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Abstract

This study conducted exposure assessments of hazardous substances in
manufacturing processes and surveyed workers’ hazard perceptions with the aim
of providing preventive suggestions for the integrated circuit (IC) packaging and
testing industry. We chose five representative packaging and testing companies as
the study population, and performed walk-through surveys and hazard
assessments. Volatile organic compounds (benzene, toluene, ethanol, acetone, and
isopropyl alcohol) and metal particles (tin, aluminum, and lead) in the air of the
workplaces were sampled and analyzed. We also used a self-administered
questionnaire to evaluate the hazard perceptions of 200 volunteers from the five
companies.

The results showed that the average concentration of ethanol was
605.1+441.3 ppb (range: 127.2-1744.3 ppb). Acetone and isopropanol had
average concentrations of 200.6£176.8 ppb (range : 64.8-528.4 ppb) and

291.6+£169.4 ppb (range: 171.8-411.4 ppb), respectively. Toluene was detected in
only one company, with an average concentration of 180.3+30.5 ppb (range:
130.2-240.1 ppb), and the concentrations of benzene were found to be below the
detection limit in all five companies. Metal particles were found to be below the
method detection limit (tin: 1.0 mg / m3, aluminum: 5.13 mg / m3, lead: 0.56 mg /
m3) in all five companies. Results of the hazard perception questionnaire revealed that
the overall average score for potential hazard exposure was 3.27 £ 0.99 points
(full score: 5 points). Workers gave the highest score (3.56 + 1.02 points) for the
potential of noise exposure in the workplace, followed by the potential of
ergonomic hazards (3.25 + 0.92 points) and the potential of exposure to gas
hazards (3.21 £ 1.06 points). The overall average score of worker perceptions of
health effects related to hazard exposure was 3.38+0.94 points; the highest
score went to concerns about “arm and neck diseases caused by ergonomics”
(3.63 = 0.98 points), followed by “occupational lower back pain caused by
ergonomics” in second place (3.58 £ 0.93 points) and “noise induced hearing
loss” in third (3.49 £ 0.92 points). The overall average score of worker

perceptions of the necessity of control engineering in the workplace was



3.54+£0.94 points; the highest score was recorded for “the necessity of controls
to reduce the hazard of extremely low frequency electromagnetic fields” (3.63 +
0.98 points), followed by *“the necessity of controls to reduce gas hazards” (3.64
+ 0.94 points) and then “the necessity of controls to reduce particulate hazards”
(3.61 £ 0.89 points).

This study revealed that Taiwan’s IC packaging and testing industry uses only a
few types of chemicals. The concentrations of hazardous substances in IC packaging and
testing processes were found to be below one-tenth the current occupational permissive
exposure levels (PELS). The measured levels of noise and extremely low frequency magnetic
fields were found to be below PELs and the recommend values of the Environmental
Protection Administration. The industry’s workers are more worried about ergonomic
hazards. We recommend, therefore, that an assessment of ergonomic hazard

exposure in the industry should be carried out in the future.

Key Words: Integrated Circuit (IC) Assembly and Testing Industries, Exposure
Assessment, Hazardous Substances
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FefE(L mo/l > e 20 £ 0 MR mESEEN) - AR 22 A -
TTRIERER U JHE12 LL ICP-OES 73 #f » B =5 EAE 72 2 (E MR JT A EARGR - 555
1.0 mg/m3 -

4.[8]i% (Recovery)

AR =4H DA EZE BBk - (E SIS IERRE (L mg/L) » FHTRR
RIRILZ ZE AR ETTREES 0T > DLETRBRSER (%) £y 103.1% - &E5RF2 R 5 -

B E#(Pb) ~ Sa(ANRI{E I EER & B 4TE S #E (Inductively coupled plasma mass
spectrometry, ICP-MS)AETTEEA AT » 2 IH o0 E Tras B 275 B A B 22 W ARk
TGA < B T — RUERR & R A E s (NIEA A305.10C) -

5.t B 4RHEC T

T B GRACRU ARSI S - BIImESRIRIE Pb £ 0.625 £ 10 mg/L &2 Al
RELRE & 0.5 £ 10 mg/L - mELRE 2D 5 BELLE - WikE(rinE SR e S M A
(R?) B A FABER Y 0.995 » H G AE TR T & TR A R THE ST
6.[5]Ui 3% (Recovery)

AT IEE I =Ll EZE Bt an o (AR BIEERINIERRE (P £ 100 pg 5 Al
By 100 ng) - FHOBRARINZ 25 A kS - BEITEES T » DI B S EUCR (%) $ 5
107.5%E5m Fy 116.8% - 45 RGFSHE L -

* 1 FEREZEER%)

Element Recovery (%)
Sn 103.1
Pb 107.5
Al 116.8

10



= RIRAEVIREE T A

HH 7R B35 3 A 45 SRR IS S0 B W R FE BB R A U a3 (AU FR (<0.1

ppm) » (AT TEES T EEE 5 1L

EAENIF T AEZ

o AR R (4075 3 By

7R) I HERORBAEZE AR A i B il S P b (e 25 A HAR IR 7R/
5210 ppb » 401%% 2) » FLURBISRHRIEI TR IRE & R R A e (b
Yk 774 — REESIERR RO EBE T REHDE(NIEA A732) » #E1T T /RIS s
MBI 2 S R BLE T -
2 2 AN[EEA R E KRR
TEERET BITITA
BT ST
i TAEZ e B8 Bl
ZEEEAR H Y & HI /o A i 28 2 &
R E BT F g IR 2
*E KRG —tEL N RS ZEORLELRBHRERE
s BEDRIIR BB A o 10%E 20 2 FHLL E
i' ETE TR R /N 10
ppbv
S TAE Z B frag
F5# T (RSD) IEREGN BEELR  # KEREGN —EEELR ‘LZE
Bt = DORE I ZiE o =& > LIKE /%ﬁzjr
B WRBONERAAERL & WIREBESTERTEHE
SRS > HAE/NRE 10% 8 > HAE/NRE 10.5%
#ENEE (RPD) BCEMmEGN—REELR  # SRR DEERER R &
oM=K > T ENERE DA B/ Nt 13%
HirAERoR - H{E/NR+ 15%
i B AR o R AR TR R R 0.995 DL B e BRI AHEE AN 0.995 DL

