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MATH TOOLBOX

The Case of the 
TOXIC FUME
By Mitch Ricketts
Math Toolbox is designed to help readers apply STEM principles to everyday safety issues. Many readers may 
feel apprehensive about math and science. This series employs various communication strategies to make the 
learning process easier and more accessible.

Metal fume fever is one of the most 
commonly reported respiratory ailments 
among welders and torch cutters. This 
disorder usually occurs as a brief flu-
like illness, beginning a few hours after 
exposure and resolving on its own after 
1 or 2 days. Typical signs and symptoms 
include fever, headache, fatigue, muscle 
ache and cough (Riccelli et al., 2020). 

While metal fume fever normally re-
solves on its own, there are exceptions. 
In fact, as illustrated in Figure 1, metal 
fume fever sometimes leads to severe and 
persistent respiratory disability.

Besides metal fume fever, other dis-
orders have been linked with overexpo-
sures to welding and cutting fumes. For 
instance, pulmonary siderosis may result 

when inhaled fumes deposit iron particles 
in the lungs. Likewise, pulmonary fibrosis 
occurs when injury from fumes causes 
scarring in lung tissues. Asthma, which 
can be caused by overexposure to fumes, 
is characterized by episodes of inflamma-
tion in the airways. Chronic obstructive 
pulmonary disease, also associated with 
welding and cutting, may involve chronic 
bronchitis (long-term inflammation of 
the bronchi) or emphysema (a disorder in 
which the walls of the alveoli break down). 
Finally, welding and cutting fumes are 
known to cause cardiovascular disease and 
cancer in workers (IARC Working Group 
on the Evaluation of Carcinogenic Risks to 
Humans, 2018; Riccelli et al, 2020).

Ventilation is often used to control 
fumes from hot work. General ventilation, 
for instance, supplies large volumes of 
clean air to dilute contaminants through-
out the work space. When general venti-
lation fails to create acceptable air quality, 
local exhaust ventilation employs suction 
hoods near each source of emission. Local 
exhaust ventilation is designed to cap-
ture contaminants before they enter the 
breathing zones of workers.

Ventilation may be impractical or 
insufficient in confined spaces or when 
working with highly toxic metals. In 
these cases, respirators may be required 
to filter contaminants or to supply clean 
air from an external environment.

Figure 2 (p. 40) illustrates the use of 
a portable fume extractor, a form of 
local exhaust ventilation. The extractor 
consists of a hood to capture fumes at 
the source, a flexible duct to transport 
the contaminated air, an internal fan to 
move the air, an air cleaner to remove 
contaminants, and an exhaust system to 
send the cleaned air back into the work 
space or to an outdoor environment. 

As with other forms of local exhaust, 
fume extractors must move a volume of 
air at velocities that will draw contami-
nants into the hood and keep them from 
reentering the work environment. Air 
volume, the total quantity of air trans-
ported in a span of time, is usually mea-
sured in cubic feet per minute (cfm) or 

FIGURE 1
WORKERS’ LUNGS DAMAGED BY METAL FUMES

Note. Adapted from “Metal Fume-Induced Diffuse Alveolar Damage,” by J. Bydash, R. Kasmani 
and K. Naraharisetty, 2010, Journal of Thoracic Imaging, 25(2), W27-W29 (https://doi.org/ 
10.1097/RTI.0b013e31819f937f).
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Two workers used an acetylene torch to 
dismantle a galvanized steel shelving unit 
in a boiler room. Local exhaust ventilation 
was not used, and the workers did not wear 
respirators in the poorly ventilated area. 
Both workers became ill several hours later. 
Signs and symptoms included shortness of 
breath; cough; bloody, brown sputum; fever; 
drenching night sweats; and headache.

X-rays revealed that both workers suffered 
damage to the alveoli, tiny air sacs where 
oxygen is transferred to the bloodstream deep 
inside the lungs. Both workers were diagnosed 
with severe cases of metal fume fever caused 
by inhalation of zinc oxide fumes, possibly 
contaminated with cadmium.

One worker, a 29-year-old nonsmoker, 
sought treatment 1 day after exposure. He 
was hospitalized, treated with steroids and 
released 4 days later with a prescription to 
wear oxygen when engaging in activity.
The other worker, a 51-year-old former 
smoker, waited 3 days before seeking help. 
After being admitted to the hospital, he was 
transferred to an intensive care unit and 
required 8 days of treatment. Upon release, he 
was sent home with oxygen.

