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— Abstract —

A Study on Worker Exposure to Chromium and Degreasing Solvent at
Electroplating Operation in Small Industry in Korea

Nam Won Paik, Moon Shik Zong, Hong Keun Lee, Chung Ski Yun,
Hoe Kyeong Ceong, Kyeong Hee Lee, Na Roo Lee

School of Public Health, Seoul National University

Worker exposures to total chromium, hexavalent chromium (VI), sulfuric acid and alka-
line dust at electroplating operations and worker exposures to trichloroethylene (TCE)
and methyl chloroform (MCM) at degreasing operations in eleven small industrial plants

were evaluated. Appropriate local exhaust ventilation systems for both operations were
designed and recommended.

Results of the study are summarized as follows :

1. Out of 134 measurements for airbone hexavalent chromium concentrations, seven
were exceeding the Korean occupational health standard of 50 pg/m® and 45 were
exceeding the NIOSH standard of 1 sg/m’. With an exception of one measurement,
concentrations of total chromium were below the Korean standard of 500 pg/m’.

2. Worker exposures to chromium were closely related to the existing control methods at
the electroplating operations. Local exhaust systems, partial coverage of the tank
surface, and antifoaming agents on liquid surface were adopted as control methods.

3. With an exception of one sample, airborne concentrations of sulfuric acid and alkaline
dusts were below the applicable occupational heatlth standards.

4. Three plants indicated that airborne concentrations of TCE and MCM were exceeding
the Korean standards. Other plants showed lower concentrations than the standards. It

should be noted that, generally, the activities and workloads on the day of surveys
were less than normal.
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5. Since the most existing ventilation systems did not satisfy the ACGIH critenia, the

ventilation systems should be improved. Some examples for designing appropriate

ventilation systems are presented.

Key Words: Total chromuum, Hexavalent chromium (VI), Sulfuric acid, Alkaline dust

electroplating operation, Trichloroethylene, Methyl chloroform, Local ex-

haust ventilation system, Worker exposure, Designing
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chloroethylene(TCE), 1,1, 1-trichloroethane( =+
methyl chloroform, MCM), 4#, 4 2 &Zg
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aF 67 2§ ASAH F4A ] Ao
34 AFE 4ol #aag, AR, d
Hol 4 H 5L fsle FelEZE H1E
o] itk vFHR LA A E7HE Y3 (Amen-
can Conference of Governmental Industrial Hy-
gienists, ACGIH) ¢} $-gluz}l =5RMe 7]
Z 3Ago U3 F L2 671 I F W
0.05mg/m*(50 pg/m*)e.2 AsAR, 53] £&
A 671 g distde A &g dodl=
237 “A1'e2 #5312 AvH=F¥, 1991;
ACGIH, 1992). &4 vj5 FPAASHLAA T
9 (National Institute for Occupational Safety and
Health, NIOSH)ol A= 234 E2< 67F 2890
3t 0.00lmg/m* (1 pg/m')S HE&7]Fo2 A
3 TH(NIOSH, 1985). whahA] b £ 6
7} Age] dsde 5Eg Fd2gHe] 27 d
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2% Ao FAFrags], 1992). Fdzeke)
1919 ZEFE FUFS 2,847,000kge] R
oH(&A A, 1991). '

T AHA (LA )2 AHEHE TCEE: 55
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o} 2 nstch(NCI, 1976). wl= ACGIHS}
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50 ppme 2 FHAH=FF, 1991;ACGIH,
1992). =53 g oA 19913 dA -2t
2le] TCE Z= 992 33770 AFd 9] 17,3309
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Table 1. General Status of plants Surveyed

AM A3t MAE NEs 2997 AYFA
X 28 A F2A8s Hasto )
Hadth AgAFH AL 715§ 19 ZgA)
3 AAZ e AMFHIFAE AEeoh
7 REEAS A EPYeze AP
2 AYEst JUsd dold 3 Vg wu
A€ "= NIOSH ¥3A¥WL HLsun
(NIOSH, 1977 ; NIOSH, 1984). Z}z}& goksiw
oh2 T 2o

1) 3 38 L el a8

& 389 NsAH 2 ¥4 NIOSH 3AHA
T 7024 P 3t AASET AEE 0.8
#m pore size cellulose ester membrane o 2}=]
(Nuclepore, No. 142779, USA)E &% 7120
37144 PEZ(HFS, MsA, USA)dl A7 1
—4 Lpm2.2 AHF g2 2% g3 5% A
o= A F AAFFEH 7] (Spectra-30A,
Varian, Australia) 2 ¥43}g}.

