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— Abstract —

Evaluation on the Efficiencies of Local Exhaust Systems and Airberne
Conecentrations of Total Chromium, 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 Korea Industrial Safely Corporation

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 Indusirial 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 #g/m?,
1.7 #g/m* and 9.3 pg/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 zg/m®

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

were stgnificantly 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 ( gg/m®) Nickel ( pg/m?
N Range Mean+S5SD N Range Mean+5D 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 5.26115.583 26 ND-—52.73 7.99+17.10
Sample
Total 93 ND—792.0 60.61+101.74 93 ND—81.40 4,114+13.04 40 ND—52.73 8.64%15.10
ND : below Limit of detection
Table 2. Concentration of Worker Exposure and Area by each Electroplating Tank
Total Cr { pg/m® Hexavalent Cr ( zg/m" Nickel ( zg/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 0— 4.97 0,38 10 0—2.27 0.85
b
PS 10 30,9—166.7 74.03 10 0.i6— 1.12 0.51 4 2.32— 2.57 2.42
AS 27 3.9—289.5 101, 03 27  0.05—81.490 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 (G—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 NIOSH

and poor management
c=Tank without ventilation
PS ; Personal Sample
AS ; Area Sample



(1) &3 Bg7|=

FTod| 7MY AlojEE, £2E £E, 48
% 12z §as #Aedded wet Ha3E ¢
. 83 =27 2 fAEdEE ACGIHS
NIOSHe A A A Faas]dAzde whEg
Akl A2 ¢l ACGIH, 1988 : NIOSH, 1984).

“HAaz F25He 71E&2 ACGIHS®F NIOSH
oAl AANF AAZA TFA= BEsht @Al
2A, v]2E WAA AR, Eef2EE AME, 1
Az FAHUdad A 5o 25FAY H= &
g7t B3 43d A+E TEAFET b=

2 ®F5E 71&2 ACGIHSF NIOSHeA A4l
3 AAZAdE v EX sl Was #@e ¢
ey aela R 9 9E F a7 EA
#87F B3 AMdAS 2FAAT. " £ F
" das 2F3FAe aau|rlAlde] X E=A
@& Ayelth. FAawzIAMe] 7HEHA gve
By o 7)o EhAF

(2) 438 E3E, &7 35, UH=E

Sauzlds € 22 3 F=d 2 B R
P RadE F3E, 67 2E, UBFE U
EZAEATE E 200 vEh T A8 22R

Hd Z2FEEE “aA"HA7} 2317 pg/md, “bE
4. 03 pg/m® 2L " 110. 50 pg/m' o2 747}
2AEAT 67 28 224 BT FRERE
“CHRTL 1,99 g/, “BE 0.51 ug/md, ‘7t
8. 13 pg/m*E Holx Utk AL “a"7) 14lp
g/m’, b’ 2.42pg/m’, " 0.98 ug/m'ol 2
o WaFRe] Fagel td XNIFA8] HE
FEE HE Q"7 10.20 wg/md, “bTE 101,03 g

==Y

g/m', 1 “"& 166,48 pg/m* e 2 vpELL

67} 289 AFGAEY HAEEE “a"7F 0.38 4
g/m'ol R, “bE 8.38 pg/m’, Lt “cPE 11,80
pg/molSich YA Adag -‘ﬂ‘i‘}"c" “a"
7} 0.85 ug/m®, “b"E 6.84 pg/m’, LB I “"=
6.20 pg/m’S JERR L gict

3. SAE|IIAIM ASE}

(1) FEo| el ¥ 337]0] HEM -}

Bazarle zAZ2%2 v ¥ 33 2,
ACGIH9Jr NIOSHY A AAlg =Fef=ze HA
=19 €28 $T¢ 4% 0.5 m(20inch) 24
734(0.51m—0. 91m) %™ %i_‘é

i]%}jr_ o] 1.721 m2 Z¥3=
H (enclosure) 7} ¥t=A] Ha 3ty o °]f+
Hg HdHHHE 2EYa9 Ze
A A7} 3070 = A= 13
%ol E-L-}?S]'E] HEE 0.6 mE stz QYrh
APAE BE 0,51 m o)E7} 147 & 34
21.4 %E AAST 3k P L3 dolg ¥l=
B 1o)ae] Aoz ZAE AT ACGIHAIAM =
Bz ol 1.2l m ojidoln Bz Z31 Zolg H|
7F 1.0 o} A% g9 71 i (long dimen-
sion) & E3 FHAAE Aojsle A nlTa s
A ¥ sk M ACGIH, 1988). ACGIH A
B Zo] AV @A X3 Zdol9) wijs} &2
T F4-F o) FA e A7) v A sy
A E(1.2~1.8 m), W47 % (cross-draft), =
Z4 o st e AX FH-F A0FY
Brudl H} °‘E}(Klem 1987). =28z} 3=
F =a¥d 2o gdd
el n%a—«l 2 Aot 3lg F e
U 7@ & 0.51 m )52 d Aol wEA s

