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— Abstract —

A Study on Worker Exposure to Trichlorethylene and
Emission Factor for Degreasers in Plating Plants

Keoung Hee Lee and Nam Won Paik

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

This study was conducted at seven degreasing processes in plating plants located in
Seoul, Incheon, Ansan, and Taejeon areas from July 21 to august 27, 1992. This study
was performed to assess the TWA exposures to trichloroethylene (TCE) and evaluate
factors affecting TCE concentrations in degreasing process. Two-Point Eddy Diffusional
Model suggested by Wadden et al. was employed to calculate emission factors according
to degreaser type.

Results are summarized as follows.

1. The TWA exposures of the degreasing operators ranged from 14 ppm to 123 ppm,
and those of three plants out of seven were exceeding 50 ppm of both the Korean and
U.S. OSHA standards. Degreasing assistant of Plant B, was exposed to 59 ppm.

2. The average concentrations at the distance 0, 1.5, 3.0 m from the degreasers were
1,014, 24, and 18 ppm, respectively, and showed a signifficant difference by distance
{p<0.01).

3. The emission of TCE was reduced by installing local exhaust systems, condensers,
and refrigeration lines at the degreasers (p<0.01).

4 The major factors related to exposure of operators were workload (r=.9621, p<0.01)
and dimensions of degreansing room (r=-—.8667, p<<0.05).

5 If the air in degreasing room is mixed violently by other factors in addition to
diffusion. the emission factors can not be evaluated because the important hypothesis
of the Two-Point Eddy Diffusional Model can not be accepted.
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6. The ultrasonic degreaser without the local exhaust ststem, condenser, and refrigeration

lines emitted TCE three times greater than the ultrasonic degreaser with condenser

and refrigeration lines only.

Key words : Trichroloethylene (TCE), Degreaser, Emission Factor,-Condenser, Refrigera-

tion lines, I.ocal Echaust Ventilation.

I.M &

E 2] &2 2o & W (trichloroethylene, ©13} TC-
E)2 AgAaA g&714 349 €/ AF
A, 3& FHY Ax, AFFHAMY A H} o
A gt g4, A HMA, freld B8]
T AEHA 2 Ao A MAA Fog de
ol f7] &4 o|tH(NIOSH, 1978; S914ti¢H
ARAY, 1990). 53] =FYolMe =3d9 4
vty 71 E7] AAE 93t 2ela, =5F9
dge] e gAY FES AAS] A% d
Z9] BExog go] 2ol 338 Edo|th

TCE® 2 2§71 539 Fd9H 4=
TCE 37| A& gt FAF A gdo] g2 &
F AAA Fe3e 5%, @715, -, 7E,
2 F°] YeElva, AW o4g AAY AMY
& 5 2ok, 3 FrolMe 37 22E B3¢
de 7198 7=, 9844, AAEL T A7
A F48 oy AR 73 Fag AT
4> QItH(NIOSH, 1978;ACGIH, 1986; Craft,
1983). 53 o3 HioA TCE: EdEd=2
A so A o v 53 YL (US. National
Cancer Institute, NCI1)9] @&l dig 23 o
ol Ax Azdy 7 AA FAHAA TCE
ALg-g FABACHNIOSH, 1978). ¥ Hens-
chlere 5% AdAM TCE 93 & /2 34
& 1-94-2, 3-ANEA TR 1, 2 o ZAR
g 59 kA AR vidg Holer FAE]
5 3 EdAAdtH A Y, 1990).

A9t 2 B A4S BF3n
TCE7} AiFolA del 2ole olfe 7I&H
Aup 2 g=2]o] thg Hold LA, A, &
A7 7HAAHAAM e AAA Wi FolH(ACGIH,
1986).
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o Wi A+e ol 53 Aot} 197089
W Fol Hzxg 29N TF F229 TCE
59 dig A7 E Fov(ddd T, 1970),
1989d Ao} Fol =aFAHARFY #7115 TCE
Fro 222 8F F49s8E v #AE
ATt FHdoret o] FE, 1989), HAYE T
€ F 1370 AHEAY TCE Z 2o #3 ZALE
SIATHAAE 5, 1989). it} o] ATEL A
BEF7F AAY §71% TCE =9 HE84 3
Foe] FRBAE n@EE Fo] YiFojn g
AW BF s 9 v = adoy A
73 e A A7 uEF Helg, g
o] B Ao e FEY YA HAA GA g
FTAEFAIAY TCE Z20 3t 78 A4
3tk