Clusters  
of alveoli

1 mm
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cubic meters per second (m3/s). In con-
trast, air velocity, the speed of air moving 
toward and within the exhaust system, 
is commonly expressed in units of linear 
feet per minute (fpm) or linear meters 
per second (m/s). Air velocity is easily 
measured within ducts (duct velocity) 
and at the hood opening (face velocity).

Capture velocity is a specific term 
that describes the minimum air velocity 
required to draw a contaminant into 
the hood. Typical capture velocities 
have been published for many emission 
sources (ACGIH, 2019). For welding and 
cutting fumes, ACGIH has reported the 
following capture velocities:

•100 fpm (0.5 m/s) for low-toxicity 
fumes, and

•120 to 150 fpm (0.6 to 0.75 m/s) for 
fumes of moderate toxicity.

Highly toxic contaminants usually 
require alternative control strategies such 
as hood enclosures, automation or the 
use of appropriate respirators. Because 
excessive air velocities may interfere 
with welding or cutting operations, ven-
tilation must always be compatible with 
recognized quality control requirements 
(ANSI/AWS, 2021).

To summarize, a fume extractor must 
accomplish a delicate balance; it must 
draw air at a velocity that equals or ex-
ceeds the capture velocity of the fume 
without disrupting the arc or flame. Ven-
tilation-induced air velocity in the capture 
zone is usually calculated, rather than 
measured directly. Because the welding or 
cutting operation is located some distance 
from the hood, velocity at the far edge of 
the capture zone will be much lower com-
pared with velocity at the hood face. In 
this article, we will examine calculations 
to determine how closely the hood must 
be located to successfully capture welding 
and cutting fumes. These calculations 
generate approximate answers that tend to 
err on the side of safety.

Capture Velocity for Plain (Unflanged) 
Hoods That Are Round or Nearly Square

To begin, we will calculate appropriate 
distances for capturing fumes using plain 
hoods that are round or nearly square. 
Plain hoods do not have flanges around 
their edges (see Figure 3). For rectangu-
lar hoods, “nearly square” means that the 
ratio of the hood’s narrowest to widest 
dimension is greater than or equal to 
0.2 (i.e., narrowest dimension ÷ widest 
dimension ≥ 0.2). Different equations are 
used for hoods that do not meet these 
conditions (see ACGIH, 2019).

As shown in Figure 4 (p. 42), the equa-
tion is:

𝑄𝑄 = 𝑉𝑉! ∙ (10 · 𝑥𝑥" + 𝐴𝐴) 

where:
Q = volumetric flow rate of the hood, 

in units such as cubic feet per minute 
(cfm) or cubic meters per second (m3/s)

Vc = capture velocity, that is, air velocity at 
a distance x before the face of the hood; cap-
ture velocity must be expressed in units con-
sistent with volumetric flow rate, such as feet 
per minute (fpm) or meters per second (m/s)

x = distance from the face of hood to the 
far end of the contaminant source, in units 
matching volumetric flow rate and capture 
velocity, such as feet (ft) or meters (m)

A = cross-sectional area of the hood 
opening, in matching units such as square 
feet (ft2) or square meters (m2); hood area 
is calculated as shown in Figure 5 (p. 43)

Engineers use this equation to design 
extractors with sufficient air flow to 
achieve a particular capture velocity. For 
everyday use, safety professionals are 
more often required to determine how 
closely to place the hood when capturing 
fumes from the welding or cutting zone. 
The equation can be rearranged to solve 
this common problem as follows:

𝑥𝑥 = #
𝑄𝑄 − 𝑉𝑉! ∙ 𝐴𝐴
𝑉𝑉! ∙ 10
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FIGURE 2
WELDER USING A PORTABLE FUME EXTRACTOR

FIGURE 3
TYPES OF CAPTURE HOODS
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Calculated example. Imagine the 
workers in Figure 1 (p. 39) had used a 
portable fume extractor to capture and 
remove metal fumes from the workplace 
air. For the purposes of this exercise, 
imagine the extractor was designed with 
a plain (unflanged) hood having a cross- 
sectional area of 0.55 ft2 and a volumetric 
air flow rate of 1,200 cfm as indicated 
in the manufacturer’s specifications. 
Finally, imagine the workers decided 
on a capture velocity of 120 fpm which 
falls within the range recommended by 
ACGIH (2019) for torch cutting of mod-
erately toxic metals. What distance from 
the cutting operation must the hood be 
placed to adequately capture the welding 
fume? Using the formula, we can solve 
for the recommended capture distance 
(distance x) based on the following data:

•The manufacturer’s specifications indi-
cate volumetric air flow rate is 1,200 cfm; 
this is the value of Q in the formula.