2 4
R r

I~N'
i -t«

"F

o mE ot
R
_{_I
el
_>;,
nﬂ, —
i

LCAJ

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—0.4% 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 (m/sec)

Slot Velocity (m/sec)

Total
ota <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 — -

* 1 control veloeity of 3 tank could not be measured

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



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

Comparisoa Confidence Limit, pg (Lo.wer-Upper) Difference Between Concentration Means ( pg)
By Tank Total  Chromium hexa-Chromiam Nicke! Total Chromium hexa-Chromium Nickel
c=b 0.91 —-133.82 —-4.24 272 -9 532 51. 46 10.74 1.19
c—a 6.87 -217.71** 5.81 34.15% 2,01 9.77**  135.79** 19,98** 5.89%*
’ *
b—c —133.82 —30.91 —-20.72 424 532 2.9 —5L.46 —10.74 -1.19
b-a 39.14 -137.52** 0,30 18.18* 1.15 &.25** 8.33** g.24** 4,70**
]
a—c —U7.71 — 6L.87** -H4.15 ~5.81* 0.7 2.0 -139.79** -15.98** —5.89**
*
a-b -137.52 —39.14** -i8.19 —0.30* -8.25 ~L15 —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

Confidence Limit of

Confidence Limit of

Confidence Limit of

Ccv
Total Chromium (#g) hexa-valent Chromium { #g) Nickel (#g)

Comparision Lower Upper Means Lower Upper Means Lower Upper Means
X~y — 0.96 98. 04 45.54 —4, 488 9. 847 2. 680 —2.933 7.287 2,177
X —21.87 154. 87 66. 50 —6,052 18,078 6.013 —1.532 7.261 2. 864
y—x —98.(4 6.96 —45.54 — 9.847 4,488 —2.680 —7.287 2.933 —2.177
y —564.00 105.92 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. 00 —20.96 —14.934 8. 266 —3.334 —b5.489 4,115 —0. 687

CV=Control Velocity (m/sec}

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 Comparion of Total Chromium and hexa-valent Chromium by Slot Velocity
oy Confidence Limit of Confidence Limit of

c . Total Chromium ( zg} hexa-valent Chromium (ug)
OMPpATSIOn Lower Upper Means Lower Upper Means

Xy —16.15 107. 41 45.63 —2.410 14, 460 6.025
X~z 43,07 156.16 99, 61** 0.038 15, 479 7.759%*
yx —107.41 16.15 —45,63 —14. 460 2.410 —6.025
y—z — 10.69 1i8.65 53.98 — 7.096 10.563 1.733
z—Xx —156. i6 —43,07 —99.61*%* —15, 479 —{.038 —7.759%*%
z—y —118.65 10.6% —53.98 —10.563 7. 096 —1.733

SV =Slot Velocity (m/sec)
x=below b m/sec, y=510 m/sec, z=over 10 m/sec
Comparisons significant at the 0.05 level are indicated by

T T



AN E EHEHAY £2E =9 9 g2
AR 7158 Adste ZUA (llange) & A A 3=
otk olg g #elg s F$ £o9 AoH
2z oA wEhd Aojsr W FzELLTE
7o HFaldAte] Wik emissiion) ¥ 223
F2E £Y 7 d- 83U WAoo Hi= Ao
ooolm HAAE =FFA ZAu A o
G ARAR Adelt AAAE Ao Brsg
o 23 =FFAY ZHE faiglae] e
L VA S 22 9 A

= g oy 2 dA7Ed 232
T AR KE 22z TawRs
7] M E @A (=) 2
FA Bzt aTEY, TAMrIH59
Soist A717]1 1§ v cfEel o
deAsta 2o g2 aHd A4
HEA %ﬁ‘:— 29 #evt $A4e
. Lg gae @y 2 449
e Z]—Oﬂ W 22x EzuAs
o o]},

v

ok

Lo o
ol
S lfg

i
Lo
U

N

| i S A

P - o

H

rﬂof,mﬂ>ri°ﬂi°F>U
[s29) - oL = L
Oﬁonbﬁaml"ii
% 9

Mo

o
ink
£
i

o bUoNE Bl ) oo 2@ 58

v.a g

FEue} GAGES £F AdA dn= gy
o2 FAWZAIERAL 2 AHBA2GT G
T sd QAL (£, 671 a8,
UA e o s e 3 A ojde) e
AEE 9.

1L E53dY 224 ¥4 Za%Sss £38
o] 43.04 pg/m’, 67} AE0] L.70 pg/m’,
o] 9,29 ug/m*o|Rom, AdNg:
o] 68.98pg/m’, 67} AEo] 5.26 ug/m’, VAo
7.99 ug/miol A}, o] e ﬁ°P1414‘_1‘?j g
OSHAS 3 &5 me 55 Agtsiqich 4%
ZHPLE 67 2 Eo] 931 2 37(3. 2/)°laivL
T AT VAL RS FHRFL niwkel Aow
FA AT

2. 28R AY Hea AojLEi= 0.45 m/seco]
A, YADIE 0.29 m/secEN ACGCIHS
NIOSH®| d1 71%e) RAgsiat. 22 3
THET ZEWAT} 7.30 misec AR T} 2.

