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— Abstract —

A Study on Worker Exposure to Hexavalent Chromium
in Plating Operation

Hoe Kyeong Cheong and Nam Won Paik

School of Public Health, Seoul National University, Seoul, Korea

This study was performed at eleven small-sized plating factories located in Seoul,
Incheon, Ansan, and Taejeon from July 21 to October 6, 1992. The major objectives of
this study were to evaluate worker exposure to hexavalent chromium and local exhaust
ventilation (L.E.V.) systems at the chromium plating operations. The most suitable L.E.V.
systems for chromium plating tanks were designed as examples for recommendation to the
industry. The results are summarized as follows.

The range of chromium plating operations investigated included decorative, hard. and
black chromium plating on several kinds of parts. Most of plating tanks were not equip-
ped with proper control methods against emission of hexavalent chromium mists and
workers were not wearing appropriate personal protectives.

The ariborne hexavalent chromium concentrations showed an approximate lognormal
distribution. The geometric means of both personal and area samples were within the
Korean and ACGIH standards, 50 pg/m’ However. in comparison with the NIOSH
criterion, 1 pg/m’, the geometric means of personal samples at two factories and the
geometric means of area samples at two factories exceeded it. The geometric means of
personal and area samples of high exposure groups (above the NIOSH criterion) were 7
and 27 times higher than those of low exposure groups(below the NIOSH criterion),
respectively. The L.E.V. systems of high exposure groups were improperly designed, and
the factory with the highest exposure level had no LL.E.V. systems at all on chemical
etching process. Whereas at factories of low exposure groups, mist control methods such
as mist suppressants, tank cover, and/or auxillary L.E.V. systems were added to L.EV.
systems.

The evaluation of L.EV. systems showed that there was no chromium plating opera-
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tion satisfying the ACGIH criteria for capture velocity, slot velocity, and exhaust rate

simultaneously. To increase performance of LL.E.V. systems, it must be designed to mini-

mize the impact of boundary layer separation. Push-pull ventilation hood and downward

plenum ventilation hood were suggested for the Korean industry.

Key Words : Hexavalent Chromium, Chromium Plating Operation, Lognormal Distribution, Local

Exhaust Ventilation System, Boundary Layer Separation. Push-Pull Ventilation.

Downward Plenum Ventilation.
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Table 1. General Status of Chromium Plating Operation by Plants

Plant No.of No.of Plating Type Plating Personal
Worker Plating Materials Protectives
(Plater) Tlank
A 23(1) 1 Decorative Plating Watch Case & Band None
B 50(1) 1 Metal Parts Gloves, Footwear
C 5(1) 1 ” Gloves, Footwear Apron
D 15(4) 2 Black Chromium & De- ” Gloves, Footwear
corative Plating
E 5(2) 1 Decorative Plating Plastice Parts Gloves, Footwear Apron
F* 30(4) 1 ” Metal Parts Gloves, Footwear
G 46(2) 2 - Gloves, Footwear Aporn
H 12(4) 2 Hard Chromium Automobile Gloves
Engine Valve
I 25(2) 3 i Automobile Piston Ring Gloves, Footwear Apron
J 6(3) 3 i Automobile Cotton Mask Gloves,
Engine Valve Footwear
K 30(1) 1 Decorative Plating Metal Parts Mist Mask, Aporn Gloves,
Footwear

* Automated Plating Operation Plant
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Table 2. Chromium Plating Tank and Plating Conditions by Plants

Tank Chromic Cathode Plating Temperature Mist

Plant Surface Acid Ratio Current Load () Control
Area(m?) (g/L) (A) (AxHY Methods

A 0.52 240 250 — 52 Full Cover
B 1.33 180 765 5100 55-57 Half Cover
C 0.48 250 200 972 45-5- Mist Suppressants
D Black Dr:

1.37 400 750-800 9.688 <30 None

Decorative Cr

0.71 250-300 500 4,000 45-50 Mist Suppressants
E 0.41 200 300-400 2,042 15-29 ”
F 2.52 240 6.000-10,000 36,000 45-50 None
G Plating:1