•The desired capture velocity is 120 fpm; 
this is the value of Vc.

•The manufacturer’s specifications 
indicate the cross-sectional area of the 
hood opening is 0.55 ft2; this is the value 
of A.

•The equation will solve for x, which is 
the recommended distance of the hood 
from the welding operation.

Step 1: Begin with the equation ar-
ranged to solve for x:

𝑥𝑥 = #
𝑄𝑄 − 𝑉𝑉! ∙ 𝐴𝐴
𝑉𝑉! ∙ 10

 

Step 2: Insert the known values for 
volumetric air flow rate (Q = 1,200 cfm), 
capture velocity (Vc = 120 fpm) and the 
cross-sectional area of the hood opening 
(A = 0.55 ft2). Then solve for x:

𝑥𝑥 = #1,200 − 120 ∙ 0.55
120 ∙ 10 = 0.97	𝑓𝑓𝑓𝑓 

(rounded two places  
past the decimal) 

Note: Most calculators have a √ 
(square root) button that will provide 
the correct answer with keystrokes 
similar to the following in this case: 
√((1,200–120x0.55)÷(120x10))=. Al-
ternatively, in an Excel spreadsheet, 
the formula for this example is 
=SQRT((1200-120*0.55)/(120*10)).

Step 3: The calculation indicates the 
desired capture velocity of 120 fpm will be 
achieved when the hood face is located a dis-
tance of about 0.97 ft from the cutting op-
eration. This is equivalent to about 11.64 in. 
because 0.97 ∙ 12 in. per ft = 11.64 in. (See 

“Concluding Comments” for important 
limitations regarding our estimate.)

Alternate example. Now imagine a 
different scenario in which a worker is 
using a portable fume extractor while 
welding. In this case, we’ll perform our 
calculations in metric units. Imagine 
the fume extractor was designed with a 
plain (unflanged) hood having a cross- 
sectional area of 0.07 m2 and a volumet-
ric air flow rate of 0.48 m3/s. Finally, we’ll 
imagine the worker has decided on a 
capture velocity of 0.65 m/s. At what dis-
tance from the welding operation must 
the hood be placed to achieve the capture 
velocity of 0.65 m/s? The variables can be 
summarized as follows:

•The manufacturer’s specifications indi-
cate volumetric air flow rate is 0.48 m3/s; 
this is the value of Q in the formula.

•The desired capture velocity is 0.65 m/s; 
this is the value of Vc.

•The cross-sectional area of the hood 
opening is 0.07 m2; this is the value of A.

•The equation will solve for x, which is 
the recommended distance of the hood 
from the welding operation.

Step 1: Begin with the equation ar-
ranged to solve for x:

𝑥𝑥 = #
𝑄𝑄 − 𝑉𝑉! ∙ 𝐴𝐴
𝑉𝑉! ∙ 10

 

Step 2: Insert the known values for 
volumetric air flow rate (Q = 0.48 m3/s), 
capture velocity (Vc = 0.65 m/s) and the 
cross-sectional area of the hood opening 
(A = 0.07 m2). Then solve for x:

𝑥𝑥 = #0.48 − 0.65 ∙ 0.07
0.65 ∙ 10 = 0.26	𝑚𝑚 

(rounded) 

Step 3: The calculation indicates the 
desired capture velocity of 0.65 m/s will 
be achieved when the face of the hood is 
located a distance of about 0.26 m from 
the welding operation (about 26 cm be-
cause 0.26 ∙ 100 cm per meter = 26 cm).

You Do the Math
Apply your knowledge to the following 

questions. Answers are on p. 47.
1. Imagine a worker uses a portable 

fume extractor while torch cutting. The 
fume extractor was designed with a plain 
(unflanged) hood having a cross- sectional 
area of 0.04 m2 and a volumetric air flow 
rate of 0.70 m3/s as indicated in the man-
ufacturer’s specifications. The worker has 
decided on a capture velocity of 0.60 m/s. 
At what distance from the cutting oper-

ation must the hood be placed to achieve 
the capture velocity of 0.60 m/s? 

