








10-118 Industrial Ventilation 

Q 

t 

Slot for conveyor 

Extend as low as possible 
to cleur work 

o 

t 

min. 

Side baffles 
are desirable 
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SLOT TYPE 

Q = 100 cfm/ft2 door plus 1/2 
Products of combustion 

Minimum duct velocity = 2000 fpm 

he = 1.0 VPs + 0.25 VPd 

Size plenum for 
1000 fpm maximum 

Slot on three sides with 
Vs = 2000 fpm. 

Locate on inside or outside of door. 

CANOPY TYPE 

Q = 200 cfrn/ft 2 of hood face 
plus 1/2 products of combustion 

he = 0.25 VPd 
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 

3. Hoods at each end of oven. Reduce 
size of doors as much as possible. 
Separate ven! must be udded for' 
products of combustion. 

4. For construction and safety, consult 
NFPA code (Reference 10.75.1). 

DRYING 0 VEN VENT/LA TION 



O(exh) = 10 to 12 air changes/hour 
O(supply) = 10 to 12 air changes/hour 
Balance room slightly negative 
O(exh) = 1.05 O(supply) 
En t ry los s = 1.78 V P s + 0.05 V P D 

Minimum duct velocity = 2000 fpm 
Stock velocity = 3500 fpm 

Specific Operations 10-119 

Floor lin e ___ ... _LL. ....... _ .. ....t;=c;;L .. ___ ._ .. _ .... _._ .. _ ... _ .... .lee:: C:~::. L ... :: 

For construction ond safety consult NFPA Code 
Reference 10.75.1 and 10.75.2 
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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)(10801) and National Fire Protection Association 
(NFPA)<10802) may apply. 

10.80.1 Abrasive Cleaning: VS-80-0 I, -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 I iquids 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 ofthe particles as they 
are generated. Design specifications for grinding and surfac­
ing operations are shown in VS-80-1 0 through VS-80-l9. 

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). 

10.80A 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). 



Specific Operations 

11 3500 fpm, minimum ____ ~r~--- To dust collector 

~"0-~0n' 

I 

___ . _________ ,---I ~ __ n[J:°:I:':~~ ~.~ 1 ..... 
SECTION nmOUGH TYPICAL FWOM 

o = 60-100 cfm/ft 2 of floor for downdraft with typical choice 80 cfm/ft 2 

o = 100 cfm/ft 2 of wall for crossdraft· 

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. 

10-121 

2. Operator In on abrasive blasting room is required to wear appropriote 
NIOSH certified respiratory protection. 

3. For rot a ry to b I e sus e 200 cf m/ft 2 0 f tot a lop e n i n g (t a ken wit h cut 
curlains). 

4. For blasting cabinets see VS-80-02. 

Reference 10.80_3 and 10.80.4 
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10-122 Industrial Ventilation 

Air intake vents baffled To Exhaust System 

Screened viewing 
window 

Rubber gloves 
attached to 
cabinet ~---~ 

o 

Door with 
dust tight 
gasket 

Return to blasting hopper for reuse 

Notes: 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 VPd 

A ME:F?,]C AN CO NF'E:RE-'J"CE 
ABRASJ o F' C () 1<, I\jM E: N '1' A 
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Specific Operations 10-123 

Hinged access door; End bell 

/~'.5 ... ~ 
/ 

r""" 

/~~:s 
in disc 

itA~ (, Open cJ il ~~~ [-' 

'fi: 

! I-IL~D p \~ .. <) J i 

i 

\ 
I 

Air slot v810city .::: 
400 f pm. minimum 

SECTION THROUGH HOLLOW STAVE MILL 
TRUNNION TUMBLER (END SECTION) 

Minirnum duct velocity - .. 5000 fpm Minimum duct velocity = 3500 fpm 

Entry loss (he) depends on d~sign and he = 0.25 VPd 
typically ranges from 3 to 9 wg. 

EXHAUST RATES 

Square mill Round mill Exhaust cfm** 

side diam in. 1.0. in inches Trunn Stave 

U to 24 ncl 430 800 
Up t, 24 i :1 24 - 30 680 900"'-

25 - 30 31 - 36 980 980 

31 - 36 37 - 42 1330 1330 

37 42 43 - 48 1750 1750 
....... 

43 - 48 49 - 54 2200 2200 
......... 

49 - 54 55 - 60 2730 2730 

55 - 60 61 - 66 3300 3300 
.-...... ....... _--.......... - ....... .................... -

61 - 66 
i 

67 - 72 3920 3Sl2CJ 

67 - 72 4600 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 

AMEHICAN CONFEEENCE 
TUJJ1BL1NC MIll ~v 

OF' GO VERNMENT AI .. , 
.L~ ... _ _ ..J __ Jkj 

INDUS AL HYG IE:NISTS DATE 02-91 I F'IGUI,,{E: VS-BO··· 03 



10-124 Industrial Ventilation 

I I I I 
I I I I 
\;: -+ --- -1-) 
I ,I 1/ I 
I I' /1 I 
I I" / I I 
I )~.Y __ '-I I 

1/ I 1\1 
r L ____ J I 
I ! 

1\ /I 
I " / I 
I " -~/\.. /' I 

1 / " i 
I / 'I 
I / " I 
('-------"1 
I I 
I I 
I I 
L ________ " _____ ." I 

Adiustable tongue (keep adlusted to not 
more than 1/4" from wheel ) 

D" / 
\,/ 

/ 

I I 
I 

I 
I 
I 

I 
I 

-1-- -/ : 
c-.c-. I 

c-. I 

SPECIAL TOOL REST 
Reference 10.10 

!l c-. c-. :1 

""~~~ '1 / 
-~-~ 

Chip trap if desired 

EXHAUST FLOW RATES, cfm 

Poor 1 
enclosure I -- ------- - - I 

390 1 

___ 1 ~.....!.c:...._~ ___ I ___ .3. _____ ----~~~------t 880 
16 to 20 I 3 740 1000 

- ~"!:.....to 30 _____ 1 ___ 5 ___ 1 ____ 12 __ 0_0 _____ -+-__ 1_6_;0_0 ____ 
1 ~

- -2-0 -t;--2-4- -- ~ ---4--r-- 880- - 1 200 

30 to 36 : 6 I 1600 2000 

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

h = 0.65 VPd for straight take-off 
e 

= 0.40 VPd for tapered take-off 

AMERJC AI\) C=ONFERF:NCE 
OF GOVEF~NMENTAL 

INDUSTHIAL fIYGIENISTS DATE 

GRINDING WIIEELHOOD 
SURFACE SPEE'DS 
ABO VE 6500 sfprn 

02- 91 FIGURE VS--- 80--1 0 



-_ .. 

_ ... 

\ / 
I ~A I 
I / \ I 
k'~_~ 

I 

Specific Operations 

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

t:.. . ...... ; 1" clearance T~ 
I····I··/~ 
Dj 4f-o-- \ \ 

\ \ 
\ \ 

EXHAUST FLOW RATES, cfm 

Wheel diam Wh !I Good Poor 
inches width en closu re* enclosure inches 

Up to 5 1 220 220 

5 to 10 1.5 220 300 

10 to 14 2 300 500 

14 to 16 2 390 610 
.• ~ ~. .. ----~ 

16 to 20 3 500 740 

20 to 24 610 880 
.. 

24 to 30 880 1200 

30 to 36 1200 1600 
-------~-

* No more than 25% of wheel exposed. 

Minimum duct velocity = 4000 fpm 

he = 0.65 VPd for straight takeoff 
0.40 VPd for tapered takeoff 

C RIND INC Wi-JErEL FlOOD 
S URF'A C E SP EED,5" 
BELG W 6500 sfprn 

10-125 

AMERICAN CONFERENCE~ 

OF GOVERNMENTAL 
INDUSTF{[AL HYGIENISTS DATE 02-·_· 9Z FIGUEE: vS--- 80~·.l.l 



10-126 Industrial Ventilation 

Grinding wheel-

AMF:HICAI\J CONFEHENCE 
OF,' C 0 VF:T\.NMF:N'TL~ .J 

D US '1'1\.1 A L,I-J Y G IE: N IS 'l'S DATE: 

10.80.5 

S eE' G 

02--- 91 FIGUHE VS 80--12 



[ ~ 

Minimum duct velocity = 4000 fpm 
Minimum slot velocity = 2000 fpm 

0 .. ) h = 1.0 VP + 0.40 VPd ~ e s 

CD he + elbow losses + joint losses 

AMEI~ICAN CONF'ERENCE: 
OF' CO MEN'TA1, 

Specific Operations 10-127 

--- Cut to suit around frame 

INDUSTHIAL HYGIENISTS DATE 02---9} ---(]{)- 13 



10-128 

, 

; 

lndustrial Ventilation 

-
Disc diameter-

inches 

to 20 

--- D -----------------1 

" Ring attached to hood at 
1/2-1 convenient locations 

-zu::---t---------------------------------------------- ---

~-lr---------------o 
- Angle of slots to be in relation to rotation 

EXHAUST FLOW RATE, cfm 
--

Adiustable to 
clear grinder 

1/2 or more of disc covered Disc not covered 

,ate. Cf~ No. * 
I 

Exhaust flow rate, cfm No.* Exhaust flow 

1 500 2 780 Up ----, 
20 to 30 2 780 2 1500 

30 to 53 2 1800 4 3500 
-----~ 

53 to 72 2 3100 5 
~-------I 

6000 
---- --- "- -.--.~ ... - . _. --- . -_ .. - -----~- -~~--- -- .. ~."" ,--------- .~ - ,.---

* 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 V Ps + 0.5 V Fi:J 

VERTICAL SiJINDLE _DiSC 
GRINDER 

I 

AMEHICAN CONFEHENCE 
OF GOVERNMENTAL 

INDUSTHIAL HYGIENISTS DATE 02-91' FIGURE VS-80-14 



t 
A 

Disc diam 
inches 

Up to 19 

19 to 25 

25 to 30 
-----~~.-. 

30 to 53 
-~"-

53 to 72 

ha ust flow rate 
cfm 

610 

880 

1200 

2000 

6300 

Section A-A 

Specific Operations 10-129 

r- Close clearance 

---- -or 
I 

45' 

Work 

ndless bell conveyor or 
any other method. 

Note: If the disc is tightly enclosed by machine 
housing, then exhaust from the housing is 
acceptable. 

Minimum duct velocity = 4000 fpm 
he - 0.65 VPd straight take-off 

= 0.45 VPd tapered take-off 

AMEHICAN CONFERENCE 
OF GOVERNMEN'TAL 

INDUSTRIAL HYG IENISTS 

HOlrIZONT'AL DOUBLE'--S~PliVDLE' 

DIS C GRIND iil'It 
DATE: 02- 91 FIGURE VS -- 80-- 15 



10-130 Industrial Ventilation 

\ ~~anch takeoff at top or back. 
\ multiple branches if several 

Central location 
booths are used. 

\ !'~~-~! 

45" slope·~· \ l 
\ i 

/' 

"' "' 

t 

Booth encloses grinder 
frame and suspension. 

Grinder to operate in or / I 

close to face opening.~.......J r 

For a large opening, 4' to 6' wide 
Q = 150 cfm/ft 2 of opening 

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

Minimum duct velocity = 3500 fpm 
he = 025 VPd 

itional adioining 

if needed. 

.. Keep width as small 
as practical. 

NOTE: Small local exhaust hoods mounted behind 
grinder wheel moy trop the streom of sparks, 
but are usuolly not effective in control of 
airborne dust. 

AMEI~ICA CO NF'EFcENC]': 
SWING o II' GO VE: [{NME 

D US 'I' f?, J A L Ff YG lEN IS Ii-])-AT-E - .... O ......... 2--.. -g .... , j ........ -""II""""'FI c-J \)-'1'11-,: ~\/'~~S ...... 'I--... -8 ..... C ..... ]---~j .... e ...... 



Booth width to suit 
regular work 

Reduce open area 
with baffles 

Hinged side doors may be 
opened for longer pieces 

Sow operotes ot foce 
of booth ~--~-~~~~-

Close In oreo under 
table 

AMEn co 

2 o = 250 cfm/ft of open face oreo 
Minimum duct velocity = 4000 fpm 
he = 0.50 VPd (no toper) 

025 VPd (with 45· to 

RrNC~-' l'·~~J. J.L~J ABRASI 
O)' CO ME L 
D U S '[' p, I A I, HYGIEN[STS D;\TE 02~~ 91 ,,~-' c 

Specific Operations 10-131 

Top takeoff (optionol) 

W 
Fie UHf': 

Rear takeoff 
(best) 

Hinged cleonoui 
door 

~~ () 

VS ao 17 



10-132 Industrial Ventilation 

~~------ Back and side shields highly 
desirable, enclose sides an~ 
top to make booth if practical. 

Bench top ~7 

i .!~~ 
L--- _________ - J 

bib 1-- ·-~-Il 
.~ ,I~---------I I 

! ! ' ''" I ! 

11--I~ Ii 

Cleanout doors I 45' m~ 
or drawers. r-----

Tapered takeoff necessary 
for distr-ibution. 

2 o = 150-250 cfm/ft of bench area. 

Minimum duct velocity = 3500 fpm 

he = 0_25 VPd 

If slots are used for distribution 

he = 1.78 VPs + 0.25 VPd 

END VIEW 

Notes: 1. If grinding in a booth, use 100 fpm face velocity_ 

For downdraft grilles in floor: Q= 100 cfm/ft
2 

of working 2. 
3. Provide equal distribution. 

4. Provide for cleanout. 

area. 

AMEF{[CAN CONFEf\ENCE 
OF GOVERNMEN'TAL, 

INDUS'THIAL HYGIENISTS 

HAND GRllVDING 13E-'NClf 

DATE 02-91 PICUPE VC;---80---J8 



Opening to be 
sized to handle 
3/4 of total air 
at 1000 fprn 

ning to be sized to handle 
of total air at 200 fprn 

Q = 150 cfrn/ft 2 opening 
Minirnurn duct velocity = 3500 fprn 
he = 0.25 VPd 

Specific Operations 

2/3 of duct 
width 

10-133 

/U~~ , Baffle 
plate 

ing gate 

AMERICAN CONFERENCE 
OF GOVERNMENTAL 

INDUSTRIAL HYG IENISTS 

PORTABLE' Cl:lIFJ}JING A1VD 
GRINDl.NG BLE' 

DATE 02--91 F1CUl\E VS'---80--··19 



10-134 Industrial Ventilation 

Adjustable tongue - keep ~l. 
as close to wheel as I 

possible. .-1 1-- 0.25 0 at least. 

I ~n I 

"~I b=~=-~I·=··=·~~ .... " \ Direction of rotation. 

1 .5" for hard wheel. ~ 
:3" for soft wheel. I ' '\ \ 

~/' \ 

. -~f ~ t+':~\ ~ -- ~ ~-\l~" 
I "-~,: ~q~~ 

I '~'r' /' 0 /!, 45°l' 
I ........ "j/ ~',.J 
I i ~ 

i : ~! 't..... ·~'rr~) 
, )1 /\ 

··---l/JLU 

I 

Minimum duct velocity : 3500 fpm, 

Trap with cleanout 
when desirable. 

4500 fpm if material is wet or sticky 
he = 0.65 VPd for straight take-off. 
he = 0.40 VPd for tapered toke-off. 

Wheel diam. Wheel width Exhaust flow rate Exhaust flow 
inches inches cfm 

"----_ .. 

Good enclosure * Poor 

Up to 9 2 300 

over 9 to 16 3 500 

over 16 to 19 4 610 

over 19 to 24 5 740 
~.-~-.~. ~ ....... , 

,"~ .. -~.-~~ 

over' 24 to 30 I 6 1040 

over 30 to 36 I 6 1200 
------- ~-- -- .- -- _.-- --- .... _ .. 

~ ----- ---- - .------ --- -- ----

* not more than 25% of the wheel is exposed 

Note Consult applicable NFPA codes Reference 10.80.2 
Caution : 00 not mix ferrous and non-ferrous metals 

in some exhaust system. 

cfm 

enclosure 

400 

610 

740 

1200 
... 

1500 

20DO 
~- ---- ._--

AMF:F?IC AN CONF'EEE CE lv!AIVUAL 
J3 UF'F'l)VG AND Oli' 0 f~.NMENTALJ 

DLS'j'1 AL fIYGIEN 
DATE 02~ 91 FIGURI~ V,S' .. · .. BO·-· 30 



Specific Operations 10-135 

~
When main duct is overhead, 

locate preferred take-off 
location as shown. 

Adjustable tongue - keep -~ ~ 
minimum clearance. 

/r:~~~ f' 
Keep side clearance 
to a minimum. i I C) \! \1 I i 

\_, __ ~ / 1/7~~' j. 
\:~"~:~~/~/ ~v\ 
/;\ / \r 

1/ 

Adjusta ble hopper -/ \ / I~!IJ--
- Alternate 

Wheel diam. 
inches 

Cleanout 

Wheel 
inches 

1 6 to 19 4 

19 to 24 5 

24 to 30 6 

30 to 36 6 

i I 

door ~ cL II 

~...... ---.-------.---

Exhaust flow rate 
cfm 

740 

1200 

1500 

1900 

Note: For wider wheels than listed, increase cfm with width 
Minimum duct velocity = 3500 fpm 

4500 fpm if material is wet or sticky 
he = 0.40 VPd 

take-off. 

Notes: 1. Con::;ult 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 

INDUS 
GOVERNMENTAL 

AL HYG IENISTS DATE 

B [!F'F1N G LA 

02·~91 JFICURE: VS---80 31 



10-136 Industrial Ventilation 

[-­

I: 

Side opening should be minimal 
1/4" maximum desired 

f
Jfl ~' 

," r--
.......... ----

(Y- , 

t. 

-------
Cleanout 

* Hood as shown; no more than 25% of wheel 
exposed. 

he = 0.40 VPd 
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. 

AMEHJCAN CONFEHENCE 
OF' GOVERNMENTAL 

INDUS'rl\'IAL, HYG IENISTS DATE 

BACKSTA1VD IDLER 
POLISHING' MA 

02-- 91 IFIGUEE VS-~- 80-~ 32 



Specific Operations 

Use one branch duct 

/

r- for each H::::I 
access doors 

normally closed 
for maintenance, 

("'<'1 

Slow speed belt conveyor 

Q = 500 cfm/wheel, minimum
2 

Not less than 250 cfm/ft total open area 
Minimum duct velocity = 3500 fpm, 4500 fpm if 

material is wet or sticky 
h e = 1. 78 V Ps + 0 . 2 5 V Pd 

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

metals in same exhaust system. 
3. Wheel adiustments on outside of enclosure. 

4. For highly toxic material, enclose the return strand 
of the belt conveyor. 

10-137 

AMERICAN CONF'ERENCE 
OF GOVERNMENTAL, 

INDUSTRJAL BYG IENISTS 

STRAIGlfT LINE! AUTOMATlC 
BUF'F'lNG 

DATE 02-91 F'IGUEE VS-·_· 80- 33 



to-138 Industrial Ventilation 

r::.y~! (~ 

. 1 : I 

I I I~~ I 

)cvt,--II 1- ~ 
~." I ,~> 

..... /;', J i ("~ / 

/~/'-I -\3)...... / 
1\ / " 1 

\"0 I DI U / 
~ I I ~~ 

L,\= Acoe,dooe 

o = 500 cfm/wheel, minimum
2 

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 VPs + 0.25 VPd 

On small, 2 or 3 spindle machines, one take-off may be used. 
Multiple take-offs desirable. 

Note: 
1. Consult applicable NFPA standards, Reference 10.80.2 
2. Caul ion: Do not mix ferrous and non-ferrous 

metals In same exhaust system. 

AMEEICAN CONFERENCE 
011' CO VEF?,NMENTAL 

eIRe UTO}v1ATIC' BUF'F'hVG 

] ND lJ S T r~] Al J Y G 1 E N T S 



INDUS 

Specific Operations 

Sliding tongue 

1" 

Belt tension 

Side hinged 

inches Exhaust flow rate, 

p to 3 220 

3 to 5 300 

5 to 7 390 
...... 

