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ABSTRACT

An in-depth contro] technology survey was conducted at the Electro-Coatings
electropiating fac1lity in Houston, Texas during August 17-13, 1981. This
company is involved in the hard chrome plating of 011 f1eld drflling equipment
and printing rollers. Assessments of control technology, incTuding
ventilation design, control monttoring and work practices were made during
this visit, Analysis of workplace air samples indicated that employee
exposures to hexavalent chromium were controlled to 0.006 mgim3 and

exposures to sulfuric acid were controlled to 0.055 mgfma.



Introduction

The Naticnal Institute for Occupational Safety and Health (NIQSH) is charged
Wwith the responsibility to conduct research and develop criteria for
prevent ing exposure of workers to harniful ¢hemical and physical agents. In
response to thi1s mandate, NIOSH has instituted a major effort to prevent
occupational health problems through the application of control technaTogy in
the workplace. This contrel technolegy research program involves
industry-wide engineering assessments in which effective options for the
soTution to occupational health probTems are esvaluated and documented.

NIOSH has initiated an assessment of engineering control technoiogy in
electroplating cperations, where control measures exist for known chemical
hazards, but a systematic study of their effectiveness has not been undertaken.

The Electro-Coatings facility was selected because 1t 1s a small scale, but
high volume hard chrome plating operation with a well-designed ventilation
system. Also, preliminary survey findings] 1ndicated good use of

engineering controTs for minimizing employee exposure to hexavalent chromium
and sulfuri¢c acid.

PTant Description

This pTating operation is Tocated inm an industrialized city in the Southwest.
The cTimate 1n this locale is typically warm and humid, with temperatures
ranging from 40% in the winter months to above 100°% during the summer.

The survey was conducted in mid-August, when temperatures averaged 85-90%,
The production area is housed in a 16 year-old building., The plating
equipment and vent1lation system have heen installed within the Tast 8 years.
The workforce is comprised of 11 employees: 10 pTaters and ene production
supervisor. The operation employs two work shifts; only the first shift was
surveyed, which incTudes 5 platers. The company has no umion, but an empToyee
association represents all local company employees.



The shop plates a variety of parts used by the o011 drilling industry,
incTuding pinion gear shafts, pump shafts, pump seats, pistons, turbine ends,
hydraulic cylinder rods, compressor rods, manifolds and bumper housings. The
shop also pTates a Targe quantity of printing press rollers, a particularly
large item, often up to 24" 1n diameter and 20' in length. The shop easily
accommodates parts of these sizes.

The production area consists of one large open room, 9500 ftz in area. A
schematic plant Tayout 1s presented in Figure 1. There are a total of six
thermostatically controlled chrome plating tanks. Of these, four were
included in the survey. The two alpng Tine #] {tanks A and B) are each 24
feet long, 4 feet wide and 7 feet deep. They are exhausted by two sTot hoods
along the long sides of both tanks, with pTenums at the ends.

Two chrome plating tanks occupy Tine #2 (tanks C and D), These are each 10
feet Tong by 3 1/2 feet wide by 7 feet deep with an exhaust sTot an one tong
side, The tanks are covered with a hard plastic Tid which rests 6-8 inches
above the top front of the tank. These covers were designed to reduce chromic
ac1d lass from misting at the surface,

The plating lines are divided inte 17 stations; each station is supplred
current by a separate rectifier. The tanks are constructed of steel with
“Yoroseal"R Tining. The pits beneath the tanks are lined with acid-
resistant bricks.

During the pTant survey, the indoor temperature ranged from 99°-96% and
the relative humidity was 60%.

Process Description
Most of the parts to be plated are received at the plant with freshly-machined

surfaces, usually from the company's machine shop. They are palletized and
transported by truck to the plating facility. At the plating shop, the



smaller parts are usuyally sand-bJasted in a fully-enclosed cabinet. Larger
parts are sand-blasted in a separate blasting building where an air-supplied
respirator 15 pravided for employee protection. Parts are then transferred to
a "staging area” where they are masked (porticns not to be plated are taped),
affixed to a copper-carrying lead anede and racked on a rod for precleaning.

The precleaning step involves manual application of an abrasive cTeanser ta
the surface to be pTated followed by a fresh water rinse. The part to be
cleaned is removed from the holding rod and the attached anode 15 hooked onto
the overhead ho1st for loading into the clear water rinse tank.