2. In this case, imagine a worker is us-
ing a portable fume extractor while weld-
ing. The fume extractor was designed 
with a plain (unflanged) hood having 
a cross-sectional area of 0.35 ft2 and a 
volumetric air flow rate of 1,400 cfm. 
The worker has decided on a capture ve-
locity of 110 fpm. At what distance from 
the welding operation must the hood be 
placed to achieve the capture velocity of 
110 fpm?

Capture Velocity for Flanged Hoods 
That Are Round or Nearly Square

Some hoods have wide f langes de-
signed to increase airf low directly in 
front of the hood opening. The term 
“wide f lange” means the width of the 
f lange is greater than or equal to the 
square root of the area of the hood 
opening (see Figure 3). To calculate 
the proper placement of wide-flanged 
hoods, we use the following equation (as 
illustrated in Figure 4 (p. 42) and with 
the variables defined as before):

𝑄𝑄 =	0.75 ∙ 𝑉𝑉! ∙ (10	 · 	𝑥𝑥" + 𝐴𝐴) 

which can be rearranged to solve for x 
as follows:

𝑥𝑥 = #
𝑄𝑄 − 0.75 ∙ 𝑉𝑉! ∙ 𝐴𝐴

𝑉𝑉! ∙ 7.5
 

Calculated example. This time, imag-
ine the workers in Figure 1 (p. 39) had 
used a portable fume extractor with a 
wide-flanged hood. Once again, we’ll say 
the cross-sectional area of the hood open-
ing is 0.55 ft2, with a volumetric air flow 
rate of 1,200 cfm. Assuming a desired cap-
ture velocity of 120 fpm, we can calculate 
the proper distance for the hood (distance 
x) based on the following data:

•The volumetric air flow rate is 1,200 cfm; 
this is the value of Q in the formula.

•The desired capture velocity is 120 fpm; 
this is the value of Vc.

•The cross-sectional area of the hood 
opening is 0.55 ft2; this is the value of A.

•The equation will solve for x, which is 
the recommended distance of the hood 
from the cutting operation.

Step 1: Begin with the equation for wide-
flanged hoods, arranged to solve for x:

𝑥𝑥 = #
𝑄𝑄 − 0.75 ∙ 𝑉𝑉! ∙ 𝐴𝐴

𝑉𝑉! ∙ 7.5
 

Step 2: Insert the known values for 
volumetric air flow rate (Q = 1,200 cfm), 
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capture velocity (Vc = 120 fpm) and the 
cross-sectional area of the hood opening 
(A = 0.55 ft2). Then solve for x:

𝑥𝑥 = #1,200 − 0.75 ∙ 120 ∙ 0.55
120 ∙ 7.5 = 1.13	𝑓𝑓𝑓𝑓 

(rounded) 

Step 3: The calculation indicates the 
desired capture velocity of 120 fpm will 
be achieved when the hood face is located 
a distance of about 1.13 ft (13.56 in.) from 
the cutting operation. Compared with 
the result from the first example, the 
wide flange allows the hood to be pushed 
back almost 2 in., giving the workers 
more room to maneuver. 

Alternate example. Next, we’ll cal-
culate the proper position for a wide-
flanged hood from the second example, 
in which a worker was welding with an 
extractor having a hood opening with a 
cross-sectional area of 0.07 m2 and a vol-
umetric air flow rate of 0.48 m3/s. As be-
fore, we’ll calculate the distance at which 
the hood will achieve a capture velocity 
of 0.65 m/s. The variables are as follows:

•The volumetric air flow rate is 0.48 m3/s; 
this is the value of Q in the formula.

•The desired capture velocity is 0.65 m/s; 
this is the value of Vc.

•The cross-sectional area of the hood 
opening is 0.07 m2; this is the value of A.

•The equation will solve for x, which is 
the recommended distance of the hood 
from the welding operation.