7 to 9 500 

9 to 11 610 

11 to 13 740 

Minimum duct velocity = 3500 fpm. 4500 fpm if 
material is wei or sticky 
h = 0.65 VPd for straight toke-off 

e 0.45 VPd for' tapered toke-off 

Notes: 2 
1. Consult applicable NFPA codes Reference 10.80. 
2. Caution : Do not mix ferrous and non-ferrous 

meTols in some exhaust system 

CONFERENCE 
MEN'TA 
YGIENISTS DATE: 

L POLfSIIllVG 13E'LT 

02~~ 91 
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10-140 Industrial Ventilation 

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 ofthe 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:(I085 I) 

I. 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/lift 
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 ifthe 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/ft2 
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, 1.; Sheehy, 1.W.; Gunter, B.1.; Daniels, 
W.1.: 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). 



Roof 

Specific Operations 

Stackhead - See Fig. 5-31 

Moin duct: 
~)Ienum design best - size for 2000 fpm moximum 
or design as in chapter 5. 

At least 5' 

-_._---_.- -'H 0 sec CJ n be 

cou nt erwei g hied 
joints soldered 

Vehicle horsepower (hp) 

200 

For dual tailpipes 
use one hose with "Y" 
or use two outlets per 
stall. 

trucks See VS-85-03 
- -~------.~-- ----------------- -- ----

On dynornometer test rolls 
Automobiles and light duty trucks = 350 cfm 
Heavy duty trucks = 1200 cfm minimum 

ranch 
nection 

For iriction loss of flexible duct; consult manufactur'ers' dato. 

See VS-85-02 
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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 . 
di scha rge a bove·~"" 

Flex duct to 
tailpipe 

30"'-45' 

Double or single floor plateo; suitable. 
-closing floor pia res desira 

roof 

Along ceiling of floor below, or in trench. 
If in trench, drain tile with cemented 
joints is suitable. Must be sloped and 

Size main for 
2000 fpm or 
less. 

drained tor flushing. 

Type 
-.-.~ -

Automobiles and t ru c k s 

Automobiles and t ru c k s 

up 

UNDER FLOOR SYSTEM 
EXHAUST REQUIREMENTS* 

cfm per 

to 200 hp 100 

over 200 hp 200 

Flex duet 

3
n 

mp or dry 
well 

ID (min) 

4" ** 

Diesel See VS-85-0.3 
--.'-'-- .. --_ .. -. -~---- ................. ~ ........... 

-----~-- .. ~-----~ -~ --

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

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

AME: 

Use adopters 
on dual exhausts 
and special 
tailpipes. 

.. .. 

OF GO VEn.NMEN'I'AL TI01V lfNDE'f?F'LOO 
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2200 

II 
2000 

1- 'I 
1800 

~/ 

0)" / 

1600 I NA - Normally Aspirated 

II TC - Turbo Charged 

1400 

E 
"- 1200 () 

+- / 1// 
UJ 
::l / /~/ 
0 1000 s::. 
x 1// c;7 

w // 

-1- ~ 
... L .... 

800 k::: 
:::~/ 

I· , ........ 1-" ... 

I/
Z 

600 / 

/ / 
400 1/ / 

i/ . 

/ 
......... 

1--- 1--· 

200 -.~-.•.. : .... 
I 

i-···-

j 

0 
1--1---

1000 2000 3000 4000 

Engine speed, rpm 

Exhaust, cfm = acfm + 20% excess 
For specific design information request manufacturers 13 mode 
EPA engine bench test 

AME~r(IC /\ CON FF'NCE' EXHAUST SY,STE'M R EQ U/ R EMlTN T:S 
'I, ... J . J 

OF' COVE MENTAL POR TYPiCAL DIESE'L ENG/IVES' 
UNDER LOAD 

INDlJSTHIAL YGIEK 'T'S DATE 12·- 90 I FICUI"ti: Vs iT!) 0:3 ~) 
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Q 

t 
/,i:~M;'45 

. I 

I . t--L'f~T-1 
! I 

---t--~. I 

I 

--l--

Water tank 

Elevoiion View 

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

Minimum duct velocity = 3000 fpm 
h e= 0.25 VPd 
L = Height of ventilated opening in 
W = Width of ventilated opening in 

rnrn. 
rnm. 

o 

• 

Water tank 

Enclosure 

Edge of 
to n k 

Notes: 1. Enclosure can be rnade of metol or fire resistont curtoin 
rn ote ri 0 I 

Reference: 10.85.3 

\ M ,.", 1')[ C" II 1\1 r' C) 'N T;-"/'-;-' 'F:':>[(' N" C" Ii' ii, \'J!\' \.., JI~, ·\,J.'.Jj,L, 
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RADI A TORRE'FJAIR SOLDE'RIlVG 
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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: 

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

2. Fume from coatings (e.g., zinc oxide from galvanized 
surfaces, thoria from T.I.G. welding, and fluorides and 
N02 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 offlammable 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: 

I. 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. Install turntables, 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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o = 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 VPd 

General ventilation, where local exhaust can not be used: 

Rod, diam. Cfm/welder A. For open areas, where welding fume can 
rise away from the breathing zone: 

A '~1 L;' _ . .11; .. LI 

5/32 

3/16 

1/4 

3/8 

1000 

1500 or 

3500 

4500 

cfm required = 800 x Ib/hour rod used 

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

For toxic materials higher airflows are necessary and operotor 
may require respirotory protection equipment. 

Other types of hoods 
L.ocal exhoust: See VS-CJO-02 
130oth: ~-or design see VS-90-30 
o = 100 cfm/ft 2 of face opening 
MIG welding may require precise air flow control 

!~N CONFEE.E:NCE 
() I-.~;' C-' 0 'V' 'I-TI:) N' M '1-' N- '1-' A r .I .~~J .. \,. J .. ~J.. ___ -.Ll 

WELDINC VENT/LA TfON 
BEJVCH HOOD 

INDUST'I~.1 AL, YGIE:Njl~3rrS DATE 1-- 91 P'IGUHE VS-- 90-· 01 
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Overhead 
su pport To exhaust 

system 
Cleanout 

Swivel 
Galvanized 

FLEXIBLE EXHAUST CONNECTIONS 

PLAIN DUCT CONE HOOD FLANGED HOOD 

RATE OF EXHAUST 
X, inches Plain duct Flange or 

cfm cone cfm 
Up to 6 335 250 

6-9 755 560 
9-12 1335 1000 

Face velocity = 1500 fpm 
Minimum duct velocity = 3000 fpm 
Plain duct entry loss = 0.93 VPd 
Flange or cone entry loss = 0.25 VPd 

Notes: 
1. Locate work as close as 

possible to hood. 
2. Hoods perform best when located 

to the side of the work. 
3. Ventilation rates may be 

inadequate for toxic materials. 
4. Velocities above 100-200 fpm 

may disturb shield gas. 

AMERICAN CONFERENCE 
OF GOVERNMENTAL 

INDUSTRIAL HYGIENISTS 

GENERAL VENTILATION, where local exhaust cannot 
be used Rod, diam. cfm/welder 

5/32 1000 
3/16 1500 
1/4 3500 
3/8 4500 

OR 

A. For open areas, where welding fume can rise 
away from the breathing zone: 
cfm required = 800 x Ib/hour rod used 

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

For toxic materials higher airflows are necessary 
and operator should use respiratory protection 
equipment. 

DATE 

Other types of hoods 
Bench, see VS-90-01 
Booth, for design see VS-90-30 

Q = 100 cfm/ft2 of face opening 

WELDING VENTILATION 
MOVABLE EXHAUST HOODS 

1-91 FIGURE VS-90-02 
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C) 1 UC)() 10 1 2 U U c i fl of booth 
He'~ filler iO:3S + U.S 
Min i rrw r r' d IJ C I rpm 

A M E, Dr C-' I' N (' 0 N I::{1 El ·R)l~1 Ni eEl 
:-. "" ... _.J J \. . . ./ '. -\... j . -.J"' ./ J 

o F' G () VE:F?NMENTAI, 
TNDUST1IlAL HYGIENISTS DATE 

PRODUCTION LINE 
WELDING BOOTH 

Duel 
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o. ~ 150 cfm/ft 2 of gross bench area 
Minimum duct velocity = 4000 fpm 
he = 1.78 VPs + 0.25 VPd 

Specific Operations 10-149 
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/ 
To exhaust blower 

Robo! 

Swivel 

Rotation 

Flexible weld 
hose 

10" ---j 

1/2"T 

I 

Slot velocity = 2000 fpm 
Hood located with in 4" 
from source to maintain 
200 fpm capture velocity 

Rigid pipe 

Weld gun 

Slo! nozzle 
see detail above 

Flexible 
weld hose 

Floor line 

he = 1. 78 V~+ 0.25 VPd 
Minimum duct velocity = 3500 fpm 

AMERICAN CONFERENCE 
OF GOVERNMENTAL 

INDUSTRIAL HYGIENISTS DATE 

ROBOTIC APPLICATION 

02-91 FIGURE VS- 90-20 
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45" taper angle 

Slot velocity = 2000 fpm 

Face open 

grille top work bench 

Clean-out doors 

METALLIZING BOOTH 

Non-toxic: 0 = 150 cfm/ft 2 face oreo Toxic: Provide appr'opriate NIOSH 
certified r'espirator-

AME 

o = 200 cfm/ft 2 face areo 

Minimum duct velocity = 3500 fpm 
he = 1.78 VPs + 0.25 VPd 
Small lathe, etc., may be mounted in booth 

Gun (on tool post) I Flex duct to allow 
I movement full length 

1"1 ........•.•.. '. [ ...... _ .•. --------i
l

'. j~'. ! "I W~O:k 
.... - - .. - ··llil\·'\·.\~.I.\\~~) 
..... ~~ (" ~ II 1,\ II \.\~S/ 
~-!J ; 1._ ... L \ 

[·-~-··-·-V 
L r 1--.-:--( .. 
n-.. --.-~ Ii 

~.~ Hood extends as low as possible to 
~ .. clear lathe rail. Hood moy be 

LOCAL HOOD connected to move wiih tool rest. 

["late: Local hood may not be satisfactory for spraying toxic metals. 

o = 200 cfm/ft2 face openings 
Minimum duct velocity = 3500 fprn 

he 0.25 VPd 

lCA!\! co 
OF GO 

HENCE 
ENTAL, 

lvff.:'TA I, S'PR A YINe 

lNDUSTEJ AL HYGIEN DATE: .1--9.1 F'lGUHE: V8-- 90-- 30 
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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 clean out 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-1O-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, 0.: Control of Wood Dust 
from Horizontal Belt Sanding. American Industrial 
Hygiene Association Journal 46(10)567-577 
(1985). 

10.95.2 Hampl, V.; Johnston, 0.: Control of Wood Dust 
from Disc Sanders. Applied Occupational Hygiene 
6(11):938-944 (November 1991). 

10.95.3 Topmiller, 1.L.; Watkins, D.A.; Schulman, S.A.; 
Murdock, OJ.: 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, OJ.: Control of Wood Dust from Rotational 
Hand-Held Sanders. Applied Occupational Envi­
ronmental Hygiene 7(4):263-270 (April 1992). 
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'--- Entire base enclosed 

on all sides 

Slotted 

Minimum duct velocity = 3500 fpm 
he = 1 _75 VPd (Point @ in duct riser) 
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;- Blade 

~ /- Hood slotted to 
/ enclose blade 

/ 
I-:--~ ~- Hinged door 

I: ~_~ for cleanout 

~ 
-"~ 

I I I '-, 

: 1--

wo~1 
l_AJ 

TOP HOOD DETAIL 
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Saw blade 

1/2" minimum, size for 
2000 fpm 

taper angle Cleanout door and drawer 

Saw ust flow rate 

350 

440 

over 24 550 

w with dado blade 550 

Minimum duct velocity = 4000 fpm 
he = 1.78 VPs + 0.25 VPd 

AMEF?,IC AN CONFEF~,ENCE: 

OF' COVE: NME: 
lNDUS'T'I:CIAL llYCIEN irS DATI:: 

FLOOR TABLE' 

J2 90 

Floor 

w 



430 cfm 

Blast gate 

500 cfm 

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

For booth enclosure, see VS-80-17 

Specific Operations 
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Type hood where table 
is cut through 

Front view 
of hood 

I ,-11-\_J ___ , 
J 

Type hood where table 
is not cut through 

Front view 
of hood 

1- - S 0 w---;;;;;;;;;;;~~: --! E, h _ II ow cate ] 
I_~ inches cfm 

1--~~~2~o~ncl -:::- --- •• 1 

Minimum duct velocity = 4000 fpm 

he = 1.78 VPs + 0.25 VPd 

J 
I 

AM]~EICAN CONFEEENCE 
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Saw Table 

1/4" 

Saw Blade 

Side View 

SEE VS-95-02 

AMEFUCAN CONFERENCE 
OF GO VERNMENTAL, 

INDUS'T'RIAL HYGIENISTS 
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QG = 100 CFM 

Guard Frame 

Table 

End View 

TABLE' SAW GUARD EXl1AUST 

DATE 4-94 FIGURE: TZS"-- 95 - 05 
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Drurn surface 
square inches 

haust flow rate 
cfrn 

1------- ----.--. 

Up to 200 

~~9_~~_:-=-~~~ia=-rn.~. )'L ______ . ___ 3_5_0~~ _______ .. 

200 to 400 550 

400 to 700 790 

700 to 1400 1100 

1400 to 2400 1400 

Minirnurn duct velocity = 3500 fprn 
Entry loss depe nds 0 n hood des ig n. 
he = 1.78 VPs + 0.25 VPd as illustrated 

AMEEICI\N CONF'EEENCE 
OF' GO VEF?,NMENTAL, 

INDlJST'R,II\LHYGIENTSTS DATE 

SINGLE DR lfJ1d 

12···- 90 IF'IGUHI:: 1/S--95-10 
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Feed _ 

~===================:J 
Drum covers necessary. Hinge 
or otherwise provide for 
maintenance. 

Exhaust flow rates 

Total 

:: ... J) 

exhaust 
-~l 

for 
I Drum I~ngth machine cfml drum * 
~31" 550 

31" to 49" 790 

49" to 67" 1100 

over 67" 1400 
----

Brush rolls 350 cfm at brush 

Note: Provide one more take off than 
the number of drums. 

Minimum duct velocity = 3500 fpm 
h e = 0.25 VPd 

AMEF?JC CONFEHENCE 
o F' GO VEF?,NMENTAL 

INDUS'T]~IAL HYGIENISTS DATE 

77/';-)1' E' 
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12-90 
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ri=l I ' 
I I 

I : , 

i : i 

Duct-A 

dia I exhaust flow rate Applies to 
inches cfm 

Up fa 12 350 

12 to 18 440 

18 to 26 550 

26 to 32 700 * 
32 to 38 900 * 
38 to 48 1300 ** 

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

Minimum duct velocity = 3500 fpm 
Entry loss de pends on hood desig n. 
he = 1.0 VPs + 0.25 VPd as illustrated 

AMEl~ICAN CONFERENCE 
OF GOVERNMENTAL 

INDUSTRIAL HYGIENISTS DATE 

duct 

A 

A 

A 

A-B 

A-B 

A-B-C 

DISC SANDERS 

12--90 fIGURE VS--- 95 12 



Work 
Table 

Disc 

Plenum 
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o e (See Note 2)\(s~ 
CUi25" diam. 

Jet Stripper 
location, mount 

10 work tabl e 

NOTES: 

. ~----~ / 
____ ~~ Length, L depends ~ 

0.625" diam. 

on size of disk L/ 
\ / ~ ([7 

'\ ~ (!1-Y 
G1 mm/~~J 
L 
~ 

0375" diam. 
air inlets 

0.125" diam. to 
pressure gouge 

pressure line optional 

---------------

Jet Stripper 
(see note 1) 

1. Jet stripper may be added as shown. It is used in 
addition to the ventilation specified in VS-95-12. 

2. Oe is some as shown in VS- 95-12. 
3. Clearonce bel ween stripper nozzle and disk is O. 
4. Nozzle o:Jening diameter is 0.035". 
5. Totol air flow (Os) to stripper = 1.8 L. (1_ in inches) 
6. Stripper inlet pressure = 15 psi. 

----- 0 C' 
_____ ......... --- c) 

(see Note 5) 

The Jet Stripper is potented (#5,099,616). Use of the devise (not for sale) IS 

permissible. To obtoin information regarding license for comrnerciol production 
of the devise contact NIOSH, 1-800-35NIOSH. 