s

11



% 3 JTAEMIRPR B

T AR
RRE SRR
FRARAE EY(ppb)
ES 0.24 410
GBS 0.26 11
PRI 0.86 50
KR A ZEY)(mg/m3)
5271 — 10
oI 0.08 1000

#m 0.08 -

(ESF AR T T E

AHTFEA 6 L #Y-A S (Canister) 1 T AHOAR /R - A S5 (Canister) £%
BRI TR bR E Nt 2 22 R T RS AR SR A — A R R
/KIEEETALEIE AT 0T - BRBERTSEH ENTECH R SRSHE 7 esz 500 i
Z 107 torr > DU B IESSRME - T 7/ NERAEREE IS B e IR R R 4
e e 2R (15 mL/min) - R E R AU ESEIRIRAY 22 R, - MURISE PO RE
filigt -

PRERGE 1% - Ribfan ik Bl E B DLSEE] ENTECH A &) 2 TR 4 &5 (7100A
Preconcentrator) < A fE R4 — & EHYZE B bkan > B BRI 2 mAH AT E A LT AT
U O MR BRI AR T KO T (RIS (GC/FID) il E B e VOCs
a g - B TBGER RS A S22 R P R AT b e YR 575 — A RSPk
&, KIGBE T BEANERTTA - IR ELAIRVECH © - A R GEss R
PEafEI .2 VOCs » LSBT k2 ISR - RER e bR s | A SRR E M KO
B 25 248 (GC/FID-Agilent Gas Chromatograph » Model 7890A) {7175 t#4&Yfa
ZEMEBLER T -

SrHTEE > AR 2 B4 EEE L (Column) & J&W HP-5, 30 m, 0.32 mm i.d. 0.25

12



ume GC #2{F (k{4 Fy(a)Oven #7171 50°C PA 5°C/min Ff 2 100°C & PSR HEIR A 2 min
(b)&EF & ¢ 0.8 mL/min(c)Split rate : 1/20 - FID #{E{%4F By (a)Heater: 300 C (b)&,
it © 30 mL/min (c)ZE g 2R © 400 mL/min (d)ZE 2R ¢ 26.2 mL/min -
e R AR ic
DI e ACRE (A RS © AR RAGHYAC LT AR e e RF AR i (Entech

Sta<MDLards Preparation) AFCELSFREEIY) 2 SRR RAS - FRIIEINEE il SRA
& N AR FR S AR RS © 52 DURAS AR i B RAG YT =X - BB
RERRGTBRAT T

LA DUEGRIME 2L ARREEEANN - M A S R E GO R F B R B AR AR R

FRSHHEDpE LU R AT ARSI By 1% - AL AR RF RS SO DI R &

LA

2. (ERES $HER TR ERC B YRS AR R CE ~ 2R~ ZFF - W R R ES)

TRAFRENEIRA - Z IR RS U & R s m P -

3.4¢ 2L FFREIHE T —CHIEL 1 v 1R A 6L BN S8 E AC BRI RAS -

WRAEARIEDRE N EE RSB - DU AR SR AG BT 12K -

4. LU TT AR BEAE RS ] PR — B 1 - (B — R - SRR IR

5. U MAIT At EAME AN E b a2 R

i

Va)(d)

B mg/l= vr

Va et i RS BRI ERE R > vl
d RAGFEREAIEE mg/ul

VE BRI L

FfTfE PRSP fh 2 BT S 5 7 EEAI 3R 4 B e

13



* 4 KRR R ot

T R (mg/ul) B 3ER(%)
E:S 0.877 99.5
B2 0.867 99.7
ZBEg 0.789 99.9
PEE 0.791 99.5
ZARE 0.786 99.5

FEEMESIA T - Je Al EATZE ~ %~ Z8F ~ HE R RN R Ae by 77
(BB AR AR R RF ] % - A A SRECE L2 YIR & 2Rl - X
hfERE S LR IEA R B A Z SR HL A SR ] 2 RREAE 1 DDA FEE R T E
Sl AR B R LR R R FiC B Ky 10 ppb > FE(E IR ARl B R & 2 I
S IR R 10 ~ 100 ~ 500 ~ 1000 ~ 2000 ppb HYiRELR » MRIFEHIATIR = GRAE
TTAWERZER -

PR LAF Z B E R IS RN an e EoR Ry DI U B TR A 5
st EER St REREE - DARECRA PRSI SRR E AV AR -

FEPRER TR Z s B IRESER 7T > PR ATE (SR EORBUE PRARTERIR - DIHECR
BRI G P o iets « riFRUEBIIIR © 3 H RGeS 2 AR o DRSS
B HEzi g tkantl o PEAMOEBUE SRR S5 B A B S E B PR 3 > DARE
PREfEREs M a i B SE BE VR B AR S PRI 20K - I HL AT BRI AN B BSE i i Z 3l
G o BIPHRIGIREEEER T ECEREE A B TAF > DAECRAL IR/ o0 E TIFRESaHEE
17+ A HAETHUSR BB S PR AT - DARECRES BRI 22 Rk in © BEAMOEIE R %
BRECHk > DUEMERT TERB (ESE L SE BERC PR PRARIRF Z SR IHE) o BN Al iR B2
TESETTH - R S E i s - DA S0 45°C DA BB IR E H R
R M E g - DUECRBESLITRER 6 /NF KT R © HhANE
KREFE N BIERR LS B R AR R b B R - DAMECRBESn e SRR RENGE A
B HR 48 /NRF P SER T ©

