with this calculated TLV.

Example A.1: Air contains 400 ppm of acetone (TLV, 500 ppm), 150
ppm of sec-butyl acetate (TLV, 200 ppm} and 100 ppm of methyl ethyl
ketone (TLV, 200 ppm).

Atmospheric concentration of mixture = 400 + 150 + 100 = 650
ppm of mixture.

400 150 100
— + — + ——=080+075+05=205
500 200 200

Threshold Limit is exceeded.

+ = 1

2. Special case when the source of contaminant is a liquid mixture and
the atmospheric composition is assumed to be similar to that of the origi-
nal material, €.g., on a time-weighted average exposure basis, all of the lig-
uid (solvent) mixture eventually evaporates. When the percent composition
(by weight) of the liquig mixture is known, the TLVs of the constituents
must be listed in mg/m?. TLV of mixture =

1

fa fy fe fa
_ + — 4+ — 4+ . —

TLV, TLVy, T, TV,

Note: |n order to evaluate compliance with this TLV, field sampling instru-
ments should be calibrated, in the laboratory, for response to this specific
quantitative and qualitative air-vapor mixture, and also to fractional con-
centrations of this mixture, e.g., 1/2 the TLV; 1/10 the TLV; 2 X the TLV; 10
X the TLV,; etc.)

Example A.2: Liquid contains (by weight):
50% heptane: TLV = 400 ppng or 1640 mg/m3
1 mg/m° = 0.24 ppm
30% methyl chloroform: TLV = 350 ppm or 1910 mg/ m3
1 mg/m° = 0.18 pp
20% perchloroethylene: TLV = 25 ppm or 170 mg/m
1 mg/m3 = (.15 ppm

]
TLV of Mixture =
05 03 0.2
_ + S + —
1640 1910 170
1
000030 + 0.00016 + 0.00118
1
= = 610 mg/m3
0.00164

of this mixture
50% or (610)(0.5) = 305 mg/m3 is heptane
30% or (610)(0.3) = 183 mg/m3 is methyl chloroform
20% or (610)(0.2) = 122 mg/m3 is perchloroethylene

These values can be converted to ppm as follows:
heptane: 305 mg/m3 X 0.24 = 73 ppm
methyl chloroform: 183 mg/nf % 0.18 = 33 ppm
perchloroethylene: 122 mg/m° X 0.15 = 18 ppm

TLV of mixture = 73 + 33 + 18 = 124 ppm, or 610 mg/m3
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B. Independent effects. TLV for mixture =

o T2 T3
Example B.1: Air contains 0.05 mg/m3 of lead (TLV, 0.05) and 0.7
mg/m3 of sulfuric acid (TLV, 1).
@g = 1; ' =07
0.05 1

Threshold limit is not exceeded.

C. TLV for mixtures of mineral dusts. For mixtures of biologically active
mineral dusts, the generat formula for mixtures given in A.2 may be used.

APPENDIX D: Particle Size-Selective
Sampling Criteria for Airborne Particulate Matter

For chemical substances present in inhaled air as suspensions of solid
particles or droplets, the potential hazard depends on particle size as welt
as mass concentration because of: 1) effects of particle size on the depo-
sition site within the respiratory tract, and 2) the tendency for many occu-
pational diseases to be associated with material deposited in particular
regions of the respiratory tract.

The Chemical Substances TLV Committee has recommended particle
size-selective TLVs for crystalline silica for many years in recognition of the
well established association between silicosis and respirable mass con-
centrations. The Committee is now re-examining other chemical sub-
stances encountered in particulate form in occupational environments with
the objective of defining: 1) the size-fraction most closely associated for
each substance with the health effect of concern, and 2) the mass concen-
tration within that size fraction which should represent the TLV.

The Particle Size-Selective TLVS (PSS-TLVs) are expressed in three
forms:

1. Inhalable Particulate Mass TLVs (IPM-TLVs) for those materials that
are hazardous when deposited anywhere in the respiratory tract.

2. Thoracic Particulate Mass TLVs (TPM-TLVs) for those materials that
are hazardous when deposited anywhere within the lung airways and
the gas-exchange region.

3. Respirable Particulate Mass TLVs (RPM-TLVs) for those materials that
are hazardous when deposited in the gas-exchange region.

The three particulate mass fractions described above are defined in
quantitative terms in accordance with the following equations:“'

A. Inhalable Particulate Mass consists of those particles that are captured
according to the following collection efficiency regardless of sampler
orientation with respect to wind direction:

SI(d) = 50% x (1 + ¢~0.060)
for0 < d =100 pm

where: Si(d) = the collection efficiency for particles with aerodynamic
diameter d in pm

B. Thoracic Particulate Mass consists of those particles that are captured
according to the following collection efficiency:

ST(d) = Si(d) {1 -F(x)]

In (d/T)
where: x = ")
I' = 1164 um
Y =15

F (x)= the cumulative probability function of a standardized
normal variable, x
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C. Respirable Particulate Mass consists of those particles that are cap-
tured according to the following coliection efficiency:

SR(d) = SI(d) [1 ~ F(x)]

where F(x) has the same meaning as above with I = 4.25 um and 3, =
15

The most significant difference from previous definitions is the increase
in the median cut point for a respirable particulate matter sampler from 3.5
pm to 4.0 pm; this is in accord with the International Organization for
Standardization/European Standardization Committee (ISO/CEN) proto-
col(3.4). At this time, no change is recommended for the measurement of
respirable particulates using a 10-mm nylon cyclone at a flow rate of 1.7
liters per minute. Two analyses of available data indicate that the flow rate
of 1.7 liters per minute allows the 10-mm nylon cyclone to approximate the
particulate matter concentration which would be measured by an ideal res-
pirable particulate sampler as defined herein.\9

Collection efficiencies representative of several sizes of particles in each
of the respective mass fractions are shown in Tables I, Il, and lI.
References 2 and 3 provide documentation for the respective algorithms
representative of the three mass fractions.

TABLE L. Inhalable
Particle Aerodynamic

Inhalable Particulate

Diameter (um) Mass (IPM) (%)
0 100
1 97
2 2
5 87
10 77
20 65
30 58
40 54.5
50 52.5
100 50

TABLE IlI. Thoracic
Particle Aerodynamic

Thoracic Particulate

Diameter (um) Mass (TPM) (%)

0 100

2 %4

4 89

6 80.5

8 67
10 50
12 35
14 23
16 15
18 9.5
20 6

TABLE HI. Respirable

Particle Aerodynamic

Respirable Particulate

Diameter (um) Mass (RPM) (%)

CONOOTHDWN—=O
w
o

—_
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PHYSICAL CONSTANTS OF SELECTED MATERIALS
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Explosive Limits

Flash Point F (Volume Percent)
Molecular Specific Closed Open
Substance Formula Weight Gravity Cup Cup Lower Upper
Acetaldehyde CH4CHO 44.05 0.821 -17 — 3.97 57.0
Acetic Acid CH,CO0H 60.05 1.049 104 110 5.40 —
Acetic Anhydride (CH4C0),0 102.09 1.082 121 130 2.67 10.13
Acetone CH4COCH, 58.08 0.792 0 15 2.55 12.80
Acrolein CH,:CHCHO 56.06 0.841 Gas Unstable
Acrylonitrile CH,:CHCN 53.06 0.806 — 32 3.06 17.0
Ammonia NH, 17.03 0.597 Gas 15.50 27.0
Amy! Acetate CH3C0,C5H, 130.18 0.879 76 80 1.10 —
iso-Amyl Alcohol (CH3),CHCH,CH,0H 88.15 0.812 109 115 1.20 —
Aniline CeHgNH, 93.12 1.022 168 — — —
Arsine AsH, 77.93 2.695 (A) Gas — —
Benzene CeHe 78.11 0.879 12 — 1.40 7.10
Bromine Br, 159.83 3.119 — — — —
Butane CH4(CH,),CH,4 58.12 2.085 Gas 1.86 8.41
1,3-Butadiene (CH,:CH), 54.09 0.621 Gas 2.00 11.50
n-Butanol C,HsCH,CH,0H 74.12 0.810 84 10 1.45 11.25
2-Butanone CH5COC,H; 72.10 0.805 30 o 1.81 9.50
(Methyl ethyl ketone)
n-Butyl Acetate CH4C0,C,4Hq 116.16 0.882 72 90 1.39 7.55
Butyl “Cellosolve™ C4Hg0CH,CH,0H 118.17 0.903 141 165 — —
Carbon Dioxide co, 44.01 1.53 —_ — — —
Carbon Disulphide Gs, 76.13 1.263 -22 — 1.25 50.0
Carbon Monoxide co 28.10 0.968 Gas 12.5 74.2
Carbon Tetrachloride CCl, 153.84 1.595 Nonflammable
Cellosolve C,H50(CH,),0H 90.12 0.931 104 120 2.6 15.7
Cellosolve Acetate CH3C0,0,H,0 132.16 0.975 124 135 1.71 —
Chlorine cl, 70.91 3.214 Gas — —
2-Chlorobutadiene CH,:CCICHCH, 88.54 0.958 — — — —
Chloroform CHClg 119.39 1.478 Nonflammable
1-Chloro-1-nitropropane NO,CIC;HG 139.54 1.209 144 —_ — —_
Cyclohexane CeHyo 84.16 0.779 1 — 1.26 7.75
Cyclohexanol CH,(CH,),CHOH 100.16 0.962 154 — — —
Cyclohexanone CH,(CH,),C0 98.14 0.948 147 — — —
Cyclohexene CHy(CH,)5CH:CH 82.14 0.810 - — — —
Cyclopropane CH,CH,CH, 42.08 0.720 Gas 2.40 10.40
o-Dichlorobenzene Cl,CgHy 147.01 1.305 151 165 — —
Dichlorodifluoromethane CClyF, 120.92 1.486 Nonflammable
1,1-Dichlorethane CH,CHCL, 98.97 1.175 —_ — -— —
1,2-Dichloroethane CICH,CH,C 98.97 1.257 56 65 6.2 15.9
(Ethylene dichloride)