g.!:(z:tion) V‘I;I;k::s Plag:é (,)If, b Plating Method Plating Materials and Type
A (Seoul) 23 i Electroplating Watch Case & Band, Decorative
Plating
B (Seoul) 50 1 Electroplating Accessories, Decorative
Plating
C (Inchon) 5 1 Electroplating Accessories, Decorative
Plating
D (Puchon) 15 2 Electroplating Accessories, Decorative
(Separated Plating Tank) Plating (Black Chromium)
E (Inchon) 5 -3 Electroplating Plastic Accessorics
Decorative Plating
¢ (Black Chromium)
F (Ansan) 30 1 Electroplating Accessories, Decorative
Plating
G (Ansan) 46 2 Electroplating Accessories, Decorative
(Separated Plating Tank) Plating
H (Ansan) 12 2 Electroplating Automobile Engine Valve
(Separated Plating Tank) Hard Chromium Plating
I (Daejon) 25 3 Electroplating Automobile Piston Ring
(3 Tanks in Series) Hard Chromium Plating
J (Daejon) 6 3 Eleciroplating Automobile Engine Valve
(3 Tanks in Series) Hard Chromium Plating
K (Ansan) 30 1 Electroplating Accessories, Decorative

Plating
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67} 252 NIOSH £3 A8 7600 uhllof o]
3te] ZH3sl9l. AEE 0.5 um pore size PVC
membrane 4 #}2](Nuclepore, No. 36180, USA)E
i AALE FNA3H B Z(HFS, Gilian,
USA)l AZA#e 1—4 Lpmez HHa &
CrO44*" -diphenylcarbazide complexE &4 A]#
SAA g BB EA (UV-Visible spectrop-
hotometer, Gilford, USA)Z 540nmolH Exz =
SR W BN Av Agde dhsa
slegy FAEZE RS,

2) TCE % MCM

TCES MCM9] Agx3 o 2ye zz}
NIOSH 33 AI¥Y 1022 2 1003 wde] o]&te]
AT A 85 S4B (coconut shell chra-
coal tube, SKC, USA)S viAl 2 st} A5k A
U4 F71AH WE(LFS, Gilian, USA)Z 0.05
—0.2 Lpmo 2 HH3 & YFew IERH 3
A & Alddie] 1mle o|gEtetaz 2aAR]
¥ 2201230 &7I(FID)7t #39 7l23=20)
E19 9 (Gas Chromatography, HP—5890, Hewl-
ett-Pakard, USA)E ¥#4& st v) #4140}
O HFEE FYstn g e FAsE »A
pii=

3) 4 9 wr2|M 2R

B AgHH 2 4L NIOSH 2HA @l
P & CAM 187 el ojste] QA8 A8
= EZHAA FHF 1mlE L JAAY 1H

F NAL 71343 HEZ(HFS, Gilian, USA)2
° 1.5 Lpmo 2 ¥ ¥ barium chloride2 %
AN g o] BAFEA(UV-Visible spec-
trophotometer, Gilford, USA)& 420nmol A &3
=& A3t

T3 YEFo Ty Uy BEAe
NIOSH &3 A194 7401 el 2sle] A3y
th. Al8% 1 um pore size PTFE membrane
%2 (Nuclepore, USA)E 1z 74918 T7]4)
# H=Z(HFS, Gilian, USA)o] 423 1—4
Lpme 2 AT F A4L7128 FHA70 g
¢ 0.01 N gteg 53 g wgsx @n
ot e g 7HAdE 934 5e pH me-
ter(EA—940, Orion, USA)Z ZZHe Asy
TEE 4E3G.

old ANEAMH 2 EMuye ecksd o
Table 29} 2t}

3. DRHN7IAIEL] MEZIAL U

A& =5% 3% TCE Al 3¢ Hx5e] ¢}
© T2 A4E9 dHe, F F=2%, HE, £
71 58 Az, A5AAE 9x3Ho=
smoke tester2 7|9 wjEAHE I e
velometer(ALNOR, USA)E o] &3t #Hojix
o} slot £E& &Yt AL E 25
HEd Mo A7}t vpdE R ol HELE 9
ALFPE woksakae

dlo

Table 2. Sampling and Analytical Methods for Materials Investigated

Chemical Agent Sampling Method Sampling Media Analytical Procedure
Total chromium Filtration Mixed cellulose Atomic absorption spectrometry ;
ester filter NIOSH Method No. 7024
Chromium VI Filtration Polyvinyl chloride Spectrophotometry ;
filter NIOSH Method No. 7600
TCE Adsorbent Activated charcoal Gas chromatography ;
tube NIOSH Method No. 1022
MCM Adsorbent Activated charcoal Gas chromatography :
tube NIOSH Method No. 1022
Sulfuric acid Impinger Distilled water Spectrophotometry ;
NIOSH Method No. P & CAM 187
Alkaline dust Filtration Teflon filter Back titration ;

NIOSH Method No. 7401
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1. 22X FllsZ Z=24E)

1) 32 =328 . 37|15 7138 ¥ 38 s&

2} Apd Aol lojA el F71F 671 A8 2L A8
F5E 098 Table 3—Table 5 9 Fig. 13}
2

% agd dF vt =539 2 AC-
GIH® 3 &F=E 0.5mg/m*(Z 500 pg/m’)o]x
67} 2go g HEFEE 0.05mg/m*(F 50 ug
/m’)e]th.