B Ape Bye 24 gAY TCE
Zz2o] #3 ZAATE HAEMY A B MY
TCE £2& 37 9% 71z A8 & AF3
=d Aok " B dFdE (1) =343
€ gdes 7% TCE 58 2A3sd 2=
2] Z2AHE mefsia (2) EARZRE
TCE 24t A3 A Z2o 4&e nxE 89
EL A3 Wioez BN (3) 2 Wad-
den E(Wadden %, 1989)¢] A|¢tg+ Two-Point
Eddy Diffusional Model& d®F A} ol 2 &3}
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Mg, AA, A B apax el HA§ 5091 ©]
3} 42 SFAAF TALE o g Qe o
E AgANME =80 34 BHE AFde
452 TCEE A183tAY =a%F ¢de #&
LA SHE AAs: Az BEHog TCE
& AM8-&d.

2. W8 % ey
(1) AlE =¥
B oRALY Alg AFHG BAe nE B4

At B A (Occupational Safety and Health
Administration, OSHA )%} w5 ¢ 4d<dds
A7+ 4(National Institute for Occupational
Safety and Health, NOISH)ol M F A 3= FAA)
HY ‘Method No. 1022’ w} 23 st
(NIOSH, 1984).

71218 A B (personal sample) & Al8AH HF
o viyxAFYPe R E7F%FE B (calibration)
# AL AFF FNEHHEZ(Gilian Dual
Mode Low Flow Sampler, Model LFS 113D)<}
24 &P (chacoal tube, #]= SKCAH & A2 3o
0.05-0. 15Lpm2.2 A H oM 2ste A

Jsy) A =
Lo

k=1
A A THEE ERHS AT AsAFHALEE st
A4S 75 1AM A1 AR E
th AU AEe 2229 3E A (breathing

zone)N A AR, FihAEE X 2(degr
easer) 2% EH Om, 1.5m % 3.0m Aol A 33
aoh(2d 1%2).

ABNHE FA GG FE AL HE
2 HEE HE(teflon filmo 2 33 F YgH

Degreaser

Door
B : sampling sites

Fig. 1. Degreaser and Sampling Locations in Plant A.
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it ENE2 g3 oW, ANEse YFRAEH
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(2) A& BN

oA EHS FHSAL A=A KA
& AAS F 84 43 100mge vig T4
g A AEHe ¥ shed fEAFE AA
g & gA4e 3F 50mge thE FH Al gl
Fuck 247Zte] - AP el o] HHEA(CS,)
Iml¥ ¥ 308 EEo] FHA &FAHG

e TCE ¥H2A(R 1 32)d =%
A" 7t2ag20E 31849 (Gas Chromatography,
GC, vl = Hewlett PackardA}, Model HP 5890)¢]]
A g N 1) ZFFA7] (microsyringe, 1TD Corpor-
ation) & AMgEt] 5408 FUANA F(peak)
o WAL 3 &, FFAY Flo A% wHHA
nnse g sk 130 ¥4 TCE
FEAL wEol ¥MF F UAME 104 A
#59 TCEE AH@stdrh

4o Fx #eE s WP EFEEH
(internal standard)Z* &% (n-octane)& ©l%3t
Ghol 0.05% E¥3A g3 oAU
Fred TCEE FHAA ©E Alg 200 &4
3 5 gXHEES Fete HAs Y

3=

Lo

(3) Two-Point Eddy Diffusional Model

1) o] &

Ay SdYoREEY QHE WEBL oY
Bol @ S Zrd Fad FPAAeln
dY it (emission factor)el AFH &

Table 1. Gas Chromatography conditions

Column ov-101

Detector FID (Flame 1onized
detector)

Nitrogen Carrier Gas Flow 30 ml/min

Hydogen Gas Flow to De- 30 ml/min(30 psig)
tector

Air Flow to Detector 500ml/min{50 psig)

Injector Temperature 225C
Detector Temperature 250
Column Temperature 60—-70T
Inject Solution 5H]