M LA Z S EE R RFHETT 22 SR A AT EUAIRI o3 AT e e 2 &5 ml e

14



5 o 22 AR Z IR Ry — R Gn AR - BEORAIAE Ry les s HHIE SR By
TR R /NS 10 ppbv -

T LR Z B Preg el oy - B EETRERICER B RN —RERA -
EHEE T =& - DORG I ZEEE 5 I BIRB &SRt B HE R
(Coefficient of variation, CV) » EAFPAE/NAE 10% - fEXERERE H 1 » BRI BB ELS
W—IRIERA - FEHEE T =% > DL RPIATET o IEE R © I HDHE R AR
I AEMENS » FAEME/ N 15% « AR =( | EANRE-ICERE | MlERE)
x100% - fEtRELRITH - FTA R ESHEOREIEGREE AL 0.995 DLE - 455 41% 5

Fi7m -
x5 T TAFZ fnfREL e
- = SHE +- Ni: i X N
- o R FEREE TR AR i e RS ECHIRR PR
ffw=-tte B (RSD) (RPD) (min) (min) (ppb)
=2. + .
e Y 2R929_9%X99 ;‘23 808 3.6% 12% 4468  4.462-4474  6.95
mg VT 2;22?98;9285.632 2.8% 13% 5.177 5.158 - 5.196 3.28
=0.5841x +13.11
2 0R528_ oxgggs 6 3.3% 9% 3.98 3.935 - 4.025 5.88
=0. + 1.
=gy V0 Ff?%xgg 9177744 4.9% 8% 4074  4.045-4.103 451
e e 055_(53’(95356206 2.8% 8% 4197  4.17-4.225 3.77

%—? % Iﬁ'%wuﬁn Fﬂ'i%%'flﬁ

AHFEE R e 1C BEHEUE SR EAR rRErv B M A (AR ~ A (SN
5) RALE M ER T (SRIRAE EY) ~ IRA FY)aG5 La BRI G - DU IC
FEENEST TN EERRRREVNEER T -

MG LB RAEAER LG ERAEHERIE Y > Hh e ERARHEEARECE
AYRTRENE ~ FEE N TRV - (FARIREUIEARR - € B A A Rz L

15



BZNEN - IEFBEZROITSGETHE - SelTES TR B g5 L a2 ENsea
SRR L BTN ERERIR S FEEBUCCF N BB 1 — B G N 5 Y-
H1& > 34 25 (IR EG4E 4 R (RGPS5 TS - #E{ TG A Pre-test
B 1% B IR 25 (3 s W RSy THN N EIVES > B R ESAEEE N
7 FFIERANS BRATR ©
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FoE &
B8 MRERE RN B RER

— ~ BN s

&4 _EHETi(Yahoo ~ PChome)[17, 18] k48 =55 [22(Google) s & Bl A E 52 M
s RN B A E A o I H AR AT ERIT (L111) [10) BB AR e 4 & A - 2
W g LR NB T A B B E NI AL B - 45 RBTHEN HATA 24 ZVE
SERERLRS - SFA AT - BT ABRREEROE 6 s o Hougrdbm 1 5% -
PREM SR TSR - H 6 R WK IR -6l 2 R -EMGKIR &
FAT 1 R et 4 22 5 A B 8T A% 5000 AL EFA 4 22 ~ 1000-4999 A~ [HHIA 12
% ~ 1000 ALLTHYA 8 5 {0k 5 REAFR M MRS EES EH 4D AR 5 2 BUAH
98 0 BE 3 FAMIUE R 2 FR P RIS
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% 6 ARG RSB IR 4 B R T =

N TR BT A% Hork
9 it 25 1 SER D A PR A H] 18000 Ekaslit]
H AP EpgslisEin AR | 15000 =T
=]

H AP Epg s AR | 6000 Pk
H] (P HERR)

B R IR B IR A H] 5000 il
TIR R AT B IR A E 4500 WA
Tt TR AE 4400 ¥
FEFERHR A A TR A 4000 B
HEAE TR BRAE 3000 = T
SERERH R A TR A 3000 Pk
TERR R A TR A E 2420 TR
I E TR AR A E 2400 EE
R IR R A ] 2000 =T
ZEENEE T ERGERAE 2000 =asiif]
G L RS R (A TR AN ] | 1450 =T
S R =R YANE 1450 BT
[RERRHR A TR A 1123 BT
Bl R+ TR AR A E] 800 Hribmi
ZMRR I A TR A 700 BT
BB ERE I ERER AR | 500 HrrTiA
INH]

R AR A E 340 ¥
ATCE TR AR E 268 BT
B EREAIRAE 250 HEERA
B ERH IR AR A E] 250 BT RA
TR A TR A E] 140 ¥
o 78991
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=~ BN R R AR

FEFRTRS R~ YRR S DU A NV RE L SCEDRHE - AR TR R BB RS £
SENEHEREERL « S RIWESI LR A RN EFENEARAR - SFAEAT
A NHE]
PR —> EF — > HHEGRE) — > B — > 540 — > — > Ele— > D) — > Bl
(#sh) — > sk
B /AH]
Rith— > HE—> TR —> ER GREE)—> 8R4 (84— > IR (BIlE)— > ElF—> 1
BR(#)—> T4
C/AH :
Uh—> ER—> 08— > @8> RG> B —>H¥Y—> &RE—>UJE—>
AR —> i — > EH—> &8
D AH]
Fhidm— > > Xoray fglg—> HUE—> BEIE—> $R4n— > R (f5ils)— > Bl —>
tEER—> UJE—> &
EAHE:
Ak —> HE—> R —> U1E—> B —> g —> e — > B — > $R4—>
TR —> NEFENF MR — > VB> M — > & —> a4