1,2-Dichloroethylene CICHCHCI 96.95 1.291 43 — 9.7 12.8
Dichloroethylether CICH,CHCIC, H; 143.02 1.222 131 180 —
Dichloromethane H,CCl, 84.94 1.336 — — — —
Dichloromonofluoromethane HCCI,F 102.93 1.426 — — — —
1,1-Dichloro-1-nitroethane HyC,Cl,NO4 143.97 1.692 - 168 — —
1,2-Dichloropropane CH;CHCICH,CI 112.99 1.159 59 65 3.4 14.5
Dichlorotetrafluoroethane GCIF,CCIF, 170.93 1.433 Nonflammable
Dimethytaniline (CH3),NCgH, 121.18 0.956 145 170 — —
Dimethylsulfate (CH;),S0, 126.13 1.332 182 240 — —
Dioxane 0(CH,),0 88.10 1.034 — 35 —_ —
Ethyl Acetate CH4C0,C,H; 88.10 0.901 24 30 2.18 11.4
Ethyl Alcohol C,Hs0H 46.07 0.789 55 — 3.28 18.95
Ethy! Benzene CgHsCoHs 106.16 0.867 59 75 — —
Ethyl Bromide C,HzBr 109.98 1.430 — — 6.75 11.25
Ethyl Chloride C,H;Cl 64.52 0.921 -58 —45 3.6 14.80
Ethylene Chiorohydrin CICH,CH,0H 80.52 1.213 — 140 — —
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PHYSICAL CONSTANTS OF SELECTED MATERIALS {con't)

Explosive Limits

Flash Point F (Volume Percent)
Molecular Specific Closed Open
Substance Formula Weight Gravity Cup Cup Lower Upper
Ethylenediamine NH,CH,CH,NH, 60.10 0.899 — — — —
Ethylene Oxide CH,CH,0 44.05 0.887 — — 3.0 80.0
Ethyl Ether (C,Hs),0 7412 0.713 — —_ — —
Ethyl Formate HCO,C,Hs 74.08 0.917 — — 2.75 16.40
Ethy! Silicate (C,Hs) 4Si04 208.30 0.933 — 125 — —
Formaldehyde HCHO 30.03 0.815 Gas 7.0 73.0
Gasoline CHnH(2n + 2) 86.0 0.660 -50 — 1.3 6.0
Heptane CH5(CH,)5CH;, 100.20 0.684 25 — 1.1 6.7
Hexane CHg4(CH,),,CH, 86.17 0.660 ~7 — 1.18 7.4
Hydrogen Chloride HCI 36.47 1.268 (A) — — — —
Hydrogen Cyanide HCN 27.03 0.688 Gas 5.6 40.0
Hydrogen Fluoride HF 20.01 0.987 Gas — —_
Hydrogen Selenide H,Se 80.98 2.12 Gas —_ —
Hydrogen Sulfide H,S 34.08 1.189 (A) Gas 4.3 45.5
lodine Iy 253.82 4.93 — — —
{sophorone (CH3)5C(CH,),CCHCO 138.20 0.923 — 205 — —
Mesityl Oxide (CH;)»:CHCOCH,4 98.14 0.857 87 — — -
Methanol CH;0H 32.04 0.792 54 60 6.72 36.5
Methyl Acetate CH3C0,CHg 74.08 0.928 15 20 3.15 15.60
Methyl Bromide CH,Br 94.95 1.732 — —_ 13.5 14.5
Methy! Butanone CH;COCH(CH,), 86.13 0.803 — — — —
(Isopropyl butane)
Methyl Cellosolve HOCH,CH,0CH, 76.06 0.965 107 115 — —
Methyl Cellosolve Acetate CH30CH,CH,00CCH,4 118.13 1.007 132 140 — —
Methyl Choloride CH,C 50.49 1.785 Gas 8.25 18.70
Methy! Cyclohexane CH3(CHGgH, ) 98.18 0.769 25 — 1.15 —
Methyl Cyclohexanol CH,(CHC,HgCHOH) 114.18 0.934 154 — e —
Methyl Cyclohexanone CH5C5HgCO 122.17 0.925 118 — — —
Methyl Formate HCO,CH, 60.05 0.974 -2 — 4.5 20.0
Methy! Isobutyl Ketone CH,CO0C,4Hy 100.16 0.801 73 — —
Monochlorobenzene CeHsCl 112.56 1.107 90 — — —
Monofluorotrichloromethane CI;CF 137.38 1.494 Nonflammable
Mononitrotoluene CH,CgH4NG, 137.13 1.163 223 — — —
Naphtha (coal tar) CeH4(CHg), 106.16 0.85 100-110 — —_ —
Nickel Carbonyl Ni(C0), 170.73 1.31 — — — —
Nitrobenzene CeHsNO, 123.11 1.205 190 — 1. —
(200 F)
Nitroethane CH3CH,NO, 75.07 1.052 82 106 — —
Nitrogen Oxides NO 30.0 1.0367(A) — — — —
N,0 44.02 1.53 — — — —
N,04 76.02 1.447 — — e —
NO, 46.01 1.448 — — — —
N,Os5 108.02 1.642 — — — —
Nitroglycerine C4H5(ONO,)4 227.09 1.601 — — — —
Nitromethane 61.04 1.130 95 112 —_ —
2—Nitropropane CH,CHNGO,CH,4 89.09 1.003 — 103 —_—
Octane CH3(CH,)CH, 114.22 0.703 56 — 0.95 3.2
Ozone 0, 48.0 1.658 (A) — —— — —
Pentane CH3(CH,)5CH,4 72.15 0.626 —-40 — 1.4 7.8
Pentanone (Methylpropanone) CH5COCH,CoH; 86.13 0.816 45 60 1.55 8.15
Phosgene 0:C:Cl, 98.92 1.392 — — — —
Phosphine PH, 34.0 1.146 (A) — 205 — —
Phosphorus Trichloride PCly 137.35 1.574 — — — —
iso—Propanol (CHg),CHOH 60.09 0.785 53 60 2.02 11.80
Propane CH4CH,CH,4 44.09 1.554 Gas 212 9.35
Propy! Acetate CH3C0,CH,C,Hs 102.13 0.886 43 0 1.77 8.0
iso—Propyl Ether (CH;)4(CH),0 102.17 0.725 —18 -15 — —
Stibine SbH, 124.78 4.344 (A) — — —
Styrene Monomer CgHsHC:CH, 104.14 0.903 90 - 1.1 6.1
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PHYSICAL CONSTANTS OF SELECTED MATERIALS (con't)

Explosive Limits

Flash Point F (Volume Percent)
Molecular Specific Closed Open

Substance Formula Weight Gravity Cup Cup Lower Upper
Sulfur Chloride, Mono S,Cl, 135.03 1.678 245 None — —

Di SCl, 102.97 1.621 — — — —

Tetra SCl, 173.89 — — — —
Sulfur Dioxide S0, 64.07 2.264 (A) Gas — —
1,1,2,2, Tetrachloroethane Cl,CHCHC, 167.86 1.588 — — — —_
Tetrachloroethylene Ci,C:CCl, 165.85 1.624 Nonflammable
Toluene CgHsCHy 92.13 0.866 40 45 1.27 6.75
Toluidine CH3CsH,NH, 107.15 0.999 188 205 — —
Trichloroethylene CICHCCI, 131.40 1.466 Nonflammable
Turpentine (Turpene) CioHig 136.23 95 — 0.8 —
Vinyl Chloride C,HsCl 62.50 0.908 Gas 4.0 21.70

(Chloroethane)
Xylene CgH,(CHy)o 106.16 0.881 63 75 1.0 6.0
SOLVENT DRYING TIME
Dry Weight
SOLVENT Time Boiling Range per Gal.
Relation Deg. C Deg. E Lbs.