A #eidEAA w9 F 28 Wadden
%, 1989; Wadden %, 1991). 2999 TCE &
Az2HEY TCE W& datzgoz 44 H8
g 4 don, Wit d9e oy Aid wE
F(g/hr), system™ WEH, YHEANG &g
2 yebd 4 itk d3EE ol &stA 9E 747

& FadA Ze f¥9 2990 ug u
F3E& 7bsdA &y, FeEqQ #EddME
Adg AFH N2 AT & Yt

Al Ao whiidel 9% AU w9 #3
& A9sr] st 83 2dg o] 4¥ 4 gl
% HZ Wadden & AU 379 gx 24
o] TCE #4t& FA3ed Two-Point Eddy
Diffusional Modelo]l Hgsictn wusy}
(Wadden %, 1989). o] R Al&Hy:= 4283
71E E4E Caslaw Fo] A sty en e
#tH(Carslaw9}l Jaeger, 1959).

C=[S/(27 Dr)]erfc[r/(4Dt)
C=%%(mg/m’)
S=dAdefo] ¥4H-&(mg/min)
D=Eddy &+ 3=(m*/min)
=¥r7] ¥4 (m)
t=A]ZHmin)

erfc=1—error function

0. 5] .................. @

A A gF fgx},] guade A4y 9
g 11 F% Clr, )8 A2 ALY g
2 71%€¢ FickY 1‘-]"" WA A A 4y
*(mass balance)& 1 7|2 2.2 v}, ¥ T3
Ao A&HHoln YA H AL 7HHF
T AA7IRE M) FX Coll el g F3
Hol &2 De]rh

D& Azl disiA] HRsd AAAIL o

¥HE F5(C,)E YepiA =H, FAle Al
7F @A B G E A, n)dA E3sE

A Ae Y ez W)
Covr 1= 1/ [S/(27 Dry)]erfc [t/ (4Dt)*"1dt /t,, @
Covr 2= 1/[S/(27 Dr,)]erc [r/(4Dt)""]dt /t,, O

@, @ ¥4 AYso W $4A45 Do} 2
F SE 7Y U o] RYL odgdozn
B 2 m ol e A7) g &ito] AW
E f¥el /M3 & 4% vAgde M Y 2
o] ¥ FFAAMY FohUdYE A
At

2) ANEAH 2y

MEAHALGE 1M e dASHA #x8d
A A el A Y NEE BA £HEHY
O ANEAAAAE Ba9 FANAEEH 2938
Herm Eole Ao zHE L5m F=Ach Al
Ahve @AZ25H Om, 1.5m € 3.0m ©/9 Om
Age 844 A% 7PN 389
tHad 132). o] L8 sx9 gigke 713
& A7l wEol oo zE o]k wgkoln}
el ot AA Ad TN e gAbet Ex 5t
© BFE F9 =89 7hedtd 943H ez
EREAY.

3) A A

T8 AN 73 HE AN Zaadel B
# = ALe] EUREKA version 1.0 Program& o} &
&4 trial and error o2 ZEoUQic}

I &3 % 23

L AR 40 MASH

ZA U AL ZE S ¥ 2904 BE uke} Zo)
AEETE FEIE 509 olde =FAEAS
24 e /e BE, FAE, AFa @y, A
AZE 2 Folx 58 £ F3E Zo|Ur). YRy
o A e dAvtdt Z1EWE A A 9k
Egdel 4 HUE MAHde §x2 TCES
AREET QI aL, ‘BT 3% wro]l wg% zty)
2 gHA 9 #xa AAsE Az BEHog
TCEE AH&3t Ut Z=gdoAde Ha
TCES A3 & A48 AMEFo] Tasdts
Aold, Hig £Fo] Bagh 39w TCE Al
HE 3ln 1 99 ASole BAAHT AU =
o] TCE®R.Th ‘i“’ Eg gz ade(l,1, I-trc-
hloroethane )2 A}-&-3c},

Ariddiel Al TCE A& A4 AAske Ay
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Table 2. General Status of Surveyed Factories by Plant

