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This paper presents the results of total chromium fugitive
emissions measurements above a hard chromium electr
plating tank at the Marine Corps Logistics Base (MCLB)
in Albany, GA. The measurements were made usin
OSHA Draft Method ID-215 and a newly developed real]
time monitor based on spark-induced breakdown spec
troscopy (SIBS). The SIBS monitor acquired data on &
five-sec time scale and was used to survey the total chr
mium concentrations above the plating bath surface ove
a range of ventilation rates in conjunction with operation
of an experimental liquid recirculation system. The SIBS-
measured concentrations varied from <1Qug/m® (the

lower limit of detection) to >1000pg/m®. The measured
concentrations were well correlated to distance from thg
plating bath surface, smoke test indications of poorly
ventilated areas and ventilation flow rate. The SIBS datg
guantitatively agree with simultaneous internal filter

results and with the OSHA-approved air sampling filter

measurements. These results indicate the SIBS monitor
capable of industrial hygiene monitoring of chromium in

a plating environment.

Exposure to chromium is a known hazard associated
hard chromium electroplating,abrasive blasting of painte
surfaces;” and cement working.The recognition of
hexavalent chromium, Cr(VI), as a carcinogen, and th
fore as one of the most toxic of the 189 hazardous
pollutants, has caused EPA and OSHA to react
placing severe restrictions on atmospheric release
worker exposure to fugitive emissions of this species
spectively. The EPA has setregulatory limits, in the forn

compounds. OSHA is currently considering a revision of
Dthe PEL to an 8-hour TWA for Cr(VI) at a level of Qu§/
m?® with an action level of 0.2fg/ne.

This paper presents the results of total chromium measure-
ments obtained by a new monitoring technology based on
- spark-induced breakdown spectroscopy (SIBS) above the
1 hard chromium plating bath at the Marine Corps Logistics
oBase (MCLB) in Albany, GA. The results are used princi-

Ir pally to evaluate the efficacy of a push/pull liquid flow
system, developed by the U.S. Army Construction Engineer-
ing Research Laboratories, integrated with a modified venti-
lation systenf.The goal of the test was to determine whether
the liquid push/pull system has the potential to control worker
exposure levels below the regulated limit with a reduced
exhaust ventilation rate. The SIBS monitor has previously
been used as a continuous emissions monitor (CEM) for lead
and chromium in a simulated flue §asd for ambient lead
in an indoor firing rangé& This was the first field test of the
isSIBS monitor for ambient chromium in an industrial hygiene
application.
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BExpeiimental Procedure
WHSss of Sparkinduced  Breakdown Spectroscopy  (SIBS)
dThe basis of SIBS is the generation of a high energy electrical
spark between two electrodes that vaporizes, ionizes and
E&Xkcites an air sample with metal-containing aerosols and
Hrticulates. A schematic of this process is shown in Fig. 1.
llowing the generation of the spark, optical detection of the
at@mic emission at characteristic optical wavelengths of the
Ifretal analyte species is performed. The concentration of the
N 8pecies of interest in the sample is proportional to the number

a National Emission Standard for Hazardous Air Pollut

nts

(NESHAP), at 15 and 3fg/dscm for stack concentrations

for large and small hard chromium electroplating facilitie

respectively. The current American Conference of Gov
mental Industrial Hygienists (ACGIH) threshold limit val
time-weighted average for hexavalent chromium expo
is 50pg/m?, a value not to be exceeded on a time-weig
basis over an 8-hour shift. The OSHA PEL (ceiling) is

ug/me for chromic acid and chromates and the NIOSH R
(10-hour TWA) is 1ug/m? for all hexavalent chromiun

-
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Fig. 1—Basis of spark-induced breakdown spectroscopy (SIBS).
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Fig. 2—Schematic of SIBS monitor.

80

PLATING & SURFACEFINISHING



of excited atoms, and to the intensity of the emission o
atomic features.

The apparatus required to perform this type of spec
copy, shown schematically in Fig. 2, can be extre
simple. The necessary components are two electrode
appropriate gap between them, a power supply and the o
collection equipment. For sampling a gas stream, the
gap is situated such that the gaseous sampling streal
flow unimpeded between the electrodes. Because the n
of aerosol particles encompassed is dependent upo
volume of the spark, the sensitivity of the technique
function of electrode gap.