1.28 200-22- 600 4,800 50-55 Mist Suppressants

Pl ating:2

0.67 7 200 -— ” ”
H 2.00 250 1.300-1,500 11,260 60 Half Cover
I 0.96 250 510 3,060 55 Full Cover
] 0.44 250-300 2.800-3,200 9,000 70-75 Full Cover
K 1.40 200 ~600-800 5,600 45-50 None
* Plating Load ; Cathode current x Plating time (Ampere x Hour)
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by Type of Samples.
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Table 3. Hexavalent Chromium Concentrations by Plants : Personal Samples

Cr(lV) Concentrations, pxg/m*

Plant No. of Sample GSDh**
GM* Range***
A _ —_ — —
B 3 0.39 0.31-0.45 123
C 6 0.17 <0.05-0.73 3.12
D 8 2.40 0.09-37.4 5.47
E 2 2.94 1.06-8.13 422
F 2 0.18 0.16-0.20 1.17
G 1 0.53 — —
H 6 0.50 0.16-1.12 2.37
I 3 0.19 0.16-0.27 1.33
J 3 0.27 0.06-0.94 4.01
K 4 0.11 <0.05-0.24 2.06
Overall 38 045 <0.05-37.4 459

*  GM :Geometric Mean

** GSD: Geometric Standard Deviation

*** <0.05: Cr(V)concentration lower than the limit of detection

Table 4. Hexavalent Chromium Concentrations by Plants : Area Samples

Cr(lV) Concentratlons pg/m
Plant No. of Sample GSD**
GM* Range**
A 16 0.32 <0.05-1.52 297
B 9 0.36 0.11-1.20 2.41
C 5 0.49 0.33-1.16 1.65
D 21 18.50 1.44-153.0 441
E f 081 0.20-3.51 3.356
F 5 0.14 0.05-0.24 1.89
G 7 0.09 0.05-0.16 1.50
H 12 1.11 0.10-47 4 6.41
I 7 0.13 0.05-1.92 3.58
] 6 0.10 <0.05-0.29 2.20
K 3 ) <0.05 <0.05 —
Overall 96 0.70 <0.05-153.0 9.32
9 Mg TH(7.3%)7 =FF &€ 2Hs 1, HAFYEARC] MAANEY HFEE 0.50 pg/m’

fom, NIOSH 71&& Z#3le Algye 357
(36.5%)2 DAFI Aol 2170(21.9%), EAMIA 2
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uebA 1170 AdAFo A DA A 671 28
Z24Fo] AAAIRY HAEFE 2.40 pg/m*(H
A, 0.09—-37.40 pg/m*), FALARY HIAFE
18.50 pg/m'(H9) 1.44—153.0 ug/m*)o2 7}
E%ow, EANYAC] JIjAARS HEFE 2.94
pg/m* (89 1.06—8.13 pg/m*), Farwel o
TEFE 0.8]1 pg/m* (89 0.20—3.51 pg/m')ol

(M9 1.16—1.12 pg/m’), BAAEY HFEE
111 pg/m (9] 1.10—47.40 pg/m*) 2.2 NIO-
SH 71&Rt & E2+58& KA
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Fig. 3. Cr(IV) Concentrations by Plant: Area Samples.

Table 5. Distribution of Cr(IV) Concentrations Classified by the Korean Standard (50 1#g/m*) and the NIOSH Criterion(1