Reference 10.95.2 

AMERICAN CONFERENCE 
OF GO VERNMENT AL 

IND USTRTAL BYG IENISTS DATE 

OPTIONAL JET STR!PPE'R 
PO R DISK SAND E'R 

11 96 FIGURE VS-95-12a 
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1// 

Head - Toil 

can raise 

Head 

HORIZONTAL BELT SANDERS 
-.-- .. ----~.~-.----~ --~~ ..... _-----_ .. _ .. __ ........ __ .... _-_. __ .. _._ ... _._--, 

Belt width, Exhaust flowrate CFM J 

i inches Head end_._ .. _ .. !~I. end Total J 

I .. U: ,:0 9
6 

~~~ _-1~m'~6~, 
I 9 to 14 ! 800 .- 1·--· 440 ! 1200 ! 

r .. ~-=·-;~~~-1~=~·· .. ·( .. --1··io·o .. ·--r·----550--·-r·-1-70C1J 

Minimum duct velocity = 3500 fpm 
h e= 0.40 VPd 

and lower. 

A ME:}~IC AN CONFERENCE 
o ·~i' GO I~NMENTi\LJ 

[-1 ORIZ O!VTAL BE'LT >-(;"'A jVDERS~ 

INDUS'TT?I AL Flye; IENISTS DATE 12 90 



Specific Operations 

Main Hood: 
W ::: belt width, in. 
0E ::: 75 cfm per inch of belt width 

\. Note 1 
Auxiliary Hood: 

LA = auxiliary hood length to extend 3" - 6" 
into end of sanding area. 

Belt ~;:--

-( OA ::: 135 cfm per ft of hood length 

Os stripper iet 

/ '-- Main hood 

Belt Au xi I i a ry hood 

Notes: 

Note 

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 a minimum. 

Auxiliary hood 

r 2 .5" I r Orifice 

L!::~ ~ 

~ 
~ '0?&W? l " r 0.125" 0.043 

0.063" 

Tube and Orifice Detail 

Reference 10.95.1 

stripper Jet 

tubes per inch 

Orifice 

W = belt width, in. 

Os = 0.5 cfm per tube, 
inlet pressure 10 - 12 psig 

10-163 

HORIZONTAL BELT SANDER 
PUSH- PULL SYSTEM 
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Rear ta 

nce 

Velocity at this 
space, 2000 fpm 
minimum 

Cleanout or dead--end cap, 

Knife length, Exhaust flowrate 
inches cfm 

Up to 6 350 

6 to 12 440 

12 to 20 

20 

Minimum duct velocity = 4000 fpm 
he = 1.0 VPs + 0.25 VPd 

table 

minimum clearance 

AMERICAN CONFEHENCE 
OF' COVEHNMENTAL 

INDUS'TF{.IAL I-IYGIENISTS 

JOIlVTEltS 

DATE 12--- 90 F'jGUHl~ VS-' 95 



Specific Operations 

Note 3 
Sander Air Supply 

0.375" 

0.75 dia. 

0.375" 
Note 1 

Holes to match 
pad mounting holes (Note 4) 

L ·1 

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

The Exhaust 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 
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- ..... 0IIII----- Sander Air Supply 

----_iIII .. - Normal Sander Aspirator Exhaust 

Tr~,,------~-~~ 
----1 .... _ Additional Exhaust, Q e 

Qe 
~-----~ -------.-

Qe Modified Sander Pod ------.... --
Note 1 

slot depth 1/2 d 

T 
slot radius = 1/2 d 

Existing 
Pod Holes 

NOTES: 
1. Additional exhaust plenum to 

fit sander. 
2. Q e = 50 cfm at 25" wg 
3. Qe is in addition to normal sander 

aspirator exhaust. 
4. Additional exhaust may be supplied 

by standard shop vacuum cleaner. 

~ 
___ --= __ \ 1 1 O' 

- 120' 

Modified Sander Pod. 

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 

AMERICAN CONFERENCE 
OF GOVERNMENTAL 

INDUSTRIAL HYGIENISTS 

AUXILIARY EXHAUST RETROFIT 
FOR AIR POWERED RANDOM 

ORBITAL HAND SANDER 
DATE 12 97 FIGURE VS-95-31 
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TABLE 10.95.1. Miscellaneous Woodworking Machinery not Given in VS Prints 

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. 

Saw Diameter, inches 
Up to 16 inclusive 
Over 16 
Self-feed, not on table 

Saw Diameter, inches 
Up to 24, inclusive 
Over 24 to 36, inc!. 
Over 36 to 48, inc!. 
Over 48 

Self-feed Table Rip Saw 
Exhaust Flow Rate, clm 

Bottom 
440 
550 
800 

Gang Rip Saws 

Top 
350 
350 
550 

Exhaust Flow Rate, cfm 

Bottom 

550 
800 

1100 
1400 

Vertical Belt Sanders 

Top 

350 
440 
550 
550 

(rear belt and both pulleys enclosed) 
and 

Top Run Horizontal Bell Sanders 
Belt Width, inches 

Up to 6, inc!. 
Over 6 to 9, inc!. 
Over 9 to 14, inc!. 
Over 14 

Swing Arm Sander: 

Up to 20" knives 
Over 20" to 26" knives 
Over 26" to 32" knives 
Over 32" to 38" knives 
Over 38" knives 

Up to 20" knives 
Over 20" to 26" knives 
Over 26" to 32" knives 
Over 32" to 38" knives 
Over 38" knives 

440 cfm 

Exhaust Flow Rate, efm 

440 
550 
800 

1100 

Single Planers or Surfacers 
Exhaust Flow Rate, elm 

785 
1100 
1400 
1765 
2200 

Double Planers or Surfacers 
Exhaust Flow Rate, efm 

Bottom Top 
550 785 
785 1100 

1100 1400 
1400 1800 
1400 2200 

Total 
790 
900 

1350 

Total 

900 
1240 
1650 
2060 

Total 
1355 
1885 
2500 
3200 
3600 

Size, inches 
Up to 7, inc!. 
Over 7 to 12, inc!. 
Over 12 to 18, inc!. 
Over 18 to 24, inc!. 
Over 24 

Sash stickers 
Woodshapers 
Tenoner 
Automatic lathe 
Forming lathe 
Chain mortise 
Dowel machine 
Panel raiser 

Molders, Matchers, liz Sizers 
Exhaust Flow Rate, clm 

Bottom Top Right 

440 
550 
800 

1100 
1400 

550 
800 

1100 
1400 
1770 

Exhaust Flow Rate, elm 

550 
440 to 1400 
Same as moulder 
800 to 5000 
350 to 1400 
350 
350 to 800 
550 

350 
440 
550 
800 

1100 

Dove-tail and lock corner 
Pulley pockets 

550 to 800 
550 

Pulley stile 
Glue jointer 
Gainer 
Router 
Hogs 

Up to 12" wide 
Over 12" wide 

Floorsweep 
6" to 8" diameter 

550 
800 
350 to 1400 
350 to 800 

1400 
3100 

800 to 1400 

left 

350 
440 
550 
800 

1100 
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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: 
Abrasive Wheel Manufacture. Safe Practices Bulle­
tin No. 13. 

10.99.2 Hartzell Propeller Fan Company, Bulletin 1001. 

10.99.3 Goldfield, 1.; Brandt, F.E.: Dust Control Techniques 
in the Asbestos Industry. A paper presented at the 
American Industrial Hygiene Conference, Miami 
Beach, FL (May 12-17, 1974). 

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

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

10.99.6 Private Communications. Occupational Health Pro­
tection Branch, Ontario Ministry of Labour, Ontario, 
Canada (October, 1976). 

10.99.7 Hama, G.; Frederick, W.; Monteith, H.: Air Flow 
Requirements for Underground Parking Garages. 
American Industrial Hygiene Association Journal, 
Vol. 22, No.6 (December 1961). 

10.99.8 Kane, 1.M.: Design of Exhaust Systems. Heating and 
Ventilating 42:68 (November 1945). 

10.99.9 Oddie, W.M.: Pottery Dusts: Their Collection and 

Removal. Pottery Gazette 53:1280 (1928). 

10.99.10 B.F. Sturtevant Company: What We Make. Catalog 
No. 500. 

10.99.11 Brandt, A.D.: Industrial Health Engineering, John 
Wiley and Sons, New York (1947). 

10.99.12 Kane, J.M.: Foundry Ventilation. The Foundry (Feb­
ruary and March 1946). 

10.99.13 Kane, J.M. Foundry Ventilation. University of 
Michigan In-Service Training Course (October 
1945). 

10.99.14 Fen, O.E.: The Collection and Control of Dust and 
Fumes from Magnesium Alloy Processing. Peters­
Dalton, Inc. (January 1945). 

10.99.15 Postman, B.F.: Practical Application of Industrial 
Exhaust Ventilation for the Control of Occupational 
Exposures. American Journal of Public Health, 
30: 149 (1940). 

10.99.16 New York Department of Labor: Rules Relating to 
the Control of Silica Dust in Stone Crushing Opera­
tions. Industrial Code Rule No. 34 (July 1942). 

10.99.17 DallaValle, J.M.: Exhaust Hoods. Industrial Press, 
New York (1946). 

10.99.18 Hatch, T.; et al: Control of the Silicosis Hazard in 
Hard Rock Industries. II. An Investigation of the 
Kelley Dust Trap for Use with Pneumatic Rock 
Drills of the Jackhammer Type. Journal ofIndustrial 
Hygiene 14:69 (February 1932). 

10.99.19 Hay, Capt., P.S.: Modified Design of Hay Dust 
Trap. Journal of Industrial Hygiene 12: 18 (January 
1930). 

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

10.99.21 Riley, E.C.; DallaValle, 1.M.: A Study of Quartz­
Fusing Operations with Reference to Measurement 
and Control of Silica Fumes. Public Health Reports 
54:532 (1939). 

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

10.99.23 American Air Filter Co., Inc.: Usual Exhaust Re­
quirements (for) Grain Elevators, Feed and Flour 
Mills. Louisville, KY (April 1956). 



Complete 
enclosure 

Specific Operations 

min. slope 

Flexible connection it desired 

FLA'\' DF:CK SCHEE:N 

o =200 dm/y2lhrough hood openings, but not less thon 
50 cfm/ft screen orea. No increase for multiple decks 

Minimum duct velocity = 3500 fpm 

he = 0.50 Vid 

45' min. slope 

Q = 100 cf m/ ft2 ci rcu 10 r cross s~ction of 
screen; at least 400 cfm/ft of 
enclosure opening 

Hopper 

Feed Minimum duct velocity = 3500 fpm 

he = 0.50 VPd 

Oversize 
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.-- ------.----- .. --------------1 
._.------_ ... - ----- .. ---------- ~ 

2 o = 50-100 cfm/ft of table top. 
Minimum duct velocity = 2000 fpm 
he = 1.78 VPs + 0.25 VPd 

Slot velocity 2000 

" 45 

Note: See" Open Surface Tan ks", VS-70-0 1 and VS-70-02 
for other suitable slot types. Air flow rate may 
be calculated on dilution basis if data is available. 
Maximum plenum velocity = 1/2 slot velocity. 
Large plenum essential for good distribution. 

!\MEl~,JC 1\ CON HE CE 
Ol~' CO VF: NME:NTA1, 

INDUS']' !AL HYGIENISTS 90 -- 99-- 02 
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45° Minimum 

L __ . ___ .. _. _____ . ___ ._. _____ .. _____ . __ .. ______ .. ______ . __ . ___________ . _____ , ____ j_ 

1- 0.4H 

TANK 
OR 

P~OCESS 

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 = perimeter of tank, feet. 
V = 50-500 fpm. See Chapter 3 

Q = (W + L)HV for two sides adjacent enclosed. 
W & L are open sides of hood. 
V = 50-5CW fpm. See Chapter 3 

Q = WHY for three sides enclosed. (booth) 
or V = 50-500 fpm. See Chapter 3 
LHV 

h e = 0.25 VPd 
Duct velocity = 1000-3000 fpm 

! 

H 

AMERICAN CONFERENCE 
O}l' CO [{NMEN'I'AL 

CANOPY 110(1) 

INDUSTH.IAL HYGIENISTS DATE .l2-90 
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'\ If baffl ' th e IS used e extreme dow~ it must be range end ~ofc~~ed at e booth, Q 

"~ If barfl b es are ar posit'l present us G ' oned to e a 
Inch space b provide a 

and bench, etween shooter 

Double 0,25" 
than single 0gboard wall assure fr ' ,all must b will provid ee air circulation e w~toh~structede :i~~ter distribution 
o . m woll. 'paceee '0 

(minimum) -
of room - 50 HW b cross-se f ' ut not I clonal area ess than 20 
No'e" cfm/I" 

Replacement ' U ' air di t 'b nlform' s rI ution' 
p air dist 'b ' 

erforated rI ution n preferred rear wall or e,cessary, recomme~deGdrllles and dCi~~lung plenum syst , sers em 

NIOSH . oce no' 
certified :J during cleanr_uuspt respirator for I A and lead eod I, 0 

"ooel;col m . 'emo,ol f e""ocy 
an bencha';"al on wall" . . com ballef fmp. 

op are ' ceiling a d recommended n thick f b 
a ric 

AMEF~TC A ',N' , ,./1\. CONFF 
OF! CC)'VE" _,RENeE! . ". ' [IN . ~ ... 

!JVDOO R P ~y " SMALL ,!~TOL AND 
RANG~ E' B~ RE RIFLE 

.7 2 __ 90' VE~TiLA TIO N IND UST'J\IAL ,~ENTAL HYGIENISTS DATE [1(, URI': 11,0 0-99-04 



45° minimum slope I 

Q = 150 cfm/ft
2

0f bed (150LW) 
Slot velocity = 2000 fpm 
he = 1.78 VPs + 0.25 VPd 
Minimum duct velocity = 3500 fpm 
W not to exceed 36" 

Specific Operations 10-173 

6" freeboard in tank 

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

Free board must be maintained to prevent material carryout. 

A\1ERICAN CONFERENCE 
OF GOVEn,NMENTAL 

IJ\DUSTHIAL YGIENIST'S DATE 

FLUIDIZED BE'DS 

12~90 FIGUI"tE: VS-- 99 05 
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o = 200 L x W 
he = 1.78 slot VPs + 0.25 duct VPd 
Duct velocity = 2500 - 3000 fpm 
Slot size for 1500 - 2000 fpm 

pipe 

AMEEICAN CONF'EEENCE 
OF COVEr~NMENTAL 

INDUST'RIAL BYG IENISTS 

OUTBOARD MOTOR TE,ST 

DATE 12 90 



To Exhaust 

Note 1 

~, 
~ \Table 

Cross-section of 
table and hood 

Q Tom = Q 1 + Q 2 = 725 cf m 
Slot Velocity = 2000 fpm 
Duct Velocity = 2000 fpm 
he = 1.78 VPs + 0.5 VPd 

Hood 

To Exhaust 

Specific Operations 

Table with hood 
in place 

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 

]vIORTUARY TABLE 

10-175 
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Slot hood 

Perforated pia Ie 

.-~ 

~I~ ~.....-~ 
Slide damper ./ 

~.--'. 

(full width of hood) 

Reference 10.99.25 

/\MEl~JC /\.. . . N' C.:ON·.r."Eli.F: eEl: 

Os = 4S cfm/ft 2 of tonk area 

° = 6S efm/ft 2 of tonk oreo 
d 

Plenum velo:ity < 1/2 slot velocity 

Slot velocity = 2000 fpm 

he = 1.78 VPd +.25 VPs 

Note 1: Build perforoted plote in 
sedions for easy c:leoning 
Allow freeboard height at least 9" 

Note 2: Baffle to extend to ends of tonk 
6" (minimum) above top of workpiece 

Note 3: Adjust slot to achieve 
Qs/Qd flow distribution 

OF COVE:r<.NMENTAL 
[NDUS'I'H.~AL,HYG IENIS']'S DA']'E 4-94 

TAIVK 
F]CURE: VS - 99- 08 
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TABLE 10.99.1. Grain Elevators, feed Mills, flour Mills (10.99.23) 

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 = 3S00 fpm. Ventilation control is desirable for these operations to minimize the explosive characteristics of grain dusts and to preserve 
plant housekeeping standards 

Operation Hood Design Air Volume 

Bag Loading VS-1S-02, VS-1S-03 As shown 
Booth VS-1S"01 100 cfm/ft2 open face area 

Belt Discharge To belt - VS-SO-20 3S0 cfmlft of belt width up to 200 fpm belt speed 
To bin - VS-SO-1 0 SOO cfm/ft of belt width over 200 fpm belt speed 
To elevator - VS-SO-1, VS-SO-20 Increase 1/3 if material drop is over 10 ft 

Bins Direct exhaust. Use taper. SOO cfm/bin 

Bucket Elevator VS-SO-01 100 cfm/ft2 cross-section 

Cleaning Machines Consult manufacturer 

Distributors Enclose discharge 200 fpm in-draft through No. of Spouts Diameter of Spouts 
enclosure openings. 

6" 7" 8" 9" 

0-6 Exhaust SSO 67S 9S0 12S0 
6 -12 cfm 950 1250 1500 1900 

12 - 24 1S00 1900 22S0 27S0 

Feed Grinders Consult manufacturer 

Floor Dump Booth 200 cfm/ft2 open face area 

Floor Sweep 9S0 cfm in 4" x 8" opening 

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

Mixers Ventilated cover Mixer Capacity Exhaust, cfm 

Up to 0.5 ton 300 
0.5 to 1.5 tons 675 
Over 1.5 tons 950 

Percentage Feeders Enclosed conveyor 200 cfm at each feeder 

Purifiers Enclosure 30 - 40 cfm/ft2 screen area 

Roll Stands Enclosure 60 efm/lineal ft 

Scales Enclosure Scale Capacity, Bushels Exhaust, cfm 

Up to 5 2S0 
6 to 10 400 
Over 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 

Sifters Enclosure 200 efm/compartment 

Track Sink Direct exhaust from hopper. Use taper. 100 cfm/ft2 grate area 

Tripper Car Belt discharge. VS-SO-01, VS-SO-10, See "Belt Discharge" above. 200 cfm/ft2 spout cross-section 90 cfm/ft 
VS-SO-20. Spout ends - tapered connec- belt width 
tion. Spillage - exhaust under head pulley. 
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TABLE 10 99 2 MiscellaneoLis Specific Operation Standards .. 
Ventilation 

Minimum Design Reference No. and 
Operation or Industry lYpe of Hood Air Flow or Capture Velocity Duct Velocity ('pm) Remarks 

Abrasive Wheel Mfg. 4000 
10.99.1 

Grading screen Enclosu re - 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 all 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 cfmlft2 

screen areas 
Spool winding Local Hoods 50 cfm/spool 3500 
Spinning and twisting Partial 50 efm/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/parki ng 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 100fpm (face) -
Spraying (lead glaze) Booth 400 fpm (face) 2000 

Coating Pans Air flow into opening of pan 100--150 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!ft2 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 efm - vertical 10.99.17, 10.99.18, 
(downward) work 10.99.19 
200 cf~orizontal 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/ft2 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 
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TABLE 10.99.2. Miscellaneous Specific Operation Standards (con't) 

Ventilation 

Minimum Design Reference No. 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/ft2 of opening - 10.99.22 
Chlorinated naphthalenes & 
diphenyls 
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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 illness. 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 
continuous, uninterrupted exposures or other extended 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 low 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 should 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. 

c) Threshold Limit Value-{;eiling (TLV-{;)-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-G 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-Geiling, 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 anyone 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 
t!lose 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 cumulative, the frequen­
cy 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 latter 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 shou Id 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 TLVs. 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 controlled 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-TWAs of the substance in question. 