Af ter the abrasive scrub and rinse, the part is subjlected to a reverse-etch
for 3-5 minutes. The part is immersed in a chromi¢ acid plating solution and
the current is reversed to remove smut, accelerate cleaning and provide a more
active surface for plating, After reverse-etching, the polarity is reversed
and the part is hard chrome plated. The approximate plating time in the
chrame tanks 15 15-Tb hours. While the part is submerged in the tank, the
plater prepares another part for processing.

The desired chrome thickness c¢an range from 0.007 to 0.05 inch. When the part
has attained the required thickness, it is removed by overhead hoist and
transferrad to a clear water holding tank for rinsing. The part remains in
the holding tank for approximately ome hour. It is then returned to the
"staging area" where the anode and tape are removed. The part is then
palletized and shipped back to the machine shop for final grinding, buffing
and fmishing.

The chrome plating soluttons contain chromic acid (chromium trioxide} and a
small amount of suifuric acid giving a ratio of 100:71 {33 oz/gal chromic acid,
0.33 oz/gal sulfuric acid}. Chrome bath temperatures range from

125%-130°F,



Hazard AnaTysis

The hazards of concern at the operation include sulfuric acid and chromic acid
mists, Concentrated sulfuric acid s highly irritating to the eyes and mucous
membranes. Dilute sulfuric acid 1s an irritant to skin and mucous membranes,
and may cayse irreparabie corneal damage and bT1ndness.2’3

Local effects of chromic acid include dermatitis upon skin exposure, and
pulmonary sensitizatien. Chromic acid is alse corrosive to the skin and
mucous membranes of the upper respiratory tract.

Systemically, acute exposures to chromic acid mist may cause coughing and
wheezing, headache, dyspnea, pain upon deep inspiration, fever, and Toss of
weight. Additionally, electroplaters are particularly susceptible to a
variety of symptoms including tacrimation, infTammation of the congunctiva,
nasal itch and soreness, nosebleed, ulceration and perforation of the nasal
septum, nasal congestion, chronic asthmatic bronchitis, dermatitis and skin
ulceration, laryngeal mucosa inflammation, skin discoloration, and dental
erosion. Although rare, hepatic injury has been reported from exposure to
chromic acid used in plating baths.2'3

Evaluation

To evaluate control effectiveness, personal, tank and area samples were taken
during the first shift, for three consecutive days. Five persconal samples for
hexavaTent chromium (CrVI) and sulfuric acid were collected daily to assess
each employee's B-hour time-weighted average exposura. Tank samples for CrVI,
total chromium and sulfuric acid were collected daily at fixed locations
around the perimeter of the plating tanks. General area samples for CrV¥I were
collected at three distinct Tocations within the plant, away from the plating
tanks. These sampling Tocations are indicated in Figure 1,
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CyVI was collected using 37 mm diameter, Sum pore size polyvinylchToride
filters in closed-face casettes, with MSA Model G sampTing pumps operated at
2,0 L/min, The samples were analyzed colerimetrically according the NIOSH
method No. P&CAM 1597,

Total chromium was collected wsing 37 mm diameter, O.S}Am pure size mixed
¢elTulose ester filters in closed-face casettes, with MSA Model G pumps
operated at 2.0 L/min. These samples were analyzed by Atomic Absorption
Spectrophotometry according to NIOSH Method No. P&CAM 1524.

Sulfuric acid was collected using 7 mm drameter s1Tica gel tubes and DuPont
200 sampTing pumps operated at 200 cc/min. The samples were analyzed by fon
chromatography according to NIOSH Method No. P & CANM 3]04.

Yent1lation Measurements

Air velocity and air flow measurements were taken to evaluate the pTant's
engineering controls. Air velocities were measured using a Kurz Model # 44)
hot wire anemcmeter. VYelocity measurements were made in the horizontal plane
above tanks A and B, near the centerline, and vertical plane at the front and
sides of tanks C and D, and at the sTots of the exhaust hoods. Velocities
were averaged and the total volume of air discharged through each exhaust hood
was determined. Pitot traverse readings were made in the ductwork using a
5/16 1nch diameter Duyer Model 160-48 pitot tube and inclined manometer,



Table 1.