EthylEther, C.P ... . it 1.0 34-35 93-95 5.98
Petrolene ... ... 1.8 61-96 142-205 5.83
Carbon Tetrachloride ..............cooiiiiiiiiii, 19 76 169 13.30
ACEIONE ... e 2.0 55-58 133-136 6.35
Methyl Acetate ......... ... i 2.2 56-62 133-144 7.79
Ethyl Acetate 85-88% ... 25 74-77 165-171 7.37
Trichlorethylene ......... ... ... ... i 25 87 189 12.20
Benzol (Industrial) .......... ... il 2.6 79-81 . 174-178 7.38
Methyl EthylKetone ................o i, 2.7 77-82 171-180 6.95
Isopropyl Acetate 8% ...l 27 84-93 183-199 7.26
Ethylene Dichloride ...........coiiiiiiiiiiiiinnann. 3.0 84 183 10.49
S0IVSOI 19727 oo 3.7 86-123 187-254 6.58
EthyleneChloride ............ ... oo 4.0 81-87 178-189 10.49
Propylene Dichloride .............. .. ... ..ol 41 93-97 199-207 9.64
Troluoil ... 41 90-122 194-252 6.17
Methanol ...... .. . 5.0 64-65 147-149 6.63
Toluol (Industrial) ....... ...t 5.0 109-111 229-232 719
Methy! Propyl Ketone . ..........coveeeiiiiieeeeinnnnn... 5.2 101-107 214-225 6.77
VoM & P e 5.8 95-141 203-286 6.23
Perchlorethylene . .......... ... .o, 6.0 121 250 13.55
Nor. Propyl Acetate ................ooiiiiiiiiiiiiat, 6.1 97-101 207-214 7.50
Sec.ButylAcetate ...l . 6.5 106-135 223-275 7.13
Solox (Anhydrous) .......coiini i 6.5 71-78 160-172 6.80
Isobutyl Acetate 90% . . ...... .. i 7.0 106-117 223-243 7.28
Apocthinner . ... . .. e 7.0 115-143 239-289 6.31
Ethyl Alcohol, Den.No. 1 ... ... ... i ... 7.7 78 172 6.64
S0lOX 8.0 76-78 169-172 6.73
Isopropyl Alcohol 99% .......coovviiiiiii i 8.6 79-82 174-180 6.75

Nor. Propyt Alcohol ................ ... ... il 9.1 96-98 205-208 6.73
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SOLVENT DRYING TIME (con’t)

Dry Weight
SOLVENT Time Boiling Range per Gal.

Relation Deg. € Deg. F Lbs.
Solvsol 24/34 e 9.4 101-168 214-334 6.80
Nor ButylAcetate ...t 9.6 110-132 230-270 7.29
DiethylCarbonate ............ ... ... .. i 9.6 100-130 212-266 8.14
Methy! ButylKetone ..., 9.7 114-137 237-279 6.84
Xylol (Industrial) .........ccoveeiiiiiiiiiiaineeeenn.., 9.7 127-144 261-291 747
MonochlorBenzol .............ccciiiiiiiiiiiiin.. 100 130-132 266-270 9.20
Tertiary Butyl Alcohol .. ... 119 82-83 180-181 6.55
Sec.Butyl Alcohol . ... ... ... 140 99-100 210-212 6.85
Sec. AmylAcetate .......... ... .. il 16.9 121-144 250-291 721
AmylAcetate ............ . 7.4 105-142 221-288 7.24
Isobutyl Alcohol ... .. ... ... 17.7 107-111 225-232 6.70
Methyl Cellosolve ............. ... ... ol 18.0 121-126 250-259 8.07
Butyl Propionate .............. ..o 18.0 124-171 255-340 7.31
Pentacetate ............ ... i i 20.0 121-155 250-311 7.19
Turpentine ... ... 20.0 155-173 311-343 12.24
Butanol ....... ... 210 116-119 241-246 6.79
Sec. Amyl Alcohol ... ... ... .. ..l 250 105-125 221-257 6.79
2-50—W Hi-Flash Naphtha ............................ 275 148-187 298-369 7.18
Amyl Alcohol (Fusel Qi) .......... ..., 321 126-130 259-266 6.76
DilsopropylKetone ............. ..., 33.9 164-169 327-336 6.75
EthylCellosolve ........... .. ..o 36.2 133-137 271-279 7.77
Odorless Mineral Spirits ...........ccoovviiiiiiaa.. 386 150-201 302-394 6.52
Ethyllactate ............coi i 400 119-176 246-349 8.59
Sec.Hexyl Alcohol ........... . ..ol 4.7 157 315 6.97
Solvsol 30/40 ... ... 432 142-199 288-390 7.06
Pentasol ....... ... i 450 112-140 234-284 6.76
Hi-Solvency Mineral Spirits .. .......... ... .ot 46.7 152-200 306-392 6.79
No. 380 Mineral Spirits ..............coviiiiiiiian. 470 151-196 304-385 6.57
No. 10 Mineral Spirits .........cocvviiiiiiiii i, 55.0 154-196 309-385 6.49
Distilled Water ............ccoiiiiit i, 60.0 100 212 8.32
ApcoNOo. 125 ... . e 60.5 162-200 324-392 6.52
Cellosolve Acetate ..., 65.0 145-166 293-331 8.15
Sec.ButylLactate ................cciiiiiiiiiiii., 73.0 172 342 8.14
Sec.HexylAcetate . ................... .ol 765 129-158 264-316 7.19
ButylCellosolve ........ ..o, 885 163-172 325-342 7.58
Dipentene ...... PP 89.2 149-215 300-419 7.10
No. 140 Thinner ... ... .. i 91.0 185-210 365-410 6.62
OctylAcetate .. ...t i 152.5 195-203 383-397 7.20
Isobutyl Lactate ............... il 156.5 168-200 334-392 8.15
Hexalin ... ... ... i i 177.5 159-162 318-324 7.89
SolvsOl 40/50 . ..o e 270.5 191-248 376-478 7.42
Methyl Hexalin ............ ..., 276.5 170-190 338-374 7.66
ButylLactate ............ccviiiiiiiiiiiiiiiiaa 339.0 185-195 365-383 8.14
Excellene ..... ... 384.0 162-260 324-500 6.55
Special Heavy Naphtha .. ........ ... ... .. ol 403.0 202-242 396-468 6.73
DiSpersol ...t e 425.0 193-242 379-468 6.59
No.50 Kerosene .............cviiiiiiiniinennnnnnnnss 626.7 178-256 352-493 6.76
Triethylene Glycol . ... .. ... i Over 5200.0 276-310 529-590 9.30
Dibutyl Phthalate .................cccoviiiiii . Over 5200.0 195-200 383-392 8.73

Dry Time Relation:  Below 5 — Fast
5-15 — Medium
15-75 — Slow

75 over — Nil
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CONVERSION FACTORS
to convert into multiply by to convert into multiply by
ampere-hours coulombs 3600.0 gallons liters 3.785
angstrom units inches 3.937x 107 gallons/minute cubic feet/hour 8.0208
angstrom units microns 1x10% gallons/minute cubic feet/second 0.00223
atmospheres centimeters of mercury 76.0 gallons of water pounds of water 8.3453
atmospheres feet of water 33.96 grains grams 0.0648
atmospheres inches of mercury 29.92 grams grains 15.4324
atmospheres inches of water 407.52 grams ounces (troy) 3.215 x 107
atmospheres millimeters of water 10,340 grams ounces (avoidrupois) ~ 3.527 x 107
atmospheres millimeters of mercury 760 grams pounds 2.205x 107
atmospheres pascals 101513 grams/cubic foot milligrams/cubic meter 2288.1
atmospheres pounds/square foot 2116.3 horsepower BTU/minute 42.44
atmospheres pounds/square inch 14.696 horsepower foot-pounds/second 550
BTU foot pounds 778 horsepower foot-pounds/minute 33,000
BTU horsepower-hours 3.931x 10* horsepower kilowatts 0.7457
BTU joules 1.055 x 10° horsepower watts 745.7
BTU kilowatt-hours 2,928 x 10 inches centimeters 2.540
BTU/hour watts 0.2931 inches miles 1.578 x 107
calories BTU 3.9685 x 107 inches of mercury  atmospheres 0.03342
centimeters feet 3.281 x 107 inches of mercury feet of water 1.134
centimeters inches 0.3937 inches of mercury  inches of water 13.61
centimeters kilometers 1 x10° inches of mercury  millimeters of mercury 25.4
centimeters meters 1 x 107 inches of mercury  millimeters of water 345.6
centimeters millimeters 10.0 inches of mercury  pascals 3390
coulombs faradays 1.036 x 107 inches of mercury  pounds/square foot 76.70
cubic feet cubic meters 0.02832 inches of mercury  pounds/square inch 0.491
cubic feet gallons 7.48 inches of water atmospheres 0.002456
cubic feet liters 28.3162 inches of water feet of water 0.08333
cubic inches cubic centimeters 16.3872 inches of water inches of mercury 0.0735
cubic inches liters 0.0164 inches of water millimeters of water ~ 25.4
cubic meters cubic feet 35.3145 inches of water millimeters of mercury 1.876
cubic centimeters cubic inches 0.06102 inches of water pascals 249.1
cubic centimeters pints (U.S. liquid) 2.113x 107 inches of water pounds/square inch 0.0361
cubic feet/minute pounds water/minute ~ 62.43 inches of water pounds/square foot 5.196
cubic feet/minute  cubic meters/second  4.719 x 10* joules BTU 9480 x 10
cubic feet/second gallons/minute 448.83 joules ergs 1107
days seconds 86,400.0 kilograms pounds 2.205
degrees (angle) radians 1.745 x 10? kilograms slugs 0.068522
degrees/second revolutions/minute 0.1667 kilometers feet 3281.0
dynes newtons Ix107° kilometers miles 0.6214
ergs BTU 9.480 x 107" kilometers meters 1000.0
ergs kilowatt-hours 2,778 x 10 kilometers/hour knots 0.5396
ergs foot-pounds 7.3670 x 10* kilopascals pounds/square inches ~ 0.145
faradays/second amperes 96,500 kilowatt-hours BTU 3413.0
feet centimeters 30.48 kilowatts foot-pounds/second 737.6
feet miles (nautical) 1.645 x 10° kilowatts horsepower 1.341
feet meters 0.3048 knots feet/hour 6080.0
feet miles (statute) 1.894 x 107 knots statute miles/hour 1.151
feet/minute centimeters/second 0.5080 knots nautical miles/hour 1.0
feet/minute meters/second 0.00508 light years miles 59x 10"
feet/second miles/hour 0.6818 liters cubic inches 61.02
feet/second knots 0.5921 liters cubic centimeters 1000.0
foot-pounds BTU 1.286 x 107 liters gallons (U.S. liquid)  0.2642
foot-pounds kilowatt-hours 3.766 x 107 liters milliliters 1000.0
gallons cubic feet 0.1337 liters pints (U.S. liquid) 2.113
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CONVERSION FACTORS

