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Case Studies

Ergonomics Evaluation of Zinc Pot Skimming
Dawn Tharr, Column Editor

Reported by Daniel J. Habes

Introduction
The National Institute for Occupa-

tional Safety and Health (NIOSH) re-
ceived a request for a Health Hazard
Evaluation (HHE) from the Director of
Environmental Safety and Health at a fa-
cility where workers were experiencing
strain to the lower back and arms while
performing a zinc pot-skimming opera-
tion. The request also stated that over the
years there had been two con� rmed cases
of carpal tunnel syndrome among work-
ers performing the job.

A NIOSH representative visited the
facility, at which time videotapes of the
operation were taken, workplace compo-
nents and tools were photographed and
measured, and workers were informally
interviewed about the work process.

Background
The facility converts rolls of cold-

rolled steel into rolls of galvanized or
painted steel. These processes are mainly
automated, but in the galvanizing depart-
ment, there is one essential job that is
performed manually, namely the zinc
pot-skimming operation. An assistant
operator in the galvanizing department
reported pain in his left wrist from per-
forming this operation. The injury was
later diagnosed as carpal tunnel syn-
drome. Historically, there have been
two con� rmed cases of carpal tunnel
syndrome and numerous complaints of
strain to the lower back and arms among
employees skimming the zinc pot.

The company, located in California,
was aware that California had an er-
gonomics standard. Provisions of this
standard require implementation of a

program designed to minimize the fu-
ture occurrence of repetitive motion in-
juries if another employee sustains an
injury to the same part of the body while
performing the pot-skimming task. This
program must include evaluation of the
job’s ergonomic stress factors; imple-
mentation of work process changes, tool
modi� cations, or use of other adminis-
trative and engineering methodologies
to control worker exposures; and train-
ing of workers to avoid future injury.
The company decided it would be best
for employee safety and health if the
job were evaluated before another injury
occurred, so they submitted the HHE re-
quest to NIOSH.

Process and Job Description
The plant receives coils of cold-rolled

steel from a variety of suppliers. The
coils are mounted on a large spindle,
and then processed through a variety
of continuous operations in which the
steel is cleaned, annealed, cooled, and
then galvanized. The galvanized � nish is
applied by passing the unraveled roll of
steel through a zinc bath heated to 850±F.
The thickness of the coating is controlled
by jets of air blown onto the steel as it
exits the bath. The intensity of the air
� ow is a function of the desired thickness
of the coating and the speed at which the
steel runs through the zinc, which can
vary from 90 to 600 feet per minute.

The air blowing on the zinc forms a
thick waste product, called dross, that
� oats on the surface of the zinc bath.
When the dross accumulates to the point
where it begins to collect around the pas-
sageway of the steel (called the snout),
it must be removed from the zinc bath.
Although workers use a variety of long-
handled blunt tools and spades to remove
dross from the snout, they primarily use
a long-handled shovel or “spoon” to lift

the dross out of the bath and into a con-
tainer, called the chiller. The spoon pans
are either rectangular or round in shape,
and the shafts vary in length from 57
to 62 inches and have either a T- or
V-shaped handle at the end of the shaft.
Both spoons typically weigh approxi-
mately � ve pounds. The diameter of the
shaft and T-handles at the end of the tool
vary from .75 inch to 1.25 inches. The
pan of the rectangular spoons varies in
length from 11 to 13 inches, but all are
approximately 10 inches wide and one
inch deep. The round spoons, a new de-
sign purchased soon after the worker was
injured, are either 10 inches in diameter
and two inches deep or 12 inches in di-
ameter and one inch deep. Each type of
spoon has holes in the pan to allow the
useable zinc to drain back into the bath
after the dross has been raised out of the
bath.