Step 1: Begin with the equation for 
wide-flanged hoods, arranged to solve 
for x:

𝑥𝑥 = #
𝑄𝑄 − 0.75 ∙ 𝑉𝑉! ∙ 𝐴𝐴

𝑉𝑉! ∙ 7.5
 

Step 2: Insert the known values for 
volumetric air flow rate (Q = 0.48 m3/s), 
capture velocity (Vc = 0.65 m/s) and the 
cross-sectional area of the hood opening 
(A = 0.07 m2). Then solve for x:

𝑥𝑥 = #0.48 − 0.75 ∙ 0.65 ∙ 0.07
0.65 ∙ 7.5 = 0.30	𝑚𝑚 

(rounded) 

Step 3: The calculation indicates the 
desired capture velocity of 0.65 m/s will be 
achieved when the face of the hood is lo-
cated a distance of about 0.30 m from the 
welding operation (about 30 cm), which 
means the wide-flanged hood can be lo-
cated about 4 cm further from the weld, 
compared with the plain (unflanged) 
hood from our earlier calculation.

You Do the Math
Apply your knowledge to the following 

questions. Answers are on p. 47.
3. Imagine a worker uses a portable 

fume extractor while torch cutting. The 
fume extractor was designed with a 
wide-flanged hood having an opening 
with a cross-sectional area of 0.04 m2 and 
a volumetric air flow rate of 0.70 m3/s 
as indicated in the manufacturer’s spec-
ifications. The worker has decided on 
a capture velocity of 0.60 m/s. At what 
distance from the cutting operation must 
the hood be placed to achieve the capture 
velocity of 0.60 m/s? 

4. Now imagine a worker uses a por-
table fume extractor while welding. The 
fume extractor was designed with a 
wide-flanged hood having an opening 
with a cross-sectional area of 0.35 ft2 and 
a volumetric air flow rate of 1,400 cfm 
as indicated in the manufacturer’s spec-
ifications. The worker has decided on a 
capture velocity of 110 fpm. At what dis-
tance from the welding operation must 
the hood be placed to achieve the capture 
velocity of 110 fpm?

Estimating Capture Velocity  
at a Distance From the Hood

In addition to determining the proper 
distance for the hood, safety profession-
als may need to estimate the capture ve-
locity when a hood is located a particular 
distance from the cut or weld. We can 
accomplish this by rearranging the equa-
tion to solve for capture velocity (Vc).

For plain (unflanged) hood openings, 
the rearranged equation is:

𝑉𝑉! =	
𝑄𝑄

10	 · 	𝑥𝑥" + 𝐴𝐴 

Similarly, for wide-flanged hood open-
ings, the rearranged equation is:

𝑉𝑉! =
𝑄𝑄

0.75 ∙ (10	 · 	𝑥𝑥" + 𝐴𝐴) 

Calculated example. Once again, imag-
ine the workers in Figure 1 (p. 39) had used 
a portable fume extractor, this time with a 
plain (unflanged) hood. For this example, 
suppose the cross-sectional area of the 
hood opening is 0.78 ft2, with a volumetric 
air flow rate of 1,300 cfm. Now imagine 
the workers place the face of the hood at a 
distance of 1.25 ft (15 in.) from the cutting 
operation. We can estimate the capture 
velocity (Vc) at the point of the cutting op-
eration based on the following data: 

•The air flow rate is 1,300 cfm; this is 
the value of Q in the formula.

•The distance between from the cut-
ting operation to the face of the fume 
hood is 1.25 ft; this is the value of x.

•The cross-sectional area of the hood 
opening is 0.78 ft2; this is the value of A.

•The equation will solve for Vc, which 
is the estimated capture velocity at the 
point of the cutting operation.

Step 1: Begin with the equation for 
plain (unflanged) hoods, arranged to 
solve for Vc:

𝑉𝑉! =	
𝑄𝑄

10	 · 	𝑥𝑥" + 𝐴𝐴 

Step 2: Insert the known values for 
volumetric air flow rate (Q = 1,300 cfm), 

FIGURE 4
CAPTURE VELOCITY EQUATIONS

MATH TOOLBOX
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distance (x = 1.25 ft), and the cross- 
sectional area of the hood opening (A = 
0.78 ft2). Then solve for Vc:

𝑉𝑉! =	
1,300

10	 · 	1.25" + 0.78 = 79.24	𝑓𝑓𝑓𝑓𝑓𝑓 

(rounded) 

Step 3: The calculation estimates the 
capture velocity is about 79.24 fpm when 
the plain hood face is located a distance 
of 1.25 ft from the cutting operation. 
This velocity is inadequate since it falls 
below the range normally recommended 
to control welding and cutting fumes. 
The hood must be placed closer to in-
crease capture velocity. Alternatively, we 
could try a different fume extractor, such 
as one with a wide-flanged hood or a 
greater volumetric air flow rate.