NEBEGSE—> BFE—> —> Sth—> fit

SEHRE EIMA R AEIRVBIE T - SR T REA [EI(E FHRYIRP DR R ERAE ~ 4% ~ 16
B ke85 o L EAROIHY R EAERES, ~ B ~ B - S5 - HUE - g74% - 5B ~ D))
EN5F ~ EEFERAEER o SR RIER et Ay 1k - RBR IO R ARG - (HERENEFE
N s A A R [E - BHEEERERRAIE 1 frr
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=~ BEHEREEYUE

&8 R 55 R i s v (LA B 22 (5 A S BE U SR BV R AG B s B S 2 TR
B 055 Tl RE R B EIHTRLINA SY((05E ~ $7 K0 BRI FEV) (B ~ FE
PR~ 2B 5 FPEE) > F5H PubMed B8 22 S BREORHE ~ B A ER BT fra& & (Taiwan
Environmental Protection Agency, Taiwan EPA) ~ {TEf%E%r TZ E L2 2B & HIE
(Global Harmonized System, GHS)[20] - = (B 2 5L %2 £ F (International
Chemical Safety Cards, ICSC)[21] ~ & T Z& @452 (Institute of Occupational
Safety and Health, IOSH) ~ ZEEIRIE (REF 47 & JE & N £ %7 (Integrated risk information
system, IRIS)[22] ~ E [ Fik=E 22 A5 P (National Institute of Occupational Safety and
Health, NIOSH) ~ 5Bk 2% 2 %74 (Occupational Safety and Health Agency, OSHA) -
FEBFREUN T £t 2 (American Conference of Governmental Industrial Hygienists,
ACGIH) - FIFS 224422 (International Agency for Research on Cancer, IARC)[23]%
B S ME AR AR B R RS RS B N R r e L e E R B A
FEH IRIS ~ IARC ~ ACGIH ~ GHS H1 ICSC =& RS F] 2 BN 7 v - o
M~ REASEME M EUEM R 8 3R 9 0 sl NZERIAAT -

R T SRIRSAGIREFEY) 2 e E &AM

S GRS ZBE N ERE ) Fia) Fini
IRIS \; \; Y \Y;
GHS \; \; \; Y \ \ \Y;
ICSC \Y; \Y; \Y; \Y \Y; Y, Y, \Y;
IARC \; \; \ \Y;
ACGIH v v v \ \ \ v

*LEFONA BB R U - 22 H Bl AR &R
1.%£(Benzene, CASRN : 71-43-2)[21, 22]

DA NGRS IR R » G AR EEIR - ARG ~ BEEIRAC - R ANEE S BX
AR > GEAEN: - PR - DURHIREIRS - S DI SR IR - ZERERE
EAER > RIS RS ~ IREE - EIPEnIRNS R Bl e i e iy 5 Ar 2R
LTHEREE o MigMERIAR A » GER ARV - 228 N EEMAE (&£
&) o EREAER EEEMDU R REAKNEE - KEEgER O IELER L8
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B FAYIEE o HIARC B R 10 R NIHEUEY) -

2.Fi%(Toluene, CASRN : 108-33-3)[21, 22]

FRZE S 5 R T AR G RIS AR B TR - A e AR AZREE R g
THES SRR D RE FRteE ke Bk - HIEIRNELTE TS ~ 162 » B AL BB ERE
HITEIL T » ATRE S A P HEMRESHIFRIEN - EEEIET - B ASBIENHZ > Fr 1A
REIE PR B AR (A RS R - BEIE RO ALIEZE - FRREIERR - BRRAVEESE - TRA
PR RIAZRENHEIE T - HINBEE CASGEEAE et RIAEEERER
RS G - EBkH - iE21E - BEERGENIESE » RIISUREEE 5
R R RS o FLIARC B0 I8 Ry 3 0 ACGIH £y A4 > i 725 AT Iy NS Uk
(e

U

3.7 fig (Ethanol, CASRN : 64-17-5)[21]

ek R SRR R PGB ~ G ~ R~ e R EH SR SN IR -
RN R AL LR BEE M e FEMPE SR - fR AL ERE -
e AR BT RTRES [REFfi s o F2 7 B HATEMS K7 8 v RS0 RE ~ 41 - /& ~ 38R - |EK
ATRE RN o 18R ATRE S REAT R - BN - KA - B R ERLLALER - H ACGIH
FyBUR TRy A3 » BIEE -

4. 75 (Acetone, CASRN : 67-64-1)[21, 22]

R ANME T BRI BRSO RIS S B A » 1 e FEE 2 B ] R A MR ~ IR0 ~ W
IR R TE A o 5 IR ARTES & 5 EE ARG S - RINEHE M 7] AR ISR S
HiiHE S f2 3% > B NE N e IS baRIRAT: - H ACGIH REUE /355 Ad -
eI H By NS BUE M
5.8 N (Isopropyl alcohol, CASRN : 67-63-0)[21]

bR EE T RE A A EL ~ BRSO © ISR B0 - e KRR - KERRA
MR B GIERUEREER SIE T - 1o RIS BB RE SR E R RIS - BV E
B RN A& iR S B R 2 o H IARC 2% 5708 s 3 » ACGIH By A4 > fiEEHET B
NAS B -

6.5%(Tin, CARSN : 7440-31-5)[21]
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MR ERIERPRE RN - et RIPRE RS A R E -
7.52(Aluminum, CARSN : 7429-90-5)[21]

M RESE I RN GRS - (H SR 2 A RDRUER - e A\ SR St e
ISR P > JREIEN ST A o 18 RIS ASE Y & i R T4 4%
2 BIG (a4 ZE) - HGERMIVIE BRI T AN ~ R E R TR R HAML 5 YA
RNE o TR R~ K ~ JfE  BRIRGIRIPIREAE  DURFEIL RN Z SEAR o
FEEEEER T AR Z 2IGES » BN E 2 R5GE - H ACGIH REUZ /78 A4
R Ry \AG BT -
8.#5(Lead, CARSN : 7439-92-1)[21, 22]