Data by Plant

Status
A B C D E F G
No. of Workers 23 50 15 30 46 16 25
No. of Operators 2 1 1 1 1 1 1
No. of Assistants 2 4 1 0 1 1 0
Plating Materials watch band faucet bolt doorknob pipe engine valve  piston nng
Degreasing 0il TCE TCE TCE TCE TCE TCE TCE
Amount of TCE being Used 250 450 550 160 1000 600 200
(L./Month)
Type of Degreaser® c c b a c c c
Total Vol. of Parts Degreased 108 450 231 1513 34 160 100
(L/Day)
Type of Ventilation slot no no slot slot slot slot
*a . straight vapor cycle degreaser
b . ultrasonic vapor degreaser
c - ultrasonic liquid vapor cycle degreaser
& AdA Fret BAQel A9 3 Helon, 9.9
FroEe ARFol BA Bl A ANAN  § of .
2487 gtk AR BN A¥EL wT  F | Do |
gell gelFAg AHE g wppvels Al & | |
EFFEer $ATE AREzde gAY g =t 4
o o}3lH ). @ w»f _
ARAGE ARE AR ARE AT § of .
U E gA) 2ol 5EeA 108 ol A3} - i
£ 554 A3o)gom, D’%—%‘{} whrug
’ 109 108

Eol & A el Aol AEstsol AUk

g2 2o W BW 29 gz P
Z7jet 2 & ultrasonic liquid vapor cycle degreas-
er}7} 77“ < v R - B P R 2 ST
Ao, 2e9 BRE Zv)zoTt JEstE w3
B 257 wMEan gavl 7w AlE9
M7t 2718 989 2o Zuh(Burgess,
1981).

2. MXAel 3715 E22ER0EHY ==

a8 2y WA WAAA Y Az A
NHES ¥ EEE e Hold. A3
Fﬂ Ao FeR¥e BE A9 AGEER
= 4R FE ¥ (lognomal distribution )& )
%]_’347(% It ACGIH, 1989). B ZAlelMx
TCEQ A-YE ZAAAEY FeE7F a4t

TCE concentration, ppm

Fig. 2. Distribution of TCE Concentrations by the Dis-
tance O, 1.5. and 3.0m from the Degreaser.

BEE 313 USE 19 294 & 5 At oY
g Anel cgA £2 fEd #d 257b Ak
Ao AR EE Sirte Hito] gio] &
ZFAME HAE dsddel ofd VEH
oz st

2ot Al AMG RN FHE TUF
A sny: X 3% % 40 FEso Ak #
32 AEE Az} A AB R Add g
q& A7 EH F A (Time-Weighted Average,
TWA)eF 8AIE 71& ARP7EEHE A A (8 Hour
weighted Average, 8—TWA)& F§ HojH, Z



Table 3. Geometric Means of Personal Exposure Levels by
Plant and Job Title

Degreasing Operator Degreasing  Assistant
P WA Gem STWA TWAGem) 5TWA
(ppm) {ppm)
A 211 99 28 11
(154-290) (80—123)
B 61 63 37 4
(27-52)  (33-59)
C 11 8.4 12 9.8
(8.9-15)  (6.4~15)
D 20 19 10 8.8
E 55 58 12 12
F - - 15 16
G 2.1 1.4 9.1 0.5
Geometric 35 26 16 11
Mean
Range  2.1-2%0  14-128  8.9-52  0.5-59

* Note : Ranges are included in parentheses.

A BEEse Vlsig ez Aasidd.

A& NS HEXE ANBAMHNT B9 ¥
Y g EFAND W 73S F2E 9
oy, 8AIZE 71E AR EFAE $Eva
AASH R DAY v F PRGN A E 1Y 3
(American Conference of Governmental Industrial
Hygienists : ACGIH) S & &7]&2 wmal7] 9
3te] 8A1ZE o] gelut olale] A ATl i 84]
oz BAY FEolth(%¥, 1991).

A Hze] e AAEE AT AR EF
A7t 1.4ppmol A 123ppm74A] 2 ¥ ZH9Y 7} ¥
Ao ARA(HARAY(=FH, 1991)% vj=H
FAHANAE71H 3 (ACGIH) (ACGIH, 1991)
9 ¥ &7]EQ S0ppme HE AIGAL THAZ 3
MM HARzae) 34 ‘B’ 39 nzxa
7} S9ppm o 2 3§71 F 50ppme 2 HEIHT}. A
H27E 2252 Qe 8AIZF BT FEE 26ppm
22 AFYE 59 A 3529 83.5ppmBTH FL
TAE Boln ATHAZR F, 1989). ol 2A
ZAME AHEF o]l EFAIRIA0) ojUon, &
Ao =2A el TCE A3 L 7133 og 249
2722 Adste A FhuIAde g
Ao Aldg NMIHA 7198 Holat A
EA=