Table 3ol R& vlg} Zo] F 2F 5= 6
7t 3F SEET WS =doy FEFE 500 ug
/e 23 A9E A ANEF E FRA
R 2ASAS #ojdk, 28y 671 28 e

HEFE 50 ug/m*S RS B F 13470
N&ZF 7092 ©F NIOSH 71&212 1 ug/m*
& 23sle F4+e 4570 AgdAch wdets as
=FEH9 PIBPL 24se de & IS
FEHT 67 AF FEE 2H3E Re) ¥ g
Zsta vpgA g olztn ddE

3715 67} AGSEE ARAEE U D F
Al 71 & FEE B9 g =55
¢ vl ACGIHY 38%E 50 pg/m'S =33}
t A97F AaNg 20F 9T, HadsEE
MAr gt ZaA g 24zt 240 pg/m' 2
18.50 pg/m*l%ith. oz FE7l L AY
Z& E 33224 MAAES FhA 8N 7
Zt BFA 2.9 pg/m'S} 0.81 pug/mS BArh
ol futyd v= ACGIHY 385% 50 ug
/melle= olgshd u)E NIOSHO 713X 1 s
/m*S& ZFHEAY 2H@Ete ol D THdE

Table 3. Airborne Total and Hexavalent Chromium Concentrations by Plant and Sampling Method

Chromium Concentration, geg/m*

Plant Type of Chromium Personal Sample - Area Sample
GM* Range GM Range
A Crst = = 0.32 <0.05-1. 46
Total Cr = - 4.47 <0.50-48. 60
B Co* 0.39 0. 31-0. 45 0. 36 0.11-1. 20
Total Cr 56. 40 56. 40 22.50 12. 40-20. 83
C Crh* 0.17 <0.05-0.73 0.49 0.49
Total Cr 0.69 0.69 103. 40 56. 40-246. 00
D Gy 2.40 0.09-37. 40 18.50 1. 44-153,00
Total Cr 46. 80 3.87-282.00 141. 20 28.71-289.00
E (6 ol 2.94 1.06-8.13 0.81 0.20-3.51
Total Cr 295. 80 110. 50-792. 00 118.70 62.75-224.0
F Cre* 0.18 0.16-0.20 0.14 <0.05-0.24
Total Cr 144. 00 144.00 29. 65 7.27-121.00
G Cet 0.53 0.53 0.09 0.05-0. 16
Total Cr 30.90 30. 90 37.20 22. 69-96. 56
H Crt* 0.05 0.16-1.12 1.11 0.10-47.40
Total Cr 54.10 38.20-110. 90 60. 20 3.83-280. 70
I Cee* 0.19 0.16-0.27 0.13 0.05-1. 92
Total Cr 26. 60 9.14-57. 30 24.50 19. 30-38. 80
J e 0.27 0.06-0. 94 0.10 <0.05-0.29
Total Cr 95.10 60. 40-166. 70 69. 85 28. 20-289. 50
K Cré* 0.11 <0.05-0. 24 <0.05 -

* Geometric Mean
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Table 4. Mean Concentrations in High and Low Exposure

Groups

Personal Sample Area Sample

Exposure Group
GM* GSD** GM GSD

( pg/m’) { ug/m’)
High Exposure 2.49 4.84 10.12 6.63
Group: Plant D, E
Low Exposure 0.25 2.53 0.27 4.37
Group: Plant A, B
CEGHRLLEK
* Geometric Mean

** Geometric Standard Deviation

99.9

W 4

Cumulative Percent, %

01
0.01 0.1 1 10 100

Cr*t Concentration, pg/m’

M : Personal Sample at Low Exposure Group
(0: Area Sample at Low Exposure Group
W : Personal Sample at High Exposure Group
7 : Area Sample at High Exposure Group

Fig. 1. Distribution of Airborne Concentrations of Hexa-
valent Chromium by Exposure Level and Sam-
ple Type.