While no rigorous rationale was provided for these particular 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(1) found 
that short-term exposure measurements were generally log normally 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 (sdg) is the antilog of the standard deviation of the sam­
ple value logarithms and 68.26% of all values lie between mg/sdg and mg 
x sdQ. 

Ifthe 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 log nor -
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" Notation. 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
tact 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, along 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 absorption 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 LD50 (1000 mglkg 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" Notation. 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, NA; Busch, K.A.; 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, Springfield, 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 all 
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 macro phages. 
Accordingly, the Chemical Substances TLV Committee recommends the 
use of the term "Particulates Not Otherwise Classified (PNOC)" to empha­
size that all materials are potentially toxic and to avoid the implication that 
these materials are harmless 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 (PNOC) 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 effects. 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, p02 of 135 torr). Atmospheres deficient in 02 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 (BEl). A cross reference (-41) 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, e.g., dermal, ingestion, or nonoccupational. See the BEl 
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 safety 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 markedly 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 model" which is described and explained at length in Patty. (3) 

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 should 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/m3. 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: 

I'V' 3 (TLV in ppm) (gram molecular weight of substance) 
TL In mg/m 

24.45 

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

(TLV in mg/m3) (24.45) 
TLV in ppm 

gram molecular weight of substance 

Resulting 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/m3 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 value 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, LJ. Cralley and L.1t. Cralley, Eds. John Wiley and Sons, Inc., New York (1994). 



12-6 Industrial Ventilation 

Biologically 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 
environmentd4) For the purposes of the guidelines, indoor biological con­
tamination is defined as the presence of a) biologically derived aerosols of 
a kind 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 c) 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 pollen 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. Culturable microorganisms and countable biological particles do not 

comprise a single entity, Le., 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. 

3. It is not possible to collect and evaluate all bioaerosol components 
using a single sampling method. Many reliable methods are available 

to collect and analyze bioaerosol materials. However, different meth­
ods of sample collection 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 health 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 following. 
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 possible, the footnotes for 
the adopted values are as follows: 

fOOTNOTES 
* 1997 Adoption. 
t See Notice of Intended Changes. 
() Adopted values enclosed are those for which changes are proposed. Consult 

the Notice of Intended Changes for current proposal. 
t 1997 Revision or Addition to the Notice of Intended Changes. 
~ Identifies substances for which there are also BEls (see BEl section). 

Substances identified in the BEl documentations for methemoglobin 
inducers (for which methemoglobin is the principal cause of toxicity) and 
organophosphorus cholinesterase inhibitors are part of this notation. 
Substance for which the TLV is higher than the OSHA Pemnissible 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. 

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

(I) Fibers longer than 5 11m 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-lWA 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 11m; diameter less than 311m; 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. 

(j) 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. 
(I) Does not include stearates of toxic metals. 
(m) Based on "high-volume" sampling. 
(n) However, should not exceed 2 mg/m3 respirable particulates. 
(0) For greater assurance of worker protection, biological monitoring is 

recommended. 
(p) Except castor, cashew nut, or similar irritant oils. 
(q) 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 STELJCEILING IC) 

ppma) mg/m3b) ppma) mg/m3b) Substance [CAS ill 

." Acetaldehyde [75-07-0] (1993) .. 
Acetic acid [64-19-7] (1976) ...... 10 25 

• Acetic anhydride [108-24-7) (1993) 5 21 
• ... ·Acetone [67-64-1] (1997) ........... 500,A4 1188,A4 

• Acetone cyanohydrin [75-86-5], 
as CN-Skin (1994) . 

• Acetonitrile [75-05-8) (1996)...... 40,A4 67,A4 
Acetophenone [98-86-21 (1993). 10) 49 
Acetylene [74-86-2] (1981) ........ -( c 
Acetylene dichloride, see 1,2-Dichloroethylene 
Acetylene tetrabromide 

[79-27-6] (1986) ..................... . 
Acetylsalicylic acid (Aspirin) 

[50-78-2] (1980) ........... . 
:j: Acrolein [107-02-8) (1976) ......... (0.1) 
"Acrylamide [79-06-1]-Skin (1996) -

Acrylic acid [79-1O-7]-Skin (1996) 2,A4 
.11 Acrylonitrile [107-13-1]-

14 

5 
(0.23) 

0.03,A3 
5.9,A4 

Skin (1984).. ....................... 2,A2 4.3,A2 
Adipic acid [124-04-9] (1993) .. 5 
Adiponitrile [111-69-3)-

Skin (1994) 2 
"Aldrin [309-00-2)-Skin (1996). 

Allyl alcohol [107-18-6]-
Skin (1976) ..... 2 

.. Allyl chloride [107-05-1](1996)... 1,A3 
:j:a Allyl glycidyl ether 

(AGE) [106-92-3] (1976) ......... (5) 
Allyl propyl disulfide 

[2179-59-1] (1976) ....... . 
(X-Alumina, see Aluminum oxide 
Aluminum [7429-90-5] 

Metal dust (1986) ... '" .......... . 
Pyro powders, as AI (1979) .. ~ 
Welding fumes, as AI (1979) . 
Soluble salts, ~s AI (1979) .... 
Alkyls (NOc(d)), as AI (1979) 

Aluminum oxide [1344-28-1] 
(1996) ........................ . 

"4-Aminodiphenyl [92-67-1]-
Skin (1972) ......................... . 

2-Aminoethanol, see Ethanolamine 

2 

2-Aminopyridine [504-29-0] (1986) 0.5 
3-Amino-1 ,2,4-triazole, see Amitrole 

.. Amitrole [61-82-5) (1996) 
Ammonia [7664-41-7] (1976) .... 
Ammonium chloride fume 

[12125-02-9] (1976) 
Ammonium perfluorooctanoate 

[3825-26-1]-Skin (1994) ...... . 
Ammonium sulfamate 

[7773-06-0] (1986) ................ . 
Amosite, see Asbestos 

25 

n-Amyl acetate [628-63-7] (1987) 100 
sec-Amyl acetate [626-38-0] (1987) 125 

-<I" Aniline [62-53-3] and 

8.8 
0.25,A3 

4.8 
3,A3 

(23) 

12 

10 
5 
5 
2 

A1 

1.9 

0.2,A3 
17 

10 

0.01,A3 

10 

532 
665 

homologues-Skin (1996)... 2,A3 7.6,A3 
II o-Anisidine [90-04-0]-

Skin (1996) ......................... 0.1,A3 0.5,A3 
" p-Anisidine [104-94-9]-

Skin (1996) ........................... 0.1,A4 0.5,M 
Antimony [7440-36-0] and 

compounds, as Sb (1980) .... 
.. Antimony trioxide [1309-64-4] 

0.5 

production (1980).... A2 
ANTU [86-88-4] (1996) ............. -( ) 0.3,A4 
Argon [7440-37-1] (1981) .......... - c -

C 25,A3 C 45,A3 
15 37 

750,A4 1782,A4 

C 4.7 C 5 
60,A4 101 ,A4 

(0.3) (0.69) 

4 9.5 
2,A3 6,A3 

(10) (47) 

3 18 

2 

35 24 

20 

... Arsenic, elemental [7440-38-2] and inorganic compounds 
(except Arsine), as As (1993). - 0.01,A1 

ADOPTED VALUES 
TWA STELJCEILING IC) 

ppma} mg/m3b) ppma) mg/m3b) Substance [CAS ill 

... Arsine [7784-42-1] (1977) ......... . 0.05 0.16 
:j:." Asbestos(f) 

:j:·Amosite [12172-73-5] (1980). 
:j:·Chrysotile [12001-29-5] (1980) 
:j:'Crocidolite [12001-28-4] (1980) 

- (0.5 fiber/ee, A1) 
- (2 fibers/ec, A 1) 
- (0.2 fiber Icc, A1) 

:j:eather forms (1980) ............ . 
:j:a Asphalt (petroleum) fumes 

[8052-42-4] (1996) ................. . 
Atrazine [1912-24-9] (1983) ...... . 

-<I Azinphos-methyl [86-50-0]-
Skin (1996) .......................... . 

Barium [7440-39-3] and soluble 
compounds, as Ba (1996) .... 

Barium sulfate [7727-43-7] (1986) 
Benomyl [17804-35-2] (1996) .... 0.84,A4 

II Benz[ajanthracene [56-55-3] (1993) A2 
'~"Benzene [71-43-2]-Skin (1997) 0.5,A1 

'" Benzidine [92-87-5]-Skin (1982) 
" Benzo[b]fluoranthene 

[205-99-2) (1992) ..... ......... ...... A2 

(2 fibers/ec, A 1) 

(5,A4) 
5,A4 

0.2,A4 

0.5,A4 
10(e) 

10,A4 
A2 

1.6,A1 
A1 

A2 

2.5,A1 8,A1 

P -Benzoquinone, see Quinone 
Benzotrichloride [98'07-7]-Skin (1997) -
Benzoyl chloride [98-88-4) (1995) 
Benzoyl peroxide [94-36-0] (1996) 

C 0.1 ,A2 C 0.8,A2 
C 0.5,A4 C 2.8,A4 

.. Benzo[a]pyrene [50-32-8) (1976) A2 
Benzyl acetate [140-11-4] (1995) 10,A4 

., Benzyl chloride [100-44-7] (1996) 1,A3 
•• " Beryllium [7440-41-7) and 

compounds, as Be (1997) '" 
Biphenyl [92-52-4) (1987).......... 0.2 
Bismuth telluride, as Bi2 Te3 

Undoped [1304-82-1) (1996) .. 
Se-doped (1996) ............... . 

Borates, tetra, sodium salts [1303-96-4) 
Anhydrous (1977) ................ . 
Decahydrate (1977) ............. . 
Pentahydrate (1977) ............ . 

Boron oxide [1303-86-2] (1986). 
Boron tribromide 

[10294-33-4] (1986) ............... . 
Boron trifluoride [7637-07-2) (1977) 
Bromacil [314-40-9] (1996) ....... . 
Bromine [7726-95-6) (1994)....... 0.1 
Bromine pentafluoride 

5,A4 
A2 

61,A4 
5.2,A3 

0.002,A1 
1.3 

10,A4 
5,A4 

1 
5 
1 

10 

10,A3 
0.66 

[7789-30-2) (1986) 0.1 0.72 
Bromochloromethane, see Chlorobromomethane 
Bromoform [75-25-2]-

Skin (1996) ........................... 0.5,A3 5.2,A3 
··1 ,3-Butadiene [106-99-0] (1994). 2,A2 4.4,A2 

Butane [106-97-8] (1981)... 800 1900 
Butanethiol, see Butyl mercaptan 

:j: n-Butanol [71-36-3)-
(Skin) (1977) ....................... . 

sec-Butanol [78-92-2) (1990) ..... 100 303 
tert-Butanol [75-65-0) (1995) ...... 100,A4 303,A4 
2-Butanone, see Methyl ethyl ketone (MEK) 

• 2-Butoxyethanol (EGBE) 
[111-76-2)-Skin (1987) ........ 25 121 

:j: n-Butyl acetate [123-86-4] (1996) 150,(A4) 713,(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) ............. . 
0" tert-Butyl chromate, as Cr03 

[1189-85-1]-Skin (1977) ...... . 
on-Butyl glycidyl ether (BGE) 

[2426-08-6] (1981) ..... . 
n-Butyllactate [138-22-7) (1977) 

25 
5 

133 
30 

C1 
C 1 

0.2 

(C 50) 

0.01, A1 

C10 
C 2.8 

1.3 

(C 152) 

200,(A4) 950,(A4) 

C5 C15 

C 0.1 



ADDPTED VALUES 

TWA STELJCEILING IC) 
ppma ) mg/m3b) ppma ) mg/m3bj Substance [CAS #) 

• Butyl mercaptan [109-79-5] (1977) 
o-sec-Butylphenol 

0.5 1.8 

[89-72-5]-Skin (1980) .......... 5 31 
p-tert-Butyl toluene [98-51-1] (1993) 1 6.1 

,. •• Cadmium, elemental [7440-43-9] and compounds 
as Cd (1993)......................... - 0.01,(i)A2 

- 0.002,(j)A2 
Calcium carbonate 

[1317-65-3] (1986) ................. . 
• Calcium chromate 

[13765-19-0]. as Cr (1991) ..... . 
Calcium cyanamide 

[156-62-7] (1996) .................. . 
Calcium hydroxide 

[1305-62-0] (1978) 
Calcium oxide [1305-78-8] (1978) 
Calcium silicate (synthetic) 

[1344-95-2] (1996) 
Calcium sulfate 

[7778-18-9] (1986) .. 
Camphor, synthetic 

[76-22-2] (1996) ............... . 
Caprolactam [105-60-2] 

Dust (1996) ......................... . 

2,A4 

o Vapor (1996) ........................ 5,A4 
II Captafol [2425-06-1]-

Skin (1996) ......................... . 
II Captan [133-06-2] (1996) .. 

Carbaryl [63-25-2] (1996) ......... . 
Carbofuran [1563-66-2] (1996) .. 

II Carbon black [1333-86-4] (1996) 
Carbon dioxide [124-38-9] (1986) 5000 

..... Carbon disulfide [75-15-0]-
Skin (1980) ......................... . 10 

.... Carbon monoxide 
[630-08-0] (1992) ................... . 25 

Carbon tetrabromide 
[558-13-4](1976).................... 0.1 

0.001,A2 

0.5,A4 

5 
2 

10(e) 

12,A4 

1,A4 
23,A4 

0.1,A4 
5,A3 
5,A4 

0.1,A4 
3.5,A4 

9000 

31 

29 

1.4 
0" Carbon tetrachloride (Tetrachloromethane) 

[56-23-5]-Skin (1996) .......... 5,A2 31,A2 
Carbonyl chloride, see Phosgene 
Carbonyl fluoride 

[353-50-4] (1986) ... 2 
Catechol [120-80-9]-

Skin (1996) ........................... 5,A3 
Cellulose [9004-34-6] (1986) 
Cesium hydroxide 

[21351-79-1] (1977) ................ . 
"Chlordane [57-74-9]-

Skin (1996) .......................... . 
0" Chlorinated camphene (Toxaphene) 

[8001-35-2]-Skin (1996) .. 
Chlorinated diphenyl oxide 

5.4 

23,A3 
10 

2 

0.5,A3 

0.5,A3 

[31242-93-0](1990) 0.5 
o Chlorine [7782-50-5] (1996). ..... 0.5,A4 1.5,A4 

Chlorine dioxide 
[10049-04-4] (1976) ..... 

Chlorine trifluoride 
[7790-91-2] (1977). 

Chloroacetaldehyde 
[107-20-0] (1977) .... 

Chloroacetone [78-95-5]-
Skin (1989) ................... . 

a-Chloroa~etophenone 

0.1 0.28 

[532-27-4] (1996) .................... 0.05,A4 0.32,A4 
Chloroacetyl chloride 

[79-04-9]- Skin (1991)........ 0.05 0.23 

3,A4 

10,A4 

30,000 

0.3 

10,A2 

5 

1,A4 

0.3 

C 0.1 

C1 

C1 

0.15 

19,A4 

3,A4 
46,A4 

54,000 

4.1 

63,A2 

13 

1,A3 

2.9,A4 

0.83 

C 0.38 

C 3.2 

C 3.8 

0.69 
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ADOPTED VALUES 

TWA STELJCEILING IC} 
ppma ) mg/m3b) ppma ) mg/m3bj Substance [CAS #) 

.... Chlorobenzene [108-90-7] (1996) 10,A3 46,A3 
o-Chlorobenzylidene malononitrile 

[2698-41-1]-Skin (1996) ...... . - C 0.05,A4 C 0.39,M 
Chlorobromomethane 

[74-97-5] (1990)...................... 200 1060 
2-Chloro-1,3-butadiene, see [3-Chloroprene 
Chlorodifluoromethane 

[75-45-6J (1996)....... . ...... 1000,A4 3540,A4 
oil Chlorodiphenyl (42% chlorine) 

[53469-21-9]-Skin (1990) ..... 
• " Chlorodiphenyl (54% chlorine) 

[11097-69-1]-Skin (1996) ..... 0.5,A3 
1-Chloro-2,3-epoxy propane, see Epichlorohydrin 
2-Chloroethanol, see Ethylene chlorohydrin 
Chloroethylene, see Vinyl chloride 

•• Chloroform [67-66-31 (1996) ..... 10,A3 49,A3 
" bis(Chloromethyl) ether 

[542-88-1] (1981) .................... 0.001,A1 0.0047,A1 
• Chloromethyl methyl ether 

[107-30-2] (1983) .................. .. 
1-Chloro-1-nitropropane 

[600-25-9](1981) ... . 
Chloropentafluoroethane 

A2 A2 

2 10 

[76-15-3] (1981) 1000 6320 
Chloropicrin [76-06-2] (1996) ... 0.1,A4 0.67,A4 

o. (3-Chloroprene 
[126-99-8]-Skin (1980) 

2-Chloropropionic acid 
10 

[598-78-7]-Skin (1991) ........ 0.1 
o-Chlorostyrene 

36 

0.44 

[2039-87-4J (1976) .................. 50 283 
o-Ch[orotoluene [95-49-8J (1990) 50 259 
2-Chloro-6-( trichloromethyl) pyridine, see Nitrapyrin 
Chlorpyrifos [2921-88-2]-

Skin (1996) ....................... .. 
• Chromite ore processing 

(Chromate), as Cr (1978) ..... 
Chromium, metal [7440-47-3]. and 

inorganic compounds, as Cr 

0.2,A4 

0.05,A1 

'"Metal and Cr III compounds (1994) - 0.5,A4 
<IO"'Nater-soluble Cr VI 

compounds, NOc(d) (1994) 
a·lnsoluble Cr VI compounds, 

NOc(d) (1994) ............... . 
o. Chromyl chloride 

[14977-61-8J (1982) ....... . 
m Chrysene [218-01-9J (1996) 

Chrysotile, see Asbestos 
Clopidol [2971-90-6] (1996) ...... . 

:j: Coal dust (1987) ..................... . 
om Coal tar pitch volatiles 

[65996-93-2]. as benzene 
solubles (1981) .................... . 

0.025 

... Cobalt, elemental [7440-48-4]. and 
inorganic compounds, 
as Co (1994) ..................... . 

Cobalt carbonyl 
[10210-68-1]. as Co (1983) 

Cobalt hydrocarbonyl 
[16842-03-8]. as Co (1983) 

:j: Copper [7440-50-8] 
:j:oFume (1977) ........................ . 
:j: Dusts & mists, as Cu (1986) 
Cotton dust, raw (1986) ..... 

• Cresol [1319-77-3]. all isomers-
Skin (1977) .......................... 5 

Cristobalite, see Silica-Crystalline 
Crocidolite, see Asbestos 

0.05,A1 

O.01,Al 

0.16 
A3 

10,A4 
(2,(g,j)) 

0.2,Al 

0.02,A3 

0.1 

0.1 

(0.2) 
(1 ) 
02(q) 

22 

75 425 
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ADOPTED VALUES ADOPTED VALUES 

[CAS #1 
TWA STEl/CEILING ICI 

ppma) mg/m3b) ppma) mg/m3b) Substance Substance [CAS #1 
TWA STEl/CEILING ICI 

ppma) mg/m3b) ppma) mg/m3b) 

:j: Crotonaldehyde Dichloromethane, see Methylene chloride 
[4170-30-3J (1996) ..... (2,A3) (5.7,A3) 1,1-Dichloro-1-nitroethane 

Crufomate [299-86-5J (1996) ..... 5,A4 [594-72-9J (1986} ................... 2 12 
Cumene [9B-B2-BJ-Skin (1987). 50 246 1.2-Dichloropropane, see Propylene dichloride 
Cyanamide [420-04-2J (1977) .. 2 II 1,3-Dichloropropene 