When skimming the dross (Figure 1),
the worker � rst clears the snout with one
or more of the long-handled specialty
tools, and then diverts the dross to a cor-
ner of the zinc bath using the spoon of
choice. The motion is similar to skim-
ming leaves from a swimming pool. A
dam placed in the bath near the corner fa-
cilitates the accumulation of the dross at
the corner. Next, the worker reaches over
the sill of the zinc bath (22 inches high)
and dips the spoon into the bath to collect
the dross. The loaded spoon pan is held
in place for a few seconds to allow the
useable zinc to drain back into the bath;
the remaining dross is then transferred
(Figure 2) to a chiller located behind and
to the left of the worker. The edge of
the chiller is 24 inches off the � oor, and
the lateral distance from the chiller to the
zinc bath is about 48 inches. At the time
of the NIOSH visit, the workers were us-
ing an inverted metal container, placed
on the sill of the zinc bath, as a pivot point
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FIGURE 1
Skimming dross.

for the shovel, which facilitated the re-
moval of dross from the bath. The metal
container used as the pivot was actually
a small chiller, which is no longer in use
at the plant. Workers wear long sleeves,
hard hat with full face mask, and heavy
gloves while skimming the pot.

FIGURE 2
Lifting dross.

The number of spoonfuls of dross
that must be scooped out of the bath
per skim depends on how much dross
was allowed to accumulate, and the fre-
quency at which the dross removal takes
place varies with the speed of the moving
coils. At 100 feet per minute, the dross

is skimmed once or twice per day; how-
ever, at speeds of 500 feet per minute,
which is near the maximum for the pro-
cess, the dross is skimmed about once
per hour. Most steel produced by the
company is run at speeds close to the
maximum.

Other activities performed by the
assistant operator in the galvanizing
department are monitoring the perfor-
mance of the air knives, adding blocks of
zinc and other materials to the bath as the
contents are used, and making sure that
no dross accumulates around the snout
of the galvanizing machine.

Methods
The main focus of this study was

to evaluate the physical demands of
the pot-skimming task, particularly at
the moment when the loaded spoon is
lifted off the pivot point and its con-
tents transferred to the chiller. To esti-
mate the load in each hand when the
lifting took place, a spoonful of dross
was collected and weighed, and the dis-
tance of each hand from the center of the
spoon pan was measured and recorded.
The height to which the loaded spoon
was lifted and the distance it was trans-
ferred were also measured. Videotapes
were taken while workers performed the
job so that the number of spoonfuls of
dross removed per skim could be de-
termined. The videotapes also allowed
for quanti� cation of body postures and
hand positions while the task was being
performed.

Evaluation Criteria
Overexertion injuries, such as low

back pain, tendinitis, and carpal tun-
nel syndrome, are often associated with
job tasks that include: 1. Repetitive,
stereotyped movement about the joints
2. Forceful manual exertions 3. Lift-
ing 4. Awkward or static work pos-
tures 5. Direct pressure on nerves and
soft tissues 6. Work in cold envi-
ronments 7. Exposure to whole-body
or segmental vibration.(1¡4) The risk
of injury appears to increase as the



CASE STUDIES 421

intensity and duration of exposure to
these factors increases and recovery time
is reduced.(5) Although personal fac-
tors (e.g., age, gender, weight, � tness)
may affect an individual’s susceptibil-
ity to overexertion injuries and disorders,
studies conducted in high-risk industries
show that the risk associated with per-
sonal factors is small compared to the
risk associated with occupational ex-
posures.(6)

In all cases, the preferred method
for preventing and controlling work-
related musculoskeletal disorders is to
design jobs, workstations, tools, and
other equipment to match the physiolog-
ical, anatomical, and psychological char-
acteristics and capabilities of the worker.
Under these conditions, exposures to
task factors considered potentially haz-
ardous will be reduced or eliminated.

The following two criteria were
used to evaluate the pot skimming
task: (1) the biomechanical outputs ob-
tained from the Michigan 3-Dimensional
Static Strength Prediction Program(7)

and (2) recommendations for accept-
able lifting weights as determined by the
NIOSH Revised Lifting Equation.(8) The
Michigan 3-Dimensional Static Strength
Prediction Program (3DSSPP) is a com-
puterized model that can be used to
evaluate the physical demands of a pre-
scribed job. Typical inputs to the model
are the magnitude and direction of forces
at the hands, angles of body segments,
and anthropometric selection, such as
gender and population size percentiles.
The model outputs moments at the joints
of the body and percentages of the cho-
sen population able to sustain the in-
putted loads. The 3DSSPP can be used to
evaluate the biomechanical demands of
an existing task, or to predict the physical
demands of a task that is being designed
or modi� ed.

