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— Abstract —

Evaluation on the Efficiencies of Local Exhaust Systems and Airborne
Concentrations of Total Chremium, Hexa-valent Chromium and Nickel
in Some Electroplating Plants

D.U. Park, D.Y. Park, Y.C. Shin, S.M. Oh, and K.C. Chung

Industrial Health Research Institute Korvea Industrial Safety Corporalion

To evaluate efficiencies of the local exhaust systems installed in chromiun and nickel

eletroplating tanks, specifications of each tank and general performances of the local

exhaust systems were measured in 16 electroplating plants from July 3 to November 24,

1992. Airborne concentrations of total chromium, hexa-chromium and nickel were also

measured. Most of the local exhaust systems installed in electroplating plants were inade-

quately designed. Average capture velocities of local exhaust systems in chromium and

nickel tanks were 0.45 m/sec and 0.29 m/sec. Average slot velocities in chromium and

nickel tanks were 7.30 m/sec and 2.87 m/sec repectively. Both average capture and slot

velocities were in noncompliance with the standards recommened by American Confer-

ence of Governmental Industrial Hygienists (ACGIH) and National Institute for Occupa-

tional Safety and Health (NIOSH). Exhausted air volume was insufficient in all local

exhaust systems surveyed.

Worker exposure levels to total chromium. hexa-chromium and nickel were 43.0 pg/m’,

1.7 pg/m* and 9.3 ug/m”, which were below the Korean Standard and U.S. Occupational
Health and Safety Administration (OHSA) Permissible Exposure Limit (PEL). However,

Worker exposure level to hexa-chromium exceeded the NIOSH Recommended Exposure

Limit (REL) of 1 x#g/m"

As the result of Scheffee’'s multiple comparions, worker exposure levels to all metals

were significantly different between two groups by the management state of existing local

exhaust systems (p<0.05). However, Difference between a group with local exhaust sys-



tems which were poorly managed and another group without local exhaust system was

satatistically non-significant.
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Table 1. Analytical Results of Total Chromium, Hexa-valent Chromium and Nickel in the Electroplating

Total Chromium({ zg/m"

Hexavalent Chromium ( z#g/m®)

Nickel ( ug/m"

N Range Mean+SD N Range Mean+SD N Range Mean+SD
Personal 30 ND—166. 67 43.0 + 48.83 30 ND-—16.20 1,70+ 3.79 14 1.81—30.18 9.29+13.09
Sample
Area 63 ND—-792.0 68.98+118.43 63 ND—81.40 5.26%+15.53 26 ND-52.73 7.99+17.10
Sample
Total 93 ND—792.0 60.61+101.74 93 ND—81.40 4.11+13.04 40

ND : below Limit of detection

Table 2. Concentration of Worker Exposure and Area by each Electroplating Tank

ND—52.73 8.64%15.10

Total Cr ( pg/m?) Hexavalent Cr ( zg/m%) Nickel { pg/m”)
Plant
an N Range Mean N Range Mean N Range Mean
a
PS 13 0—164.8 23.17 13 (0—16. 20 1.99 5 1.28—1.55 1.41
AS 26 0— 38.8 10. 20 26 (— 4.97 .38 10 0—2.27 0. 85
b
PS 10 30.9—166. 7 74.03 10 0.16— 1.12 0.51 4 2.32— 2.57 2.42
AS 27 3.9—289.5 101.03 27  0.05—81.40 8.38 12 2.86—10.20 6. 84
c
PS 7 50.12—171.8 110. 50 7 0.25—20.98 8.13 2 0— 1.81 0. 98
AS 10 0.69-792.0 116. 48 10 0.31—64.83 11. 80 7 0.76—10.60 6. 20
Total 93 0—792.0 60. 61 93 0—81.40 4.11 40 0-—10.60 8.64
a=Tank with ventilation not appropriate for criteria of NIOSH
but good management
b=Tank with ventilation not appropriate for criteria of NIQ:3H

and poor management
c=Tank without ventilation
PS ; Personal Sample
AS; Area Sample
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(1) F=9f Sel ¥ Y3379 HHAM Bt
BAaa719 ZAERE BHW ¥ 39 g
ACGIHS NIOSHeIAM AA8 =g XA
£8 1dH £2E 352 49 0.51 m(20inch) 22X
ol 3l A9(0.5lm—0.91m) ¥ TRE
Feg AXEa Fo] 1.21 mE xdste A4S
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71 71Ee AP A9 300 F MR 18
3% a3 dRE 0.6 mE 2032 o)
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B Zo] 1.21 m o]goln Egﬂ gﬂl‘ ol ]
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NEY Fol vzl me 33 FH-F £3FF
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A7) §)3 =38 28l Ay
ol “}E} EuRae £2 xoj7t g 4 Qo
U 7hed g 0.51 m o3& & Ao] wiez st