Cyanogen [460-19-5J (1977) ...... 10 21 [542·75-6J-Skin (1996) ........ 1,M 4.5,M 
Cyanogen chloride 2,2-Dichloropropionic acid 

[506-77-4J (1980) .... C 0.3 C 0.75 [75-99-0J (1980) ...................... 5.8 
Cyclohexane [110-82-7] (1987) .. 300 1030 Dichlorotetrafluoroethane 
Cyclohexanol [108-93-0]- [76-14-2] (1996) ..................... 1000,M 6990,M 

Skin (1977) ........ ................. 50 206 ... Dichlorvos [62-73-7]-
Cyclohexanone [108-94-1J- Skin (1996) ....................... ... 0.1,M 0.90,A4 

Skin (1996) ............ 25,A4 100,A4 Dicrotophos [141-66-2]-
Cyclohexene [110-83-8J (1977) .. 300 1010 Skin (1996) .................. 0.25,A4 
Cyclohexylamine Dicyclopentadiene 

[108-91-8J (1996) ....... 10,M 41,A4 [77-73-6J (1977} ..................... 5 27 
* Cyclonite [121-82-4J-Skin (1997) 0.5, A4 Dicyclopentadienyl iron 

Cyclopentadiene [542-92-7] (1987) 75 203 [102-54-5J (1986) ................... 10 
Cyclopentane [287-92·3] (1987) 600 1720 1m Dieldrin [60-57-1J-Skin (1996) 0.25,A4 

Cyhexatin [13121-70-5) (1996) .. 5,A4 Diethanolamine 

2,4-D [94-75-7] (1996) .. 10,A4 [111-42-2)-Skin (1994) ........ 0.46 2 

.11 DDT (Dichlorodiphenyltrichloroethane) Diethylamine [109-89-7)-

[50-29-3J (1996} ..................... 1,A3 Skin (1994) ................. 5,A4 15,A4 15,A4 45,M 

Decaborane [17702-41-9J- 2-Diethylaminoethanol 

Skin (1976) ............ 0.05 0.25 0.15 0.75 [100-37-8)-Skin (1994) ....... 9.6 

... Demeton [8065-48-3)- Diethylene triamine 

Skin (1986) ..... 0.01 0.11 [111-40-0J-Skin (1977) ..... 4.2 .................... 
Diethyl ether, see Ethyl ether 

Diacetone alcohol 
[123-42-2) (1987) .................... 50 238 Di(2-ethylhexyl)phthalate, see Di-sec-octyl phthalate 

1,2-Diaminoethane, see Ethylenediamine 
:j: Diethyl ketone [96-22-0) (1981). 200 705 (-) (-) 

Diatomaceous earth, see Silica-Amorphous 
Diethyl phthalate 

[84-66-2) (1987} ............. 5 
... Diazinon [333-41-5)- Difluorodibromomethane 

Skin (1996) ................ 0.1,A4 [75-61-6) (1986). 100 858 
" Diazomethane [334-88-3) (1996) 0.2,A2 0.34,A2 

II Diglycidyl ether (DGE) 
Diborane [19287-45-7) (1977) .... 0.1 0.11 [2238-{)7-5J (1996) .................. 0.1,A4 0.53,A4 
1,2-Dibromoethane, see Ethylene dibromide Dihydroxybenzene, see HydroQuinone 
2-N-Dibutylaminoethanol Diisobutyl ketone 

[102-81-8)-Skin (1994) .. 0.5 3.5 [108-83-8) (1977) ......... 25 145 
Dibutyl phenyl phosphate Diisopropylamine [108-18-9)-

[2528-36-1 I-Skin (1990) 0.3 3.5 Skin (1977) ........................... 5 21 
Dibutyl phosphate Dimethoxymethane, see Methylal 

[107-66-4] (1976) ... 8.6 2 17 <t N,N-Dimethylacetamide 
Dibutyl phthalate [84-74-2J (1987) 5 [127-19-5)-Skin (1996) .. 10,M 36,A4 

" Dichloroacetylene Dimethylamine [124-40-3) (1996) 5,M 9.2,A4 15,A4 27.6,M 
[7572-29-4) (1995) ....... C 0.1,A3 C 0.39,A3 Dimethylaminobenzene, see Xylidene 

o-Dichlorobenzene [95-50-1] ... Dimethylaniline [121-69-7J 
(1996) ................... 25,A4 150,A4 50,A4 301,A4 (N,N-Dimethylaniline)-

." p-Dichlorobenzene Skin (1996) .................... 5,A4 25,M 10,A4 50,A4 
[106-46-7) (1993) .................... 10,A3 60,A3 Dimethylbenzene, see Xylene 

II 3,3'-Dichlorobenzidine II Dimethyl carbamoyl chloride 
[91-94-1J-Skin (1996) A3 [79-44-7J (1978} ...................... A2 

1,4-Dichloro-2-butene Dimethylethoxysilane 
[764-41-0]-Skin (1993) ........ 0005,A2 0.025,A2 [14857-34-2) (1996) ................. 0.5 2.1 1.5 6.4 

Dichlorodifluoromethane Dimethyl-1,2-dibromo-2,2-dichloroethyl phosphate, see Naled 
[75-71-8) (1996) ..... ... 1000,M 4950,A4 ... Dimethylformamide [68-12-2)-

1,3-Dichloro-5,5-dimethyl Skin (1996) .................. 10,A4 30,M 
hydantoin [118-52-5) (1976) .. 0.2 0.4 2,6-Dimethyl-4-heptanone, see Diisobutyl ketone 

1,1-Dichloroethane .ro 1, 1-Dimethylhydrazine 
[75-34-3) (1996} ... .. 100,A4 405,A4 [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-Dichloroethylene, sym [131-11-3] (1986} .................... 5 

[540-59-{)). cis & trans (1987) ... 200 793 " Dimethyl sulfate 
II Dichloroethyl ether [77-78-1]-Skin (1996) .......... 0.1,A3 0.52,A3 

[111-44-4J-Skin (1996) ........ 5,A4 29,A4 10,M 58,A4 Dinitolmide [148-01-6) (1996} ... 5,A4 
Dichlorofluoromethane ... Dinitrobenzene [528-29-0; 99·65-0; 100-25-4J 

[75-43-4J (1980} .......... 10 42 (all isomers)-Skin (1986) .. 0.15 1.0 
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ADOPTED VALUES ADOPTED VALUES 

[CAS #1 
TWA STEl/CEllING ICI 

ppma) mg/m3b) ppma) mg/m3b) Substance Substance [CAS #1 
TWA STEl/CEILING ICI 

ppma) mg/m3b) ppma) mg/m3b) 

Dinitro-o-cresol OB Ethylene dichloride 
[534-52-1]-Skin (1986) .. 0.2 [107-06-2] (1996) . .................. 10,A4 40,A4 

3,5-Dinitro-o-toluamide, see Dinitolmide Ethylene glycol [107-21-1], 
• ..... Dinitrotoluene aerosol (1995) ..................... C 100,M 

[25321-14-6]-Skin (1997) ..... 0.2,A3 Ethylene glycol dinitrate 
'.11 Dioxane [123-91-1]- [628-96-6]-Skin (1985) 0.05 0.31 

Skin (1997) ........ .................. 25,A3 90, A3 Ethylene glycol methyl ether acetate, 
... Dioxathion [78-34-2]- see 2-Methoxyethyl acetate 

Skin (1996) ........................... 0.2,A4 om Ethylene oxide [75-21-8] (1984) 1,A2 1.8,A2 
Diphenyl, see Biphenyl •• Ethylenimine [151-56-4]-
Diphenylamine [122-39-4] (1996) 10,A4 Skin (1996) ............. ............. 0.5,A3 0.88,A3 
Diphenylmethane diisocyanate, see Methylene bisphenyl isocyanate Ethyl ether [60-29-7] (1976) 400 1210 500 1520 
Dipropylene glycol methyl ether Ethyl formate [109-94-4] (1987) 100 303 

[34590-94-8]-Skin (1976) ..... 100 606 150 909 Ethylidene chloride, see 1, 1-Dichloroethane 
Dipropyl ketone Ethylidene norbornene 

[123-19-3] (1981) .............. 50 233 [16219-75-3] (1977) ........ C5 C 25 
Diquat [2764-72-9]-Skin (1996) 0.5,(i)M • Ethyl mercaptan [75-08-1] (1986) 0.5 1.3 

0.1,(i)M N-Ethylmorpholine 
.. Di-sec-octyl phthalate [100-74-3]-Skin (1986) ........ 5 24 

[117-81-7J (1996) .... 5,A3 10,A3 Ethyl silicate [78-10-4] (1986) .... 10 85 
Disulfiram [97-77-8] (1996) ....... 2,A4 ... Fenamiphos [22224-92-6J-
Disulfoton [298-04-4]- Skin (1996) .......................... 0.1,A4 

Skin (1986) ........................... 0.1 ... Fensulfothion [115-90-2] (1996) 0.1,A4 
2 ,6-Di-tert -butyl-p-cresol ... Fenthion [55-38-9]-

[128-37-0] (1996) .................... 10,A4 Skin (1996) .......................... 0.2,A4 
Diuron [330-54-1] (1996) ........... 10,A4 Ferbam [14484-64-1] (1996) ........ 10,A4 
Divinyl benzene Ferrovanadium dust 

[1321-74-0] (1980) .................. 10 53 [12604-58-9] (1983) ................ 3 
Emery [1302-74-5] (1986) .......... 10(e) 

Fibrous glass dust, see Synthetic Vitreous Fibers-
Endosulfan [115-29-7]- Continuous filament glass fibers Skin (1996) ........................... 0.1,A4 
Endrin [72-20-8]-Skin (1996) .. 0.1,A4 <II Fluorides, as F (1996) ....... 2.5,A4 

• Enflurane [13838-16-9] (1996) ... 75,A4 566,A4 • Fluorine [7782-41-4] (1976) 1.6 2 3.1 

Enzymes, see Subtilisins Fluorotrichloromethane, see Trichlorofluoromethane 
.... Epichlorohydrin ... Fonofos [944-22-9]-Skin (1996) 0.1,A4 

[106-89-8]-Skin (1997) ........ 0.5, A3 1.9, A3 os Formaldehyde [50-00-0] (1992) ... C 0.3,A2 C 0.37,A2 
... EPN [2104-64-5]-Skin (1996) .. 0.1,A4 Formamide [75-12-7]-

1,2-Epoxypropane, see Propylene oxide Skin (1988) ........................... 10 18 
2,3-Epoxy-1-propanol, see Glycidol Formic acid [64-18-6] (1991) .. 5 9.4 10 19 
Ethane [74-84-0] (1981) ............. _(c) ... FurfuraI198-01-1]-Skin (1996) 2,A3 7.9,A3 
Ethanethiol, see Ethyl mercaptan Furfuryl alcohol [98-00-0]-
Ethanol [64-17-5] (1996) ............ 1000,A4 1880,A4 Skin (1982) ......... ................. 10 40 15 60 
Ethanolamine [141-43-5] (1978) 3 7.5 6 15 •• Gasoline [8006-61-9J (1996) ...... 300,A3 890,A3 500,A3 148Q,A3 

... Ethion [563-12-2]-Skin (1977) 0.4 Germanium tetrahydride 
.... 2-Ethoxyethanol (EGEE) [7782-65-2] (1986) ............... 0.2 0.63 [110-80-5]-Skin (1984) ........ 5 18 

Glass, fibrous or dust, see Synthetic Vitreous Fibers .... 2-Ethoxyethyl acetate (EGEEA) 
[111-15-9]-Skin (1984 ) ........ 5 27 t· Glutaraldehyde [111-30-8], 

Ethyl acetate [141-78-6J (1996) .. 400,A4 1440,A4 activated & inactivated (1997) (C 0.05) (C 0.2) 
.11 Ethyl acrylate [140-88-5] (1990) 5,A4 20,A4 15,A4 61,A4 Glycerin mist [56-81-5] (1981) .. 10 

Ethyl alcohol, see Ethanol GlycidoI1556-52-5] (1996) .. 2,A3 6.1,A3 
Ethylamine [75-04-7]- Glycol monoethyl ether, see 2-Ethoxyethanol 

Skin (1994) .... ...................... 5 9.2 15 27.6 Grain dust (oat, wheat, 
Ethyl amyl ketone barley) (1986) ..................... 4(e) 

[541-85-5] (1977) .................... 25 131 Graphite (all forms 
... Ethyl benzene [100-41-4] (1976) 100 434 125 543 except graphite fibers) 

Ethyl bromide [74-96-4]- [7782-42-5J (1991) ......... 2(i) 
Skin (1996) ......... 5,A3 22,A3 Gypsum, see Calcium sulfate t Ethyl butyl ketone Hafnium [7440-58-6J (1986) ....... 0.5 
[106-35-4] (1987) ..... 50 234 (-) (-) • Halothane [151-67-71 (1996) ..... 50,A4 404,A4 

Ethyl chloride [75-00-3J- Helium [7440-59-7J (1981) _(c) 
Skin (1995) ......................... 10Q,A3 264,A3 

D Heptachlor [76-44-81 and Ethylene [74-85-1J (1996) A4(c) -
Ethylene chlorohydrin Heptachlor epoxide 

[107-07-3]-Skin (1996) ........ C 1,A4 C 3.3,A4 [1024-57-3J-Skin (1994) . 0.05,A3 

Ethylenediamine • Heptane [142-82-5] 
[107-15-3]-Skin (1996) ........ 10,A4 25,A4 (n-Heptane) (1976) 400 1640 500 2050 

" Ethylene dibromide 2-Heptanone, see Methyl n-amyl ketone 
[106-93-4]-Skin (1996) ........ A3 A3 3-Heptanone, see Ethyl butyl ketone 
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ADOPTED VALUES ADOPTED VALUES 

TWA STEL/CEILING ~C\ TWA STEL/CEILING ~C\ 
Substance [CAS #] ppma ) mg/m3b) ppma ) mg/m b Substance [CAS #] ppma) mg/m3b) ppma ) mg/m b 

.11 Hexachlorobenzene [118-74-1J- Isoamyl alcohol [123-51-3J (1976) 100 361 125 452 
Skin (1997) ............................ 0.002,A3 Isobutyl acetate [110-19-0J (1990) 150 713 

II Hexachlorobutadiene Isobutyl alcohol [78-83-1J (1987) 50 152 
187-68-3J-Skin (1996) ......... 0.02,A3 0.21,A3 Isooctyl alcohol 126952-21-61-

Hexachlorocyclopentadiene Skin (1982) ... ....................... 50 266 
[77-47-41 (1996) ...................... 0.01 ,A4 0.11,A4 Isophorone [78-59-1] (1995) C 5,A3 C 28,A3 

" Hexachloroethane Isophorone diisocyanate 

[67-72-1J-Skin (1996) ...... 1,A3 9.7,A3 [4098-71-9J (1988) .... 0.005 0.045 

Hexachloronaphthalene Isopropoxyethanol 

[1335-87-1J-Skin (1986) 0.2 [109-59-1J-Skin (1987) ........ 25 106 

Hexafluoroacetone Isopropyl acetate 

[684-16-2J-Skin (1986) 0.1 0.68 
[108-21-4J (1976) ........ 250 1040 310 1290 

Isopropyl alcohol 
Hexamethylene diisocyanate [67-63-0J (1976) ............ 400 983 500 1230 

[822-06-0J (1988) ..... 0.005 0.034 Isopropylamine 
.. Hexamethyl phosphoramide [75-31-0J (1976) ............... 12 10 24 

[680-31-9J-Skin (1996) ..... A3 A3 N-Isopropylaniline 
t-<l Hexane (n-Hexane) [768-52-5J-Skin (1986) ........ 11 

[110-54-3J (1982) .............. (50) (176) Isopropyl ether 
• Other isomers (1982) ......... 500 1760 1000 3500 [108-20-3J (1976) ............... 250 1040 310 1300 

1,6-Hexanediamine • Isopropyl glycidyl ether (IGE) 
[124-09-4J (1992) .. 0.5 2.3 [4016-14-2J (1976) .................. 50 238 75 356 

2-Hexanone, see Methyl n-bu1y1 ketone Kaolin [1332-58-7J (1996) .......... 2,(e,ilA4 
Hexone, see Methyl isobu1y1 ketone Ketene [463-51-4J (1976) ........... 0.5 0.86 1.5 2.6 
sec-Hexyl acetate [108-84-9J (1977) 50 295 o Lead, elemental [7439-92-1], 
Hexylene glycol and inorganic compounds, 

[107-41-5J (1977) .................... C 25 C 121 as Pb (1995) ......................... 0.05,A3 
" Hydrazine [302-01-2J- • .. Lead arsenate [7784-40-9J, as 

Skin (1995) ........................... 0.01,A3 0.013,A3 Pb3(As04)2 (1985) ............. 0.15 
Hydrogen [1333-74-0J (1981)..... _(c) - ." Lead chromate [7758-97-6J, 

Hydrogenated terphenyls as Pb (1991) ......................... 0.05,A2 

[61788-32-7J (1977) ................ 0.5 4.9 as Cr (1991) .......................... 0.012,A2 

Hydrogen bromide Limestone, see Calcium carbonate 

[10035-10-6J (1986) ................ C3 C 9.9 II Lindane [58-89-9J-Skin (1996) 0.5,A3 
Lithium hydride 

Hydrogen chloride [7580-67-8J (1977) .. 0.025 
[7647-01-0J (1977) ........ C5 C 7.5 L.P.G. (Liquified petroleum gas) 

Hydrogen cyanide and Cyanide salts as CN [68476-85-7J (1987) ........... 1000 1800 
Hydrogen cyanide [74-90-8J- Magnesite [546-93-0J (1986) 10(e) 

Skin (1994) ..... C4.7 C5 Magnesium oxide fume 
Calcium cyanide [592-01-8J- [1309-48-4J (1977) ........ 10 

Skin (1994) ................... C5 
-<I Malathion [121-75-5]-

Potassium cyanide 1151-50-8J- Skin (1996) ................. 10,A4 
Skin (1994) ......... C5 Maleic anhydride 

Sodium cyanide [143-33-9J- [108-31-6] (1977) .................... 0.25 1.0 
Skin (1994) ........ C5 Manganese, elemental [7439-96-5], 

Hydrogen fluoride and inorganic compounds, 
17664-39-3J, as F (1986) C3 C 2.3 as Mn (1995) ................ 0.2 

Hydrogen peroxide Manganese cyclopentadienyl tricarbonyl 
17722-84-1J (1996) ....... 1,A3 1.4,A3 [12079-65-1J, as Mn-Skin 

Hydrogen selenide (1986) ............... 0.1 
17783-07-5]. as Se (1977) 0.05 0.16 Marble, see Calcium carbonate 

• Hydrogen sulfide -<I Mercury [7439-97-6], as Hg-Skin 
17783-06-4J (1976) .................. 10 14 15 21 Alkyl compounds (1980) ...... 0.01 0.03 

• Hydroquinone [123-31-91 (1996) .. 2,A3 o Aryl compounds (1982) ...... 0.1 
4-Hydroxy-4-methyl-2-pentanone, see Diacetone alcohol Inorganic forms including 
2-Hydroxypropyl acrylate metallic mercury (1994) .. 0.025,A4 

1999-61-1J - Skin (1980) .. 0.5 2.8 • Mesi1y1 oxide [141-79-7J (1981). 15 60 25 100 
Indene [95-13-6J (1987) .... 10 48 Methacrylic acid 179-41-4J (1981) 20 70 
Indium [7440-74-6] & compounds, Methane [74-82-8] (1981) .......... _(c) 

as In (1986) ...... 0.1 Methanethiol, see Methyl mercaptan 
Iodine [7553-56-2J (1977) .. C 0.1 C 1.0 -<I Methanol [67-56-11-
Iodoform [75-47-8] (1986) 0.6 10 Skin (1976) ........................... 200 262 250 328 
Iron oxide dust & fume (Fe203) 

5,(e)A4 
-<I MethomyI116752-77-5J (1996) .. 2.5,A4 

[1309-37-1], as Fe (1996) ........ .11 Methoxychlor [72-43-5] (1996) .. 10,A4 
I ron pentacarbonyl -<l 0 2-Methoxyethanol (EGME) 

[13463-40-6], as Fe (1982) ... 0.1 0.23 0.2 0.45 [109-86-4]-Skin (1984) ........ 5 16 
Iron salts, soluble, as Fe (1986) 1 -<10 2-Methoxyethyl acetate (EGMEA) 
Isoamyl acetate [123-92-2] (1987) 100 532 [110-49-61-Skin (1984) ........ 5 24 
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ADOPTED VALUES ADOPTED VALUES 

Substance [GAS #] 
TWA 

ppma) mg/m3b) 
STEL/fEILING ~G\ 
ppma mg/m b Substance [GAS#] 

TWA 
ppma) mg/m3b) 

STElIfEILING ~G\ 
ppma mg/m b 

4-Methoxyphenol Methyl isocyanate 
[lS0-76-S] (1982) ...... S [624-83-9]-Skin (1977) ....... 0.02 0.047 

Methyl acetate [79-20-9] (1976) 200 606 250 757 Methyl isopropyl ketone 
Methyl acetylene [74-99-7] (1990) 1000 1640 [563-80-4] (1981) .................... 200 70S 
Methyl acetylene-propadiene mixture • Methyl mercaptan 

(MAPP) (1976) ..................... 1000 1640 12S0 20S0 [74-93-1] (1977) ...................... O.S 0.98 
• Methyl acrylate [96-33-3]- Methyl methacrylate 

Skin (1997) ........................... 2,A4 7,A4 [80-62-6] (1996) ...................... 100,A4 410,A4 
Methylacrylonitrile .. Methyl parathion 

[126-98-7]-Skin (1986) ........ 1 2.7 [298-00-0]-Skin (1996) ........ 0.2,A4 
Methylal [109-87-5] (1987) ..... 1000 3110 • Methyl propyl ketone 
Methyl alcohol, see Methanol [107-87-9] (1976) .................... 200 705 250 881 
Methylamine [74-89-S] (1992) .. S 6.4 lS 19 Methyl silicate 
Methyl amyl alcohol, see Methyl isobutyl carbinol [681-84-S] (1986) .................... 6 
Methyl n-amyl ketone a -Methyl styrene 

[110-43-0] (1987) .. SO 233 [98-83-9] (1981) .................... 50 242 100 483 
.. N-Methyl aniline [100-61-8]- Metribuzin [21087-64-9] (1996) .. S,A4 

Skin (1986) ........................... O.S 2.2 .. Mevinphos [7786-34-7]-
'.11 Methyl bromide [74-83-9]- Skin (1976) .................. 0.01 0.092 0.03 0.27 

Skin (1997) ........................... 1,A4 3.9,A4 Mica [12001-26-2] (1986) .. 3(e,j) 

• Methyl-tert butyl ether Mineral wool fiber, see Synthetic Vitreous Fibers-
[1634-04-4] (1995) .......... 40,A3 144,A3 Glass, Rock, or Slag wool fibers 

*. Methyl n-butyl ketone Molybdenum [7439-98-7]. as Mo 

[591-78-6]-Skin (1981) ........ S 20 (-) (-) Soluble compounds (1986) .. 5 
.11 Methyl chloride [74-87-3]- Insoluble compounds (1986) 10 

Skin (1996) ........................... 50,A4 103,A4 100,A4 207,A4 Monochlorobenzene, see Chlorobenzene 

... Methyl chloroform Monocrotophos 

[71-55-6] (1996) ...................... 3S0,A4 1910,A4 450,A4 2460,A4 [6923-22-4]-Skin (1996) ....... 0.2S,A4 