Zou)7|A| o] A= ey FHAEF 44
B E FZME Jau7|A o] _”é]'ﬂ' <
e it

a 9o AZR, BFR, C3%, HER 2 1%
Z SolM= NIOSH 71E3 1 pug/m*S 2743t

AS7t ddden E3 A TAAME FA FYol
e Aoy 1670 AEF 37 1 pg/m'E
p%a}‘iit}. o] w|Fo] Ho} FFA]je] o]F
o]z wole B zAMARG 44 & T
Ueld Aoz FAA oA 7] AN E
MAAN g} FAAgANN 25 FFA7F 1 pg/
m* "lgolh. F71F 2E ¥k vind v
& TFLE FaMAEE 2533 dUL, A
=7 EW 2§ FIE4S eizﬂzsl— ot E
A7 AY 28 B3 QHE H¥E F
2o th3t o2 skx] 34 B Yol Aﬂ%"-m A%
th. 43 ARIFAME FAIEY ZAdFol B
Aro FHon oA e & F 8l
Qo B zAel Ao A} AEeE YEN
Qo9 suatn e 67 2E FEE
2 AlgAE FESY 15EE B 2F (DA} E
4% A¥=E ¥ 2E(ABCFGHL] ¢
K 34)e2 yiyo] 7slHaE HEdtd &
A3} Table 4 2 Fig. 104 B vie}h o] 1%
T a5 AME MUERI HAFe AFNAMED
oF 108 E¢ FAaA g8 AME 3] =Uh
2) A =23 1 JVIS 4 L WY 2
3NF FAsEed Gt Eds=E 4%
Table 63 Table 70 Yept ok, 34t} @@
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Table 5. Number of Cases Exceeding Korean Occupational
Health Standard for Hexavalent Chromium by
Plant and Sampling Method

No. of Personal Samples

No. of Area Samples

= Sum >50pg/m* >1pg/m* Sum >50 pg/m* >1pg/m’
A & - - 16 = ]
B 3 & - 9 = 1
G 6 = = 5 = 1
D 8 - 6 21 7 21
E 2 = 2 5 = 2
F 2 - - 5 - -
G 1 - - 7 - -
H 6 = 2 12 # 6
I 3 = - 7 = 1
J 3 = - 6 - -
K 4 - - 3 - =
Sum 38 = 10 9% 7 35
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Table 6. Airbome Concentrations of Sulfuric Acid by Plants (Area Samples)

Sample Sampling Air H,S0, Description
Number Time Volume (L) Concentration
(mg/m’)

Plant A
H>S0,-1 11 :08-13 : 46 192 0.04 200cm from Cr tank
H,S0,-2 13:49-15:10 98 <0.01 200cm, Working for 18 minute
H.S0,4-3 15313-17:25 160 <0.01 200cm, No work
H,S044 11:07-13: 41 154 0.01 120cm left Cr tank
H,S0,5 152 20-17 : 27 127 0.14 ”
H,S046 11.:07-13 217 112 <0.01 At Cr tank
HoS0,-7 13149-15:06 66 0.02 #
H,S0,-8 15:08-17 : 20 114 <0.01 #

Plant B
H.S0,9 10:40-12: 21 81 0.03 60cm above Cr tank
H.S0,410 14 :03-16 : 24 154 0.03 ”
H.,S0,-11 16:27-17: 45 85 0.13 ”
H,S0,-12 10 : 46-12 : 26 120 0.02 350cm from Cr tank
H,S0,4-13 12 130-16 : 13 268 0.02 Z
H,S0,14 162 17-17;: 33 91 0.03 o
H,S0,15 10 : 45-13 : 40 184 0.04 100cm towards hood at Cr tank
H,S0,-16 13:47-16 119 160 0.32 #
H,S0,-17 16 1 23-17 1 39 .80 0.21 - ”

Plant D

H,S0,-18 13:25-15:21 122 0.04 Center of hood at Ni tank
H2S0,-19 15:51-17: 05 78 0.20 %
H,S0,-20 13:23-15:19 143 0.02 100cm from degreasing tank
H,S0,-21 15 : 5017 00 86 0.23 "
H-S50,-22 13:24-15:18 80 0.82 Center of hood at blue Cu tank
H,S04-23 15:561-17: 01 49 0.70 #

Occupational Health Standard 1.0

(MOL* and ACGIH)

* Korean Ministry of Labor
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Table 6. (Continued)