(R E T ISR FE TS [ - RIIBEFREEEMERAR - 0 - DA
BB - EEIA R ELAR - (ER - FRRE - Al - IRE IR EEE E - BERE
w55 - KR - TR - HRARE - MVINEEE - e - ILARIRRETAR - (FERES
2 REYR - WA ECE ASHET ATRE S AR R AER SRR - o B R A R
TR - R B - R ATRESE U AVRS MR o H IARC B8R 2B > T A
BE 20 5 ACGIH B8 Ry A3 B80S -
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* 8 RINAZEVZ BT EMNEE

ES GBS ZEE A R
= FHEREER]  RDRERRERINE  FOMAREE R RDRERES KT RDSEREE &
PR Wi PO - i P
BAKEA  BAKKAR  BAKRKA B AR
ARETEE  mESlErRET HREs R Rl 5
FHEmLE AWK RS FH AL PR ~ Rt
I TEH - ENSNEON(S SR TE
e M e IH: J2 REE
RSN REFEER @t faes SR  RIEGHERE &HSOARE
ERBEEER R¥ZHE- PRI ] MREEISEVE  PEBREIG AL
ESLE RIIRFEETRE  REEIR HRRRIEER - R
o HERW BT - P - FRENAEET @A -
HEEE RUSSRERE  AREsiEr Erngibs
R FGE BREERR S  RWVEER ERIHEM -
A o HORRAIER - H o
IARC 1 3 3
ACGIH Al A4 A3 A4 A4
TLV-TWA?(ppm) 0.5 50 1000 500 200
PEL-TWA®(ppm) 1 100 1000 750 400

8 Threshold limit value — time weight average (ACGIH)

b permissible exposure limit — time weight average ({755 )

® 9 HLINEEY 2 EE A

=EME R 7E - SR e )R
A& T Z i o
BAKRBMESENRS
5 2 PEERISRK -
~=EAEMN ARSI A R - difdeetyEiaakAidiss  REARE I REEEE
ZRIE - i~ LIRS R B
5 R B B
NIA T B ISR
B -
IARC 2B
ACGIH A4 A3
TLV -TWA?*(mg/m3) 2 0.05
PEL-TWA"(mg/m3) 2 0.05

8 Threshold limit value — time weight average (ACGIH)
b Permissible exposure limit — time weight average ({TEfE55Z®)
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2~ SRR - B4 T PO - EPTRRIER - SR A R S 1 6
TEHE PSR A0 10 FT: -

% 10 BREPEA R

Process 15 F IR et

iy
Rhd 2B
bR 2B
tA PRIZ
Ulla 2
B 2B
b —

®EE
TR fotls
YIE 2B
Ef=F PN el 2 PR

EEELE 2B

B FNE
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FE FERBEERTEEYON

€ 5 RGBT RERHVGS IR > ERINEZYITHE > 5 RAF R REAS

HHER|LEE > C AEEREZ ZRREHEHAM 4 Rigs @ A AEEEIFEERNE
FIRANEE - E AFEEREEENETIRAE - A HA D AFFNESINE - B AF
BHETANERIFZ - 5 REMEZERHEARENBENTEN S TEZEG A S-251TF

BRI AR TRERLE > SRR 11 AR - FEAGIRA SV (TR

PIEE)JTIE © 5 N

FIBRERZE SRR A B A BRI A E IR (2 Rk 12) -

= 11 &ERRE (S 20)ZE REEASRIRE B0

Compound

company

numb

er

Concentration(ppb)

A B C D E PEL®

Acetone
MeantSD
(Range)
Ethyl alcohol
Mean+SD
(Range)
Isopropyl
Alcohol
Mean+SD
(Range)
Toluene
Mean+SD
(Range)
Benzene
Mean+SD
(Range)

10

10

10

10

10

<MDL? <MDL* <MDL? 2006+1768  <MDL® 750000
(64.8-528.4)

4453 +2748 6055+288.3 1257.1+233.7 4412+579.3 501.6+207 1000000
(127.2-969.8) (325.1-1207.6) (766.2-1574.5) (139.4-1744.3) (214.5-762.5)

411.4+12.1 <MDL" <MDL" <MDL" 171.8+2.6 400000

<MDL® 180.3 +30.5 <MDL® <MDL® <MDL® 100000
(130.2-240.1)

<MDL® <MDLY <MDL® <MDL® <MDLY 1000

*MDL(Method detection limit)= 4.51 ppb; "MDL= 3.77 ppb; “MDL=3.28 ppb; “MDL=6.95

ppb; *Permissible exposure limit.
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R 12 S ERRE (S 20) 22 REBASHLIRA B (AT MR P < s FEE) 7

Compound number Concentration(mg/m3)
company A B C D E PEL®
Tin
MeanzSD 10 <MDL? <MDL? <MDL? <MDL? <MDL? 2000
(Range)
Aluminum
Mean+SD 10 <MDL® <MDL®* <MDL® <MDL" <MDL’ I
(Range)
Lead
MeanzSD 10 <MDL*® <MDL® <MDL*® <MDL*® <MDL*® 50
(Range)

*MDL (Method detection limit) = 1.0 mg/m3; "MDL= 5.13 mg/m3; “MDL= 0.56 mg/m3;

dpermissible exposure limit.