The NIOSH lifting equation (NLE) is
a tool for assessing the physical demands
of two-handed lifting tasks. A full de-
scription of the components of the NLE
isprovided in Tables I, II, and III. In brief,
the equation provides a recommended
weight limit (RWL) and a lifting index
(LI) for a lifting task, given certain lifting

TABLE I
The factor comprising the NIOSH revised lifting equation

Recommended Weight LimitA

Component Metric U.S. Customary

LC D load constant 23 kg 51 lbs
HM D horizontal multiplier (25/H) (10/H)
VM D vertical multiplier (1¡(.003 j V-75j)) (1¡(.0075 j V-30j))
DM D distance multiplier (.82 C (4.5/D)) (.82 C (1.8/D))
AM D asymmetric multiplier (1¡(.0032A)) (1¡(.0032A))
FM D frequency multiplier (from Table II)
CM D coupling multiplier (from Table III)

Where:
H D Horizontal location of hands from midpoint between the ankles. Measure at the

origin and the distination of the lift (cm or in).
V D Vertical location of the hands from the � oor. Measure at the origin and destination

of the lift (cm or in).
D D Vertical travel distance between the origin and the destination of the lift (cm or in).
A D Angle of asymmetry—angular displacement of the load from the sagittal plane.

Measure at the origin and destination of the lift (degrees).
F D Average frequency rate of lifting measured in lifts/min. Duration is de� ned to be:

<1 hour; <2 hours; or <8 hours assuming appropriate recovery allowances.
ACalculation for recommended weight limit: RWL D LC ¤ HM ¤ VM ¤ DM ¤ AM ¤

FM ¤ CM (*indicates multiplication).

TABLE II
Frequency multiplier (FM) for NIOSH lifting equation

Work duration

·1 Hour ·2 Hours ·8 Hours
Frequency
lifts/min VA<75 V¸ 75 V<75 V¸75 V<75 V¸75

0.2 1.00 1.00 .95 .95 .85 .85
0.5 .97 .97 .92 .92 .81 .81
1 .94 .94 .88 .88 .75 .75
2 .91 .91 .84 .84 .65 .65
3 .88 .88 .79 .79 .55 .55
4 .84 .84 .72 .72 .45 .45
5 .80 .80 .60 .60 .35 .35
6 .75 .75 .50 .50 .27 .27
7 .70 .70 .42 .42 .22 .22
8 .60 .60 .35 .35 .18 .18
9 .52 .52 .30 .30 .00 .15

10 .45 .45 .26 .26 .00 .13
11 .41 .41 .00 .23 .00 .00
12 .37 .37 .00 .21 .00 .00
13 .00 .34 .00 .00 .00 .00
14 .00 .31 .00 .00 .00 .00
15 .00 .28 .00 .00 .00 .00
>15 .00 .00 .00 .00 .00 .00

AValues of V (vertical location of the load) are in centimeters (cm); 75 cm D 30 in.
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TABLE III
Coupling multiplier (CM) for NIOSH

lifting equation

Coupling multipliers

V<75 cm V ¸ 75 cm
Couplings (30 in) (30 in)

Good 1.00 1.00
Fair 0.95 1.00
Poor 0.90 0.90

conditions. The RWL is the weight
that can be handled safely by al-
most all healthy workers in similar
circumstances. The LI is the ratio of the
actual load lifted to the RWL. Lifting
tasks with an LI less than or equal to 1.0
pose little risk of low back injury for the
majority of workers. Tasks with an LI
greater than 1.0 may place an increasing
number of individuals at risk of low back
injury. The consensus of an expert panel,
described in the NLE report, is that tasks
with an LI greater than 3.0 pose a risk of
back injury for most workers.