Oncethe spark has been struck, optical detectionis de
to discriminate against broadband plasma emission ¢
by Bremsstrahlung radiation. Following this delay, the
cal signals are collected radiometrically with a pair of
tered, miniature photomultiplier tubes (PMTs). The ad
tages of the filter and PMT approach include simplicity
low cost. The strategy behind the radiometer is to accum
the signal associated with the atomic line (on-line) with
filter and to subtract any background signal with a ne
filter (off-line) that has no analyte atomic feature within
bandwidth.

The radiometer analog output signals are fed into 3
(Pentium™, 100 MHz) with a 1.2-MHz A/D data acquisiti
board. The temporal traces are evaluated by routines d
oped within a LabWindows CVlarchitecture. The on-lin
and off-line temporal traces are subtracted and integr
Further experimental details of the SIBS technology h
been published elsewhefe.

MCLBTest Conditions

The monitor was calibrated in a dry aerosol genetétor
the laboratory prior to shipment to the MCLB facility. IC
standards of chromium (I1) nitrate, chromium (VI) nitra
and chromium (VI) chloride were used. The calibrat|
curve encompassed seven points over the range 0 to
pg/me. Identical sensitivities were observed for all th

I

S

ng tank.

?i’fig. 3—SIBS monitor sampling above plati
an-

$ercent). Each part was suspended separately in the plating
lefRk by a rack with four surrounding anodes. The busbars
Reere 20 in. apart and were positioned 3 in. from the front tank
rall and 4 in. from the rear wall. The distance from the liquid
ItRevel to the top of the tank was 12 in.

Emission control for the MCLB plating tank was per-
F§¥med exclusively by a forward and rear hood system. No
ORurface tension-adjusting additives or tank covers were used.
ev®le only exception to this was a short (12 in. wide) PVC sheet
£ installed halfway through the test to cover the rear area of the

atethk in a region not serviced by the hoods.

aveTo acquire data above the surface of the plating tank, the
spark power supply, pulse generator and pump were placed
inside an iron mesh sample cage 3 ft on a side. The sample
chamber was mounted beneath with the open end of the
sampling chamber facing downward. A photograph of the

LFSIBS monitor in this configuration is shown in Fig. 3. The

\teadiometer and computer were placed on a nearby benchtop.

oThe radiometer was connected to the sampling chamber via

1@ optical fibers, 10 m in length each.

ree Plastic sheeting was used to protect the monitor compo-

compounds. Thed(three times the S/N ratio of the baselinejents from chromic acid splashes that occurred during some

detection limit of the monitor was determined to beutj0
me. Data measured below this value, therefore, are rep
as <10ug/me.

For the MCLB test, the spark was operated at 1 Hz an
data were recorded on a 5-sec, averaged basis. The cq
tration data for the tank scans were reported as ave
(typically 3 min) for the full duration of the dwell at ea
specific position.

of the tests. On some of the occasions when the sampling
Drig@mber was splashed, the instrument response became

ofl

n
ra
ck

2d

The sample chamber shown in Fig. 2 was constructe
plexiglas and was designed for easy removal and clea

Room air was drawn into the sampling chamber by a 1.3 ¢
pump. Immediately downstream of the sampling champbe
the contaminated room air passed through a particulate filte
offering greater than 99.98 percent particulate retention a
DOP 0.3um at 32 L/min. After the test, these filters were ser
to an independent laboratory for analysis of total chro
for comparison with the monitor results.

Details of the test conditions are provided elsewtwrd
are only summarized here. MLCB houses a hard chro
plating tank 3 ft wide, 8 ft deep and 11 ft long. The tank us
a reversible, two-busbar system. For this test, two lan
cylindrical parts were plated at 800 to 1100 amp (typic

efficiencies for hard chromium electroplating are 10 t0 4t. 4—Sampling locations for chromium plating tank at MCLB. Positions