Sample Sampling Air H,S0, Description
Number Time Volume (L) Concentration
(mg/m")
Plant F
H,S50,-24 107 20-13:12 236 0.04 450cm from acid tank
H,S0,25 13 2 28-15 42 184 0.18 #
H»S0,-26 15 :58-16 : 52 74 0.29 "
Plant G
HoS0,-27 10 : 18-13:52 428 0.15 Roon 11, 120cm in front of sulfuric
Cr tank
H,50,-28 14 118-16 : 35 274 0.27 4
H,S0,-29 10:04 :13:50 280 0.35 Room 1, Cathodic degreasing
H,S0,-30 14 1 14-16 : 30 169 3.08 4
Plant H
H2S04-31 9. 36-13:32 465 0.12 Working table at Cr tank
H,S0,32 13 :42-17: 03 396 0.12 "
H,S0,-33 933518732 356 0.08 Operating pannel between Cr tank
H,S04-34 13 :41-17:03 303 0.21 4
Plant I
H,504-35 11 323=17734 534 0.05 Liquid blasting table at Cr tank
H.S0,-36 11 T20-17 237 528 0.04 Hood at Cr tank
H,S0,-37 11 1 47-17 1 34 378 0.04 Hood at parkerizing sulfuric acid
tank
Plant ]
HpS0,4-38 9 :54-12 . 46 218 0.06 Window in front of Cr tank, 200cm
apart
H.S0,-39 9 156-12 : 46 243 0.09 ”
H,S0,4-40 10 1 00-12 : 44 231 0.12 Hood of center Cr tank among three
Occupational Health Standard 1.0

(MOL* and ACGIH)

* Korean Ministry of Labor

Table 891X B+ upe}l o] A2 =giate) 7
A FE2EE7}71E 2ol ABY C 3A5 2
Ab 3 AlFHAR]e] Aoz o]foja o
ARARAELE EF F71% TCEY =W 2 0=

ACGIH 38X 50 ppmg Z#stgict. &8 C,

J 2 K 3% 43452 MCME €442 A1
st e KT AAAL bt 52 ¥29
180 ppme Hey I 2 6= ACGIHAA
AFF 715 MCM9| 3 &%= 350 ppm ©lgt
olch. 1 919 FFAME MH=e TCE =
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Table 7. Airborne Concentrations of Alkaline Dust as NaOH by Plants (Area Sample)

Sample Sampling Air Alkaline Dust Description
Number Time Volume (L) Concentration
' (mg/m’)
Plant B
FN-101 101 56-12 : 01 125 0.05 Operator (electrolytic degreasing) 8
times work/day, 10 minute/work
same as the work at blue Cu tank
FN-104 14 2 25-16 : 57 293 0.09 7
FN-102 11 :00-14 : 32 396 0.27 Left at blue Gu tank, 50cm above
surface, Same operator that at elec-
trolytic degresing
FN-105 14 133-17 219 310 0.08 4
FN-103 10 157-14 1 30 422 <0.01 Right at electrolytic degreasing
tank
FN-106 14 131-17 118 331 0.08 ”
Plant C
FN-109 10:35-12: 35 239 0.11 Right at Blue Gu tank
FN-112 13 133-17 : 32 476 0.22 7
FN-108 10:27-12: 37 254 0.10 Right at electrolytic degreasing
tank
FN-113 13:30-17: 32 472 <0.01 4
FN-110 10:37-12: 36 225 0.29 7 Center at blue Cu tank, 70cm
above
FN-111 13 ¢ 31-11 132 455 0.14 #
Plant D
FN-117 11 246-17 : 31 739 0.03 Hood at cyanide tank
FN-118 11 :24-17 31 730 0.03 Left at sulfuric acid tank
FN-119 1 F20=17 331 707 <0.01 z
Plant 1
FN-120 10 :55-17 : 37 900 <0.01 600cm from Cr tank
500cm from alkaline neutarlizing
tank
FN-121 11 108-17 : 35 639 0.01 Right hood at Cr tank
FN-122 11:551-17::33 633 0.01 Sodium hydroxide tank in parkeriz-
ing process
Occupational Health Standard (Ceiling) 2.0 (as NaOH)

(MOL* and ACGIH)

* Korean Ministry of Labor

=8 FH3UY. FYUS o8 Faore =
71 TCE %€ 8455 50 ppme Z3}3t=
el AN ARem glelx oju] Mg A
A F2ems}t vRY Y YT =3 A
Bazie Az gejd42 372 TCES

MCM =€ #4282 ¢ 4 AU

2. [HR7IAY Aey

1) IEE=2Y30|| 5 BLH7|AIM
4 AQRe AgcIgad gg FAur)A
4 ANEYI} J5AAEBAE Table 99 2o,
Fau7|A o] A8 MAso] UA g T
°ol 7H(C 33)AYL ZAu|7|NHo) 425 o]
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Table 8. Airbome Concentrations of TCE and MCM by Plant and Task