to convert into multiply by to convert into multiply by
meters centimeters 100.00 pascals newtons/square miles 1.0

meters feet 3.281 pascals pounds/square foot ~ 0.2089
meters kilometers 1 x 107 pascals pounds/square inch 1.696 x 107
meters miles (statute) 6.214 x 107 pints (liquid) gallons 0.125
meters miles (nautical) 5.396 x 107 pints (liquid) cubic centimeters 473.2
meters millimeters 1000.0 pints (liquid) cubic inches 28.87
microns meters 1x10° pints (liquid) quarts (liquid) 0.5

miles (nautical) miles (statute) 1.516 pounds ounces 16.0

miles (nautical) kilometers 1.853 pounds ounces (troy) 14.5833
miles (nautical) feet 6080.27 pounds pounds (troy) 1.21528
miles (statute) kilometers 1.609 pounds kilograms 0.4536
miles (statute) feet 5280.0 quarts (dry) cubic inches 67.20

miles (statute) miles (nautical) 0.8684 quarts (liquid) gallons 0.25
miles/hour feet/minute 88.0 quarts (liquid) cubic inches 57.75
miles/hour feet/second 1.467 quarts (fiquid) liters 0.9463
milligram/liter parts/million 1.0 radians minutes 3438.0
milligrams/cubic meter  grains/cubic foot 437x10* radians degrees 57.30
milliliters liters 1x107 revolutions degrees 360.0
millimeters inches 3.937 x 107 revolutions/minute degrees/second 6.0
millimeters of mercury  atmospheres 0.001316 seconds minutes 1.667 x 107
millimeters of mercury  feet of water 0.4464 slugs pounds 32.17
millimeters of mercury  inches of mercury 0.3937 square feet square meters

millimeters of mercury  inches of water 0.5357 tons (long) pounds 2240.0
millimeters of mercury — millimeters of water  13.61 tons (long) tons (short) 1.120
millimeters of mercury  pascals 133 tons (long) kilograms 1016.0
millimeters of mercury  pounds/square foot ~ 2.789 tons (short) tons (long) 0.89287
millimeters of mercury  pounds/square inch ~ 0.01934 tons (short) kilograms 907.18
newtons dynes 1 x10° tons (short) pounds 2000.0
newtons pounds 0.2248 watts BTU/hour 3.4129
ounces pounds 6.25 x 10? watts horsepower 1.341 x 107
ounces (troy) ounces (avoirdupois) 1.09714 yards miles (nautical) 4.934 x 10
pascals atmospheres 9.872 x 10 yards meters 0.9144
pascals inches of water 0.00401 yards miles (statute) 5.682 x 107
pascals millimeters of water  0.102




INDEX

Abbreviations, xv
Abrasive blasting

cabinet, 10-122
room, 10-121

Abrasive material, 4-3

Abrasive saw, 10-131

Abrasive wheel manufacture, 10-178
Absolute humidity, definition, xiii
Absorber, 4-25

Acclimatization, 2-10

Acid dipping

airborne contaminants, 10-98 to 10-103, 12-3
ventilation, 10-98 to 10-110

Actual duct velocity, 5-29
Adding hoods, 5-9

Adsorber, 4-25
Aerographing—ceramic, 10-178
Aerosol, xii, 4-22

Air

bleed-in, 5-35
changes, 7-6
cleaner, xiii
cleaning devices, Chapter 4, 5-35
contaminants, 1-2, 10-98 to 10-103
density, xiii, 1-3, 5-12, 5-15, 5-27 to 5-32, 5-34, 5-53
dilution, principles, 1-2, 2-2
distribution, 2-2, 2-5, 3-7, 7-4
slot, 3-7
ejectors, 6-2, 6-3
filters, xiii, 4-2
filtration
equipment, 4-28
straining, 4-28
flow characteristics
blowing, 1-10
exhausting, 1-10
flow contours, 3-7
flow distribution, 5-2, 5-4
flow instruments, Chapter 9
flow measurement, Chapter 9
discharge stacks, 9-3
flow principles
assumptions, 1-4
horsepower, definition, xiii
motion, sources, 3-6
proper introduction point, 7-7
recirculation, 7-16 to 7-18
replacement
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principles, 1-2,2-2, 7-2 to 7-4
quantity required, 7-5
standard, definition, xiii
supply system, 1-2, 7-2
supply temperature, 7-6
Air-to-air heat exchangers, 7-16
Air Movement and Control Association, 6-15
Air moving device, 6-2
Air stream characteristics, 6-6
Air to cloth ratio, 4-11
Air velocity instruments, 9-2, 9-7
Alignment, 6-25
Altitude
correction for, 5-27
Aluminum furnaces, 10-178
Ambient concentration level, 4-2
Anemometer
corrections for density, 9-4, 9-21
heated thermocouple, 9-27
rotating vane, 9-3
swinging vane, 9-4
thermal, 9-6
velometer, 9-7
Aneroid gauge, 9-21
electronic, 9-21
Arrestance, 4-32
Asbestos
bag opening, 10-17
fiber belt conveying, 10-69
spool winding, 10-178
Aspect ratio
definition, xiii
Automatic buffing hoods
straight line, 10-137
circular, 10-138
Auto parking garage, 10-178
Auto spray paint booth, 10-114, 10-116
Axial fans, 6-2

B

Backdrafting, 7-2

Backstand idler, 10-136
Backward incline fans, 6-9 to 6-9
Baffles, 3-6

Bag filling, 10-13, 10-14, 10-178
Bag tube packer, 10-14

Bagging (paper & cloth bags), 10-13
Balanced design method, 5-4, 5-10
Banbury mixer, 10-87

Band saw, 10-153

Barbeque, 10-36
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Barrel filling, 10-12, 10-178
Belt, conveyors, 10-67, 10-68, 10-70
Belt-driven fans, 6-10 to 6-13
Belt grinders, 10-136, 10-139
Belt sanders, 10-162, 10-167
Bench hoods, 10-133, 10-146
Bernoulli’s Theorem, 1-7
Bin ventilation, 10-67
Biological cabinet safety, 10-44, 10-45
Black iron

duct material, 5-13, 5-35
Blade shape

airfoil, 6-2, 6-6, 6-8

solid, 6-2, 6-6, 6-8
Blast gate, definition, xiii
Blast gate method, 5-10

fan power required, 5-10
Blast gates, 5-4, 5-10
Bleed-in, 5-35
Blow (throw), definition, xiii
Blowing characteristics, 1-10
Booth-type hoods, 3-2, 10-112, 10-113, 10-115, 10-116, 10-130,