* Glass microfiber filter, Gelman Sciences, Ann Arbor, M. they are at an increased height above the tank.
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Table 1
Tank Survey Chromium Concentrations
Ventilation Measured Concentration, [ig/m?
Flow Rate
scfm Note A B C D F G H | K L M N Q R S
6830 Conv. <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10
0.072 0.054 0.031  0.033
+0.018 +0.038  0.015 +0.042
4827 PIP on <10 <10 <10 <10
3263 PIP on <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10
0.12 0.045  0.036
£0.02 +0.017 +0.016
2249 P/P on <10 2816 <10 <10 <10 <10 1814 <10 <10 <10 1314 <10 <10 <10 <10
0.25 0.28 0.31
015 #0.14 0.2
1845 P/P on <10 <10 20 72455 <10 <10 1310 186£50  18+12 <10 1514  27#22 15413 <10 13+10
1704 PIP on <10 <10 <10 587 93:70 47#41 <10 8557 2749 <10 36#34 69+64 14+10 11+3  16%8
1493 P/P on 3232 481+163 125+35 259+114 116+80 384+101 15274 448110 144+77 89+74 138+74  190+93 <10 174 16424
228+158 46:04 4.2+11 52+10
1200 P/P on 8801302
Where there are multiple entries, the first is for the SIBS monitor; the second is from OSHA Draft method ID-215.

saturated from overexposure to acid mist. When this
curred, the plexiglas housing was removed and cleaned
electrodes were cleaned alternately with dilute nitric a
water and methanol, followed by sanding with a mild ak
sive to remove chromium residue. The entire cleaning pr
dure was performed in less than an hour.

Surveys of fugitive chromium emissions above the t
were performed in a scan and hold pattern with the iron n
cage containing the SIBS monitor mounted on a crane.
crane was used to position the sampling chamber inlet at
desired location for sampling. After a period of three min,

dmns H, Q, R, and S on 37-mm diameter, 5-micron pore,
Thired-cellulose ester filters at a nominal flow rate of 4 L/min.
ciBampling duration was 50 to 75 min. Most samples were
reellected in a series of three consecutive samples at the same
btecation and under the same conditions. Filters were analyzed
for chromium (V1) at an independent laboratory.

ank

ng®dsuls  and Discussion

Thee SIBS monitor operated for 12 hr each day for the full
eaghation of the three-day test. During the test, the monitor
thequired no maintenance or repair (other than cleaning after

chamber inlet was moved to the next position. A schematjabé sampling system was splashed by chromic acid as previ-
the plating tank with approximate sampling locations tusly noted). The environment in the plating area was chal-
shown in Fig. 4. The positions A-O were located 20 in. abolhging for an ambient monitor. The temperature was el-
the plating solution surface. The positions P-T were locatedated with high humidity and the ambient air contained dust

48 in. above the plating surface solution plane immedi
outside the tank. These positions were representative g
breathing air space of the workers. As a result of phys
limitations caused by the ventilation ducts, positions E,
and T could not be sampled by the monitor.

Industrial hygiene monitoring was performed using OS
Draft Method ID-215. Air samples were collected at pg

téhpm plating operations, nearby paint stripping and cleaning
foperations, and from outside air that served as the principal
ieghbient ventilation. The SIBS monitor sampled the ambient
0,40 as encountered without any purification or removal of
extraneous particulate or atmospheric contamination.
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Fig. 6—Sample raw data on SIBS instrument at two locations above plating
bath.

Fig. 5—SIBS saing system after being splashed by chromic acid
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The temperature of the plating bath was typically 90| was performed typically for more than an hour. A total of six
Chromic acid mist rising from the surface and being draveomplete tank survey scans were performed at six different
away by the ventilation system was always visible. When thentilation flow rates. Partial scans were also performed at
SIBS monitor was placed within a few inches of the surfadejo ventilation rates. The ventilation rates ranged from 1200
the air temperature may have reached the bath temperfato®@830 scfm.
and the concentration of chromic acid rose to very high levelBaseline data were collected at the unmodified system
(some short-term concentrations exceeded 140®°. The | flow rate of 6830 scfm with the liquid push/pull system off.
additional hazard the instrument faced near the bath surfaceurvey scan of the SIBS instrument produced no measur-
was direct contact with large droplets of chromic acid| &ble results. This is consistent with the OSHA Draft Method
photograph of the SIBS sampler after such an event is shd®dr215 which measured0.072ug/nm? at positions H, Q, R,
in Fig. 5. Direct contact with large droplets on the electrgdasd S. The SIBS monitor did measure £ pg/m* at
caused instrument saturation at the end of this particulantesisition H when it was lowered several inches closer to the
Immediately after cleaning, the instrument was acquiriqgating bath surface.
data again. The remainder of the test was performed with the push/pull