* Methyl 2-cyanoacrylate Morpholine [110-91-8]-

[137-05-3] (1976) ......... (2) (9.1 ) (4) (18) Skin (1996) ........................... 20,A4 71,A4 

Methylcyclohexane .. Naled [300-76-5]-Skin (1996) . 3,A4 

[108-87-2] (1987) .................... 400 1610 Naphthalene [91-20-3] (1996) ... 10,A4 52,A4 lS,A4 79,A4 

Methylcyclohexanol "[3-Naphthylamine[91-59-8] (1972) Al 

[25639-42-3] (1987) ....... 50 234 Neon [7440-01-9] (1981) ... _(c) 

o-Methylcyclohexanone * .. , Nickel [7440-{)2-0] 

[583-60-8]-Skin (1976) .. SO 229 7S 344 *·Metal (1966) ...................... (1 ) 

2-Methylcyclopentadienyl *·Insoluble compounds, 

manganese tricarbonyl as Ni (1974) .................. (1) 

[12108-13-3]. as Mn -Skin (1986) 0.2 to-Soluble compounds, 

.. Methyl demeton as Ni (1976) .... (0.1) 

[8022-00-2]- Skin (1986) ...... O.S 
*.11 Nickel carbonyl [13463-39-3], 

Methylene bisphenyl isocyanate 
as Ni (1977) .......................... (0.05) (0.12) 

(MOl) [101-68-8] (1988) ......... O.OOS O.OSl 
* •• Nickel sulfide roasting, fume & 

.11 Methylene chloride (Oichloromethane) 
dust, as Ni (1978) ................ (l,Al ) 

[75-09-2] (1996) ...................... SO,A3 174,A3 
Nicotine [54-11-5]-

... 4,4'-Methylene bis(2-chloroaniline) [MOCA; MBOCA] 
Skin (1986) ............ 0.5 

[101-14-4]-Skin (1993) ........ 0.01 ,A2 0.11,A2 
Nitrapyrin [1929-82-4] (1996) .... 10,A4 20,A4 

Methylene bis(4-cyclohexylisocyanate) 
Nitric acid [7697-37-2] (1976) .... 2 S.2 4 10 

[5124-30-1] (1988) .................. O.OOS 0.OS4 
.. Nitric oxide [10102-43-9] (1986) 2S 31 

.m 4,4 '-Methylene dianiline 
.. p-Nitroaniline [100-{)1-6]-

[101-77-9]-Skin (1996) ........ 0.1,A3 0.81,A3 
Skin (1996) ........................... 3,M 

.. Methyl ethyl ketone (MEK) 
.. Nitrobenzene [98-95-3]-

[78-93-3] (1976) ................ 200 590 300 88S 
Skin (1996) ........................... 1,A3 S,A3 

Methyl ethyl ketone peroxide 
·""p-Nitrochlorobenzene 

[100-00-5]-Skin (1996) .... ... 0.1,A3 0.64,A3 
[1338-23-4] (1977) .................. C 0.2 C 1.S .. 4-Nitrodiphenyl [92-93-3]-

Methyl formate 
[107-31-3] (1976) .................... 100 246 150 368 

Skin (1996) .......................... A2 
Nitroethane [79-24-3] (1986) ..... 100 307 

S-Methyl-3-heptanone, see Ethyl amyl ketone Nitrogen [7727-37-9] (1989) ...... _(e) 
II Methyl hydrazine • Nitrogen dioxide 

[60-34-4]-Skin (1995) .... ..... 0.01,A3 0.019,A3 [10102-44-0] (1996) ................. 3,A4 5.6,A4 5,M 9.4,M 
.. Methyl iodide [74-88-4]- .. Nitrogen trifluoride 

Skin (1996) .................... 2 12 [7783-54-2] (1986) .................. 10 29 
Methyl isoamyl ketone • Nitroglycerin (NG) 

[110-12-3] (1982) .................... SO 234 [55-63-0]-Skin (1985) .......... O.OS 0.46 
Methyl isobutyl carbinol Nitromethane [75-52-5] (1994) .. 20 50 

[108-11-2]-Skin (1976) ........ 2S 104 40 167 1-Nitropropane [108-03-2] (1996) 2S,A4 91,M 
.. Methyl isobutyl ketone ." 2-Nitropropane 

[108-10-1] (1981} .................... SO 20S 7S 307 [79-46-9] (1996) ...................... 10,A3 36,A3 



12-14 Industrial Ventilation 

ADOPTED VALUES 
TWA STEl/CEILING (C) 

ppmu) mg/m3b) ppmu) mg/m3b) Substance [CAS#] 

OJ N-Nitrosodimethylamine 
[62-75-9]-Skin (1996) ........ . 

.... Nitrotoluene [88-72-2; 99-08-1; 99-99-0] 
-Skin (1982). ..................... 2 

Nitrotrichloromethane, see Chloropicrin 
Nitrous oxide 

[10024-97-2J (1996)................. 50,A4 
Nonane [111-84-2], 

all isomers (1976) .... 200 
Nuisance particulates, see Particulates 

Not Otherwise Classified (PNOC) 
Octachloronaphthalene 

[2234-13-1]-Skin (1976) ... 
Octane [111-65-9J (1976)........... 300 

t Oil mist, mineral (1976) ......... . 
Osmium tetroxide [20816-12-0], 

A3 

11 

90,A4 

1050 

0.1 
1400 

5(k) 
375 

as Os (1976) ......................... 0.0002 0.0016 0.0006 
Oxalic acid 

[144-62-7] (1976) .......... . 
Oxygen difluoride 

[7783-41-7] (1986) ..... 
t* Ozone [10028-15-6] 

t* Heavy work (1997). (0.05) 
t* Moderate work (1997) ." (0.08) 
t* light work (1997).. (0.1) 

Paraffin wax fume 
[8002-74-2] (1987) ....... . 

Paraquat [4685-14-7J. 
Total particulate (1978) ....... . 
Respirable fraction (1978) .. 

..... Parathion 156-38-2J-
Skin (1996) ...................... . 

Particulate polycyclic aromatic 
hydrocarbons (PPAH), 
see Coal tar pitch volatiles 

Particulates Not Otherwise 
Classified (PNOC) 
Inhalable (1989) .... 
Respirable (1995) .' 

Pentaborane 
[19624-22-7] (1976) .. 

Pentachloronaphthalene 
[1321-64-8J-Skin (1986) ...... . 

Pentachloronitrobenzene 
[82-68-8] (1996) ................. . 

...... Pentachlorophenol 
[87-86-5J-Skin (1996) ......... . 

Pentaerythritol 
[115-77-5J (1986) ... 

0.005 

t· Pentane (all isomers) (1976) ... 600 
2-Pentanone, see Methyl propyl ketone 

•• Perchloroethylene (Tetrachloroethylene) 

(0.1) 
(0.16) 
(0.2) 

2 

0.5 
0.10) 

0.1,A4 

10(e,i) 
3(e,j) 

0.013 

0.5 

0.5,A4 

0.5,A3 

10 
1770 

C 0.05 

0.015 

(750) 

[127-18-4] (1993) .................... 25,A3 170,A3 100,A3 
Perchloromethyl mercaptan 

1594-42-3J (1977) ... 
Perchloryl fluoride 

[7616-94-6J (1976) ..... 
Perfluoroisobutylene 

[382-21-8] (1992) ... 

0.1 

3 

0.76 

13 6 

C 0.01 
Precipitated silica, see Silica-Amorphous 
Perlite [93763-70-3J (1996) ....... 10,(e)A4 
Persulfates 

Ammonium 
[7727 -54-OJ (1996) 

Potassium 
[7727-21-1J (1996) ........ . 

Sodium 17775-27-1J (1996) ..... 

0.1 

0.1 
0.1 

0.3 
1750 
(10) 

0.0047 

2 

C 0.11 

0.039 

(2210) 

685,A3 

25 

C 0.082 

ADOPTED VALUES 
TWA STEL/CEILING (C) 

ppmu) mg/m3b) ppmu) mg/m3b) Substance [CAS #] 

Petroleum distillates, see Gasoline; 
Stoddard solvent; VM&P naphtha 

Phenacyl chloride, see ex-Chloroacetophenone 
.... Phenol [108-95-2]-Skin (1996) 5,A4 19,A4 

Phenothiazine 192-84-2J-
Skin (1986). ..... ................ ..... 5 

" N-Pheny[-beta-naphthy[amine 
1135-88-6J (1996) .................... A4 

o-Phenylenediamine 
[95-54-5J (1996)...................... 0.I,A3 

m-Phenylenediamine 
[108-45-2J (1996).................... 0.1,A4 

p-Phenylenediamine 
1106-50-3J (1996)................... 0.I,A4 

Phenyl ether [101-84-8 J, 
vapor (1976) ........... ... 1 7 2 

Phenylethylene, see Styrene, monomer 
,. Phenyl glycidyl ether (PGE) 

[122-60-1j-Skin (1994) ....... 0.I,A3 0.6,A3 
.11 Phenylhydrazine 

[loo-63-0]-Skin (1996) ....... 0.1,A3 0.44,A3 
• Phenyl mercaptan 

1108-98-5J (1978) ....... 0.5 2.3 
Phenyl phosphine 

[638-21-1J (1977)......... C 0.05 
Phorate [298-02-2]-Skin (1976) 0.05 
Phosdrin, see Mevinphos 
Phosgene [75-44-5J (1978).. . 0.1 0.40 
Phosphine [7803-51-2] (1976) ... 0.3 0.42 
Phosphoric acid 

[7664-38-2J (1976) ................. . 
Phosphorus (yellow) 

17723-14-0J (1986) .................. 0.02 0.1 
Phosphorus oxychloride 

[10025-87-3J (1990)................. 0.1 0.63 
Phosphorus pentachloride 

110026-13-8] (1980)................. 0.1 0.B5 
Phosphorus pentasulfide 

[1314-80-3J (1976) ................. . 
Phosphorus trichloride 

[7719-12-2J (1982) .................. 0.2 1.1 0.5 
Phthalic anhydride 

[85-44-9J (1996).................. 1,A4 6.1,A4 
m-Phthalodinitrile 

[626-17-5J (1977)... 5 
Picloram 11918-02-1] (1996)..... 10,A4 
Picric acid [88-89-1] (1990) ... 0.1 
Pindone [83-26-1] (1987) .. ....... 0.1 
Piperazine dihydrochloride 

[142-64-3] (1982) .................... 5 
2-Pivalyl-l ,3-indandione, see Pindone 
Plaster of PariS, see Calcium sulfate 
Platinum [7440-06-4] 

Metal (1981) ........... ......... ..... 1 
Soluble salts, as PI (1970) ... 0.002 

Polychlorobiphenyls, see 
Chlorodiphenyls 

Polytetrafluoroethylene decomposition 
products (1972)............ Bl 

Portland cement 165997-15-1 J (1986) - 1O( e) 
Potassium hydroxide 

11310-58-3] (1977) ................. . 
t. Propane [74-98-6] (1981) .......... (_(C)) (-) 
II Propane sultone 11120-71-4] (1996) A3 

Propargyl alcohol 
1107-19-7]-Skin (1987) ........ 1 2.3 

"/3-Propiolactone 157-57-8J (1996). 0.5,A3 1.5,A3 
Propionic acid [79-09-4] (1990) 10 30 
Propoxur [114-26-1] (1996)...... 0.5,A3 

14 

C 0.23 
0.2 

1.4 

3 

3 

2.8 

C2 



ADOPTED VALUES 

TWA STEl/CEILING IC} 
Substance [CAS ill ppma) mg/m3b) ppma) mg/m3b) 

n-Propyl acetate [109-60-4] (1976) 200 835 250 1040 
n-Propyl alcohol [71-23-8]-

pr~~i~~~:7~;15·~07:;·i·(;·9gi;;:::::: Ai~~ 492 250 614 

." Propylene dichloride 
[78-87-5J (1996) ...................... 75,A4 347,A4 110,A4 508,A4 

-<I Propylene glycol dinitrate 
[6423-43-4]-Skin (1985)....... 0.05 0.34 

Propylene glycol monomethyl ether 
[107-98-2](1976).... 100 369 

II Propylene imine [75-55-8]-
Skin (1996) ................. 2,A3 4.7,A3 

.11 Propylene oxide [75-56-9] (1996) 20,A3 48,A3 
-<I n-Propyl nitrate [627-13-4](1978) 25 107 

Propyne, see Methyl acetylene 
Pyrethrum [8003-34-7] (1996) .. . 
Pyridine [110-86-1] (1987) ........ . 
Pyrocatechol, see Catechol 
Quartz, see Silica-Crystalline 

5 

Quinone [106-51-4] (1987)......... 0.1 
RDX, see Cyclonite 
Resorcinol [108-46-3] (1996) ..... 10,A4 

• Rhodium [7440-16-6] 
·Metal (1996) ....................... . 
·Insoluble compounds, 

as Rh (1996) ................. . 
• Soluble compounds, 

5,A4 
16 

0.44 

45,A4 

1,A4 

1,A4 

as Rh (1996) ........... 0.01,A4 
Ronnel [299-84-3] (1996)... 10,A4 
Rosin core solder thermal decomposition 

products, as resin acids-colophony 

150 553 

40 172 

20,A4 90,A4 

[8050-09-7] (1993) ...... Sensitizer; reduce exposure 

Rotenone (commercial) 
[83-79-4J (1996) ...... . 

Rouge (1996) ................... . 
• Rubber solvent (Naphtha) 

[8030-30-6J (1977) 400 
Selenium [7782-49-2J and compounds, 

as Se (1977) . 
Selenium hexafluoride 

[7783-79-1], as Se (1979).. 0.05 
Sesone [136-78-7J (1996) ..... . 
Silane, see Silicon tetrahydride 
Silica-Amorphous 
• Diatomaceous earth (uncalcined) 

161790-53-2J 
Inhalable (1986) 
Respirable (1995) 

• Precipitated silica 
[112926-00-8J (1987) 

Silica, fume 169012-64-2J (1992) 
• ,. Silica, fused [60676-86-0J (1992) 
• Silica gel [112926-00-8J (1987) 

" Silica-Crystalline 
Cristobalite [14464-46-1J (1986) 

• Quartz [14808-60-7J (1986) ..... 
Tridymite [15468-32-3](1986) . 

• Tripoli [1317-95-9J (1985) ...... . 

Silicon [7440-21-3J (1986) .. 
Silicon carbide [409-21-2J (1996) 
Silicon tetrahydride 

to as low as possible 

5A4 
10,(eJA4 

1590 

0.2 

0.16 
10,A4 

10(e,i) 
3(e,j) 

0.05(j) 
0.1(j) 

o .05(j) 

10 

0.1, (j) of contained 
respirable quartz 

10 
10,(e)A4 

[7803-62-5J (1983) ........ . 5 6.6 
Silver [7440-22-4J 
• Metal (1981) ................ . 

Soluble compounds, 
as Ag (1981) 

0.1 

0.01 

Appendix A 12-15 

ADOPTED VALUES 

TWA STEl/CEILING IC} 
ppma ) mg/m3b) ppma ) mg/m3b) Substance [CAS ill 

Soapstone 
Inhalable (1985) ............. . 
Respirable (1985) ................ . 

Sodium azide [26628-22-8J (1996) 
as Sodium azide ................. . - CO.29,A4 
as Hydrazoic acid vapor. .... . - CO.11,A4 

Sodium bisulfite 
[7631-90-5J (1996) .............. . 

Sodium 2,4-dichloro-phenoxyethyl 
sulfate, see Sesone 

Sodium fluoroacetate 
[62-74-8]- Skin (1994) ..... 

Sodium hydroxide [1310-73-2] (1977)­
Sodium metabisulfite 

[7681-57-4J (1996) ............ . 
Starch [9005-25-8] (1996) ......... . 
Stearates(l) (1996) ............... . 
Stibine [7803-52-3] (1986) ... . 0.1 

• Stoddard solvent 
[8052-41-3J (1987) ........ . 100 

5,A4 

0.05 

5,A4 
10,A4 
10,A4 

0.51 

525 
Strontium chromate 

[7789-06-2], as Cr (1992) 
Strychnine [57-24-9J (1986) 

-"-<lStyrene, monomer 

- 0.000S,A2 
0.15 

C2 

[100-42-5] (1997) ........ 20,A4 85,A4 40,A4 170,A4 
Subtilisins [1395-21-7: 9014-01-1] 

(Proteolytic enzymes 
as 100% pure crystalline 
enzyme) (1977) ................... . 

Sucrose [57-50-1J (1996) 
Sulfometuron methyl 

[74222-97-2] (1994) .... 
-<I Sulfotep [3689-24-5]-

Skin (1996) ........ . 
Sulfur dioxide [7446-09-5] (1996) 

13,A4 
Sulfur hexafluoride 

10,A4 

5,A4 

0.2,A4 
2,A4 

[2551-62-4] (1986) ................ 1000 5970 
Sulfuric acid [7664-93-9J (1996) 1,A2* 
Sulfur monochloride 

[10025-67-9] (1986) ..... 
Sulfur pentafluoride 

[5714-22-7J (1986) ... 
Sulfur tetrafluoride 

[7783-60-0] (1986) ................ . 
Sulfuryl fluoride 

[2699-79-8] (1976) ............... . 
Sulprofos [35400-43-2] (1996) .. 
Synthetic vitreous fibers 

-Continuous filament 
glass fibers (1997) ... 

-Continuous filament 
glass fibers (1997) ..... . 

-Glass wool fibers (1997) .. 
-Rock wool fibers (1997) ..... 
-Slag wool fibers (1997) 
-Special purpose 

glass fibers (1997) ........ . 
Systox, see Demeton 
2,4,5-T [93-76-5] (1996) .. 
Talc (containing no asbestos 

fibers) [14807-96-6] (1996) ..... 

5 21 
1,A4 

- 1 f/cc,(h)A4 

- 5(i)A4 
- 1 flcc',(h)A3 
- 1 f/cc,(h)A3 
- 1 flcc,(h)A3 

10,A4 

-{; 0.OO006(m) 

5.2,A4 5,A4 

3,A2i:( 

C 1 C 5.S 

C 0.01 C 0.10 

CO.l C 0.44 

10 42 

,.Talc (containing asbestos 
fibers) (1985)...... Use asbestos TLV-TWA(n) 

Tantalum [7440-25-7], metal and oxide 
[1314-61-0J dusts, as Ta (1988) 

TEDP, see Sulfotep 
5 



12-16 Industrial Ventilation 

ADDPTED VALUES ADOPTED VALUES 

Substance [CAS II] 
TWA STEl/CEILING ICI 

ppma) mg/m3b) ppma) mg/m3b) Substance [CAS II] 
TWA STEl/CEILING ICI 

ppma) mg/m3b) ppma) mg/m3b) 

Tellurium [13494-80-9] and compounds. 1.2,4-Trichlorobenzene 
as Te (1977) ......................... 0.1 [120-82-1] (1978) .................... C5 C 37 

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 [107-49-3J-Skin (1986) ... 0.004 0.047 [79-OO-5J-Skin (1996) ...... 10.M 55.A4 

Terephthalic acid [100-21-0] (1993) 10 ..... Trichloroethylene 
Terphenyls [26140-60·3] (1980) ... CO.53 C5 [79-01-6] (1993) ...................... 50.AS 269.AS 100.A5 537.A5 
1.1.1.2-Tetrachloro-2.2- difluoroethane Trichlorofluoromethane 

[76-11-9] (1986) ... 500 4170 [75-69-4J (1996) ..................... - C 1000,A4 C 5620.A4 
1.1.2.2-Tetrachloro-1.2- difluoroethane Trichloromethane. see Chloroform 

[76-12-0] (1986) ...................... SOO 4170 Trichloronaphthalene 
:j:s 1.1.2.2-Tetrachloroethane [1321-65-9J-Skin (1986) ...... 5 

[79-34-5]-Skin (1996) .......... 1.(A4) 6.9.(A4) Trichloronitromethane. see Chloropicrin 
Tetrachloroethylene. see Perchloroethylene II 1.2.3-Trichloropropane 

Tetrachloromethane. see Carbon tetrachloride [96-18-4J-Skin (1996) .......... 10.A3 60.A3 
Tetrachloronaphthalene 1.1.2-Trichloro-1.2.2-trifluoroethane 

[1335-88-2] (1986) ................. 2 [76-13-1] (1996) ...................... 1000.A4 7670.A4 12S0,A4 9590.A4 
• Tetraethyl lead [78-00·2], Tricyclohexyltin hydroxide. see Cyhexatin 

as Pb--Skin (1996) ............. - 0.1.(0)A4 Tridymite, see Silica-Grystalline 

Tetrahydrofuran Triethanolamine [102-71-6J (1993) 5 

[109-99-9J (1976) ..... 200 590 2S0 737 Triethylamine [121-44-8]-

• Tetramethyllead [75-74-1J. Skin (1995) ............................ 1.A4 4.1.A4 3.A4 12.A4 

as Pb - Skin (1986) .... 0.15(0) Trifluorobromomethane 

Tetramethyl succinonitrile [75-63-8J (1986) ...................... 1000 6090 

[3333-52-6J-Skin (1986) ....... 0.5 2.B * 1.3.5-Triglycidyl-s-triazinetrione 

Tetranitromethane [2451-62-9J (1997) .................. O.OS 

[509-14-8] (1996) .................... 0.00S.A3 0.04.A3 Trimellitic anhydride 

Tetrasodium pyrophosphate 
[552-30-7] (1993) .................... C 0.04 

[7722-88-5] (1980) ... 5 Trimethylamine [75-50-3] (1992) . 12 15 36 

Tetryl [479-45-8J (1986) .. 1.5 
Trimethyl benzene 

Thallium. elemental [7440-28-0]. 
[25551-13-7J (1987) ................ 25 123 

and soluble compounds. 
Trimethyl phosphite 

as TI-Skin (1977) .............. 0.1 
[121-45-9] (1986) ................... 2 10 

4,4' -Thiobis(6-tert-butyl-m-cresol) 
2,4.6-Trinitrophenol, see Picric acid 

[96-69-5J (1996) ........ 10,A4 
2.4.6-Trinitrophenylmethylnitramine, see Tetryl 

Thioglycolic acid 
*11 2,4.6-Trinitrotoluene (TNT) 

[118-96-7J-Skin (1997) ...... 0.1 
[68-11-1]-Skin (1978) .......... 3.B Triorthocresyl phosphate 

Thionyl chloride [78-30-8]-Skin (1996) .......... 0.1.A4 
[7719-09-7] (1986) ............ C 1 C 4.9 Triphenyl amine 

Thiram [137-26-8J (1996) ... 1.A4 [603-34-9J (1980) ................... 5 
Tin [7440-31·5] Triphenyl phosphate 

Metal (1982) ........... 2 [115-86-6] (1996) ................... 3.A4 
Oxide & inorganic compounds. except Tripoli, see Silica-Grystalline 

SnH4. as Sn (1982) 2 Tungsten [7440-33-7], as W 
Organic compounds. Insoluble compounds (1976) . 5 10 

as Sn-Skin (1996) 0.1.A4 0.2.A4 Soluble compounds (1976) ... 1 3 
.11 Titanium dioxide Turpentine [8006-64-2J (1987) .... 100 556 

[1346H7-7] (1996) ...... 10,A4 ." Uranium (natural) [7440-61-1J 
"o-Tolidine [119-93-7J- Soluble & insoluble 

Skin (1996) ........................... A3 compounds. as U (1996) ..... 0.2.A1 0.6.A1 
Toluene [108-88-3]- n-Valeraldehyde 

Skin (1996) .......................... 50.A4 1BB.A4 [110-62-3] (1978) .......... 50 176 