10-148

Brake horsepower, definition, xiii
Branch entry, 5-12
Bright dip, 10-98 to 10-110
Broiler, 10-36
Brushes, 10-53
Bucket elevators, 10-66
Buffing

automatic, 10-137, 10-138

backstand idler, 10-136

buffing dust, 4-3

circular, 10-138

lathe, 10-135

stright-line, 10-137

wheels, 10-134, 10-135
Bypass dampers, 7-11

C

Calculation sheet, 5-4, 5-6, 5-7, 5-13, 5-17 to 5-26
Calendar rolls, rubber, 10-88
Calibration wind tunnel, 9-7, 9-8
Canopy hoods

high, 3-21, 3-22

low, 3-23
Capture velocity, 3-6

definition, xiii
Carbon dioxide, 8-2, 8-4, 8-7
Carding, asbestos, 10-178
Catalytic oxidizer, 4-25
Centrifugal collectors, 4-18

cyclone, 4-22

efficiency, 4-18

gravity separation, 4-22

high efficiency, 4-22

inertial separator, 4-22

wet centrifugal, 4-18
Centrifugal fans, 6-2, 6-6 to 6-9, 6-11, 6-12, 6-27, 6-29
Ceramic manufacture, 10-178
Charcoal broiler and barbeque, 10-36
Check out procedure

indoor air quality, 8-8

new systems, 9-23
Chipping table, 10-132, 10-133
Chisel, pneumatic, hood, 10-54
Cleaning tanks, 10-98 to 10-110
Cleanout doors, 5-38
Cleanroom air flow, 10-8 to 10-10
Clearance, 5-38
Coating pans, 10-178
Coefficient of entry, definition, xiii, 1-7
Coefficient, hood entry, 1-7, 3-16
Cold header, 10-63
Collection efficiency

pressure drop, 4-3, 4-17,4-18
Collectors

centrifugal, high efficiency, 4-22

comparison chart, 4-30

cyclone, 4-22

efficiency, 4-2

electrostatic precipitator, 4-3, 4-7, 4-8

fabric, 4-9 to 4-17

unit collectors, 4-25

wet types, 4-18
Combustibility in collectors, 4-33
Combustion flues, 7-4
Combustion products, 7-4
Combustion calculations, 7-13, 7-16
Comfort zone, xiii
Compound hood, 3-17
Computer design, 5-11
Concentration, 4-2, 4-3,4-11, 4-18
Condensate, 7-9

pan, 8-3
Condensation, 7-12

considerations, 8-6
Cone wheels, 10-52
Configuration

fabric, 4-11
Construction

classifications, 5-35, 5-36

hoods, 5-36

materials, 5-35

obstructions, 5-35

round duct, 5-36

specifications, 5-36



Construction classes, 5-35, 5-36
Contaminant, 7-17, 7-18
characteristics, 4-2, 4-3
concentration, 4-2, 4-3
nature of, 4-2
recirculation system, 7-16 to 7-18
shape, 4-3
visibility, 4-3
Contaminants, air, 1-2, 2-2, 10-98 to 10-103, 12-3
Contours
flow, 3-7
Contraction, 5-13
Contraction losses, 5-13, 5-47
Control
odors, 7-6
radioactive materials, 3-18
Convection, xiii, 3-21
Conversion factors, 12-25
Conveyor belts, 10-67, 10-68
Cooling tower, 4-9
Cooling tunnels (foundry), 10-178
Core
grinder, 10-127
knockout, 10-178
molding, 10-24, 10-25
sanding, 10-178
Corrected velocity pressure, 9-14
Correction factor
different duct materials, 5-12
nonstandard density, 9-24, 9-22
Corrosion damage, 7-4
Corrosive applications, 6-7
Cottrell, 4-3
Crucible furnaces, 10-74, 10-79, 10-83
Crushers, 10-178
Cup wheels, 10-53
Cut-off saw abrasive, 10-131
Cut-off wheel, 10-131
Cutting torch, 10-149
Cyclone collector, 4-18, 4-22, 5-28

D

Dampers, 5-11, 5-38, 6-10
Definitions, xiii
Degreasing tank, 10-109
Degree days, 7-14, 7-15
Density

correction factors, 5-14, 5-53, 9-4, 9-22

definition, xiii, 1-3

effect on flow rate, 5-28

psychrometric chart, 5-27
Density factor, xii, 5-27
Design procedure, 5-2, 5-36

Index

altitude correction, 5-27
moisture corrections, 5-27
Dew point temperature, 5-27
Die casting hood, 10-78, 10-82, 10-83
Diesel Engine Exhaust, [0-143
Differential room pressures, 7-5
Diffusion, 4-32
Dilution, 2-2, 7-5
air distribution, 2-7
air volume for vapors, 2-3
definition, 2-2
principles, 2-2
ventilation for health, 2-2
concentration buildup, 2-5
mixtures, 2-6
purging rate, 2-6
steady-state concentration, 2-5
ventilation for fire and explosion, 2-7
ventilation for indoor air quality, 7-5, 8-2
Dip tanks, 10-98 to 10-110
Direct-driven fans, 6-10
Direct combustor, 4-25
Direct-fired heater, 7-13
bypass design, 7-11
CO concentrations, 7-12
selection factors, 7-13
Disc grinder
horizontal double spindle, 10-129
verticle spindle, 10-128
Disc sander, 10-160
Discharge conditions, 6-24
Dishwasher hood, 10-33
Distribution
in plenum, 3-8
slot, 3-7
Doors
pressure difference across, 7-4
DOP, 4-32
Downdraft hoods, 3-15, 10-21 to10-23
Drafts, 7-2, 7-4
Drilling, rock, 10-92, 10-169, 10-178
Drip pan, 8-3
Drive arrangements, 6-10 to 6-12
mounting, 6-6
Drum sander, 10-158, 10-159
Dry box, 10-46
Dry-bulb temperature, 2-11, 5-27
Dry centrifugal collector, 4-3, 4-18
Drying
oven, 10-118
time, solvent, 12-23 to 12-24
Duct contraction, 5-12
Duct design
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calculations for, Chapter 5
choice of method of, 5-10
data, Chapter 5
primary steps for, 5-2
principles, Chapter 5
procedure, 5-2
Duct, expansion, 5-3, 5-13
Duct, fitting losses
coefficient, 1-9
fan effects, 6-17
Duct material
black iron, 5-13, 5-35
Duct segment
definition, 5-2
Duct size
available, 5-3
Duct support, 5-38
Dust
airborne, 3-2, 12-3 to 12-17
definition, xiii
particle size range, 4-24
Dust cake, 4-9
porosity, 4-11
Dust collectors, 4-2, 6-6
application of, 4-2, 4-30
centrifugal efficiency, 4-22
choice
effect of emission rate on, 4-2
efficiency, 4-23
combined fan and, 4-18, 6-6
(see dynamic precipitator)
comparison chart, 4-30
cost, 4-25
cost chart, 4-30
disposal of dust, 4-3
dry centrifugal, 4-3, 4-18
efficiency, 4-2
energy considerations, 4-3
explosion or fire considerations, 4-17
fabric(s), 4-2, 4-9
multiple collectors, 4-22
pilot installation, 4-11
primary, 4-2
selection, 4-2
contaminant characteristics, 4-3
gas stream characteristics, 4-3
settling chamber, 4-28
wet type (see wet collector)
types, 4-3
unit, 4-28
Dust disposal, 4-3
Dynamic precipitator, 4-18

Economic velocity

optimum, 5-35
Effect of specific gravity, 3-2
Effective temperature, xiii
Efficiency, 4-2

air filters, 4-28

fan, 6-2, 6-6 to 6-10
Egg-crate straighteners, 6-25
Ejector, 6-2
Elbow material thickness, 5-36, 8-4
Elbows, 5-3, 5-36 to 5-38, 6-27 to 6-31
Electric field, 4-3
Electric furnaces, 10-76, 10-77, 10-178
Electrode, 4-3
Electroplating, 10-98 to 10-110
Electropolishing, 10-98 to 10-110
Electrostatic, 4-32
Electrostatic precipitator, 4-2, 4-3
Elevation, correction for, 5-14, 5-28
Elevators, 10-68
Employee exposure levels

evaluating, 7-18 to 7-20
Enclosing, 3-2

hoods, 3-2
Energy cost calculations, 7-9
Energy cost savings, 7-14 to 7-18
Energy recovery, 7-16
Enthalpy, 5-27
Entrainment ratio, 3-19
Entry-hood

coefficient, 3-15

definition, xiii

losses, xiii, 1-7, 3-16, 3-18
Entry loss

compound hoods, 3-16

simple hoods, 3-16
Environmental control, 7-5
Equivalent fan static pressure, 5-32
Equivalent pressure, 6-19
Equivalent sizes, round to rectangular, 5-51
Ethylene glycol, 7-12
Ethylene oxide sterilizer, 10-29 to 10-31
Evaluating exposure levels

equations for, 7-18
Evaporative cooling, 7-8
Evasé, 5-32
Exhaust

need for, 7-14
Exhaust stack, 5-33 to 5-35, 5-65 to 5-67
Exhaust system

evaluation, 9-15

general, 1-2, Chapter 2




dilution, 1-2, 2-2
heat control, 1-2, 2-2, 2-13
local, 1-2, Chapters 3,4, 5,6
low-volume high-velocity, 10-51 to 10-58
plenum-type, 5-11
Exhausting, characteristics, 1-10
Expansion, 5-35, 5-38
joints, 5-36
losses, 5-47
Expansions, 5-3, 5-13
Explosion venting, 4-33
Explosive atmosphere, 5-38
Explosive limit, lower, definition, xiii
Explosive limits, xii, 12-21 to 12-23
Explosive material conveying, 6-21
Exterior hoods, 3-2

F

Fabric
configuration, 4-11
efficiency, 4-9
efficiency of new, 4-9
nonwoven, 4-9
penetration, 4-9
permeability, 4-9
type, 4-12
Fabric collectors, 4-3
air-to-cloth ratio, 4-11
area required, 4-11
by-pass, 4-9
duty cycle, 4-11
filter drag, 4-11
filtration velocity, 4-11, 4-13
housing, 4-11
intermittent duty, 4-11
leak testing, 4-9
pulse-jet or fan-pulse, 4-13
reconditioning, 4-9, 4-11,4-13,4-17
reverse-air type, 4-13
reverse-jet, 4-13
shaker, 4-13
time between reconditioning, 4-9
Fabric collectors, 4-9
Fabric configurations, 4-9, 4-11
Fabric drag, 4-11
Face velocity, 3-16, 3-19
Fan
alignment, 6-25
bearing check, 6-25
belt drive, 6-10, 6-24
losses, 6-14
belt-driven, 6-10 to 6-13