E 4 EAYIAZREY Ao B Fr
M A AR FAC) 1417 5 19 4 3] 9
5 2% Fxolth. TD 02 @xgas sga
oM F2E FE2 7189 F 1,014ppmol R 1,
TD 1.5% €ARIZRE L5m Aoy 23
FEZ 718 24ppmol i, TD 1.5 &A=
AZFH L5m AgeA EHE vz 7sgw
24ppm-S YERT. TD 3,02 g@Xglaz e
SmAANAM ZHG T2 7)SHT 18ppmo B
AAHoz Ao Be FExto)7} UL B
Fi Sth(p<0.01). LYEL 2990y
FAPYA g8 FrlFeg HAMUYrtng o

Table 4. Geometric Means (GM) and Ranges by Plant and distance from the Source

D ¢ TD 1.5 TD 3.0

Plant No. of GM Range No.of GM Range No. of Gm Range
Samples  (ppm) Samples  (ppm) Samples  (ppm)

A 3 512 385~ 597 3 54 26—114 3 47 21-97
B 3 670 4291052 3 53 29--87 3 25 18-37
C 4 3768  2465—4813 4 69 61—-87 4 21 19-28
D 5 1043 644—2218 5 7.7 4,2—-14 5 11.5 6—28
E 3 237 223— 263 3 22 12-33 3 18 6,4—32
F 4 1532 1296-1937 4 17 6.1— 37 4 15 5.2—-43
G 1 379 1 7.0 1 2.8
No. of Samples 23 23 23
Geometric Mean 1014 24 18
Range 223-5378 4.2-114 2.8~97




Ho23H Hojd4E LH9EY FEU} dolA
£ Two-Point Eddy Diffusional Model®} 7}4
£ dF¥ wgdsy g (Wadden &, 1989).
‘D’FFe A9 TD 1.57} TD 3.08tt ¥x7}
g ole AR MY FiU AR Yol &
Az HAM TD L5A8E AHss7] mFo)
o},

3. E2ER2OIFH Z2ST0l g2 0k

[
= 2l

TCE Z28 ag3oz A7 Yaxe
TCE AX{AAZS F71%F s=0 4% v|Ae
2ES M3t Aol W Fasit 71E9
e R Me A7 AEe] H5(Burgess,
1981), ®=9 #8(Burgess, 1981), #dH
(Franke®t Wadden, 1987 ; Wadden %, 1991
Scheff 5, 1922), AR #(Scheff ¥, 1992), A
A&7l A= Fol LEE F=ad dFgg vy
I st

AAGHRAY Al Aol ME ‘ALHF EHe
72t F717F Bag e didEHE A8 99
el Ul Aol Aa7IAME AR

d AXNE ZAF AR TRE 20 ARl &
271 7 AA ol YA FkeH, 57 A
Folle €2E o7t 4RO AU i
71Ad 9] & Hoerl 98k nl= ACGIHAN
AN A B3 99 HAY "o 8%,
125ft*/min/ft?(0. 64m’/sec/m®) 3} vlw§ Az}
(ACGIH, 1983), ‘G’ 37%& AT RE T3l
A B griFo nidagoen da@d/F 0%
—86% At

BAagie e TCE #iHE 97 $18te] & A0
A=Al Aol 827 (condenser)? W77 (refr-
igeration lines)®|th(Burgess, 1981). 3&%7|&
43T o|8tE L& 2F0] 81T o] 3ol A F71st
¥ TCEV} & gho g Urpx] RIEE e Al
Aolw YzH71E 0T olstz 258 ofF g3 o
tL FHE3A TCE 57171 A v7kA $8 e
e Aldolth of AlHES H 5o vrehd A A
G 47l B AAH Ao FF5719 Wzt
719l e 99 2d& HEsn At ‘B
T4 AS GamrIAde 23R gjARt &
719 W27 & 2% 731 Qo] TCE Hits
o= Ax "hil YAt