• ,. Toluene-2,4-diisocyanate ... Vanadium pentoxide [1314-62·1], 

(TOI) [584-84-9] (1996) ......... 0.OO5.A4 0.036.A4 0.02.A4 0.14.A4 as V205; respirable 
.<1. o-Toluidine [95-53-4J- dust or fume (1996) ............. 0.05.A4 

Skin (1996) ............ 2.A3 B.B.A3 Vegetable oil mists(P) (1972) .. 10 
... m-Toluidine [108-44-1]- • Vi nyl acetate 

Skin (1996) ........................... 2.A4 B.B.A4 [108-05-4] (1993) .. 10.A3 35.A3 15.A3 S3.A3 
• .... p-Toluidine [106-49-0J- Vinyl benzene, see Styrene 

Skin (1996) ........................... 2.A3 B.B.A3 .Il Vinyl bromide [593-60-2J (1980) . 5.A2 22.A2 
Toluol, see Toluene ." Vinyl chloride [75·01·4J (1980) ... 5,A1 13,A1 
Toxaphene, see Chlorinated camphene Vinyl cyanide, see Acrylonitrile 
Tributyl phosphate 4-Vinyl cyclohexene 

[126-73-8] (1986) ....... 0.2 2.2 [100-40-3] (1996) .................... 0.1.A3 0.44.A3 
Trichloroacetic acid II Vinyl cyclohexene dioxide 

[76-03-9J (1996) ............ 1.A4 6.7.A4 [106-87-6J-Skin (1996) ......... O.1,A3 O.57.A3 



ADDPTED VALUES 

TWA STEL/CEILING IC} 
ppma) mg/m3b) ppma) mg/m3b) Substance [CASH] 

to. Vinylidene chloride 
[75-35-4] (1996) ................ 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 

." weldin~ fumes 
(NOC d)) (1977) ............. 5,B2 

II Wood dust (certain hard woods as 
beech & oak) (1996) .......... 1,A1 

II Soft wood (1981) .................. 5 10 
... Xylene [1330-20-7; 95-47-6; 108-38-3; 

106-42-3] (0-, m-, p-isomers) 
(1996) ........ . 100,A4 434,A4 150,A4 651,A4 

m-Xylene a,a'-diamine 
[1477-55-0]-Skin (1977) ....... C 0.1 

... Xylidine (mixed isomers) 
[1300-73-8]-Skin (1996) ....... 0.5,A3 2.5,A3 

Yttrium [7440-65-5) metal & 
compounds, as Y (1988) ...... 

Zinc chloride fume 
[7646-85-7) (1976) .. 2 

.11 Zinc chromates [13530-65-9; 11103-86-9; 
37300-23-5], as Cr (1988) ..... 0.01,A1 

Zinc oxide [1314-13-2] 
Fume (1976) ................ 5 10 
Dust (1976) ........................... 10(e) 

Zirconium [7440-67-7] and compounds, 
as Zr (1996) .......................... 5,A4 10,A4 

1:<A2. 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 should 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. 

Substance [CASH] 
TWA STEL/CEILING ICl 

ppma) mg/m3b) ppma) mg/m3b 

t Acrolein [107-02-8]-Skin ....... . C 0.1 ,A4 C 0.23,A4 
t Allyl glycidyl ether [106-92-3] .. 1,A4 4.7,A4 
t Asbestos, all forms 

[1332-21-4]........ -0.1 f/cc,(f)A1 

t Asphalt (Petroleum; Bitumen) fume 
[8052-42-4], as cyclohexane-
extractable inhalable particulate - 0.5 

n-Butanol [71-36-3) ........ . C 25 C 76 

Appendix A 12-17 

ADOPTED VALUES 

TWA STEL/CEILING IC} 
ppma) mg/m3b) ppma) mg/m3b) Substance [CAS H] 

tn-Butyl acetate [123-86-4] ....... . 150 713 200 950 

Coal dust 
Bituminous ......................... . 
Anthracite ......................... '" 

-0.9,(g,j)A4 
-OA,(g,j)A4 

Copper [7440-50-8) and Inorganic compounds, as Cu 
Fume and respirable 

particulate ............... 0.05(j) 
Inhalable particulate, 

dusts & mists ......... 1 (i) 

t Crotonaldehyde [4170-30-3)-Skin C 0.3,A3 C 0.86,A3 

Diesel exhaust, particulate 
(<1 J-Lm) ............................. 0.15,A2 

t Diesel fuel/Kerosene-Skin '" 100,A3 
t Diethyl ketone [96-22-0) ........... 200 705 300 1057 
t Ethyl butyl ketone [106-35-4) '" 50 234 75 350 

Ethyl cyanoacrylate 
[7085-85-0] ..... 0.2 1 

t Glutaraldehyde [111-30-8] .... - CO.05,A4 C 0.2,A4 
tn-Hexane [110-54-3]-Skin ..... 50 176 
t 1-Hexene [592-41-6) ................. 30 103 

t Methyl n-Dutyl ketone 
[591-78-6J-Skin .......... 5 20 10 40 

t Methyl 2-cyanoacrylate 
[137-05-3] ................ 0.2 

t Methyl vinyl ketone 
[78-94-4j-Skin .... C 0.2 C 0.6 

t Nickel 
1.5,(i)A5 tElemental/Metal [7440-02-0] 

0.1,(i)A4 tSoluble compounds, as Ni 

tlnsoluble compounds, 
0.2,(i)A1 as Ni.. ............................... 

Nickel carbonyl [13463-39-3], 
as Ni ................................... 0.05 0.12 

t Nickel subsulfide [12035-72-2J, 
0.1,(i)Al as Ni ........................... 

Nickel sulfide roasting, Delete listing; included in listing for Nickel 
fume & dust, as Ni .... subsulfide 

Oil mist, mineraL .. 5(k) 

Oil mist, mineral, sum total 
of 15 polynuclear aromatic hydrocarbons 
(PAHs) listed as carcinogens by the 
U.S. National Toxicology 
Program (NTP) ... - 000S,(k)A1 

t Ozone [10028-15-6] 
Heavy work ......................... 0.05,A4 0.1,A4 
Moderate work .................... 0.08,A4 0.16,A4 
Light work... . ....... 0.10,A4 0.2,A4 
Light, moderate, or 

heavy workloads ............. D.21:<,A4 OA*,A4 
Pentane (all isomers)........... 600 1770 
Propane [74-98-6] 2500 4508 
Synthetic vitreous fibers 

Refractory ceramic 
A20 fibers .............................. 

tl,l ,2,2-Tetrachloroethane 
[79-34-5]-Skin ................. 1,A3 6.9,A3 

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

1:< S 2 hours 
0The TLV for Refractory ceramic fibers is under review. 

20,A4 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 well 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 a 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 epidemiologic 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 relatively 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 
follow-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 lack 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 ~qulpped to 
eliminate to the fullest extent possible all exposure to the carcinogen. For 
A 1 carcinogens with a TLV and for A2 and A3 carcinogens, worker expo­
sure by all routes should be carefully controlled 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 

81. Polytetrafluoroethylene" 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 produ.cts 
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, Fluon, Teflon, Tetran) 

82. Welding Fumes-Total Particulate (NOC(d)); 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, also creating a rela­
tively low 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 

Ci + C2 + Cn 
T1 T2 Tn 

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 (C1/T 1 + or + C2/T 2, etc.) itself has a value 
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 = 

+ + + 
T1 T2 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 
+ 

500 
-- + 
200 

- = 0.80 + 0.75 + 0.5 = 2.05 
200 

Threshold Limit is exceeded. 

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, e.g., on a time-weighted average exposure basis, all of the liq­
uid (solvent) mixture eventually evaporates. When the percent composition 
(by weight) of the liqUi~ mixture is known, the TLVs of the constituents 
must be listed in mg/m . TLV of mixture = 

+ + + 

Note: In 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 pp~ or 1640 mg/m3 

1 mg/m == 0.24 ppm 
30% methyl chloroform: TLV = 350 ppm or 1910 mgl m3 

1 mg/m3 == 0.18 ppm 
20% perchloroethylene: TLV = 25 ppm or 170 mg/m3 

1 mg/m3 == 0.15 ppm 

TLV of Mixture 
0.5 

1640 

0.3 
+ + 

1910 

1 

0.2 

170 

0.00030 + 0.00016 + 0.00118 

of this mixture 

1 
-- = 610mg/m 3 
0.00164 

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/~3 x 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 = 
C.1. 1; C2 l' ~ = 1; etc. 
T1 T2 T3 

Examll.le B.1: Air contains 0.05 mg/m3 of lead (TLV, 0.05) and 0.7 
mg/m3 of sulfuric acid (TLV, 1). 

0.05 = l' 0.7 = 0.7 
0.05 ' 

Threshold limit is not exceeded. 

C. TLV for mixtures of mineraI dusts. For mixtures of biologically active 
mineral dusts, the general formula for mixtures given in A.2 may be used. 

APPENDIX 0: 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 well 
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:(1 ,2) 

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 + e-Q·06d) 
for 0 < d ~ 100 f.lm 

where: SI(d) = the collection efficiency for particles with aerodynamic 
diameter d in f.lm 

B. Thoracic Particulate Mass consists of those particles that are captured 
according to the following collection efficiency: 

where: x 

ST(d) = SI(d) [1 - F(x)] 

In (d/l') 

In (L) 
r = 11.64 f.lm 
L = 1.5 
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 collection efficiency: 

SR(d) = SI(d) [1 - F(x)] 

where F(x) has the same meaning as above with r = 4.25 f.l-m and ~ = 
1.5 

The most significant difference from previous definitions is the increase 
in the median cut point for a respirable particulate matter sampler from 3.5 
f.l-m to 4.0 f.l-m; 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 1 O-mm nylon cyclone to approximate the 
particulate matter concentration which would be measured by an ideal res­
pirable particulate sampler as defined herein. (5,6) 

Collection efficiencies representative of several sizes of particles in each 
of the respective mass fractions are shown in Tables I, II, and III. 
References 2 and 3 provide documentation for the respective algorithms 
representative of the three mass fractions. 

TABLE I. lnhalable 

Particle Aerodynamic 
Diameter (f.l-m) 

o 
1 
2 
5 

10 
20 
30 
40 
50 

100 

TABLE II. Thoracic 

Particle Aerodynamic 
Diameter (f.l-m) 

o 
2 
4 
6 
8 

10 
12 
14 
16 
18 
20 
25 

Inhalable Particulate 
Mass (IPM) (%) 

100 
97 
94 
87 
77 
65 
58 
54.5 
52.5 
50 

Thoracic Particulate 
Mass (TPM) (%) 

100 
94 
89 
80.5 
67 
50 
35 
23 
15 

9.5 
6 
2 

TABLE m. Respirable 
Particle Aerodynamic 

Diameter (f.l-m) 

References 

a 
1 
2 
3 
4 
5 
6 
7 
8 

10 

Respirable Particulate 
Mass (RPM) (%) 

100 
97 
91 
74 
50 
30 
17 
9 
5 
1 

1. American Conference of Governmental Industrial Hygienists: Particle Size­
Selective Sampling in the Workplace. ACGIH, Cincinnati, OH (1985). 

2. Soderholm, S.C.: Proposed International Conventions for Particle Size­
Selective Sampling. Ann. Occup. Hyg. 33:301-320 (1989). 

3. International Organization for Standardization (ISO): Air Quality-Particle 
Size Fraction Definitions for Health-Related Sarnpling. Approved for publica­
tion as CD 7708. ISO, Geneva (1991). 

4. European Standardization Cornrnittee (CEN): Size Fraction Definitions for 
Measurement of Airborne Particles in the Workplace. Approved for publica­
tion as prEN 481. CEN, Brussels (1992). 

5. Bartley, D.L.: Letter to J. Doull, TLV Cornmittee, July 9, 1991. 
6. Liden, G.; Kenny, L.C.: Optimization of the Performance of Existing 

Respirable Dust Samplers. Appl. Occup. Environ. Hyg. 8(4}:386-391 (1993). 
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APPENDIX B 

PHYSICAL CONSTANTS Of SELECTED MATERIALS 

Explosive limits 
Flash Point F (Volume Percent) 

Molecular Specific Closed Open 
Substance Formula Weight Gravity Cup Cup Lower Upper 

Acetaldehyde CH3CHO 44.05 0.821 -17 3.97 57.0 
Acetic Acid CH3COOH 60.05 1.049 104 110 5.40 
Acetic Anhydride (CH3CO)20 102.09 1.082 121 130 2.67 10.13 
Acetone CH3COCH3 58.08 0.792 0 15 2.55 12.80 
Acrolein CH2:CHCHO 56.06 0.841 Gas Unstable 
Acrylonitrile CH2:CHCN 53.06 0.806 32 3.05 17.0 
Ammonia NH3 17.03 0.597 Gas 15.50 27.0 
Amyl Acetate CH3C02CsH11 130.18 0.879 76 80 1.10 
iso-Amyl Alcohol (CH3)2CHCH2CH20H 88.15 0.812 109 115 1.20 
Aniline C6HsNH2 93.12 1.022 168 
Arsine AsH3 77.93 2.695 (A) Gas 
Benzene C6H6 78.11 0.879 12 1.40 7.10 
Bromine Br2 159,83 3.119 
Butane CH3(CH2)2CH3 58.12 2.085 Gas 1.86 8.41 
1,3-Butadiene (CH2:CH)2 54.09 0.621 Gas 2.00 11.50 
n-Butanol C2HsCH2CH2OH 74.12 0.810 84 110 1.45 11.25 
2-Butanone CH3COC2Hs 72.10 0.805 30 1.81 9.50 

(Methyl ethyl ketone) 
n-Butyl Acetate CH3C02C4Hg 116.16 0.882 72 90 1.39 7.55 
Butyl "Cellosolve" C4HgOCH2CH2OH 118.17 0.903 141 165 
Carbon Dioxide CO2 44.01 1.53 
Carbon Disulphide CS2 76.13 1.263 -22 1.25 50.0 
Carbon Monoxide CO 28.10 0.968 Gas 12.5 74.2 
Carbon Tetrachloride CCI4 153.84 1.595 Nonflammable 
Cellosolve C2HsO(CH2hOH 90.12 0.931 104 120 2.6 15.7 
Cellosolve Acetate CH3C02C4HgO 132.16 0.975 124 135 1.71 
Chlorine CI2 70.91 3.214 Gas 
2-Chlorobutadiene CH2:CCICHCH2 88.54 0.958 
Chloroform CHCI3 119.39 1.478 Nonflammable 
l-Chloro-l-nitropropane N03CIC3H6 139.54 1.209 144 
Cyclohexane C6H12 84.16 0.779 1 1.26 7.75 
Cyclohexanol CH2(CH2)4CHOH 100.16 0.962 154 
Cyclohexanone CH2(CH2)4CO 98.14 0.948 147 
Cyclohexene CH2(CH2)3CH:CH 82.14 0.810 
Cyclopropane CH2CH2CH2 42.08 0.720 Gas 2.40 10.40 
o-Dichlorobenzene CI2C6H4 147.01 1.305 151 165 
Dichlorodifluoromethane CCIl2 120.92 1.486 Nonflammable 
1,1-Dichlorethane CH2CHCI2 98.97 1.175 
1,2-Dichloroethane CICH2CH2CI 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 CICH2CHCIC2H5 143.02 1.222 131 180 
Dichloromethane H2CCI2 84.94 1.336 
Dichloromonofluoromethane HCCll 102.93 1.426 
1,1-Dichloro-1-nitroethane H3C2CI2N03 143.97 1.692 168 
1,2-Dichloropropane CH3CHCICH2CI 112.99 1.159 59 65 3.4 14.5 
Dichlorotetrafluoroethane CCIF2CCIF2 170.93 1.433 Nonflammable 
Dimethylaniline (CH3)2NC6HS 121.18 0.956 145 170 
Dimethylsulfate (CH3)2S04 126.13 1.332 182 240 
Dioxane O(CH2)40 88.10 1.034 35 
Ethyl Acetate CH3C02C2Hs 88.10 0.901 24 30 2.18 11.4 
Ethyl Alcohol C2H5OH 46.07 0.789 55 3.28 18.95 
Ethyl Benzene C6HsC2H5 106.16 0.867 59 75 
Ethyl Bromide C2H5Br 109.98 1.430 6.75 11.25 
Ethyl Chloride C2H5CI 64.52 0.921 -58 -45 3.6 14.80 
Ethylene Chlorohydrin CICH2CH2OH 80.52 1.213 140 



12-22 Industrial Ventilation 

PHYSICAL CONSTANTS OF SELECTED MATERIALS (can't) 

Explosive limits 
Flash Point F (Volume Percent) 

Molecular Specific Closed Open 
Substance Formula Weight Gravity Cup Cup Lower Upper 

Ethylenediamine NH2CH2CH2NH2 60.10 0.899 
Ethylene Oxide CH2CH2O 44.05 0.887 3.0 80.0 
Ethyl Ether (C2H5)20 74.12 0.713 
Ethyl Formate HC02C2H5 74.08 0.917 2.75 16.40 
Ethyl Silicate (C2H5)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 CH3(CH2)5CH3 100.20 0.684 25 1.1 6.7 
Hexane CH3(CH2)4CH3 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 H2Se 80.98 2.12 Gas 
Hydrogen Sulfide H2S 34.08 1.189 (A) Gas 4.3 45.5 
Iodine 12 253.82 4.93 
Isophorone (CH3bC(CH2)2CCHCO 138.20 0.923 205 
Mesityl Oxide (CH3b:CHCOCH3 98.14 0.857 87 
Methanol CH30H 32.04 0.792 54 60 6.72 36.5 
Methyl Acetate CH3C02CH3 74.08 0.928 15 20 3.15 15.60 
Methyl Bromide CH3Br 94.95 1.732 13.5 14.5 
Methyl Butanone CH3COCH(CH3)2 86.13 0.803 

(Isopropyl butane) 
Methyl Cellosolve HOCH2CH2OCH3 76.06 0.965 107 115 
Methyl Cellosolve Acetate CH3OCH2CH2OOCCH3 118.13 1.007 132 140 
Methyl Ch910ride CH3CI 50.49 1.785 Gas 8.25 18.70 
Methyl Cyclohexane CH3(CHC5H10) 98.18 0.769 25 1.15 
Methyl Cyclohexanol CH3(CHC4HsCHOH) 114.18 0.934 154 
Methyl Cyclohexanone CH5C5HgCO 122.17 0.925 118 
Methyl Formate HC02CH3 60.05 0.974 -2 4.5 20.0 
Methyl Isobutyl Ketone CH3COC4Hg 100.16 0.801 73 
Monochlorobenzene C6H5CI 112.56 1.107 90 
Monofluorotrichloromethane CI3CF 137.38 1.494 Nonflammable 
Mononitrotoluene CH3C6H4N02 137.13 1.163 223 
Naphtha (coal tar) C6H4(CH3b 106.16 0.85 100-110 
Nickel Carbonyl Ni(CO)4 170.73 1.31 
Nitrobenzene C6H5N02 123.11 1.205 190 1.8 

(200 F) 
Nitroethane CH3CH2N02 75.07 1.052 82 106 
Nitrogen Oxides NO 30.0 1.0367 (A) 

N20 44.02 1.53 
N203 76.02 1.447 
N02 46.01 1.448 
N205 108.02 1.642 

Nitroglycerine C3H5(ON02)3 227.09 1.601 
Nitromethane CH3N02 61.04 1.130 95 112 
2-Nitropropane CH3CHN02CH3 89.09 1.003 103 
Octane CH3(CH2)6CH3 114.22 0.703 56 0.95 3.2 
Ozone 03 48.0 1.658 (A) 
Pentane CH3(CH2b CH3 72.15 0.626 -40 1.4 7.8 
Pentanone (Methylpropanone) CH3COCH2C2H5 86.13 0.816 45 60 1.55 8.15 
Phosgene 0:C:CI2 98.92 1.392 
Phosphine PH3 34.0 1.146 (A) 205 
Phosphorus Trichloride PCI3 137.35 1.574 
iso-Propanol (CH3)2CHOH 60.09 0.785 53 60 2.02 11.80 
Propane CH3CH2CH3 44.09 1.554 Gas 2.12 9.35 
Propyl Acetate CH3C02CH2C2Hs 102.13 0.886 43 t;0 1.77 8.0 
iso-Propyl Ether (CH3)4(CH)20 102.17 0.725 -18 -15 
Stibine SbH3 124.78 4.344 (A) 
Styrene Monomer C6HsHC:CH2 104.14 0.903 90 1.1 6.1 
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PHYSICAL CONSTANTS OF SELECTED MATERIALS (con't) 

Flash Point F 

Molecular Specific Closed Open 
Substance Formula Weight Gravity Cup Cup 

Sulfur Chloride, Mono S2CI2 135.03 1.678 245 None 
Oi SCI2 102.97 1.621 
Tetra SCI4 173.89 

Sulfur Dioxide S02 64.07 2.264 (A) Gas 
1,1,2,2, Tetrachloroethane CI2CHCHCI2 167.86 1.588 
Tetrachloroethylene CI2C:CCI2 165.85 1.624 Nonflammable 
Toluene C6HSCH3 92.13 0.866 40 45 
Toluidine CH3C6H4NH2 107.15 0.999 188 205 
Trichloroethylene CICHCCI2 131.40 1.466 Nonflammable 
Turpentine (Turpene) ClOH16 136.23 95 
Vinyl Chloride C2HsCI 62.50 0.908 Gas 

(Chloroethane) 
Xylene C6H4(CH3)2 106.16 0.881 63 75 

SOLVENT DRYING TIME 

SOLVENT 

Ethyl Ether, C.P ..................................... . 
Petrolene ........................................... . 
Carbon Tetrachloride ................................. . 
Acetone ............................................ . 
Methyl Acetate ...................................... . 
Ethyl Acetate 85-88% ................................ . 
Trichlorethylene ..................................... . 
Benzol (Industrial) ................................... . 