Index

blade shape, 6-2, 6-6, 6-8
connections, 5-27, 6-21
corrosive applications, 6-7
dampers, 6-10
desired operating point, 6-16
direct driven, 6-10
discharge conditions, 6-24
drive arrangements, 6-10 to 6-12
effect of temperature, 6-6
efficiency, 6-2, 6-6 to 6-9
energy, humidification in wet collectors, 4-17
equivalent pressure, 6-20
explosive materials, 6-21
flow rate determination for, 6-6, 6-15
gas density, effect of, 6-17
homologous, 6-19
inlet dampers, 6-15
inlet spin, 6-25
laws, 6-17
noise, 6-10
outlet dampers, 6-15
performance classes, 6-15
performance curve, 6-16 to 6-19
point of operation, 6-16
rating, non-standard conditions, 6-15
rating tables, 5-11, 5-29, 6-15, 6-16
required power, 5-10, 5-32, 6-10, 6-15, 6-16
rotation rate, effect of, 6-17
selection, 6-6
speed

effect on flow rate, 6-17

effect on power, 6-17

effect on pressure, 6-17
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static pressure, 5-10, 5-12, 5-32, 6-2, 6-6, 6-15, 6-17

equivalent, 5-32, 6-17
system curves, 6-16, 6-17
system effect, 6-21 to 6-25
total pressure, 5-11, 5-32, 6-6, 6-16, 6-17
types, 6-2
axial, 6-2, 6-4, 6-8, 6-28
propeller, 6-2
backward inclined, 6-2, 6-6 to 6-9
centrifugal, 6-2, 6-6 to 6-9, 6-11, 6-27 to 6-29
forward curved, 6-2, 6-6
homologous, 6-19
in-line centrifugal, 6-2, 6-8
radial, 6-2, 6-6, 6-7
special, 6-2, 6-8
tubeaxial, 6-2, 6-8
vaneaxial, 6-2, 6-8
window, 7-15
vibration, 6-26
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Fan—collector
combination, 6-6
wet, 4-18
Fan energy, humidification in wet collectors, 4-17
Fan and system curves, 6-16
Fans, Chapter 6
accessories, 6-10
corrosive applications, 6-7
density correction, 6-17, 6-19
effect of temperature on, 6-6, 6-7, 6-19
explosive material, 6-21
gas density, effect of, 6-17
homologous, 6-19
impeller design, 6-2
parallel, 6-12
propeller, 6-2
rotation rate, effect of, 6-16
vibration, 6-25
Fan installation, 6-21
Fan static pressure, 5-10, 5-12, 5-32, 6-2, 6-6, 6-15, 6-17
Feed mills, 10-177
Field meters, 9-27
Filtration velocity, 4-11, 4-17
redeposition, 4-17
Filtration velocity choice
fabric collector, 4-11
Fire dampers, 5-38
Fire, dilution ventilation for, 2-7
Fitting
mixtures, 2-8
contraction, 5-3, 5-13
Fitting losses
coefficient, 1-9
Flammable atmospheres, 5-38, 8-5
Flanges, 3-7
Flash points, 12-20 to 12-23
Flexible ducts, 5-2, 5-4, 5-38
Flour mills, 10-177
Flow rate
changes with density, 5-28
collector selection, 4-2
hood, 3-6
measurement of, 9-2
orifice, 9-10
pitot traverse method, 9-15
reduction of, 7-14
replacement, 7-2, 7-5
total, 3-23
Flues, 7-4
monitoring, 7-16
Fluidized beds, 10-173
Forge, 10-178

Forward curved fan, 6-2, 6-6
Foundry
bins, 10-67
chipping, 10-133
conveyor belts, 10-67, 10-68
cooling tunnels, 10-178
core grinder, 10-127
core knockout, 10-178
core sanding, 10-178
elevators, 10-66

grinding, 10-124, 10-125, 10-128, 10-129, 10-132, 10-133

mullers, 10-85, 10-86
pouring, 10-81
screens, 10-169
shakeout, 10-21, 10-22
shell core molding, 10-24, 10-25
Fresh air, 8-3
Freeze up, 7-9
heating unit, 7-11
Friction
losses in non-fabricated ducts, 5-38
losses in non-round ducts, 5-13
Friction chart, 5-43 to 5-46
Friction loss, 1-7, 5-3, 5-13
FSP, 5-12
FTP, 5-11
Fuel
conservation of consumption, 7-4
heating, 7-8
Fumes, xiii, 3-2
Furnaces
aluminum, 10-178
crucible, 10-74
electric, 10-76, 10-77, 10-178
induction melting, 10-80
melting, 10-74, 10-75
non-tilting, 10-74, 10-79, 10-83
rocking, 10-77
tilting, 10-75
Furniture stripping, 10-176
G
Galvanized metal, 5-4, 5-13, 5-35
Garage ventilation, 10-141, 10-142, 10-178
Gas collectors, 4-22
Gas contaminants
control of, 4-22
Gaseous collector
types, 4-25
Gases, 3-2
concentration, 12-3 to 12-17
definition, xiii



properties of, 12-18 to 12-20
General ventilation, 1-2, 2-2
Glove box, 10-46
Governmental codes, 7-12, 9-2
Grain elevators, 10-177
Grains per cubic foot, 4-2
Granite cutting, 10-92
Gravity, specific, xiii, 3-2, 12-21 to 12-23
Grilles, 7-7
Grinders
belt, 10-136, 10-139
core, 10-127
disc
horizontal double spindle, 10-129
vertical spindle, 10-128
jack, 10-23, 10-24
portable, 10-132, 10-133
small radial, hood, 10-55
surface, 10-126
hood, 10-53
swing, 10-130
wheel, 10-124, 10-125
Grinding
bench, 10-132
hoods, 10-52, 10-55, 10-124 to 10-126, 10-128 to
10-130, 10-132, 10-133, 10-168
table, 10-132, 10-133

H

Hawley Tra-L-Vent, 10-93
Health, dilution ventilation for, 2-2
Heat
balance and exchange, 2-8
control ventilation, 2-2, 2-8
enclosures, 2-16
protective suits, 2-16
radiant heat control, 2-15
refrigerated suits, 2-16
respiratory heat exchanges, 2-16
ventilation, 2-13
ventilation systems, 2-13
convection, 2-9
disorders, 2-10
cramp, 2-11
exhaustion, 2-10
rash, 2-11
stroke, 2-10
modes, 2-9
adaptive mechanism, 2-9
exchanger factors, 7-16
latent, 2-15, 7-6
load, 7-5
pipes, 7-15
radiant, 2-9, 7-6

Index

sensible, 2-14, 7-6
tolerance, 2-9
wheel, 7-16
stress, 2-11
indices, 2-12
WBGT, 2-12
Heat exchange
fixed plate, 7-16
heat pipe, 7-16
heat wheel, 7-16
run around coil, 7-16
selection factors, 7-16
Heating coils, 8-3
bypass dampers, 7-11
Heating costs
reduction of, 7-14
Heating degree days, 7-15
Heating equipment
replacement air, 7-9

Heating, ventilation, and air conditioning (see HVAC)

HEPA, 4-32
High-efficiency filters, 7-17
High toxicity, 3-18, 4-33
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High toxicity hoods, 10-18, 10-19, 10-40 to 10-44, 10-46,

10-49, 10-61, 10-62, 10-64, 10-79
High-velocity drafts, 7-2
Homologous fan(s), 6-16, 6-19
Homologous series, 6-17
Hood design, Chapter 3

cross-drafts, 3-2, 3-18
diameter, hot process, 3-2, 3-21
enclosure, 3-2, 3-6, 3-19
entry loss, 3-15
compound hoods, 3-16
simple hoods, 3-16
flow rate determination, 3-6
glove box, 3-19

grinding wheel, 10-124, 10-125, 10-128 to 10-130,

10-132, 10-133
local, 3-2
location, 3-2, 3-6
openings, 3-7
push~pull, 3-19, 3-20, 10-106 to 10-108

radioactive materials hoods, 3-18, 10-18, 10-19, 10-40 to

10-43, 10-46, 10-49, 10-61 to 10-64
slots, 3-2, 3-7
static suction, 1-7
verification, 9-24
Hood entry losses, 1-6, 1-7
factors, 9-13
Hood static pressure, 1-7
interpretation of, 9-11
Hood types, 3-2