pg/my
Personal Samples Area Sample
Plant
Total <1 1-50 50< Total <1 1-50 50<
No. Ha/m’ #o/m* g/m* No. Hg/m #g/m* Ho/m?
A - e — — 16 13 3 —
B 3 3 -— — 9 8 1 —
C 6 6 — — 5 4 1 —
D 8 2 6 — 21 — 14 7
E 2 — 2 — 5 3 2 -
F 2 2 — — 5 5 — —
G 1 1 — — 7 7 — —
H 6 4 2 — 12 6 6 —
1 3 3 — - 7 6 1 —
J 3 3 - - 6 6 — -
K 4 4 — — 3 3 — —
Total 38 28 10 - 96 61 28 7
No.
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5, slot £5 2 Fdas &9 ¥HdT ¥
o w7 g Held Aotk 114 A% &
N 97 AL L slotd A 71X o] B A E
of AN, CAMIZEL Faul7|A]do] 42 o
AR FE dulolA =R age] YA £F
712 wiriste dden, EARIEE a4
Mol @H3] Y 2EskA] 8 AATh
webA D, EAR e TAwirIAl e e
ZAstA Eagon] HAYGR slot x¢ 4}
A3 Aoj&HE, slot S5 TFH I AP
TavIA e A Fad FHe] E7hsslA
t}.
ACGIHOI A= 67} A5 47T "A', U4
& ‘1’2 #7439 Open Surface AEEFH A
AAste o 7IAde] HaAoHEE 0.76
m/s(150 fpm). slot $%& 10.16 m/s(2,000

fpm), 1E]n BA9 Wuj(ynl/do])d we} B
29 @9 EUAY Wy FFL 0.762—1.270
m'/s/m*(150—250 cfm)2.2 HAV|Fo 2 Fs1

AUTHACGIH, 1988 ; ACGIH, 1992). <i71el A #|

&y Fr ¢ oy A HoAMY Fr&EERA
SAE 2EFVNE HHVIRE FEIL F=g
FYsted Bad 71HoIY, slot £X& slot A
FHE FHsle VIFE Tod gy =89
AcA WA 671 2L AFHoE Ao}
7] sl e ACGIHAA AAste A4 71EE
24 shefof g},

a8y dA 2YARE B S0 Wy
10324 AYadoyd 18 61X 7 Ao
ExE A A 93 slot =4 1.00—1.20
m/sZ AFSARL oA 87 A A 4w
4L <0.25—0.65 m/s2 EFF FeAch

Table 6. Characteristics of Existing Local Exhaust Ventilation at Plating Tank by Plants

Ventilation Capture Solt Exhaust Rate Aspect Ratio
Plant Type Velocity Velocity (m*/s/m" (W/L)
{(m/s) {m/s)
A Circular Slot 1.00-1.20 2.10 0.033 1.00
(1.60-2.50)
B 3 sides Slots 0.20-0.65 3.50 0.190 0.21
(0.50-4.60)
C None - — — 0.75
D Black Cr:
1 side Slot <0.25 1.80-3.00 0.380 0.36
Decorative Cr:
1 side Slot <0.25 2.00-2.65 0.455 0.51
E 1 side Slot — — — 0.83
(Not Operating)
F 2 sides Slots <0.25 12.50 1.323 0.57
G Plating 1: 0.35 0.25-2.70 0.436 0.57
1 side Slot (0.1-0.7)
Plating 2:
1 side Slot <025 0.92 0.236 0.74
H 4 sides Slots <0.25 — 0511 0.55
1 4 sides Slots — — 1.143 0.38
J 3 sides Slots 0.35-0.55 2.50-3.50 0.280-0.391 0.36
K 1 side Slot 0.25 0.48-3.50 0.238 0.58
(Auxiliary LEV*
3 sides Slots)
ACGHI 0.76 10.16 0.762-1.270
Criteria

* Auxiliary Local Exhaust Ventilation
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o] &7 BEE 71Este A9 2¥d 9
5"":} o] RN 7jEHoz FVe HAo

, &R goy FHol e d4BE 5F
er‘? o] 4t fAl(ideal flow) & 7} e} o 7}
o el o] gl A M (free flow)ol A A
st Azt ez fY-8e ¥ 5E9
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Fig. 10. Airflow Pattern at the Front of Typical Local
Exhaust Ventilation.
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(a) Push-Pull Hood

(b) Downward Plemm Hood

Fig. 11. Aidlow Pattern at the Front of Push-Pull and

Downward Plenum I.ocal Exhaust Ventilation
Hood.
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