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ABSTRACT

Objectives: The objective of this study was to determine characteristics of workers' exposures to airborne total and hexavalent
chromium by job title in electroplating processes.

Methods: Total Cr was determined through a modified method based on NIOSH Method 7024. Airborne hexavalent Cr, Cr(VI),
was sampled and extracted according to NIOSH Method 7600 and analyzed at 520 nm using an ion chromatograph/visible
detector.

Results: The geometric mean(GM) of total Cr concentrations from all factories was 11.2 1g/m*(GSD=4.9). The GM of Cr(VI)
concentrations from all factories was 2.84 rg/m (GSD=5.2), and the concentrations among factories were significantly different
(p<0.05). The Cr(VI) levels were lower than total Cr levels. Total Cr exposure levels were highest among buffing workers (21.6
1g/m’), but Cr(VI) levels were highest among plating workers(4.15 zg/m”). The concentrations of Cr(V1) and total Cr from plating
tasks was highly correlated(r=0.91).

Conclusions: In the electroplating industry, plating workers were mainly exposed to Cr(VI), but others were not.
Oxidation-reduction states of Cr and job titles should be considered in the exposure or risk assessments of chrome electroplating
factories.
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NIOSH Method 7600(NIOSH, 1994a)o]] w2} polyvinyl
chloride(PVC) 9} o]1}%](37 mm diameter, 5 um pore
size, Nuclepore Corp., USA)E AlE-3l0] A RE A FH s}
Aty 37 5 23IE A EAF = NIOSH Method
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Table 1. Instrumental parameters of microwave digestion system
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Table 3. Analytical conditions of ion chromatograph/visible

for digesting Cr filter samples detector
Stage Parameter Analytical condition
Parameter
1 2 3 Sample loop volume 50 pl
Pressure(psig) 80 100 120 Guard column NGl
Temperature(C) 100 120 140 Separator column Dionex IonPac AS7
Run time(min) 5 15 20 Eluent 12\15}(1’ gﬁ’l (NH,):80; + 100 mM
4
Tap time(min) 3 10 15 Flow rate 1.5 mL/min
Fan speed(m/s) 100 100 100 Postcolumn reagent 2 mM diphenylcarbohydrazide +
Volume per vessel(mL) 1 - - 10% v/v CH;OH

Table 2. Instrumental parameters of flame atomic absorption

spectrophotometer

Instrument parameter Condition
Lamp current(mA) 7
Slit width(nm) 0.2
Slit height Normal
Wavelength(nm) 357.9
Flame N20-Acetylene
Replicates 3
Measurement time(sec) 1.0
Delay time(sec) 1
Background correction Off
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A ulo] A E(spike sample)2 A|Z3F & A A| 79}
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Postcolumn flow rate 0.5 mL/min
Membrane reactor or reaction coil

540 nm

Mixing device
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Figure 1. Total Cr and Cr(VI) concentrations in the electroplating
processes
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Table 4. Airborne total Cr and Cr(VI) concentrations by task

. 3
Concentration in air, pg/m

Task
No. of poat e cr(v)
samples
Plating 20 134°4.0) 4.15(5.7)
Buffing 12 21.6(6.8) 1.86(4.6)

Others(acid washing,

degreasing, packing etc.) 7 2.36(2.6) 1.28(3.1)

* . t . ..
Geometric mean; Geometric standard deviation
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Figure 2. Airborne total Cr and Cr(VI) concentrations by job
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Table 5. Airborne total Cr and Cr(VI) concentrations by factory

Factory No. of samples  Total Cr, ng/m3 Cr(VI)A, ug/m3

A 8 31.2(2.8) 22.3(2.4)

B 5 73(3.5) 1.93.1)

C 5 6.19(2.8) 0.52(3.5)

D 3 60.1(1.5) 45.4(1.3)

E 2 6.7(1.1) 2.6(1.3)

F 3 3.6(2.8) 0.92(2.4)

G 8 1.4(1.5) 0.78(1.7)

H 5 94.1(4.5) 73(2.2)

I 4 4.1(2.9) 1.1(2.3)

G 5 26.4(1.8) 2.03.2)

Total 48 11.2(4.9) 2.84(5.2)
o] 7|SEHE 1.4 ~ 94.1 pgmo| QT 67229 7]

=Ny
St HE= 052 ~ 454 pgmo|Yth 232 6
7tag FEe ARt folRt Apolzh At
(p<0.05). 107} AFAAS] Bt 67F1F s%+= 5 ny
m vFko]¢loy 374 5 ug/m' o]4Fo| it

g QyEw ARs 4ng 2 2
2 AN A, At 2 AR A4S % o
ARASE 0072 w9k

100

80

60

40

Cr (VI) concentration, ug/m®
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e ° ——- 95% confidence intervals
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Figure 3. Regression between plating worker's exposure levels to
total Cr and Cr(VI)
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