E An'sn Jdo=FR, 1991). ¥ 594 e} g2 2ol dAE xaufr)dRe 57 2 3
Table 5. Characteristics of Exhaust Ventilation and Degreaser
Data by Plant
Caracteristics
A B C D E F G
Type of Ventilation slot no no slot slot slot slot
Exhaust Volume (m*/sec) o1 0 0. 31 0.67 0. 44 0.45
Slot Velocity (m/sec) 6.18 - - 1.33-5.77 4.77-9.70 5.47 11.53
Required Exhaust Vol.(m*/sec) 0.41 0.92 0.10 0.63 1.34 0.51 0. 41
Ratio (Exhaust vol./Required vol.) 0.27 0 0 0.49 0.48 0. 86 1.1
Type of Degreaser* c C b a c I c
Surface Area(m?) 0. 64 1.45 0.16 0.99 2.11 0.81 0.65
Condenser ® O X b i X O
Refrigeration Lines X O X X X X X
Temperature(C)
vapor 85 85 85 90 90 90 90
warm liquid (ultrasonic) 82 86 85 73 70
cool liquid 60 50 50 50 28
condenser 32 26 20 26
refrigeration lines -5
% a ! straight vapor cycle degreaser b : ultrasonic vapor degreaser

¢ : ultrasonic liquid vapor cycle degreaser
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ZA7le G ZEHEY TCE ¥4H-& AdAlste A
deold. 9 Ade ARATE Yotur] $3
of 9 8o wel BHFF EXZ sHgAtE oA
9 FEE YEELRAYoz BAENE 34
o AA AIFES 9 AEE BF 233 Ue
247t 2 3 ¢ AIHEF 4R E 31 5l
o] AR EHE Fauy] NEH $%71E B
F 233 Jde AR £F g 252 8l
T ARE 2 s 23X gL AY FoE
EFSAch. 1 A3 ¥ 6o Yebd RAY mi g
oA 9 A Ee] gz g Holge
d 9%¢ vAe ez veEst

Sikege] @3 9 2 AFAEY RIMANE
AH w7y 4, AAES] ZWF, Y §¥
5ol @AZ 2R TCE it 93¢ vjdr}
7 X239 (Franke®t Wadden, 1987; Wadden
5, 1991;Scheff 5, 1992). 7|& K ild] ojatH
A7 A U g g9 FJo ve
o (139—259ppm), 3¥-lA 1083t A ¥
2 2EHE - F7IX o8 U E 4 9
(201-439 ppm) 9 ®WAANAN 7HAYE o
(236—466ppm) ¥ %o %2 @cH Burgess,
1981). =& vt7UE 7 W TCES =A<t
A FE3 A2AINA got TCEZF ubtyelA
=2 dolAhd 11 E2 ALE ¢S Fobd A
ojch.

B A7 AHA TCE Z28e Fx
o 4%¢¢ WA AAEN =2uF, 27
Y @Zrle 5, 1Y B4 AFEe 2o, ]
AEL AHste vy = 9 AAH A7) (Y
B Jx)5E 7HAste ol Ug FuAdE Ay

Table 6. GMs of TCE Concentrations at Source by Control

Facility
Airborne TCE Concentration, ppm by Control Facility
with Hood and with Hood or  without any of them
Condenser Condenser

512(Plant A) 1043(Plant D) 3768(Plant C)
670(Plant B) 1532(Plant F)

237(Plant E)

379(Plant G)

Note : Significant difference between groups. p<<{.01

Table 7. Correlation Matrix of Operator's TWA Exposure
Levels and Exposure Variables

Variables Correlation Coefficient, r
Local Exhaust Volume —. 2456
Ratio (Exhaust vol./Required vol.) -, 2599
Condenser or not +.2751
No. of Baskets/Day +.9621**
Volume of Parts Degreased/Day +.2783
Dimensions of Room —. 8667*
* p<0.05 * % :p<0.0l
LR ¢= 3

F 79 R vle} o] HlHate] Zao] Gk
€ A gRleEe ¥ B¢ FAYse A
by el 9k MAAe] Av)t BAHes 4@
A€ Zedn BAEUG. HA FAgFedMe
AN dFe B9 B3, V3 2d € A
A4 ANE 2 f8 5 oy 8980 BEygyge
Z TCE E2d 9% vA Aoz diygug
oo #3t A7} dog HAFojof & Aot}