Industrial Ventilation

bench, 10-132, 10-133, 10-146, 10-147, 10-149
booth, 10-112, 10-113, 10-116, 10-130, 10-146

canopy, 10-118, 10-173
downdraft, 10-21, 10-22, 10-23, 10-132
movable, 10-21, 10-93, 10-147

slots, 10-104, 10-117, 10-44, 10-46, 10-49, 10-61,

10-62, 10-64
Hoods
openings, 3-8
push—pull, 10-106, 10-107, 10-108

radioactive materials hoods, 3-18, 10-40, 10-41, 10-43,

10-46, 10-49, 10-61,10-62
rectangular, 3-8
round, 3-8
Horsepower
air, definition, xiii
brake definition, xiii
Horsepower—fans, 6-16
Hot air column, 3-21
Hot contaminated air, 3-2
Hot processes, 3-21
Hot water heaters, 7-9
Humid volume, 5-27
Humidification, 5-30
Humidifier, 8-3, 7-20
Humidifying efficiency, 5-28
definition, 5-28
Humidity

replacement air, 8-4
return air, 8-3
return air grilles, 8-3
return air plenum, 8-3
supply air, 8-3
supply air diffusers, 8-3
survey outline, 8-8, 8-9
system types, 8-3
single duct, 8-3
constant volume with pre-heat, 8-10
constant volume with by-pass, 8-11
variable air volume with reheat, 8-12
variable air volume with induction, 8-13
variable air volume with fan powered
devices and pre-heat, 8-14
dual duct, 8-4
constant air volume, 8-15
multizone, 8-4
single duct constant air volume, 8-10
fan coil unit, 8-4, 8-3
variable air volume, 8-3
zone heat pump, 8-4, 8-18

potential problems, 8-4

air cleaning, 8-5
air filters, 8-5
cooling coils, 8-6
dampers, 8-5
heating coils, 8-6
outdoor air, §-4

absolute, definition, xiv
relative, definition, xiv

HVAC, Chapter 8

components, 8-2
air cleaners, 8-3
compensating air, 8-3
condensate pan, 8-3
control box, 8-3
control zone, 8-3
cooling coil, 8-3
dampers, 8-3
defrost pan, 8-3
dehumidifier, 8-3
distribution supply air, 8-5
diffusers

supply air, 8-3, 8-5

drip tray, 8-3
economizer, 8-3
fans, 8-3
fresh air, 8-3
heating coils, 8-3
humidifier, 8-3
mixing plenum, 8-3
occupied zone, 8-3
outdoor air, 8-3

return air, 8-8

return air grilles, 8-8
supply air diffusion, 8-7
supply air distribution, 8-6

|

Impaction, 4-17, 4-18
Impeller design, 6-2
Impingement, 4-32
Impregnating—wire, 10-169
Inclined manometer, 9-20
Indices, heat stress, 2-12
Indirect-fired heaters, 7-9, 7-10
bypass units, 7-11
selection factors, 7-13
Inertial effects, 3-2
Infiltration, 7-2
Inlet
box, 6-16
dampers, 6-10, 6-15
spin, 6-25
Indoor air quality, Chapter 8
Integral face and bypass, 7-11
Interception, 4-32
Interpolation



fan tables, 6-16
Interpretation of measurements

hood static pressure, 9-11
Ionization, 4-3, 4-9, 4-32

Jointer, 10-164

K-value, 2-2, 2-5
Kettles, varnish, 10-179
Kitchen hoods, 10-33 to 10-35

L

Laboratory hoods, 3-19, 10-41 to 10-43, 10-49
Large particulates, 3-2
Latent heat, 2-14, 2-15, 7-6
Lathe hood, 10-64
Laws, fan, 6-17
Lead, glaze spraying, 10-178
Leak testing, 5-36
Lift truck ventilation, 10-110
Linty material, 4-3
Loader

rail, 10-71

truck, 10-72
Loss

hood entry, 3-15

factors, 5-3
Losses

duct, 1-7

fitting, 1-9

friction, 1-7

hood, 1-6, 1-7

low velocity media, 6-17
Louvers, 7-7

Low-volume/high-velocity exhaust systems, 10-52 to 10-58

Lower explosive limit, definition, xiv
Lower explosive limits, 12-21 to 12-23

M

Magnehelic gauge, 9-21
Manometer, xiv

inclined, 9-3

U-tube, 9-11

Matchers, 10-167
Material

different duct, 5-35
Material handled by fan, 6-7
Material selection

corrosive applications, 5-35
Maximum plenum velocity, 3-8
Measurement

corrections for density, 9-4

difficulties encountered, 9-27

hood static pressure, 9-11
initial for new system, 9-23
instrument selection, 9-27
number of traverse points, 9-17
periodic testing, 9-2

survey form, 9-23

velocity, in rectangular ducts, 9-17

Measurement instruments
calibration of, 9-6
Mechanical
efficiency, 6-15
refrigeration, 7-8
Melting
furnace, 10-74 to 10-78
pot, 10-78
Metabolism, 2-12
Metal bandsaw, 10-60
Metal cleaning, 10-98 to 10-103
Metal polishing belt, 10-139
Metal shears, 10-62
Metal spraying, 10-151
Metal surfacing, 10-98
Metallizing booth, 10-151
Micron, definition, xiv
Mill, tumbling, 10-133
Milling machine, 10-61
Minimum duct velocity, 3-18, 5-2

Miscellaneous specific operations, 10-168 to 10-178

Mist(s), xiv, 4-22, 4-24

Mixing plenum, 8-3

Mixer, 10-85 to 10-87

Mixtures, dilution ventilation, 2-6
Moisture content, 5-14

Molders, 10-167

Mortuary table, 10-175

Movable Exhaust Hoods, 10-147
Muller, 10-84, 10-86

Multirating table, 6-15

N

National Board of Fire Underwriters, 6-7
National Fire Protection Association, 6-7

Natural draft stacks, 7-4
Nature of contaminant, 4-2
Negative pressure(s), 7-2, 7-4
Nonoverloading fan, 6-2
Nonstandard duct material, 5-38
Nonwoven fabric, 4-9
Nozzles, 9-20

push, 3-19

plenum pressure, 10-107
push-jet, 3-19

Index
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O Polishing
Open surface tanks, 10-98 to 10-110 belt, 10-136, 10-139
Operating temperature, 6-6 wheels, 10-134, 10-137, 10-138
Optimum economic velocity, 5-35 Porosity of dust cake, 4-11
Orifices, 3-17, 9-10 Portable grinding, 10-52 to 10-56, 10-81, 10-132
Outboard motor test tank, 10-174 Pouring, 10-133
Outdoor air, 8-3, 8-4 Power
Outdoor air estimates, 8-4 required fan, 5-10, 5-32
carbon dioxide method, 8-4 Power exhausters, 6-6
temperature method, 8-4 Power roof ventilators, 6-6
Outdoor air intakes, 8-5 Precipitator
Outlet dampers, 6-15 electrostatic, 4-3
Outside air using exhaust system, 7-2 high voltage, 4-3
Ovens, 10-118 low voltage, 4-9
P pressure drop in, 4-9
Packaging machine, 10-14, 10-178 wet dynamic, 4-18
Paint storage room, 10-119 Preheat coil, 7-11
Painting, spray, 10-112 to 10-114, 10-116 Pressure
Paper machine, 10-178 drop
Partial enclosure, 3-2 collection efficiency, 4-18
Particle size range, 4-22, 4-24 hood static, 1-7
Particulates, 7-17 loss calculations, Chapter 5
Penny, 4-3 measurements, 9-11
Percent saturation curves, 5-16 regain, 5-3, 5-12
Perchloric acid hood data, 10-42 room, 7-5
Performance curve static, xiv, 1-3, 3-15, 5-4, 5-12, 9-11
fan, 6-16 to 6-19 total, Xiv, 1-3, 5-4, 5-11
limits, 6-16 Vapor, xiv

Permeability, 4-9
Physical constants, 12-21 to 12-23
Physiological principles, 2-9
Pickling, 10-98 to 10-108
Pistol range, 10-172
Pitot tube, 9-2

accuracy, 9-14

calibration of, 9-3

limitation, 9-14

modified, 9-17

traverse with, 9-15, 9-17, 9-22
Planers, 10-167
Plastic pipe, 5-38
Plate exchangers, 7-16

velocity, xiv, 1-3, 5-4
Pressure gauge calibration, 9-3, 9-6
Primary collector, 4-2
Primary filter, 7-17
Propeller fans, 6-2
Protective suits for heat, 2-16
Psychrometric chart, 2-15, 5-16, 5-31
density determination from, 5-31
density factor, 5-27
enthalpy, 5-27
high temperature, 5-35
humid volume, 5-27
relative humidity, 5-27

Plating, 10-98 to 10-110 saturation curves, 5-27
Plenum, xii, 3-8 Psychrometric principles, 5-27
Plenum pressure Pull hood, 3-20

push nozzle, 10-106 Pulse-jet collector, 4-13
Plenum system, 5-11 filtration velocities, 4-17

manual cleaning design, 5-11 Push jet, 3-2, 3-19

self-cleaning design, 5-11 velocity, 3-19
Plenum velocity, 3-8 Push nozzle, 3-19
Plugging, 3-18 plenum pressure, 10-108
Pneumatic hand tools, 10-54, 10-92, 10-112 Push—pull, 3-2, 3-19, 3-21
Point of operation, 6-16 hood design, 10-106, 10-107