— ~ BRI LS R
1.A N\ H]

AWTFEEIR 102 4 11 H 12 HAiEbkE A A eRETREZ R R I H A 6 L

HYR SR 8 2 1T RN VBRI 1T BRI Y R BR R A - SRR RBGR E S SRR

13 AR
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7% 13 A NEIEEE I ITEE R
A AE](n=10)

Process Compound Concentration (ppb)
Pl Ethyl alcohol 488
AR Ethyl alcohol 369.4
ML Ethyl alcohol 969.8
BT Ethyl alcohol 885.3
PR Ethyl alcohol 380.6
EER Ethyl alcohol 127.2
EI=F Ethyl alcohol 278.1

Isopropyl Alcohol 411.4

2k Ethyl alcohol 344.7
CEiiS Ethyl alcohol 406.5
i /NE Ethyl alcohol 203.8

TERRBE TSGR > MR PSR - R(RREAIEFHBEEE >
ENr B S 3 RNES -
2.B 4]

AW EB 102 £ 11 H 21 HFTERTTT B A ST RRE 22 Rkt i HAA 6 L
AR S5 S BT RO A BV I TBUG RIS I R BTG - 2R RS R B R 0E
14 Fr
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* 14 B NEIPRE TG R
B /2 F](n=10)

Process Compound Concentration (ppb)

Fhew Ethyl alcohol 608.9

Toluene 196.6

bFp i Ethyl alcohol 680.2
Toluene 164

il Ethyl alcohol 460.1

Toluene 130.2

AR Ethyl alcohol 341.4
Toluene 170

PR Ethyl alcohol 325.1

Toluene 166.8

fHRR Ethyl alcohol 956.9

Toluene 171.6

E[I=F Ethyl alcohol 4415

Toluene 182.2

IEES Ethyl alcohol 1207.6

Toluene 201.6

D& Ethyl alcohol 665.2

Toluene 240.1

i /NE Ethyl alcohol 368.3

TERRBE TSGR > JBE RS RS SR ERR RS - R R AT 4R AR -
PRI AZELSN - HEREEEAHESIFE -
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AWTFEE RS 102 410 A 8 HAEG S C AF TRz R W HAH 6 L
HYA S5 (R 1T SR0INA BV S T BUG RN R R ERRTAL - BUE RIRGEREERNFE
15 Foms

% 15 C NEIPRE O ITEE R
C 2 H](n=10)

Process Compound Concentration (ppb)
PIE| Ethyl alcohol 1326.1
A Ethyl alcohol 1452.3
HEEE Ethyl alcohol 1574.5
A Ethyl alcohol 1276.5
PR Ethyl alcohol 1427.6
e ER Ethyl alcohol 1017.2
E=F Ethyl alcohol 1203.5
i Ethyl alcohol 1171.6
B Ethyl alcohol 1355.7

I /NE Ethyl alcohol 766.2

TERRBE I TEE R > LR RS RE RIS HE » RRE AR -

AW EIRE 102 5 10 H 22 HAi{EE i D A lEfTRRE 22 mbrts - M HAIH 6
L By B (5 2 TSR0 BV T IR SRS Y R EE R - B KRR & 45 R
16 A -
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7% 16 D N EEEE TSR
D /A H](n=10)

Process Compound Concentration (ppb)
Fhew Ethyl alcohol 188.9
Acetone 243.9
B Ethyl alcohol 200.8
Acetone 201.6
HEtE Ethyl alcohol 243.9
Acetone 528.4
S Ethyl alcohol 1744.3
PR Ethyl alcohol 198.1
T ER Ethyl alcohol 372.7
ElF Acetone 64.8
IEEZ Acetone 99.7
PIE| Acetone 65.1
N Ethyl alcohol 139.4

TEPRBE I ATEER I > LE RS RE RN R - SRR eGSR -

FERLA, ~ FEAL ~ HUE ~ BT ~ HHERRVIEIE N ERINE -

5.EAH]

AWTFEE R 102 52 10 H 29 HATASHT B AR T8z miRb L EAA 6 L
Ay B ] 1 TSR0 BYIPR BT TIRS AR A R Bl - B R BRI
17 Fr

31



% 17 E A EIREE AR
E 2El(n=10)

Process Compound Concentration (ppb)

i Ethyl alcohol 264.5
EF Ethyl alcohol 214.5
BT Ethyl alcohol 756.6
PRAR Ethyl alcohol 600.4
EEZS Ethyl alcohol 723.4
)E Ethyl alcohol 762.5
L ER Ethyl alcohol 543.1
FIBLREE Ethyl alcohol 328.4
BT Ethyl alcohol 352.2
Isopropyl Alcohol 171.8

i NE Ethyl alcohol 470

TERRBE ITSE R > JBE e R SRR UEEGE » REREREHF8GE
HAFEEREEA MR RN -

— -~ SRR LR

TR 5 LA F|ZRERB I TEER - FIHEISR LA EEESRINA BV
[FIRARRE RS > SRFK 18 19 R -
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% 18 FIE S EIURINA EVIRE Z i

Process Concentration (ppb)
Company Mean+SD
Acetone Ethyl alcohol Isopropyl Alcohol Toluene  Benzene
Rhen 398.9 + 297
D 243.9 188.9 <MDL”" <MDL®¢ <MDLY
B <MDL? 608.9 <MDL" 1966  <MDL‘
hFf B 472.4 +293.9
E <MDL? 264.5 <MDL" <MDL¢ <MDLY
B <MDL? 680.2 <MDL" 164 <MDL"
R 721 + 633.5
C <MDL? 1452.3 <MDL" <MDL® <MDL"
A <MDL? 369.4 <MDL" <MDL® <MDL
B <MDL? 341.4 <MDL" 170 <MDL"
Uil 4741 +19.7
A <MDL? 488 <MDL" <MDL¢ <MDL"
B <MDL* 460.1 <MDL" 1302  <MDL‘
B 779.8 + 4448
C <MDL? 1276.5 <MDL" <MDL® <MDL!
D 201.6 200.8 <MDL" <MDL®  <mDL"
E <MDL? 756.6 <MDL" <MDL®  <MDL
A <MDL? 885.3 <MDL" <MDL®  <MDL"
e 929.4 + 666.2
C <MDL? 1574.5 <MDL" <MDL® <MDL"
D 528.4 243.9 <MDL" <MDL®  <MDL"
A <MDL? 969.8 <MDL" <MDL®  <MDL"
P& 586.4 + 492.2
C <MDL? 1427.6 <MDL" <MDL® <MDL"
D <MDL? 198.1 <MDL" <MDL®  <MDL
E <MDL? 600.4 <MDL" <MDL®  <MDL"
A <MDL? 380.6 <MDL" <MDL® <MDL"
B <MDL? 325.1 <MDL" 166.8 <MDL"