Operating Parameters

Bath Surface Current
Tank Date Time Temp % Volts Amps Area(inz} Density(AJTnZJ
A 8/11 2N 125-730 4 100 36 2.8
a.m/p,m. " 6 1350 580 2.3
p.m, " 4.2 620 220 2.8
8/12 a,m. " 3.8 640 320 2
p.m. ! B 700 390 1.8
§/13 a.m, " 3.4 150 76 2.0
a.m. y 3.8 1000 500 2.0
p.m. " 3.4 100 40 2.5
B 8/11 a.m. " 4.5 450 3560 1.3
a.m. " 8 650 374 1.7
a.m./p.m, " 8.2 250 125 2.0
n.m. ! 6.3 650 280 2.3
p.m. " 9.2 5500 3150 1.8
8/12 a.n, " b 700 360 1.9
a.m, " 5.5 500 240 2.1
d.Mm. " 5.8 125 63 2
p.m. " 7.4 150 76 2
8/13 a,m., " 8 400 187 2.1
p.m., " 5.5 700 360 1.9
¢ 8/11-8/13 Not Plating
D 8/11 a,m. " 7.6 4400 2000 2.2
P.m, h 7.4 1000 500 2
8/12 p.m. " 7.5 4400 2180 2




Electroplating Tanks A 4 B

Tanks A & B, shown schematically 1n Fiqure 2, are located adjacent to each
other 1n the north side of the plant. Each tank 1s equippad with a Tocal
exhaust hood, The exhaust air 15 vented through two 2-inch slot hoods aTong
parallel sides of the tank and then through 18-inch wide plenums extending
along the Tength of each tank. Exhaust air flows Taterally to an end take-off
hood to a 36-1nch diameter duct which exhausts to the roof. Tanks A and B are
pictured in Figures 3 and &,

Qperating Parameters
Tank operating parameters, incTuding bath temperature, voltage, amperage, part

surface area, and current density, were recorded for compari1son purposes.
These parameters are presented in Table 1.
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Table 2. Airflow Measurementis

Control
) Q/A Yelocity {(Ft/m)
Tank Exhaust Air {cfm) Exhaust Rate (cfm/ft2}  Mean Std. Dev.
A 13650 142 158 68
B 16900 176 69 26
C 1500+ 43 113 29
D 2850% 81 134 70

*from pitot {raverse

Airflow Measurenents

Air velocity measurements for tanks A and B are presented in Table 2. The
average capture velocities were 158 fpm for tank A and 69 fpm for tank B.
Capture velocity measurements were wade in a horizontal pTane several inches
above the surface of each tank. Total airflow to the hood measured at 13,550
cfm for tank A (142 cf/ft2) and 16,900 cfm for tank B (175 cfm/ft%) by
ineans of a pitot tube traverse,

Afr SampTing Results (Tanks A and B)

Tank and area sampling results for hexavalent chromium and total chromium are
reported jn Table 3. Mean concentrations of all contaminants are within the
maximum levels allowed by DSHA5 and recommended by the hCEIHE for an

8-hour exposure to these substances.
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Discussion

The Tow concentrations of hexavalent chromium and total chromium can be
attributed to effective Tocal exhaust veniilation of the plating operation.
Changes in plating rates and current appTied over the range experienced
(100-5600 amps} did not appear to influence the hexavalent chromium, total
chromium, or sulfuri¢ acid air concentrations at these very low levels.

Table 3
Air SampTing Results - Hexavalent Chromium

No. Of Mean Concentration Concentration Range

Locat1on SampTes [mgfmai [mg!nﬁ}
Tank A 11 0.003 0.0002 - 0.009%

B 12 0.002 0.0002 - 0.003%

C 9 0.001 0,0002 - 0,0032

D 9 0.002 0.0002 - 0.005%
Area X 9 0.001 0.0002 - 0,0009

Y 3 0.032 0.0002 - 0.0052

z 3 0.004 0.0002 - 0,0125




Table 4
Afr Sampling Results - Total Chromium

No. Of Mean Concentratton Concentration Range
Location Samples {mg/m3] {mg/m3)
Tank A 2 0.006 0.003 - 0,009
B 3 0,007 0.003 - 0.010
C 3 0.005 3.003 - 0.010
o 3 0,005 0.003 - 0,012
Table 5
Air Sampling Results - Sulfuric Acid
No, Of Mean Concentration Concentration Range
Location Samples Emg!m3) (mgfm3}
Tank A 3 0.062 0,050 - 0.05%
B 3 6.054 0.053 - 0.055
C 3 0,053 0.051 - 0,056
D 3 0.054 0.053 - 0.081

=12=



Electroplating Tanks € and D

Tanks C and D, shown 1n Figure 5, are covered with large plastic 11ds to
prevent mist or vapor evolution. These tanks are located near an open door
which creates interferring cross drafts in this area, The tanks are equipped
with 1 1/2 1nch slotted hoods with an 18 i1nch plenum which extends the length
of the tanks. Air 1s exhausted through a 36-1nch duct which exhausts to the
roof. Tanks C and D are also pictured in Figures 6 and 7. Operating
parameters are 1ncluded in Table 1.