87 m/secEX AAl Aw
A A 2t

FE R 29FFS HE AYHo] 2o

3¢l Aem =AbEAh

3. WaMZided del g o oy 3
7]'““ FAE, 671 2F 283 YA wrete @

€ 93 2R A (Multiple Scheffee Comparisi-
on)f‘fl d3, NIOSH® ACGIHS A A7) &de

U EY ZE3 AR F5d Ay A
AZIENE vl F3ta et $FG W2 ()9
a7l e gl "9a(") Rt 2aE9 6
b A%, YA FE7 foshA gt ey
“AAVIENE mFsn B Bas 93
(“b") % =&zl Adel Qi WA ()T =
T8 Fralols} gl Aoz gk

Gt =23 AL vlAE WA oA A (chemi-
cla mist suppressants)tt ZFet2E B (floating pl-
astic beads) AH8-3 B4R So FARPas) 2
4E, 67} 2§ 282 JUA FxAge ads)
Ao o] Apgel aFHL},

4. Aol&wo £2E £y ZI2 238,
67F 2 2ela YAy et 443 oE ug
Y g Aoj&ed 248, 671 2 E 19n
UAY Fxete fd o)zt gl sz
£E+ 10 misec oA HA(“)18EH 5
m/sec oJ8t B A("") 1§ o] 2323 67} =
EEE7F fFOE Aelst e Aoz EamQ

22

71#(10.2 m/scelol] w)

MEIdgn BAQAY e Fa0)9 =FFA
2248 28 2 AZRA Z2d #F A7, 1992
FENIREELY HEFE. =FRIA A 91-21

3. 1991,

American Conference of Governmental Industrial Hygi-
enists (ACGIH) : Threskold Limit Values for Chemical
Substances and Physical Agents and Biological Expo-
sure Indices for 1992-1993. ACGIH, Cincinnati, Oh-
10, 1992,

Klein, M.X.: A Demonstration of NIOSH Push-Pull Ven-
tilation Cirteria. Am. Ind. Hyg. Assoc. J. 1987 : 48(3) :
238-246.



Klein, M.K. : An Introductory Study of Center Push-Puil
Ventilation. Am. Ind. Hyg. Assoc. J. 1986 : 47(6) :
369-373.

Fleeger, AK. and ].F., Dong.: A Case Study of Chro-
wmium VI-Induced Skin Ulceration During a Porcelain
Enamel Curing Operation. Appl. Occup. Environ.
Hyg. 1990 ; 5 (6) : 378-382.

Neter, J., Wasserman, W., Kutner, M.H. : Applied Linear
Statistical Models, 3rd Edition. IRWIN, Boston,
1990, 581-587.

Walters F.M. and Siemens ].A. : Combmation Push-Pu-
Il Exhaust Ventilation Systems. Plant Engineering
1981 ; File #2530, 47-51.

Sheedy JW., V.D. Mortimer JH. Jones Spottsword
SE. :Control Technology Assessment; Metal Plating
and Cleaning Operations, NIOSH Technical Report.
DHHS (NIOSH) Publication No. 85-102, Cincinnati,
Ohio, 1984, 60-70.

Huebener, D.]., R.T., Hughes.: Developiment of Pu-
sh-Pull Ventilation. Am, Ind. Hyg. Assoc. J. 1985, 46
(5) : 262-267.

Flanigan L.J., $.G., Talbert, Semones D.E., Kim B.C.:
Development of Design Critera for Exhaust Systems for

Open Surface Tanks, NIOSH Technical Report DH-
EW (NIOSH) Publication No. 75-108, Cincinnati,
Ohio, 1984, 1-16.

Richard AW., Peter P.A., Jone E.F.: Emission factors
Jor Trichloroethylene Vapor Degreasers, 1989, Vol. 50 :
496-500.

American Conference of Governmental Industrial Hy-
ginists (ACGIH) : Industrial Ventilution-A Manual of
Recommended Practice, 20th Edifion. ACGIH, Cin-
cimnati, Ohio 1988, 10-46 : 10-77.

Burton J.:Indusirial Ventilation Werk Book, DJBA.
1989, 14-1:15-4.

Robert D.S.: In-Plant Practices for Job Related Health
Hazards Control ; Electroplating, 1989 ; Vol (2) :
293-319.

National Institute for Occupational Safety and Health :
NIOSH Manual of Analytical Methods, Third Edition,
DHHS (NIOSH) Publication No. 84-10t, NIOSH,
Cincinnati, Ohio 1954.

National Institute for Occupational Safety and Health :
NIOSH Manual of Analvtical Methods, Second E dition.
DHEW (NIOSH) Publication No. 77-157-A, NIOSH,
Cincinnati, Qhio 1977.