Quartz fusing, 10-179

Radial, 6-2
Radial saw, 10-160
Radiant heat, 7-6
engineering control, 2-16
shielding, 2-16
Radiation, xiv, 2-9
Radiator repair, 10-144
Radioactivity, 4-33
Rating tables, 5-11, 5-29, 6-15
Recirculation, 4-2, 7-2, 7-6
factors to consider, 7-16
governmental codes, 7-12
system
bypass to outside, 7-19
malfunction, 7-16
monitoring, 7-17
potential problems in, 7-19
Rectangular hood, 3-8
Rectangular equivalents (ducts), 5-15
Redeposition, 4-17
Reducing air flow rate, 7-14
Regulations, governmental, 4-2
Refrigerated suits, 2-16
Reheat coil, 7-11
bypass dampers, 7-11
Relative humidity, xiv, 5-27
Replacement air, 1-2,2-2, 7-2, 8-3
heating costs, 7-9
heating equipment, 7-9
reasons for, 7-2
untempered air supply, 7-16
Replacement air unit, 7-9
Respiratory protection, 10-112, 10-113, 10-116
Resultant velocity pressure, 5-12
Reversed fan rotation, 6-25
Rifle range, 10-172
Rip saw, 10-167
Robotic welding, 10-150
Rock drilling, 10-92, 10-178, 10-179
Rolls, rubber calendar, 10-88
Roof exhausters, 7-15
Rotary blasting table, 10-179
Rotating vane anemometer, 9-3
Round hood, 3-8
Routers, 10-167
Rubber
calendar rolls, 10-88
mill, 10-89
Run-around coils, 7-16

Index

S-type Pitot tube, 9-17
Safety guards, 6-10
Salt bath, 10-98 to 10-110
Sampling box, 10-19
Sanders
belt, 10-162, 10-167
disc, 10-160, 10-167
drum, 10-158, 10-159
swing, 10-167
Sash stickers, 10-167
Saws
abrasive, 10-136
band, 10-60, 10-153
guard, 10-157
miscellaneous, 10-167
radial, 10-155
rip, 10-167
swing, 10-156
table, 10-167
guard, 10-157
Screens
cylindrical, 10-169
flat deck, 10-169, 10-178
Scrubber, 4-17
Sealed joints, 5-36
Seamless tubing, 5-38
Secondary filter, 7-17
Selection, fan, 6-5
Sensible heat, 2-14, 7-6, 7-7
Service garages, 10-141 to 10-143
Settling tanks, 4-28
Shaft seal enclosure, 10-18
Shakeout, 10-21 to 10-23
Shears, metal, 10-62
Shell core molding, 10-24, 10-25
Shot blasting room, 10-121

Side draft hood, 10-21, 10-22, 10-104, 10-105, 10-117

Silver soldering, 10-179

Slots, 3-7, 10-12, 10-104 to 10-110, 10-117, 10-172

hoods, 3-17

lateral, 10-104, 10-109, 10-110, 10-117, 10-146

resistance, 3-13, 3-18
Slot velocity, xiv, 3-16
Sludge, 4-3
SMACNA, 5-36
Smoke, definition, xiv
Smoke tubes, 9-6
Soldering, 10-28, 10-146
Solvent
degreasing, 10-109, 10-110
drying time, 12-23 to 12-24
Solvent mixtures, dilution ventilation for 2-6
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Sparking, 6-21
Specific gravity, xiii, 3-2, 12-21 to 12-23
Specific operations, 10-1 to 10-5
Spiral wound duct, 5-36
Splitter sheets, 6-25
Spraying
ceramic, 10-178
metal, 10-151
paint, 10-111 to 10-116, 10-118
Spread, 7-4
Squirrel cage, 6-2
Stack
discharge, 5-65 to 5-67
exhaust, 5-33
Static pressure, xiv, 1-3, 3-15, 5-4, 5-12,9-11
comparison, 5-8
correction for, 5-12
definition, 1-3
losses, non-standard density, 5-13, 5-30
taps, 9-11
Static tube, 9-11
Staubscheid pitot tube, 9-17
Steam coil, 7-9
throttling range, 7-9
Steam condensate, 7-9
Steam heaters, 7-9
Steam kettles, 10-178
Steam traps, 7-9
Sterilizer
ethylene oxide, 10-29 to 10-31
Stone crusher, 10-178
Stone cutting, 10-92
Streamlines, 3-7, 5-65
Stripping, 10-97 to 10-110
Supply air, 8-3
diffusers, 8-3
Supply systems, 7-2
Surface grinder 10-129
Surfacing machine, 10-92
Swing grinder, 10-130
Swinging vane anemometer, 9-4
limitations, 9-4
measuring pressure with, 9-4
System curves, 6-19
System design
adding hoods, 5-38
method choice, 5-10
methods, 5-10
preliminary steps, 5-2
procedure, 5-2
testing, 5-38
System effect, 6-21
factor, 6-24

System requirement curves, 6-17
System types, 8-3, 8-4
single duct, 8-3
constant volume with pre-heat, 8-10
constant volume with by-pass, 8-11
variable air volume with reheat, 8-12

variable air volume with induction, 8-13
variable air volume with fan powered devices and

pre-heat, 8-14

dual duct, 8-4

constant air volume, 8-15
multizone, 8-4

single duct constant air volume 8-16
fan coil unit, 8-4
variable air volume, 8-3
zone heat pump, 8-4, 8-18

T

Table exhaust, 10-132, 10-133, 10-146, 10-172
Tailpipe ventilation, 10-141, 10-142
Take-off, 3-8
Tank exhaust, 10-98 to 10-109
Tap, static pressure, 9-11
Tapered transitions, 5-38
Temperature
air supply, 7-6
corrections for, 5-15, 5-27, 5-33
corrections to density, 9-4
dew point, 5-27
dry bulb, 2-11, 5-27
wet bulb, xiv, 2-10, 5-27
Tenoner, 10-167
Terminal air supply velocity, 7-6
Testing, 9-2
Thermal
anemometer, 9-6
maintenance, 9-6
measuring pressure with, 9-6
equilibrium, 2-8
oxidizer, 4-25
radiation control, 2-9
Threshold Limit Values, xiv, 12-3 to 12-20
Throttling range, 7-9
Throw, xiv, 7-6 (see blow)
Tolerance to heat, 2-9
Torch cutting, 10-149
Total heat, 5-27
Total pressure, xiv, 1-3, 5-11, 9-4
definition, 1-3
Toxic contaminant
preferred design method, 5-10
Tracer gas, 9-6
Trailer interior spray painting, 10-114
Transport velocity, definition, xiv



Traps, 7-9

Truck spray painting booth, 10-115
Tubeaxial fans, 6-2

Tumbling mill, 10-123

Turbulence loss, 1-8

Turn-down ration, 7-12

Turning vanes, 6-21

U
U-tube manometer, 9-20
liquids used in, 9-20
Unit collectors, 4-2, 4-25
Vv

Vane anemometer, 9-19
instruments used in, 9-19
Vapor, definition, xiv
TLVs, 12-3 to 12-17
Vapor pressure, definition, xiv
Vapors, 3-2
Varnish kettles, 10-179
V-belt drives, 6-10
V-belt power losses, 6-14
Vehicle ventilation, 10-140 to 10-144
Velocity
capture, xiii, 3-6
contours, 3-7
cooling, 2-15
correction for changes in, 5-12
definitions, xiii, xiv
dilution, 2-2
face, 3-16, 3-19
instruments, 9-3, 9-14
jet, 3-19
minimum duct, 5-2
over person, 7-7
plenum, 3-8
pressure, 3-8, 5-3, 5-12, 5-13
definition, xiv, 1-3
pressure table, 5-48
slot, xiv, 3-3
transport, xiv, 3-18
variation with distance, 3-7
Velocity pressure
actual, 5-4, 5-30
conversion to velocity, 9-14
resultant, 5-13
Velocity pressure method, 5-3
Velometer, 9-7
Vena contracta, 3-15
Ventilation

Index

aspects of indoor air quality, §-1
dilution, 2-2
air distribution, 2-5
fire and explosion, 2-7
K factor, 2-2, 2-5
principles applied to, 2-2
general, 2-2
general principles, 1-2
heat control, 2-2, 2-8
hot process, 3-20
system, supply, 7-4
Venting of combustion products, 7-4
Vibration, 5-38, 6-25
Volumetric flow rate, definition, 1-3
Vortex, 6-25

W
Wake effects, 3-2, 3-8
Water hammer, 7-9
Water pollution, 4-17
Weigh hood, 10-15, 10-16
Welding, 5-35
exhaust hoods, 10-146 to 10-151
joints, 5-36
seams, 5-36
Welding and Cutting, 10-145 to 10-151
Wet-bulb temperature, xiv, 2-12, 5-27
Wet collector
high energy, 5-28
humidification, 4-17, 5-30, 7-28
humidifying efficiency, 5-28
Wet collectors
air-to-water contact, 4-17
centrifugal type, 4-18
fogging type, 4-18
humidification, 4-17
orifice type, 4-18
packed towers, 4-18
pressure drop, 4-18
spray tower/chamber, 4-17
temperature and moisture, 4-17
venturi, 4-18
Wind tunnel, use of, 9-7
Window exhaust fans, 7-15
Winter temperatures, in U.S., 7-15
Wiper, belt, 10-131
Wire brushes, 10-53
Wire impregnating, 10-179
Woodshaper, 10-167
Woodworking machines, 10-152 to 10-167
Worker position, 3-8

13-13