*MDL(Method detection limit)= 4.51 ppb; °MDL= 3.77 ppb; °MDL=3.28 ppb:
‘MDL=6.95 ppb.
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% 19 REFESBEIURINE EVIRE Z L

Process Concentration (ppb)
Company Mean+SD
Acetone Ethyl alcohol  Isopropyl Alcohol  Toluene  Benzene
TRER 603.4 + 380.7
C <MDL? 1017.2 <MDL" <MDL® <mDLY
D <MDL? 372.7 <MDL" <MDL® <MDLY
E <MDL? 543.1 <MDL" <MDL® <MDL®
A <MDL? 127.2 <MDL" <MDL® <MDL®
B <MDL? 956.9 <MDL" 1716  <mDLY
IE| 774.6 + 408.7
C <MDL? 1326.1 <MDL" <MDL® <MDL"
D 65.1 <MDL <MDL" <MDL® <MDL"
E <MDL? 762.5 <MDL" <MDL® <MDL®
A <MDL? 344.7 <MDL" <MDL® <MDL®
B <MDL? 665.2 <MDL" 240.1  <MDL®
¥ 534.4 + 456.2
C <MDL? 1203.5 <MDLP" <MDL® <MDL"
D 64.8 <MDL <MDL" <MDL® <MDL"
E <MDL? 214.5 <MDL" <MDL® <MDL"
A <MDL? 278.1 411.4 <MDL® <MDL"
B <MDL? 441.5 <MDL" 1822  <MDLY
EBEE
E <MDL? 328.4 <MDL" <MDL® <MDL"
EiE 704.8 + 564.3
C <MDL? 1355.7 <MDL" <MDL® <MDL"
E <MDL? 352.2 171.8 <MDL® <MDL®
A <MDL? 406.5 <MDL" <MDL® <MDL®
IR 965.5 + 342.4
D 99.7 <MDL <MDL" <MDL® <MDL"
E <MDL? 723.4 <MDL" <MDL® <MDL®
B <MDL? 1207.6 <MDL" 201.6  <mDLY
BhEE
D <MDL? 1744.3 <MDL" <MDL® <MDL®
N 389.5 + 247.9
C <MDL? 766.2 <MDL" <MDL® <MDL®
D <MDL? 139.4 <MDL" <MDL® <MDL®
E <MDL? 470 <MDLP" <MDL® <MDL"
A <MDL? 203.8 <MDLP" <MDL® <MDL"
B <MDL? 368.3 <MDL" <MDL® <MDL"

*MDL(Method detection limit)= 4.51 ppb; °MDL= 3.77 ppb; °MDL=3.28 ppb;
‘MDL=6.95 ppb.
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£ 5 RAFEETERNER LR ZRINEEY) - &EREREERBEE
(1744.3 ppb) - (HZ R D AEE IR - BAGERE T LR i i AR Ry tE R
2R > mRAVPEREARREIE - B0 S8R T ENESINEREERARE > 2
£ B A E SR P AIE SRS S 5 A B HRAYARRE BRI R (6.95 ppb)-
HIRY 5 RN EIYZE SRR A E @ Ay B R T AEMIRIR - &2 S M AR bhi
H(2H&20821)

% 20 FIRE S B TTRLIRA (R M B ) EE ) IR 2 P

Pr%:grsr?pany Concentration(mg/m3)
Tin Aluminum Lead
FLEL <MDL? <MDL" <MDL®
R EE <MDL? <MDL" <MDL®
kR <MDL? <MDL" <MDL®
IR <MDL? <MDL" <MDL®
oty <MDL? <MDL" <MDL®
join =2 <MDL? <MDL" <MDL®
$24m <MDL? <MDL" <MDL®

*MDL (Method detection limit) = 1.0 mg/m?; "MDL= 5.13 mg/m3; “MDL= 0.56 mg/m5.

35



% 21 REGE S EITURGINA BRI B ) E) R 2 P

Pm(c::ejfnpany Concentration(mg/ms3)
Tin Aluminum Lead
TR <MDL? <MDL" <MDL®
k| <MDL? <MDL" <MDL®
El= <MDL? <MDL" <MDL®
EBEEE <MDL? <MDL" <MDL®
EiE <MDL? <MDL" <MDL®
tEER <MDL? <MDL" <MDL°®
BERE <MDL? <MDL" <MDL®
mAE <MDL? <MDL" <MDL®

®MDL (Method detection limit) = 1.0 mg/m3; "MDL= 5.13 mg/m3; “MDL= 0.56 mg/m5.

F=6 FLEERAEEHE

%22 B TR R TR M S | A BT R 3.2720.99
5y BEIT THIEF ) R - HOP DL T VR SHE L (ER T S AR R R I TAEE?
FRIERE (3565102 43) » HAR | (B IMERIFT R &8 AR T s 1 aTae k2
@%w%/)ﬁr@%ﬁf&@%%%méﬁm%ﬁi%%fﬁém7%@
(3.21£1.06 47) -

% 23 B (B THEERBELNREDE N, ZER  RETSE5 5
3.380.94 43 » BT T | F2RE - Hrp L RSSO AR TS N E R SR
PP A (3.63£0.98 43) HLYUB MR A 0 A\ IR T RES [HERUIEE T 217 (3.58+0.93
SYVE TR A L SRS [REATE LY | (3.4920.92 ) -