Results
3-D Static Strength Model

Tables IV and V summarize the re-
sults of applying the 3DSSPP model to
the pot-skimming task. The forces and
moments indicated in these � gures per-
tain to the instant when the loaded spoon
is lifted off the pivot point. The load at the
left hand was 80 pounds, and the load at
the right hand was 10 pounds. The load at
the left hand was determined by weigh-
ing one spoonful of dross (40 pounds),
and noting the position of the left hand
on the spoon handle while the worker
was in position to lift (24 inches from
the center of the pan). The worker used a
spoon with a 12-inch diameter pan. Ten
pounds was chosen as the load at the right
hand to account for the weight of the tool
and the nominal amount of effort needed
to balance the load with the right hand.
Workers who have performed the task in-
dicated thatmost of the effort is sustained
by the left hand, and this was veri� ed by

the NIOSH investigator who tried the job
several times.

The results indicate that for the 50th
percentile male, fewer than 10 percent of
the population has the strength to sustain
the resultant moment at the ankle, knee,
hip, elbow, and shoulder for the left side
of the body. Moreover, the model esti-
mates that zero percent of the population
has the left shoulder strength to perform
the task safely.

Revised NIOSH Lifting Equation
The inputs to the NLE were 45 pounds

of weight lifted, a horizontal location of
the load at 25 inches from the body, an
initial and � nal vertical location of the
load at 20 and 30 inches, respectively, an
asymmetric angle equal to 45 degrees,
good coupling, and occasional lifting
frequency. The NLE de� nes occasional
lifting as equal to, or fewer than, one
lift per � ve minutes. Videotape analysis
indicated that the worker made about two
lifts per minute during the lifting period
of approximately 10 minutes per skim;
however, the interval between successive
skims was long enough to classify the

TABLE IV
Analysis summary for the Michigan 3DSSPP ModelA

Analysis summary
Anthropometry

Height D 69.7 inches
Weight D 165.6 pounds

Force on Hand Right Left
Magnitude (pounds) 10 80
Components (pounds)

X axis 0.0 0.0
Y axis 0.0 0.0
Z axis 10.0 ¡80.1

L5/S1 Disc Compression Force: 964 § 78 pounds
Estimated Ligament Strain (%): 13.5

Percent of population with suf� cient
strength capability

Elbow: 6%
Shoulder: 0%
Torso: 61%
Hip: 5%
Knee: 5%
Ankle: 10%

AData obtained from 3DSSPP (3.0), Copyright 1995, The University of
Michigan, All Rights Reserved.

job as occasional lifting. Given these task
variable inputs, the calculated LI was 2.8.

Working Postures
Lifting the loaded spoon from the bath

to the chiller is the most stressful part
of the job, but the videotape analysis in-
dicated that the workers also perform a
variety of stressful body postures while
performing other aspects of the skim-
ming job. Long reaches are required to
place and remove the dam, long reaches
and forward bending of the trunk occur
frequently while gathering the dross, and
long reaches and repetitive motions in-
volving the shoulders are required while
using the long-handled tool to clear dross
from the snout.

Discussion
The 3DSSPP analysis performed on

the pot-skimming job indicates that the
biomechanical demands on the muscu-
loskeletal system are beyond the capabil-
ities of most workers. This analysis was
limited in that only one worker was stud-
ied, and the job was not seen under typ-
ical working conditions. Three separate
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TABLE V
Resultant moments about hinges of joint movementA

Right side of body

Population strengths

Body area
Resultant

moment (nm)
Muscle
effect Mean (Nm)B SD (Nm)C % CapD

Elbow � exion/extension 3 Extension 40 8 100
Shoulder

Humeral rotation 8 Medial 17 4 98
Rotation 0 — — — 100
Abduction/adduction 8 Adduction 79 25 99

Trunk
Flexion/extension ¡327 Extension 360 113 61
Lateral bending ¡155 Right 928 276 99
Rotation ¡134 Left 345 56 100

Hip � exion/extension 10 Flexion 216 59 100
Knee 0 — — — 100
Ankle 0 — — — 100

Left Side of Body
Elbow � exion/extension ¡75 Flexion 54 13 6
Shoulder

Humeral rotation ¡5 Lateral 42 9 100
Rotation 42 Backward 67 19 89
Abduction/adduction ¡165 Abduction 75 19 0