Alternate example. Recalculate the 
previous example, imagining that the 
workers used fume extractor with wide-
flanged hood. Again, the data are as 
follows:

•The air flow rate is 1,300 cfm; this is 
the value of Q in the formula.

•The distance between from the cut-
ting operation to the face of the fume 
hood is 1.25 ft; this is the value of x.

•The cross-sectional area of the hood 
opening is 0.78 ft2; this is the value of A.

•The equation will solve for Vc, which 
is the estimated capture velocity at the 
point of the cutting operation.

Step 1: Begin with the equation for wide-
flanged hoods, arranged to solve for Vc.

𝑉𝑉! =
𝑄𝑄

0.75 ∙ (10	 · 	𝑥𝑥" + 𝐴𝐴) 

Step 2: Insert the known values for 
volumetric air flow rate (Q = 1,300 cfm), 
distance (x = 1.25 ft) and the cross- 
sectional area of the hood opening (A = 
0.78 ft2). Then solve for Vc:

𝑉𝑉! =	
1,300

0.75 ∙ (10	 · 	1.25" + 0.78) = 105.66	𝑓𝑓𝑓𝑓𝑓𝑓 

(rounded) 

Step 3: The calculation estimates the 
capture velocity is about 105.66 fpm 
when the wide-flanged hood face is 
located a distance of 1.25 ft from the cut-
ting operation. This capture velocity falls 
within the range normally recommended 
for controlling low-toxicity welding and 
cutting fumes.

You Do the Math
Apply your knowledge to the following 

questions. Answers are on p. 47.
5. Imagine that a worker uses a por-

table fume extractor while welding. The 

fume extractor was designed with a 
plain (unflanged) hood having a cross- 
sectional hood opening of 0.05 m2 and a 
volumetric air flow rate of 0.72 m3/s. The 
worker has placed the face of the hood at 
a distance of 0.40 m from the weld. What 
is the capture velocity (Vc) at the point of 
the weld? Be sure to use the equation for 
plain hoods, arranged to solve for Vc.

6. Again, imagine that a worker uses a 
portable fume extractor while welding. 
This time, suppose the extractor was de-
signed with a wide-flanged hood having 
an opening with a cross-sectional area of 
0.05 m2 and a volumetric air flow rate of 
0.72 m3/s. The worker has placed the face 
of the hood at a distance of 0.40 m from 
the weld. What is the capture velocity 
(Vc) at the point of the weld? Be sure to 
use the equation for wide-flanged hoods, 
arranged to solve for Vc.

Concluding Comments
The equations examined here will 

estimate the velocity of air at varying 
distances from the face of a capture hood. 
These equations apply to freestanding 
hoods with openings that are round or 
nearly square. Different equations are 
used for enclosing hoods that partially 
or totally surround the emission source 
(ACGIH, 2019). Because air velocity falls 

off rapidly at increasing distances, cap-
ture hoods are effective only when they 
are placed relatively close to the point 
at which a contaminant is released. As 
general guidelines, it is recommended 
that hoods be located no more than 18 in. 
(45.7 cm) from the contaminant source. It 
is also recommended that the hood be at 
least as wide as the distance (x) from the 
contaminant source or 50% wider than 
the cloud of contaminants, whichever is 
greater. Be sure to consult ACGIH’s (2019) 
Industrial Ventilation manual and ANSI/
ASSP (2018; 2021) ventilation standards 
for other considerations when using local 
exhaust ventilation for welding, torch cut-
ting and other applications.  

How Much Have I Learned?
Try these problems on your own. An-

swers are on p. 47.
7. Imagine that a worker uses a por-

table fume extractor while welding. The 
fume extractor was designed with a 
plain (unflanged) hood having a cross- 
sectional area of 0.65 ft2 and a volumetric 
air flow rate of 1,250 cfm as indicated in 
the manufacturer’s specifications. The 
worker has decided on a capture velocity 
of 115 fpm. At what distance from the 
welding operation must the hood be 
placed to achieve a capture velocity of 

FIGURE 5
AREA OF THE HOOD OPENING  
FOR PLAIN & FLANGED HOODS
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115 fpm? Use the equation for plain (un-
flanged) hoods, arranged to solve for x:

𝑥𝑥 = #
𝑄𝑄 − 𝑉𝑉! ∙ 𝐴𝐴
𝑉𝑉! ∙ 10

 

8. A worker uses a portable fume ex-
tractor while torch cutting. The fume ex-
tractor was designed with a wide-flanged 
hood having an opening with a cross- 
sectional area of 0.65 ft2 and a volumetric air 
flow rate of 1,250 cfm. The worker has cho-
sen a capture velocity of 115 fpm. At what 
distance from the cutting operation must 
the hood be placed to achieve a capture ve-
locity of 115 fpm? Use the equation for wide-
flanged hoods, arranged to solve for x:

𝑥𝑥 = #
𝑄𝑄 − 0.75 ∙ 𝑉𝑉! ∙ 𝐴𝐴

𝑉𝑉! ∙ 7.5
 

9. A worker uses a portable fume ex-
tractor while welding. The fume extractor 
was designed with a plain (unflanged) hood 
having a cross- sectional hood opening of 
0.45 ft2 and a volumetric air flow rate of 
1,125 cfm. The worker has placed the face 
of the hood at a distance of 1.15 ft from the 
weld. What is the capture velocity (Vc) at the 
point of the weld? Use the equation for plain 
(unflanged) hoods, arranged to solve for Vc:

𝑉𝑉! =	
𝑄𝑄

10	 · 	𝑥𝑥" + 𝐴𝐴 

10. A worker uses a portable fume 
extractor while welding. The fume ex-
tractor was designed with a wide-flanged 
hood having a cross-sectional hood 
opening of 0.45 ft2 and a volumetric air 
flow rate of 1,125 cfm. The worker has 
placed the face of the hood at a distance 
of 1.15 ft from the weld. What is the cap-
ture velocity (Vc) at the point of the weld? 
Use the equation for wide-flanged hoods, 
arranged to solve for Vc:

𝑉𝑉! =
𝑄𝑄

0.75 ∙ (10	 · 	𝑥𝑥" + 𝐴𝐴) 

The Language of Local  
Exhaust Ventilation

You may encounter the following 
concepts in certification exams and con-
versations with engineers and healthcare 
professionals. Match the numbered con-
cepts with their paraphrased definitions 
(lettered). All concepts have been defined 
in the text, formulas and illustrations. 
Answers are on p. 47.

Concepts
11. Asthma
12. Capture velocity

13. Chronic obstructive pulmonary 
disease

14. Face velocity
15. Fumes from welding and torch cutting 
16. General ventilation
17. Local exhaust ventilation
18. Metal fume fever
19. Plain hood
20. Pulmonary fibrosis
21. Pulmonary siderosis 
22. Wide-flanged hood
Definitions (in random order)
a. Aerosols created when vapors from melt-

ed metal condense into tiny particles in the air
b. Ailment characterized by chronic 

bronchitis or emphysema
c. Air velocity required to draw a con-

taminant into a hood
d. Average air velocity measured at the 

hood opening
e. Condition that usually occurs as a 

brief flu-like illness beginning a few hours 
after exposure and resolving on its own 
after one or two days (although severe and 
permanent disability sometimes occurs)

f. Disease in which fibrous tissue or 
scars form in the lungs

g. Disorder characterized by episodes 
of inflammation in the airways

h. Hood with a flange having a width 
greater than or equal to the square root 
of the area of the hood opening

i. Hood with no flange around its edge
j. Illness caused by deposits of iron 

particles in the lungs
k. Ventilation system that draws large 

volumes of air through work areas to 
dilute the concentration of contaminants 
in the breathing zones of workers

l. Ventilation system that uses suction 
hoods to capture and contain contaminants 
at their source, before they have a chance to 
enter the breathing zones of workers  PSJ

 References
American Conference of Governmental In-

dustrial Hygienists (ACGIH). (2019). Industrial 
ventilation: A manual of recommended practice 
for design (30th ed.).

ANSI/American Welding Society (AWS). 
(2021). Safety in welding, cutting and allied 
processes (ANSI/AWS Z49.1-2021). www.aws 
.org/standards/page/ansi-z491

ANSI/ASSP. (2018). Fundamentals govern-
ing the design and operation of local exhaust 
ventilation systems (ANSI/ASSP Z9.2-2018).

ANSI/ASSP. (2021). Portable ventilation sys-
tems (ANSI/ASSP Z9.9-2021).