Airborne Concentration of TCE and MCM, ppm

Plant Personal Sample Area Sample, by Distance From Tank
Degreasing Operator 150cm 300cm Other
Operator Assistant Area
A 154-290 <0.1-28 54 47 66-117
B 61 27-52 ba 25 12-74
c = 2 5 4 g
37! gt 8' -
D 11 9-15 69 21 16-83
F 20 10 8 11 9
G 55 12 22 18 11-87
H 15 = 17 15 11-16
I 2 9 7 3 1-4
J 16-34* = 29* 19* 26*
K 180* 129-215* 64* 41* 21-54*
GM** 31.6 8.1 19.5 13.1 19.4
GSD 4.9 5.9 2.8 2.5 4.1
* MCM, ** Geometric Mean, *** Geometric Standard Deviation
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Table 9. Characteristics of the Existing Local Exhaust Ventilations at the Chromium Plating Tank by Plant

Plant Ventilation Capture Slot Exhaust Tank Size Antifoam
Type Velocity Velocity Rate (LXWXT) Agent
(m/s) (m/s) (m*/s/m?) (m)

A Circular 1.00-1.20 2.10 0.033 Dia. 0.81%0.71 None
slot (1.80-2.50)

B 3 lateral 0. 20-0. 65 3.50 0.190 0.80X0. 60x1.02 None
slots (0. 50-4. 60) (0.380)*

C  None - - - 0.80%0.60x1.02  Used

D Black chromium Process
2 stages <0.25 1.80-3.00 0. 380 1.96X0.70X0.83  None

1 lateral slot
Chromium Process :

2 stages <0.25 2.00-2.65 0. 455 1.18X0. 60<0. 86 Little
1 lateral slot

E Multistages - - - 0.70X0.58%0. 60 Used
1 lateral slot (disorder)

F 2 lateral slots <0.25 12.50 1. 323 2.10X%1.20%1.20 None
(1 duct detached)

G Room I:
Multistages 0.35 upper<0. 25 0. 436 1.50X0.85X1.10 Used
1 lateral (0.1-0.7) lower 2. 65
slot
Room II: <0.25 0.92 0. 236 0.95X0.70X1.15 Used
1 stage (0.8-1.1)
1 lateral slot

H 3 stages <0.25 Not measured 0.511 2.00X1.10X0.71  None
1 lateral (1.023)*
side 3 lateral slots

I 1 lateral Not measured Not measured 1.143 1.60X0.60X0.70 None
slot

J 1 stage Tank 1:0.35 2.50 0. 280 1.10X0. 40X0. 50 None
1 lateral Tank 2 :0.55 3.20 0. 357 (3 tank)

Tank 3 :0.45 3.50 0.391

side 3 lateral slots

K 4 stages 0.25 square slot : 2. 60 0.238 1.55X0.90X0.83  None
1 lateral circular slot : 3.50
side 3 lateral circular slot : 0.48
slots - side lateral slot : 2.50
ACGIH Criteria 0.76 10.16 0.76-1.27

* Covered half of the tank surface

cIh mEtM AWE Faw)NELe 4xFD
471502 YPsa 715shd F71% TCE $&
= 34%E ode WY & Ada woug.

V. =&H{7|AIE MA|

CER FAAE B30 B ZausAA
AA o] Ao} A Bem nlF ACGIH -
o) whig X454 cHACGIH, 1988).
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Table 10. Characteristics of the Existing Local Exhaust Ventilations at TCE Degreaser by Plant

Ventilation Slot Exhausted Perameters of Degreasing Tank
Plant Type Velocity Rate
(m/s) (m/s/m?) Type Size (m) Condensor
(LXWXH) Temp.(T)
A Slot 6.18 0.174 Ultrasonic liquid 1.60X0.4X1.00 32
(3.81-9.65) vapor cycle degreaser
B None = = Ultrasonic liquid 2.54X0.57%1.14 26
vapor cycle degreaser
€ None = 5 Liquid-liquid-vapor 1.70X0.40X1.11 21
cycle degreaser
D None oy - Ultrasonic vapor 0.40X0.40x%0.58 None
degreaser
F Slot circular X 5.77 0.299 Straight vapor 1.16X0.90X1.40 None
square . 1.33 cycle degreaser
G Slot 4.77-9.70 0.158 Ultrasonic liquid 4.17X0.52X1.62 20
vapor cycle liquid
H Slot 5.47 0.547 Ultrasonic liquid 1.93X0.42X0. 90 None
vapor cycle degreaser
I Slot 11.53 0. 691 Ultrasonic liquid 1.45X0.45X%1.10 26
(6.5-11.5) vapor cycle degreaser
J Slot 2.38 0. 238 Ultrasonic liquid 1.80%0.35X0.95  Not used
(2.0-2.5) vapor cycle degreaser
K None = = Ultrasonic liquid 2.06X0.47X1.10 15
vapor cycle degreaser
Criteria
MOL* None 0.50-1.00
ACGIH 5.08 0. 508-1.016