Table 3. Classification of Plating Tank by Tank Width and width/length Ratio

Tank width (m)

Width/Length Ratio

Total <0.6 0.6-1.0 1.0—1.2 1.2<  0.1—-0.24 0.25—0.49  0.5—0.99
Chromium 30 4 10 14 2 2 17 1
Tank
Nickel
Tank 14 3* 9 - 2 - 3 8

% ! circular type
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Table 4. Classification of Plating Tank by Control and Slot Velocity

Control Velocity (Ln/sec)

Slot Velocity (m/sec)

Total
ot <0.25 0.25—0.50 0.5-0.75 0.76< <5.0 5.0-10.0  10.0<
Chromium 30* 11 10 4 2 17 5 8
Tank
Nickel*
Tank 14** 5 7 - — 14 - —

* : control velocity of 3 tank could not be measured

** . control velocity of 2 tank could bot be measured



Table 5. Scheffe’s Multiple Comparision of Total Chromium by Tank

Comparison Confidence Limit, pg (Lower-Upper) Difference Between Concentration Means  #g)
By Tank Total Chromium  hexa-Chromium Nickel Total Chromium hexa-Chromium Nickel
c-b 0,91 -133.82 —-4.24 2572 -9 5.3 51.46 10,74 119
c-a 6L.87 ~217.71%* 5.81 34.15% 201 9.77%%  1%.79** 19.98** 5.89%*
*
b~c —-133.82 -30.91 -25.72 424 532 2.9 —51.46 —-10.74 -119
b-a B4 -137.52%* 0.3 18.19% 115 8.25**  88.33** g.24** 4.70%*
*
a~c =27.71 - 6L.87** -3.15 —5.81* 0.7 2.0 ~139.79** —-19.98** —5.89%*
* * %
a-b —137.52 -39, 14** —18.19 -0.30* -8.25 -1.15 —88.33** -9.24** -4, 70**

*

* &

a=Tank with Ventilation not Appropriate for Criteria of NIOSH and ACGIH

but Good Management

b=Tank with Ventilation not Appropriate for criteria of NIOSH and ACGIH

and Poor Management
c=Tank without Ventilation
Comparisons significant at the 0.05 level are indicated by
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Table 6. Scheffe’'s Multiple Comparision of Total Chromium and hexa-valent Chromium by Control Velocity

pra=y

=aHaE €2ESEY WHE FAE, 6
7} 2E, UdFE 1Y oF Hla E4% 2
3 79 Q9] At

F3E9 67F 2EL ACGIHS NIOSHO Al A
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671 A8 #EF 7.759;1g(p<0 0466)31 RO.2
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B (“x") 9} 5 m/sec—9 m/sect] BA(My") T
gt wExatel7t gl AR “5’"515]9\1[4.

Al X madae] %o & Z5(0.6 m
o) Ew Aol A& ZDH?S}Z] v 4y W
A YA & 3l Aol gFsivt. F @A 7

Confidence Limit of

Confidence Limit of

Confidence Limit of

cv . . .
Total Chromium (#g) hexa-valent Chromium (#g) Nickel (#g)
Comparision Lower Upper Means Lower Upper Means Lower Upper Means

Xy ~ 0.96 98. 04 45. 54 —4, 488 9.847 2. 680 —2. 933 7.287 2.177
X~z —21.87 154. 87 66. 50 —6.052 18.078 6.013 —1.532 7.261 2.864
y—X —98.04 6.96 —45.54 - 9.847 4. 488 —2.680 —7.287 2.933 —2.177
y—z —64. 00 105. 92 20, 96 —8. 266 14.934 3.334 —4.115 5. 489 0. 687
z—X —154. 87 21.87 —66.50 —18.078 6. 052 —6.013 —7.261 1.532 —2. 864
z—y —105. 92 64 0() —20.96 —14.934 8. 266 —3.334 -5, 489 4,115 —0. 687

CV=Control Velocity ( m/sm

x=no Ventilation, y=below 0.25 (m/sec). z=0.25-0.51m/sec

Comparisons significant at the 0.05 level are indicated by ***’