Methyl Ethyl Ketone .................................. . 
Isopropyl Acetate 8% ................................. . 
Ethylene Dichloride .................................. . 
Solvsol 19/27 ....................................... . 
Ethylene Chloride .................................... . 
Propylene Dichloride ................................. . 
Troluoil ............................................. . 
Methanol ........................................... . 
Toluol (Industrial) .................................... . 
Methyl Propyl Ketone ................................ .. 
V. M.& P ........................................... . 
Perchlorethylene ..................................... . 
Nor. Propyl Acetate .................................. . 
Sec. Butyl Acetate ................................... . 
Solox (Anhydrous) ................................... . 
Isobutyl Acetate 90% ................................. . 
Apocthinner ......................................... . 
Ethyl Alcohol, Den. NO.1 ............................. . 
Solox .............................................. . 
Isopropyl Alcohol 99% ................................ . 
Nor. Propyl Alcohol ................................... . 

Dry 
Time 

Relation 

1.0 
1.8 
1.9 
2.0 
2.2 
2.5 
2.5 
2.6 
2.7 
2.7 
3.0 
3.7 
4.0 
4.1 
4.1 
5.0 
5.0 
5.2 
5.8 
6.0 
6.1 
6.5 
6.5 
7.0 
7.0 
7.7 
8.0 
8.6 
9.1 

Boiling Range 
Deg. C Deg. F. 

34-35 
61-96 

76 
55-58 
56-62 
74-77 

87 
79-81 
77-82 
84-93 

84 
86-123 
81-87 
93-97 

90-122 
64-65 

109-111 
101-107 
95-141 

121 
97-101 
106-135 
71-78 

106-117 
115-143 

78 
76-78 
79-82 
96-98 

93-95 
142-205 

169 
133-136 
133-144 
165-171 

189 
174-178 
171-180 
183-199 

183 
187-254 
178-189 
199-207 
194-252 
147-149 
229-232 
214-225 
203-286 

250 
207-214 
223-275 
160-172 
223-243 
239-289 

172 
169-172 
174-180 
205-208 

Explosive limits 
(Volume Percent) 

Lower 

1.27 

0.8 
4.0 

1.0 

Upper 

6.75 

21.70 

Weight 
per Gal. 

lbs. 

5.98 
5.83 
13.30 
6.35 
7.79 
7.37 
12.20 
7.38 
6.95 
7.26 
10.49 
6.58 
10.49 
9.64 
6.17 
6.63 
7.19 
6.77 
6.23 
13.55 
7.50 
7.13 
6.80 
7.28 
6.31 
6.64 
6.73 
6.75 
6.73 

6.0 
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SOLVENT DRYING TIME (con't) 

SOLVENT 

Solvsol 24/34 ....................................... . 
Nor. Butyl Acetate .................................... . 
Diethyl Carbonate ................................... . 
Methyl Butyl Ketone .................................. . 
Xylol (Industrial) ..................................... . 
Monochlor Benzol ................................... . 
Tertiary Butyl Alcohol ................................. . 
Sec. Butyl Alcohol ................................... . 
Sec. Amyl Acetate ................................... . 
Amyl Acetate ........................................ . 
Isobutyl Alcohol ..................................... . 
Methyl Cellosolve .................................... . 
Butyl Propionate ..................................... . 
Pentacetate ......................................... . 
Turpentine .......................................... . 
Butanol ............................................. . 
Sec. Amyl Alcohol ................................... . 
2-5G-W Hi-Flash Naphtha ........................... . 
Amyl Alcohol (Fusel Oil) .............................. . 
Di Isopropyl Ketone .................................. . 
Ethyl Cellosolve ..................................... . 
Odorless Mineral Spirits .............................. . 
Ethyl Lactate ........................................ . 
Sec. Hexyl Alcohol ................................... . 
Solvsol 30/40 ....................................... . 
Pentasol ............................................ . 
Hi-SOlvency Mineral Spirits ............................ . 
No. 380 Mineral Spirits ............................... . 
No. 10 Mineral Spirits ................................ . 
Distilled Water ....................................... . 
Apco No. 125 ....................................... . 
Cellosolve Acetate ................................... . 
Sec. Butyl Lactate ................................... . 
Sec. Hexyl Acetate ................................... . 
Butyl Cellosolve ..................................... . 
Dipentene .......................................... . 
No. 140 Thinner ... " ................................ . 
Octyl Acetate ........................................ . 
Isobutyl Lactate ..................................... . 
Hexalin ............................................. . 
Solvsol 40/50 ....................................... . 
Methyl Hexalin ...................................... . 
Butyl Lactate ........................................ . 
Excellene ........................................... . 
Special Heavy Naphtha ............................... . 
Dispersol ........................................... . 
No. 50 Kerosene .................................... . 
Triethylene Glycol .................................... . 
Dibutyl Phthalate .................................... . 

Dry 
Time 

Relation 

9.4 
9.6 
9.6 
9.7 
9.7 
10.0 
11.9 
14.0 
16.9 
17.4 
17.7 
18.0 
18.0 
20.0 
20.0 
21.0 
25.0 
27.5 
32.1 
33.9 
36.2 
38.6 
40.0 
41.7 
43.2 
45.0 
46.7 
47.0 
55.0 
60.0 
60.5 
65.0 
73.0 
76.5 
88.5 
89.2 
91.0 
152.5 
156.5 
177.5 
270.5 
276.5 
339.0 
384.0 
403.0 
425.0 
626.7 

Over 5200.0 
Over 5200.0 

Dry Time Relation: Below 5 - Fast 
5·15 - Medium 

15·75 - Slow 
75 over- Nil 

Boiling Range 
Oeg. C Deg. F. 

101-168 
110-132 
100-130 
114-137 
127-144 
130-132 
82-83 

99-100 
121-144 
105-142 

107-111 
121-126 
124-171 
121-155 
155-173 
116-119 
105-125 
148-187 
126-130 
164-169 
133-137 
150-201 
119-176 

157 
142-199 
112-140 
152·200 
151-196 
154-196 

100 
162-200 
145·166 

172 
129·158 
163·172 
149-215 
185-210 
195-203 
168·200 
159·162 
191·248 
170·190 
185·195 
162·260 
202·242 
193-242 
178·256 
276-310 
195·200 

214-334 
230-270 
212·266 
237-279 
261-291 
266-270 
180-181 
210-212 
250-291 
221-288 
225·232 
250-259 
255-340 
250-311 
311-343 
241-246 
221·257 
298-369 
259-266 
327·336 
271-279 
302-394 
246-349 

315 
288-390 
234-284 
306·392 
304-385 
309-385 

212 
324-392 
293-331 

342 
264-316 
325-342 
300-419 
365-410 
383-397 
334·392 
318-324 
376·478 
338·374 
365-383 
324-500 
396-468 
379-468 
352·493 
529-590 
383-392 

Weight 
per Gal. 

Lbs. 

6.80 
7.29 
8.14 
6.84 
7.17 
9.20 
6.55 
6.85 
7.21 
7.24 
6.70 
8.07 
7.31 
7.19 
12.24 
6.79 
6.79 
7.18 
6.76 
6.75 
7.77 
6.52 
8.59 
6.97 
7.06 
6.76 
6.79 
6.57 
6.49 
8.32 
6.52 
8.15 
8.14 
7.19 
7.58 
7.10 
6.62 
7.20 
8.15 
7.89 
7.42 
7.66 
8.14 
6.55 
6.73 
6.59 
6.76 
9.30 
8.73 
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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 3.937 x 10.9 gallons/minute cubic feetlhour 8.0208 
angstrom units microns I x 10.4 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 10" 
atmospheres millimeters of water 10,340 grams ounces (avoidrupois) 3.527 x 10" 
atmospheres millimeters of mercury 760 grams pounds 2.205 x 10.3 

atmospheres pascals 101513 grams/cubic foot milligrams/cubic meter 2288. I 
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 3.931 x 10.4 horsepower kilowatts 0.7457 
BTU joules 1.055 x 103 horsepower watts 745.7 
BTU kilowatt-hours 2.928 x 10.4 inches centimeters 2.540 
BTU!hour watts 0.293 I inches miles 1.578 x 10-5 

calories BTU 3.9685 x IO-J inches of mercury atmospheres 0.03342 
centimeters feet 3.281 x 10-2 inches of mercury feet 0 f water 1.134 
centimeters inches 0.3937 inches of mercury inches of water 13.61 
centimeters kilometers I x 10-5 inches of mercury millimeters of mercury 25.4 
centimeters meters I x 10-2 inches of mercury millimeters of water 345.6 
centimeters millimeters 10.0 inches of mercury pascals 3390 
coulombs faradays 1.036 x 10-5 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) 2.113 x 10-3 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 4.719x 10-4 joules BTU 9.480 x 10-4 

cubic feet/second gallons/minute 448.83 joules ergs I. 10' 
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 I x 10-5 kilometers miles 0.6214 
ergs BTU 9.480 x 10-11 kilometers meters 1000.0 
ergs kilowatt-hours 2.778 x 10-14 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 10-4 kilowatts horsepower 1.34 I 
feet meters 0.3048 knots feet/hour 6080.0 
feet miles (statute) 1.894 x 10-4 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 5.9 x 10 12 

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 10-) liters gallons (U.S. liquid) 0.2642 
foot-pounds kilowatt-hours 3.766 x 10-' 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 I x 10-3 pascals pounds/square inch 1.696 x 10-' 
meters miles (statute) 6.214 x 10-' pints (liquid) gallons 0.125 
meters miles (nautical) 5.396 x 10-' pints (liquid) cubic centimeters 473.2 
meters millimeters 1000.0 pints (liquid) cubic inches 28.87 
microns meters I x 10-6 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 
mileslhour feeUminute 88.0 quarts (liquid) cubic inches 57.75 
miles/hour IceUsecond 1.467 quarts (liquid) liters 0.9463 
milligram/liter parts/million 1.0 radians minutes 3438.0 
milligrams/cubic meter grains/cubic foot 4.37 x 10-' radians degrees 57.30 
milliliters liters I x 10-3 revolutions degrees 360.0 
millimeters inches 3.937 x 10-2 revolutions/minute degrees/second 6.0 
millimeters of mercury atmospheres 0.001316 seconds minutes 1.667 x 10-2 

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) l.l20 
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 I x 10' tons (short) pounds 2000.0 
newtons pounds 0.2248 watts BTU/hour 3.4129 
ounces pounds 6.25 x 10-2 watts horsepower 1.341 x 10-3 

ounces (troy) ounces (avoirdupois) 1.09714 yards miles (nautical) 4.934 x 10-' 
pascals atmospheres 9.872 x 10-4 yards meters 0.9144 
pascals inches of water 0.00401 yards miles (statute) 5.682 x 10-' 
pascals millimeters of water 0.102 



INDEX 

A 

Abbreviations, xv 
Abrasive blasting 

cab in et, 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- 1 78 
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 

13-1 

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- 1 5 
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, 1 0-137 

circular, 10-138 
Auto parking garage, 10-178 
Auto spray paint booth, 10-114, 10-1 16 
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-\78 
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 10-1 10 
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, 1 0-137 
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-\78 
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-\78 
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, 4-1 8 
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 

Dampers, 5-11, 5-38,6-10 
Definitions, xiii 
Degreasing tank, 10-109 
Degree days, 7-14, 7-15 
Density 

D 

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 

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, 10-143 
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 

Index 13-3 

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 tol0-23 
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, 2-1 1, 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 

E 

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 
Evase, 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, 1-1 ° 
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 

Fabric 
configuration, 4-1 I 
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, 4-1 1 

filter drag, 4-1 I 

F 

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- I 7 
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 

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, 6-1 ° 
discharge conditions, 6-24 
drive arrangements, 6-10 to 6-12 

effect of temperature, 6-6 
efficiency, 6-2, 6-6 to 6-9 

Index 13-5 

energy, humidification in wet collectors, 4-17 
equivalent pressure, 6-20 
explosive materials, 6-21 
flow rate detenn ination 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 

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 
muliers, 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- I 2, 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- I 0 

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 

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 

Index 13-7 

Heating, ventilation, and air conditioning (see HY AC) 
HEPA,4-32 
High-efficiency filters, 7-17 
High toxicity, 3-18, 4-33 
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 fanes), 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 
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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, 10-6l, 

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 

absolute, definition, xiv 
relative, definition, xiv 

HV AC, 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 

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, 8-4 
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 

J 

Jointer, 10-164 

K 

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 

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 

M 

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 

Index 13-9 

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 
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o 
Open surface tanks, 10-98 to 10-110 
Operating temperature, 6-6 
Optimum economic velocity, 5-35 
Orifices, 3-17, 9-10 
Outboard motor test tank, 10-174 
Outdoor air, 8-3, 8-4 
Outdoor air estimates, 8-4 

carbon dioxide method, 8-4 
temperature method, 8-4 

Outdoor air intakes, 8-5 
Outlet dampers, 6-15 
Outside air using exhaust system, 7-2 
Ovens, 10-118 

p 

Packaging machine, 10-14, 10-178 
Paint storage room, 10-119 
Painting, spray, 10-112 to 10-114, 10-116 
Paper machine, 10-178 
Partial enclosure, 3-2 
Particle size range, 4-22, 4-24 
Particulates, 7- I 7 
Penny, 4-3 
Percent saturation curves, 5-16 
Perchloric acid hood data, 10-42 
Performance curve 

fan, 6-16 to 6-19 
limits, 6-16 

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 
Plating, 10-98 to 10-110 
Plenum, xii, 3-8 
Plenum pressure 

push nozzle, 10-106 
Plenum system, 5-11 

manual cleaning design, 5-11 
self-cleaning design, 5-11 

Plenum velocity, 3-8 
Plugging, 3-18 
Pneumatic hand tools, 10-54, 10-92, 10-112 
Point of operation, 6-16 

Polishing 
belt, 10-136, 10-139 

wheels, 10-134, 10-137, 10-138 
Porosity of dust cake, 4-11 
Portable grinding, 10-52 to 10-56, 10-81, 10-132 
Pouring, 10-133 
Power 

required fan, 5-10, 5-32 
Power exhausters, 6-6 
Power roof venti lators, 6-6 
Precipitator 

electrostatic, 4-3 
high voltage, 4-3 

low voltage, 4-9 
pressure drop in, 4-9 

wet dynamic, 4-18 
Preheat coil, 7-11 
Pressure 

drop 
collection efficiency, 4-18 

hood static, 1-7 

loss calculations, Chapter 5 
measurements, 9-11 

regain, 5-3, 5-12 
room, 7-5 

static, xiv, 1-3,3-15,5-4,5-12,9-11 

total, xiv, 1-3,5-4,5-11 

vapor, xiv 

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 

saturation curves, 5-27 
Psychrometric principles, 5-27 
Pull hood, 3-20 
Pulse-jet collector, 4-13 

filtration velocities, 4-17 
Push jet, 3-2, 3-19 

velocity, 3-19 
Push nozzle, 3-19 

plenum pressure, 10-108 
Push-pull, 3-2, 3-19, 3-21 

hood design, 10- I 06, 10-107 



Quartz fusing, 10-179 

Radial,6-2 
Radial saw, 10-160 
Radiant heat, 7-6 

Q 

R 

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 

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 

S 

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 

Index 13-11 

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 

de greasing, 10-109, 10-110 
drying time, 12-23 to 12-24 

Solvent mixtures, dilution ventilation for 2-6 



13-12 Industrial Ventilation 

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, 9-1 I 
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 
Stream lines, 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- I 0 
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, 9-1 1 
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 
Tum-down ration, 7-12 
Turning vanes, 6-21 

U-tube manometer, 9-20 
liquids used in, 9-20 

Unit collectors, 4-2, 4-25 

u 

V 

Vane anemometer, 9- I 9 
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 -IS 
Ventilation 

aspects of indoor air quality, 8-1 
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 

Wake effects, 3-2, 3-8 
Water hammer, 7-9 
Water pollution, 4-17 
Weigh hood, 10-15, 10-16 
Welding, 5-35 

w 

exhaust hoods, 10-146 to 10-15 I 
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- I 8 
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 
W oodshaper, 10-167 

Index 13-13 

Woodworking machines, 10-152 to 10-167 
Worker position, 3-8 