Trunk
Flexion/extension ¡327 Extension 360 113 61
Lateral bending ¡155 Right 928 276 99
Rotation ¡134 Left 345 56 100

Hip � exion/extension ¡337 Extension 206 83 5
Knee ¡195 Flexion 132 39 5
Ankle ¡195 Extension 139 46 10

AData obtained from 3DSSPP (3.0), Copyright 1995, The University of Michigan, All Rights Reserved.
BNm D Newton-meters
CSD D standard deviation
D% Cap D percent of population capable

skims were analyzed, but the galvaniz-
ing speeds during those times were, at
the most, 375 feet per minute. the most
common product produced by the com-
pany runs at 520 feet per minute, which
requires more frequent skims with possi-
bly heavier loads of dross in the spoon to
keep up with the speed of the machine.
The typical working conditions were not
observed because on both days of the
evaluation, the plant shut down in the
early afternoon, due to electrical short-
ages experienced by the local commu-
nity. Higher machine speeds were sched-
uled, but not observed by NIOSH, due
to these unexpected plant shut-downs.
Nonetheless, the results of the 3DSSPP

analysis indicate that the job is possibly
more stressful to the worker during more
typical production conditions.

An LI of 2.8 indicates that the job
presents an elevated risk of injury to the
back for most workers, and is close to
an LI of 3.0, which is considered a haz-
ardous lifting condition for all but the
strongest workers. However, the NIOSH
lifting equation is most suited for lifting
tasks in which the load is held between
the two hands. Assuming a two-handed
lift of this type, the largest horizontal dis-
tance of the load from the body that can
be used in the calculation is 25 inches. A
load held further from the body is consid-
ered to present problems with balance.

However, in the case of lifting the spoon,
the major part of the load is beyond
the hands, but at a distance approaching
40 inches from the body, depending on
which spoon is used and how it is lifted.
Therefore, in this case, the NIOSH lift-
ing equation tends to underestimate the
actual hazard of the lifting portion of the
job, due to this limitation in horizontal
load location that can be inputted to the
model.

The videotape analysis also revealed
some awkward and fatiguing postures
and movements associated with the non-
lifting portions of the skimming job. The
heat given off by the zinc bath is also
fatiguing to the worker. Neither of these
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are considered by the 3DSSPP or NLE
analyses.

The loaded spoon is lifted because
the sill height of the chiller is greater
than the height needed to clear the spoon
from the zinc bath. The additional dis-
tance the spoon must be raised is small,
but it still requires the worker to lift the
long-handled spoon off the pivot and to
the chiller for dumping. If the chiller
were at the same height as, or lower than
the pivot, the load could be transferred to
the chiller or poured on a slide or ramp
leading to the chiller; then the worker
would not have to bear the biomechani-
cal load associated with the lift. As the
job is performed now, the load is dumped
into the chiller by rotating the spoon
90 degrees, requiring a � exion or exten-
sion of the left wrist (depending on how
the left hand is positioned on the shaft
of the tool) and a rotation of the right
forearm. The left hand bears most of the
weight, and � exion and extension of the
wrist is a risk factor for carpal tunnel
syndrome; therefore, it is not surprising
that the most recent injury sustained by
a worker occurred to the left wrist. Not
having to make a wrist extension or � ex-
ion movements while supporting a large
weight would likely reduce the chances
of a similar injury.

The inverted small chiller serves as
an effective pivot point, allowing lever-
age to be used to raise the loaded spoon
out of the bath. If it were higher, as wide
as the sill of the zinc bath, and long
enough to extend to the chiller, the spoon
could be raised, using the front edge as
the pivot, then slid towards the worker
out of the con� nes of the bath, and then
slid over to the chiller and dumped as
usual, but without the worker support-
ing any weight. The top surface of the
modi� ed pivot could be equipped with
skate wheels or rollers, as in assembly
line conveyors, or with a ball transfer ta-
ble top to allow for the easy movement
of the spoon. The spoon shaft could also
be mounted on a ball-type swivel � xture,
so that the spoon could be moved in and
out of the bath and rotated toward the
chiller to allow dumping of its contents
directly into the chiller, or dropped onto a