Table 7. Scheffe's Multiple C omparmn of Totdl C hronnum and hexa- valent Chromium by Slot Velaocity

SV (mhdence le]l oi Confidence Limit of
c RO Total (,,hmm"x'uﬂr(fig ) o hexa-valent Chromium ( pg)
omparision Lower Upper Means Lower Uppe Means

Xy —16.15 l()7 41 45.63 —2.410 14 460 6. 02’3
X—z 43,07 156. 16 99.61** 0.038 15.479 7.759**
y—x —107.41 16.15 —45.63 —14. 460 2.410 —6.025
y—z — 10.69 118. 65 53. 98 - 7.096 10. 563 1.733
z—X —156. 16 —43.07 —99,61** —15. 479 —0.038 —7.759**
2—y —118.65 10. 69 —53. 98 —10. 563 7.096 —1.733

SV=Slot Velocity (m/sec)
x=helow 5 m/sec, y=5-10 m/sec, z=over 10 m/sec
Comparisons significant at the 0.05 level are indicated by

S
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A g AHAY €28 F=9 9 g
A 71/E At S (flange) B M X8
Rolth, olg g #elE e AL T AoH
e #olAR gl AHol&x @ £2ELLE
7ol el A=Y @A emissiion) ¥ =z}
E2E 29 ¥ U 24 dYo] HE= Ho)
ohooln] HAE =FFAHe Faur] A o)
g AEA Mol AANE A BrssE
o EF =73FHY 4F fadxe W
e 8B AYE Y ge 22 2
dEF e g oy, 2 d3dn 323
A Z4E fadAE HE 22z Ezwxe
AFAIA7] Aside S e33R (Pm) 2
TarFR B 27T Fau A5
BEE8AE HFdigt 477 93 Bg 2970 4
A2 AEaEd 299 Qs meis 44
2 AR HEA e FHY B $HHo
2 dastrh o7l 23 WA g g aele
A Fol fraldatel i 22 Zadxe
A& a3 Aoy,

v.ga g

SEvel JHAFEY BF AR R8s g4
282 IAMIINAERA 3 AdBAE2 AT
SN sH FEAAFE(R2E, 67 A8,
UA )Y gFeanae 3 A3 olefe g
HEE I

. 5339 223 43 Z2%EE £a8
°] 43.04 ug/m’, 67} AFo| 1.70 pg/m’, 1831
Yol 9.29ug/m*olA o, ANAAgE F38
o] 68.98 ug/m*, 67} FEo] 5.26 ug/m’, YA o)
7.9 ug/m’ol ATk, o] AT ARtERAY Y
OSHA®] 3 &sxo 2% Hgsigr 385
235 671 A80) 934 % 31(3.2%)0IQ 1L
F A8% JY4L 2¥ FeEL nvel How
ZALE A}

2. A543 #HH ANEEE 0.45 m/seco]
N2, YALSIE 0.29 m/secEN ACGIHS
NIOSHe| #Ax 7]&e RAZRsAY. ¢2E
dEEE AEH A 7.30 m/sec UAR AT} 2.

87 m/sec2M HA AR 7]%(10.2 m/sce)oll T
A2 Z3H .

T 88 283 Ye BE AIYGFo] 7] Fo)
31 Aoz AU,

3. AW dF 3 sl we gay ¢
715 38, 67t 28 181 YA $xoe @
AE t3u 2 E 4 (Multiple Scheffee Comparisi-
on)¥ A, NIOSHS ACGIHY AHA 7 Zo)=
lEFsh = AR} FEd B A
AZ1EAE v Fstn delr 2233 (b )9
FaMzIA el gl Fa)ng 2329 6
7v AF, YA st folatA gty ey
“AAVIZAE HFstn Bt By w=
(“b")et ZA&uiZIAI o] $lE HA(“") o=
TAR Fxaol7t gl Rog BAHL

et £ 75 FHS uAE B A A (chemi-
cla mist suppressants)tt Feh2H 2 (floating pl-
astic beads) AHE# Q7 HA S dAe7} &
AF, 67} 2§ 2832 YA F=Ade mas)
Aol ol9) Algo] g FEL},

4. Aoj&ret £2E £uW FU|E 238,
67} 2E Zeln YAFzee A4S g ua
TN A3 Aol&xd 238, 671 28 1edn
U Froh: fo3t 2ol Q. sae
HEE 10 m/sec o134 #A(“) 18 5
m/sec ©|3t BA(X")18 o A 67} 2
FEEE F% Aol Y= Acwm BAHY
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