Airflow Measurements

Air velocity measurenents for Tanks C and D are presented in Table 2. The
average capture velocities were 113 fpm and 134 fpm for Tanks € and D,
respectively. Capture velocity measurements were made 1n the vertical plane
of the front and si1de edges of each tank with the covers down in place. Total
airflow to the hood was determined from pitot tube traverse of the exhaust
duct. Total airflow for Tank C was 1500 ¢fm (43 cfm/ft®) and For Tank D,
2850 cfm (81 cfm/ft%).

=13~



Figure 3: Tank A - Hood and duct viewed from east
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Figure a.

Tank € - front view with cover

R

R EpeTTm

Maure 7.

Tank D - front view with cover
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Air Sampling Results (Tanks C and D)

ResuTts of area and tank sampling for hexavaient chromium and total chromrtum
are reported tn Table 3, 4 and 5. Mean concentrations of all contaminants are
within the maximum levels alTowed by OSHAS and recommended by ACGIH6 for

an 8-hour period,

Discussion

The excellent caontrel of hexavalent chromium and total chromium at Tank D can
be attributed to effective local exhaust ventilation of the plating
pperation. The exhaust rates measured, however were well below the ACGIH
recommended rates (250 tfmﬁftzl for control of chromic acid or sulfuric acid
mists. Effective control was Targely due to the presence of the covers.
Control would be seriously comprimised by operating the tanks with the Tids
raised. However, the evalution of these mists was wel7 controlled, as
indicated by the low airborne concentrations of these substances. No plating
was performed in Tank € during the survey; however, the exhaust hood was
functioning to permit measurement of the air fiow.

Personal Monitoring

Airborne levels of hexavalent chromium and total chromium in the breathing
zone of the platers are reported 1n Table 6, The breathing zone samples were
collected for the duration of the 8-hour day shift.

Mean concentrations of all personal exposures to Cr¥l were well below the
maximum alTawed by OSHA5 and less than 25% of the Tevel recotmended by
NIGSH5 for an B~hour time-weighted average exposure. Mean concentrations
for personal exposures to sulfuric acid were one-twentieth the OSHA PEL and
the NIOSH recommended concentration.

-17-



Discussion

The effective control of tank contaminants 1n the platers' breathing zones can
be attributed to good local exhaust ventilation and to good work practices.
Additionally, doors te the plant remained open during the summer, providing
some natural dilutton ventilation. When these doors are closed during the
winter months exposures may be higher,

Table B
Employee Expasure

8-Hour
Job No. of Days TWA Congentrations (mg/m3]
Employee Title Sampled Chromium VI SuTfuric Acid
#1 Plater 3 0.005 0.053
#2 " 3 0.0407 0.0%2
#3 " 3 0.002 0.053
#4 " 3 0.002 0.055
¥5 " 3 0.003 0,053
Mean Exposure 0,003 0.053
0%iA PEL® 0.10 1.0
ACGIH TLVO 0.05 1.0
NIOS Rec.’ 0.025 1.0

-13-



kork Practices

Employee work practices were observed to determine thewr contribution to the
overall effectiveness in controlling exposuresa. To avord skin contact with
chromic acid solutions, employees usually wore protective gloves during the
dipping and removal of parts from the plating tanks. EmpToyees who were
engaged 1n manual activities (e.g., masking of parts prior to plating),
frequently washed their hands 1n a ¢lear water tank provided for that purpose.

Gererally, platers used hand-operated overnead hoists for transferring parts
m and out of the tanks. However, on occasion, workers were gbserved standing
on the side plenum of a tank to guide a part into the tank. Such a practice
would increase the opportunity of mist 1nhalation and should be avorded.

Conclusiaons

Four hard chrome plating tanks were evaluated at this plant, all locally
ventilated with single-slotted lateral or semi-Tlateral exhaust hoods. The
data gathered indicate low airborne levels of hexavalent chromium and sulfuric
acid as well as low personal exposures. This plant has demonstrated that safe
and healthful working environments within electropTating operations 1nvolving
patentially harmful chemical agents can be achieved with the use of effective
engineering control technology, gaod work practices, and effective management,
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