slide which leads to the chiller. The main
concept in all redesign approaches em-
phasizes transferring the load by using
leverage to raise the spoon and gravity to
dump the dross, rather thanby lifting it. A
further re� nement in the process method
would be adding a grip to increase the
diameter of the shaft to approximately
1.5 inches where the worker couples the
left hand and at the T-handle where the
right hand is placed. This diameter has
been shown to optimize the trade-off be-
tween force exertion and fatigue when
using hand tools.(9) Moreover, wrist ex-
tension and � exion postures of the left
wrist while pouring the dross could be
avoided by mounting a T- or D-handle,
perpendicular to the shaft at the position
of the left hand. This would allow a palm-
down left-hand orientation, and the load
could be dumped by rotating the forearm
while maintaining the wrist in a neutral
position. An auxiliary handle would also
raise the position of the left hand and re-
duce trunk � exion (bending over) when
dipping the spoon into the zinc bath.

Regarding leverage, it is important to
position the spoon pan as close to the
pivot point as possible before raising the
dross out of the zinc bath. This technique
maximizes the worker’s mechanical ad-
vantage when removing the dross. With
a 60-inch handle and a 12-inch-diameter
spoon, holding a load of 40 pounds, the
worker would have to exert four pounds
of force at the end of the tool to lift the
dross out of the bath. From a standing
position, an average man is able to exert
about 45 pounds of downward force on
a T-handle.(10)

An issue in pot skimming is the extent
to which the bath needs to be skimmed
each time. The purpose of the skim is to
ensure that the snout of the galvanizing
machine does not clog during the pro-
cess. Some dross can remain in the bath
and not affect the speed or quality of the
operation, although at some point it must
be removed. The machine operator could
take advantage of this � exibility by pac-
ing the pot-skimming work during the
day, particularly when the line is run-
ning fast and more frequent skims are
required, and when other run-time ac-

tivities occur more frequently, such as
adding zinc and other metals to the bath.
During the observed pot skims, however,
the worker tended to clear the zinc bath
completely, removing dross from hard-
to-reach corners, far from the snout of
the galvanizing machine. This practice
adds to the postural load of the opera-
tion because the worker has to bend the
trunk and fully extend the arms to reach
some of the obscure areas of the bath.
These areas of the bath could be cleared
less often than the rest of the zinc bath,
which would give the worker more rest
between skims and more time to perform
other essential work tasks.

Conclusions
1. Lifting the spoon loaded with dross

from the bath to the chiller is a task
which imposes high biomechanical
forces on the body, and is unsafe for
all but the strongest workers.

2. Other postural and environmen-
tal factors, not considered by
the methods used to evaluate the
pot-skimming task, such as long
reaches, trunk bending, and heat
may increase the risk of injury to
the worker.

3. The task can be performed within
the capabilities of most workers if
the load is transferred to the chiller
and not lifted by the worker.

4. Redesign of the tool handles and
grips further reduces the physical
demands of the task.

Recommendations
1. Redesign the pot-skimming task so

that the dross can be transferred
without being lifted and poured
into the chiller. Gravity and lever-
age should be used in conjunction
with swivelling � xtures or convey-
ors and slides to transport the dross
to the chiller.

2. Place grips on all tools to enlarge
the diameter to 1.5 inches where
the hands couple. Add a D- or T-
Handle to the shaft of the spoon,
where the left hand grips the tool,
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to eliminate wrist extension and
� exion when dumping the dross
and trunk � exion when raising the
spoon from the zinc bath.

3. Position the spoon shaft on the
pivot point as close as possible to
the pan before raising the dross out
of the zinc bath.

4. Minimize the frequency of stress-
ful postures, such as long reaches,
shoulder rotations, and trunk bend-
ing that occur during the skimming
operation by determining the mini-
mum amount of skimming needed
to ensure the smooth operation of
the galvanizing equipment and the
quality of the � nished steel.
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