Bydash, J., Kasmani, R. & Naraharisetty, K. 
(2010). Metal fume-induced diffuse alveolar dam-
age. Journal of Thoracic Imaging, 25(2), W27-W29. 
https://doi.org/10.1097/RTI.0b013e31819f937f

Greenberg, M.I. & Vearrier, D. (2015). Metal 
fume fever and polymer fume fever. Clinical 
Toxicology, 53(4), 195-203. https://doi.org/ 
10.3109/15563650.2015.1013548

International Agency for Research on Can-
cer (IARC) Working Group on the Evaluation 
of Carcinogenic Risks to Humans. (2018). 
Welding, molybdenum trioxide and indium tin 
oxide. IARC Monographs on the Evaluation of 
Carcinogenic Risks to Humans, No. 118. IARC.

Riccelli, M.G., Goldoni, M., Poli, D., Moz-
zoni, P., Cavallo, D. & Corradi, M. (2020). 
Welding fumes, a risk factor for lung diseases. 
International Journal of Environmental Re-
search and Public Health, 17(7), 2552. https://
doi.org/10.3390/ijerph17072552

Cite this article
Ricketts, M. (2022, April). The case of the 

toxic fume. Professional Safety, 67(4), 39-44, 47.

MATH TOOLBOX

In the context of air contaminants, fumes are mixtures of tiny liquid droplets and 
solid particles that form when vapors condense in air. More specifically, welding and 
cutting fumes consist of aerosols from melted base metals, fillers, coatings and elec-
trodes. In addition to fumes, hot work generates hazardous gases such as ozone and 
carbon monoxide (ACGIH, 2019).
Mild cases of metal fume fever are commonly associated with fumes containing zinc 
oxides, as well as copper, manganese, cadmium and certain other metals. It has been 
suggested that the most severe cases of metal fume fever may occur with fumes con-
taining traces of cadmium oxide and zinc chloride (Greenberg & Vearrier, 2015).

COMPOSITION OF FUMES MAY AFFECT  
THE SEVERITY OF METAL FUME FEVER
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Math Toolbox, continued from pp. 39-44  

Answers: The Case of the Toxic Fume
You Do the Math

Your answers may vary slightly due to 
rounding.

1. 𝑥𝑥 = #0.70 − 0.60 ∙ 0.04
0.60 ∙ 10 = 0.34	𝑚𝑚 

(rounded) 

2. 𝑥𝑥 = #1,400 − 110 ∙ 0.35
110 ∙ 10 = 1.11	𝑓𝑓𝑓𝑓 

(rounded) 

3. 𝑥𝑥 = #0.70 − 0.75 ∙ 0.60 ∙ 0.04
0.60 ∙ 7.5 = 0.39	𝑚𝑚 

(rounded) 

4. 𝑥𝑥 = #1,400 − 0.75 ∙ 110 ∙ 0.35
110 ∙ 7.5 = 1.29	𝑓𝑓𝑓𝑓 

(rounded) 

5. 𝑉𝑉! =	
0.72

10	 · 	0.4" + 0.05 = 0.44	𝑚𝑚/𝑠𝑠 

(rounded) 

6. 𝑉𝑉! =
0.72

0.75 ∙ (10	 · 	0.4" + 0.05) = 0.58	𝑚𝑚/𝑠𝑠 

(rounded) 

7. 𝑥𝑥 = #1,250 − 115 ∙ 0.65
115 ∙ 10 = 1.01	𝑓𝑓𝑓𝑓 

(rounded) 

8. 𝑥𝑥 = #1,250 − 0.75 ∙ 115 ∙ 0.65
115 ∙ 7.5 = 1.18	𝑓𝑓𝑓𝑓 

(rounded) 

9. 𝑉𝑉! =	
1,125

10	 · 	1.15" + 0.45 = 82.27	𝑓𝑓𝑓𝑓𝑓𝑓 

(rounded) 

10. 𝑉𝑉! =
1,125

0.75 ∙ (10	 · 	1.15" + 0.45) = 109.69	𝑓𝑓𝑓𝑓𝑓𝑓 

(rounded) 

The Language of  
Local Exhaust Ventilation

11. g; 12. c; 13. b; 14. d; 15. a; 16. k; 17. l; 
18. e; 19. i; 20. f; 21. j; 22. h.