AR Zrie F09 =Z79 BH A E
g e dbgoly. E3) 2A|zo] o8
Holojq RE FEH S dojyx HEAE
THeAA FE Wl A dFE LA
Ak oz A& HA #BrlFE A ZIIAHL
W F71%F TCEE 34 - oAl Algoan A3
o Z2 8 Fojv 8oz AR Ew
& Polse ALHoE AHAY TCE £27}
A gold Aoz dAdH

147 A3 A3ge REirg ZAsts
by o) =7 "4 ool ¥ AL uppYy
o] a7k Ad gtk 2A zolr} wron, AH
9 FFo we vt dAXNE Arx 2
o]7} @ol W7l WEoltt. & A AHyE9 Ry
2o 2 ¥ a7y E 90, sdev) e Ay
347 4% TCE Z2d 9% nilL & +
Aok

29 3& ‘D’EFe AR ANBEHAL F
¢ AAF vy 9 2 AT BUY A7}
FHAA ] BAE e HAolth wlyy e £
© 3F AR ARAHAIZE ¢ AJI upp
vel £ ujgic), 3% At FUdAAE
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Fig. 3. Personal Exposure Levels by workload.
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AHulpue] o Zegdaes 2L JHAl ¢l
=8 ¢ F Uk

o) Aol A &} o] &z A ] TCE WAHE o
A7) Adsie FEAor FANMIANES Z
F1 Foui7| G £2E £ B8 FEHog
Helstodor ok T gXF oA Ay
Al ol Fad 948L e $E5U Y
771E AAEe Ax Fasith AFHAe] Xz
2 Hug Zol7l ddiMe AgHde A
EE & 99 ¥1, 479 F¢L xE3d
TCE 2718 % & ¥ohlle Aol I3t A
Ha Ezeo} @ddtd tfE aRlE wgoht F
23 Aol gAY Y FEoIvh. F A¥A=
gz ol A MEuTYE F8S] dz2A &
Xz wo g AUEE 3ty MArzze 2g
AX g =Hast sigA BolAA AU Fie
W 5& nEdd IAHAAANE e Aol
TCE £2& Zole & wielth

4. Two-Point Eddy Diffusional Model0i| CH&}
ik

AU eddozRE] LHE WEFHS 2
A Zzo] 383 AARIAolng 9 WiF
(emission factor)®] AFH o &L F&H #e
MAAAA wf§ F 83 H Wadden F, 1989
Wadden 5, 1991). gutdog, @ odd(gd
Az)o] AAFUY edE T & deAdlE
Fadolghd, of ¥ FEE JE FE 1 2
delol o w2 AES Zevn HHE 7 3l
t} Qo B datge] £ LA

o

AAFoE HL B ATH(Sscheff F, 1992).

B 82 ZA AR EY sl Two-Point
Eddy Diffusional Model$ #8849 B, C 4 F
AR Ao gaw e e 7§ Aolth Ho
ety o]l ‘B'FFe AUA ANsHHY F’
T3 AN AHA dfMe A errord o]
Fol Faw o witgg TR £k o] A
BEL LomAZANA Y Fx9 3mAAM Y &

Table 8. Average Concentrations (C,,). Diffusivities(D), and
Emission Factors (S) for Degreaser

Plant TCE Concentration, ppm D S
Run C.av edge Cm.ll Cav,r2 (mZ/ min) (gTCE/ mm)
Plant B
Run 1 429 2 18 - -
Run 2 667 60 2 L4 53
Run 3 1052 87 37 1.61 8.60
Plant C
Run 1 2465 8 19 0.13 L1
Run 2 5378 58 20 0.43 L7
Run 3 4813 » 28 0.62 313
Run 4 3161 61 19 0.30 1.39
Plant F
Run 1 1402 k1l 43 - -
Run 2 1296 2 19 - -
Run 3 1937 17 13 - -
Run 4 1568 6.1 5.2 - -
Note : r1=1.5m from the source
12=3,0m from the source
Table 9. Average Emission Factors
Emission  Factors, S
Plant Run -
gTCE/min gTCE/
(m® * min)*
Plant B Run 1 - -
Run 2 5,34 3.68
Run 3 8.60 5.93
Average Emission Factor 6,97 4.81
Plant C Run 1 L1l 6.94
Run 2 177 11.06
Run 3 3.13 19.56
Run 4 1.39 8.69
Average Emission Factor 1.85 11.56

* Emission factors corrected by surface area of tank.
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