* Korean Ministry of Labor

1. 3S83

(AHel 1) DT 283 E AY Fau7148A
37k FH
B3 A [ 1.96X0. 70X0. 83m*(6. 430X 2. 297 X
2.723 1) (Z°]) (&) (€e°l)
A 18 : Push Pull¥ ¥7] $=(Fig. 3 #%)
[1] Nozzle openings AAI—27 1/4”(0.635cm)
9 749
73 3/47(1.905cm)

OTH 4 1100 7Y
% Nozzle B & :0.0032m*(0. 0344 ft*)

[2] Push Nozzle Plenum 23 —274 1.27 cm$l

A5Yoz g}

Plenum ©¥ & =1.96X0.0127 m*> = 0.0249 m*

1

o] & F Nozzle B2 9] 38131 3 X 0.0032 =

0.0096 m*¥t} At}

[3] Nozzle Zr=—0°—20° 34+

[4] Push Nozzle $71%—0; = 2433/A; cfm/ft
oq7]14 A Push Nozzle B3, ft*/foot

0.0344 f* / 6.430 ft

ft*/ft

0; = 3V/A; cfm/ft = 17.70 cfm/ft = 1.64

m’/min/m
'-'Qs

17.70 X 6.43

cfm/min
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Push Nozzle Plenum

Push nozzle supply _l

—_—
—_—
—_—
e ——

Exhaust flow (Qg)

31.36m*/min
Exhaust openig height (h) 22.86cm
9.8cm
Nozzle angle

Liquid Surface

Q=QXL

=3.22m%/min

Fig. 3. Push Pull Local Exhaust Ventilation Hood for Chromium Plating Tank (Case 1).

= 380
m*/min
(5] 7| fF—0Qp = BAXAAG 75 ofm/i
= 75 X 0.3048 m*/min/m?
= 22.86 m*/min/m?
ST Qe = 22.86 X 1.96 X 0.70 m*/min
= 31.36 m*/min
(6] ¥87]F Eol—h= 0.14 X W= 0.14 X 0.70
= 0.098m=29. 8cm
(7] Hood A7)
Of% Q = 31.36 m"/min
OSlot 8 = h X L = 0.098 X 1.96 = 0.
19208 m?
OSlot %= = 31. 36/0. 19298=163. 265m/min
(=535.65 fpm)
=2.72 m/s
ODuct £#x= 43 (o] &%) )=2500 fpm=762
m/min=12.70 m/s
ODuct "3 (o] 24])=0Q/V,=31.36/762=0,
041 m?
7 (0] 22))=22.85 cm(=8. 996”)
ODuct 37 97(22.86 cm) {9
ODuct A =0.4418 f=0, 041 m?
O#% Duct é."-E=Q/1“Ld=3]. 36/0.041="764.
88 m/min=12.75 m/s(=2509. 45 fpm)

OHood A=H/UEA+71& 5y
=1.78 VP,+0.25 VP ,+1.0X
VP,
=1.78X0.018”+0.25%0. 393"+
0. 393"
=0.523" H,0(=1.33 cm H,0)

A 28 1 Wy F= M (Fig 4 3=)
(1] AH8 23 (a8)d 54 Bx:A
(2] 248 :1
(8] H&AA%E 1150 fpm=0.76 m/sec
(4] @91 |G Fx w7 g2
W3 % o] ¥ &=W/L=0.70/1. 96=0. 36
lBE ¢ dWAY AL wrsTFe 225
cfm/ft'=68. 58 m*/min/m?°]t}.
(5] % wir 2
Q=68.58X1.96X0. 70=9 m*/min
(6] ¥= 47
OSlot £x 43 (] &%])=2000 fpm=609.6
m/min=10. 16 m/s
OSolt V& =0Q/V,=94/609. 6=0. 154 m?
OSolt F=A/L=0.154 m¥/1.96 m=0.079 m
=7.9 cm
OPlenum Z!¢]=2XSlot £=15.8 cm
ODuct &% HH(o]&2])=2500 fpm=762
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K N
45" min.
30.48cm min. L < _J_
T i Tank
L—————f
e e i

Slot sized for 609.6 m/min

™

Exhaust flow
'=94m%/min

I

1

Slot width :
7.9cm —+
— W ———1
L AP -

40.61cm

Plenum depth
15.8cm

Fig. 4. Upward Plenum Local Exhaust Ventilation Hood for Chromium Plating Tank (Case 1).