liquid flow system operational. A goal of this exercise was to
identify an optimum ventilation exhaust flow rate, that in
Fegmbination with the push/pull system, keeps the ambient
nghttomium concentration below the regulated exposure speci-
qiftcation.
wo Only a partial scan of the tank was performed at 4800 cfm.
batie measurements at this ventilation rate showed no measur-
nable chromium concentrations. The survey at 3263 scfm
gveduced results similar to 6830 scfm with no measurable
3 chromium detected by the SIBS instrument. This result is
confirmed by the low concentrations determined by the
t@SHA sampling method. OSHA Draft Method ID-215 mea-
osiged 0.121g/m? at position H and even lower concentrations

Tank Suney Resuls
Sample raw data from the SIBS instrument are shown in
6. The data are shown on a five-sec time scale respond
individual particles and groups of particulate that drift tow
the sampling inlet from the bath surface. Data from
sampling locations are shown, one at 20 in. above the
surface and another 48 in. above the bath surface. Whe
data are converted to concentration units and averaged
the sampling times, the concentrations correspond pmA
m? and less than 1j0g/m?, respectively.

The instrument response shown in Fig. 6 indicates
source (particles emitted from the plating bath surface) t

highly variable as constant steady-state signals are rec

by the SIBS instrument from stable sources. The large sg

variability leads to high standard deviations in the meas
concentrations. For example, the averaged data in Fig.

vridhedhe breathing air space positions Q-R.

urcét 2249 scfm, the SIBS instrument began to measure
rigaromium concentrations above the detection limit. At posi-
6tfon B, the SIBS instrument measured:2% pug/m* and 13

20 in. above the bath surface has a standard deviation jof&3 pg/n® was measured at position M. A measurement at
pg/m?, or 70 percent of the average value. Standard deysition H was not performed in this survey. The OSHA
tions of this magnitude are typical of the database obtajregasurement at point H is 304 pg/m®. Measurements at
from the test. positions Q-R are still very low, less than OL@tn?, but the

A complete summary of the tank survey data is presenfe@HA-measured levels are significantly higher than those
in Table 1. Where there is more than one entry, the ffirseasured at 3263 scfm. The SIBS data are consistent with
represents the SIBS measurement and the second the resdnigf obtained with the OSHA method.
the OSHA Draft Method ID-215 sampling method. All the Measurable chromium concentrations were observed from
results are shown with one standard deviation uncertainty. geyeral positions around the tank at 1845 scfm ranging from
noted previously, the SIBS measurements were gengrdllyto 186ug/m?. Chromium concentrations were measured
three-min averages, whereas the OSHA sampling methuast above the instrument detection limit at two of the worker
breathing positions (Q and S). The SIBS data correlated well
with the smoke tests here. This test identified positions D and
| to be “hot spots,” where fugitive emissions were poorly
captured by the ventilation system. These positions were also
near active electroplating (near an anode or cathode rack).
Subsequent measurements employed a PVC sheet to cover
positions E, J, and O (12 in. wide, 1/2 in. thick and long
enough to fit across the tank width on top of the hoods). This
improved the capture of emissions from positions D and I.

At 1704 scfm, data from only five of the fifteen measure-
ment locations showed no measurable chromium above the
monitor detection limit. These were at positions A-C, at the
rear of the tank, position H in the tank center, which was a
guiescent area with no active electroplating, and position L at
the front of the tank. The highest concentrations were mea-
sured at positions F and I. The effect of the special cover at the
right of the tank is clearly evident in the data for positions D
and | as these concentrations decreased from the levels
measured at 1845 scfm.

The chromium concentrations increased markedly at 1493
hasefm with the highest at positions B, G and I. The latter two
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Fig. 7—SIBS measured chromium concentrations at positions M, | a|
as a function of ventilation rate.
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were located on the tank centerline and were expected tekeeption is position |, where the use of the special cover
significantly affected by decreasing the ventilation ratsubstantially reduced the chromium concentrations at venti-
Position B was identified as a “hot spot” at this ventilat|olation flow rates of 1704 scfm and below. The cover was not
rate. The chromium concentrations for these positions wanetalled at the higher flow rates.
in the range 380 to 5Q@y/nt. Increased concentrations were Correlation of instrument data to NIOSH- or OSHA-
also observed at positions R and S. Comparisons with #pproved methods is a critical factor in determining regula-
OSHA sampling method data are good considering the diffewry acceptance of the data and in obtaining NIOSH recogni-
ent sampling time scales involved. Consistent with meagutien of the instrument or method. We have performed a
ments at other positions, the concentrations observed at tleeseelation of the datain Table 1 for the SIBS monitor against
positions are highly variable on a three-min time scale. [Tthee results of Draft Method ID-215. The resulting plot has a
data for position H was 15274 ug/m?® as determined by the correlation coefficient (B of 0.984, indicating excellent
SIBS instrument and 228 58ug/m?® by the OSHA sampling correlation.
method. A comparison of the SIBS monitor data has also been made