m/min=12.70 m/s
27 (o] 2] )=39. 64(=15.6")
ODuct A7 16”(40.64 cm)Ad]
ODuct B3 =1.39 {2=0.1297 m®
OHF Duct £XE=0/A,=94/0.1297=724. 75
m/min=12.08 m/s(=2377.79 fpm)
OHood B¢ =FU&A+71 &
=1.78 VP,+0.25 VP +1.0X
VP,
=1.78X0. 25" +0. 25X 0. 352" 4-0.
352”
=0.885" H,0(=2.25 cm H,0)

Al 38 e wiy] = HA—ogw Slot¥ (Fig.
5 =)
EL W/2=0.35 m& ¥},
0] A% Bd(28)d 54 Bx:A
2] 2481

30.48cm min.

Exhaust flow
=79.46m*/min

—

[3] LA ol& % :0.76 m/sec
4] 29 A3G A2 wjy) 43, m/m*/min

Ha =

do] ¥&=W/L=0.35/1.96=0.

1790122 99| WY H4 w7 f32 190
cfm/f?=57. 912 m*/min/m*e] c}.

[5] % wi =

Q=57.912X1.96X0.70=79. 46 m*/min

[6] 3= A7

OSlot £x AHA(e]&%])=2000 fpm=609.6

m/min=10. 16 m/s

OSlot & =0Q/V,=79.46/609. 6=0.130 m*(2

7H)

OSlot E=A/L=0.130 m*/1.96 m=0.066 m

=6.6 cm/270=3.3 cm/7N

OPlenum Z©]=2XSlot F=2X3.3=6.6 cm/

7h

ODuct £X HA(0]&X)=2500 fpm=762

m/min=12. 70 m/s

Partial cover

-

38.1cm

Plenum depth
6.6cm

Fig. 5. Downward Plenum Local Exhaust Ventilation Hood for Chromium Plating Tank (Case 1).
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ODuct BH (0] &4 )=0Q/Vy4=T79.46/762=0.
1043 m*
2 7 (0] &4])=36.44 cm(=14.35")
ODuct &7 157(38.1 cm)Ad g
ODuct H#=1.2272 {#*=0.114 m’
O0HZE Duct £E=0Q/A;=79.46/0.114=697.
02 m/min=11.62 m/s{=2286.81 fpm)
OHood AY=FYEA+7IEEE4
=1.78 VP.+0.25 VP +1.0X
VP,
=1. 78 X0. 25" +0. 25X0. 326" +0.
326”7
=0.85" H,0(=2.17 cm H,0)

2. TCE MAE3

(AHal 2) A 3% TCE Al He3E 9§ 24
7144 (Fig. 6 &%)
H35+2 1 1.60X0.40X1.00 cm*(5.249%1. 312
x3.281 f£')(ZHe]) (&) (o)
A w7 F= & M3
1] 218 2F(TCE)9] 54 #=:B
[2] 2HE 2(%EE 1)
[3] A&Ao)l4% [ 100 fpm=0.508 m/sec
(4] @9 AHT H& wjy] |2
Ba Z 1 HE&=W/L=0.40/1.60=0. 250] =
2 99 A HA ) FFE 150 cfm/f?
=45.72 m*/min/m?¢]t}.
(5] & wi7|=

J

Q=45.72X1.60x0.40=29. 26 m*/min
[6] = 44
OSlot 5 A7 (°]&3)=2000 fpm=609.6
m/min=10.16 m/s
ot Slot : 374
0170 Slot |H=0Q/V,=29.26/609. 6/3=0.
048m°/3=0.016 m*
OSlot F=A,/L=0.016/1.60=0.01 m=1 cm
OPlenum Zo]=2X% Slot E=2X1X3=6
cm
ODuct £% A (o] £%)=2000 fpm=609.6
m/min=10.16 m/s ‘
ODuct HH (o] 2X])=0Q/V,4=29. 26/609. 6=0.
048m*
A7 (0] &])=24.72 cm(=9.73")
ODuct 37 107(25.4 cm)A ™
ODuct B3&=0.5454 f*=0.051 m?
OAHF Duct £E=0Q/A;=29.26/0.051=573.73
m/min=9.56 m/s(=1882.32 fpm)
OHood AY=RFAY&A+7HE5EEH
=1.78 VP,+0.25 VP4;+1.0XVP,
=1.78X%0. 25" +0.25X0. 221" +0.
221"
=0.721" H,0(=1.831 cm H,0)

V. 29 % M o
£ d7dMe sy 47149 &dte =2

Exhaust flow
=29.26m%/min

- K— 25.4cm

fTo suit work

Slot width \‘|

Fig. 6. Upward Plenum Local Exhaust Ventilation Hood for TCE Degreasing Tank.
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