Only a single measurement was performed at 1200 schgainst the total mass of chromium collected on the internal
Itwas done at position M and a concentration ofi88IPug/ | filters. During the tests, these filters were periodically re-
miwas measured. The chromium concentration in the breativved, labeled and placed in plastic bags for temporary
ing air space exceeded the regulated PEL, requiring regpgtmrage and shipment. A total of seven samples was sentto an
tors to be worn during this measurement for those persagninelependent laboratory for total chromium mass analysis.
remaining in the area; all other personnel were requirgdTtbese results were compared to the monitor data by integrat-
exit. ing the measured concentrations. The correlation, encom-
passing nearly two orders of magnitude of measured mass, is
Tests of the PushPul  System shown in Fig. 8. Two of the seven points were excluded, as
One of the purposes of the test was to evaluate the effe¢tif@-monitor had saturated as a result of exposure to extremely
ness of the push/pull liquid circulating system. During elebigh concentrations. For the five valid points, the correlation
troplating, by-product gases rise and disperse across ithexcellent with a correlation constanfyBf 0.995. Addi-
surface of the plating solution. These bubbles eventyalignally, four of the five SIBS monitor measurements are
burst and eject small droplets of solution into the air above thighin +20 percent of the filter measurements. The NIOSH
tank. The push/pull system is operated by injecting platiggidelines for acceptance of new air sampling and analyti-
solution through a pipe near the bath surface at the front of daémethods require that 75 percent of the data agree to within
tank, toward the rear of the tank, where it is drawn in| By25 percent of the true value. Although the database here is
another pipe. The rapid flow across the surface forces the small to begin the acceptance process, it does demon-
majority of the bubbles to the rear of the tank near |tisrate an important capability.
ventilation inlet. This increases the droplet capture efficiency
and decreases the chromium concentration above the ta@kndusions

The effectiveness of the push/pull system was evalugfBuke SIBS monitor data correlate well with distance above the
by placing the SIBS monitor in a fixed position in an area bhth surface, ventilation rate, areas of active electroplating,
active electroplating and turning the liquid flow pump on aritiot spots” identified by the smoke test, chromium masses
off. The results of these tests are shown in Table 2. Expérom the monitor filters, and chromium concentrations deter-

ments were performed at 3263 and 1845 scfm ventil
flow rates and at two positions, G and |. Both were onthe
centerline and both were in areas of active electroplatin
second position several inches closer to the surface was
measured at position G. In all three measurements
chromium concentrations with the pump off exceeded th
with the pump on, often by a factor of two or more. T
verified that the push/pull system successfully reduced
concentrations in these areas.

Daia. Correlgions
The data correlate well with the ventilation rate. A plot of
data from positions M, | and G as a function of the ventilat

flow rate is shown in Fig. 7. The measured concentrat
uniformly decrease as the ventilation rate increases. The
Table 2
Test of PushPul  System
Avg. Conc. Avg. Conc.
Ventilation Rate Pump on Pump off
scfm Position Hg/m? Hg/m?
3263 G1 58+24 121427
1845 11 165+123 259+102
1845 G1 (low) 576:397 1223291

86

tiorined by OSHA-approved sampling methods. To our knowl-
agttge, this is the first instance of real-time chromium survey
gcéncentrations being measured above an electroplating tank.
5 dllse results of this test indicate that the fugitive emissions
fram plating baths exhibit a high degree of spatial and
asenporal variability. Technologies aimed at reducing emis-
hisions are thus best evaluated with a portable, real-time
tinstrument. A NIOSH-approved commercial product release
of the SIBS instrument is anticipated in 1999.
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Editor's note: Manuscript received, October 1998; revisi
received, June 1999.
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