% 24 By T TR TFEIRE LR S | R Hh T AT
NEAE TR HITE | DA (S BB E B A (37.79%) - HLZC Ry
RS (BRI (24.40%) § BE9E T 55 T ST A B — 7 @ A S
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T DA B (B SRR AE Ry fie = (44.57%) > H IR MRS S PR (B SE BRI
(19.27%) ; #1855 TARIE A SIS G EHETAVERREREANE | DU ESH BRI
TESEERBENE Fyf(28.99%) > HIU R SRRy 5 VIR ESER T2 (28.50%)

%25 F " 5 TMEPE RN 2 5HE ) ZEER - RIS TIE5 0 Ry 2.42¢1.50 43
AT TR BRI - HAp LU T RUIRAEEMIEAPER | (M = (2.85£1.66 77)
HARy "ROiRAEY) ) (275£1.64 73)81 TEETJIEE R | (2.85+1.65 77) 5 1£ " EHE LA
SR £ RO TS € R? | T > B LRSS MMEEE IR - T A (5
REZH(61.42%) - F (s AIE I RAILIH 2852 %(27.92%) : f£ " G TAFHIRBCR
(AT Rk 58 B2 (RIS A) o T > TR (B RS (85.93%) » HE TR
M (10.05%) ; £ T EAE TAFIERCR R b B2 RO 5249 5 7| > T X
B (RS (86.43%) - T AN ) R (11.06%) -

® 26 Ky T THBGRER TRENEE ZBRRIEHE ) 28R BETHIEES R
3.54+0.94 7y » $yT T il ) R - H DL T IEGEEG TR & R T IR R IR
BB EN TREZER? ) 2SR (3.67£0.89 77) - HUE " BGIEESHEaRE
T TIRESRIRA F Y TAZZEH1? ) (3.6440.94 3) 8 T (BAS(ESRIGATE G /s S T
INA BV TREZERH? ) (3.614£0.89 47) -
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22 ST HBRGGE R AR Z A

N FEEARHHEQL) REHEER) WFFE) FAUEEG  FEEETREG) Wy RS

LB R E A AR R B S A g 197 5(2.54%) 21(10.66%)  71(36.04%) 59(29.95%) 41(20.81%)  3.56 1.02
2 B S B S B R B R B S A A1 197 9(457%) 28(14.21%) 102(51.78%) 45(22.84%) 13(6.60%)  3.13 0.9
B I S R T ARG SR B BT R 199 13(6.53%) 36(18.09%)  74(37.19%) 54(27.14%) 22(11.06%)  3.18 1.06
4B R E A RN SR B E T 199 14(7.04%) 31(1558%)  75(37.69%) 58(29.15%) 21(10.55%)  3.21 1.06
5B EAR USRS A AR TS TR 199 8(4.02%) 23(11.56%)  98(49.25%) 52(26.13%) 18(9.05%)  3.25 0.92
3.27 0.99
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* 23 NG EREELARFEZE A

N FEERELD  FELE EIHEQ) ) FEEELG) WY EREE

LR G ORERES [REAVEE 1AL 197 6(3.05%)  19(9.64%)  69(35.03%) 81(41.12%) 22(11.17%)  3.49 0.92
2R B LREETR BT BN LIERR? 197 8(4.06%) 55(27.92%)  72(36.55%) 53(26.90%) 9(4.57%) 3 0.95
3 ERBHR VRSB RS [REAVIE (8 %)? 197 3(1.52%) 36(18.27%)  82(41.62%) 62(31.47%) 14(7.11%) 3.24 0.89
4 SR B S B S R ERE RIS 2 197 3(1.52%) 36(18.27%)  78(39.59%)  63(31.98%) 17(8.63%) 3.28 0.91
5. R B IRIRE SYIR B FEITFR AT HR? 199 5(2.51%) 31(15.58%)  60(30.15%)  78(39.20%) 25(12.56%)  3.44 0.98
6 BB ORIRE SR B RE L B ER? 199 5(2.51%) 39(19.60%)  67(33.67%) 72(36.18%) 16(8.04%) 3.28 0.95
1R LRIRE EYRES [FEATR SRR HR? 199 4(2.01%) 33(16.58%)  57(28.64%)  86(43.22%) 19(9.55%)  3.42 0.94
LR BEORRESYRES RENBUEER? 199 4(2.01%) 34(17.09%)  48(24.12%)  89(44.72%) 24(12.06%)  3.48 0.98
9B EE AR TS [REARETE T 2487 199 6(3.02%) 20(10.05%)  48(24.12%) 102(51'26%)’ 23(11.56%) 3.58 0.93
10. 82 EHE O AR TES NS EEER? 199 8(4.02%)  16(8.04%)  48(24.12%)  96(48.24%) 31(15.58%)  3.63 0.98

3.38 0.94
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R 24 55 TN EIFSERETN e R s 2 STk

N AE —iF REH ] R

LEKBE A T BB R TR S e B 197 48(37.79%)  37(44.57%) 30(24.39%)  12(23.52%) 70(17.19%)
2 SBRAIE N E R EH E TR EESHERIR A E ? 197 22(17.32%)  15(18.07%) 29(23.57%)  13(25.49%) 118(28.99%)
3 MEALE A SR A E TR SV E BT 198 31(24.40%)  16(19.27%) 33(26.82%)  15(29.41%) 103(25.30%)
A ERIEANE R EH ERETRAE SRR NE? 199 26(20.47%)  15(18.07%) 31(25.20%)  11(21.56%) 116(28.50%)
127 83 123 51 407
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7 25 55 sy B3R 2 sHh

N R Q) R’ A (3) &KHG HRG) P ks

L TR R S e R IS A 197  139(70.56%) 23(11.68%)  15(7.61%)  5(2.54%) 15(7.61%)  1.65 121
2SI TAE R R B e R R S E AP ? 198 74(37.37%) 26(13.13%)  21(10.61%) 30(15.15%) 47(23.74%)  2.75 1.64
A E T R R R EREZYE AFEE? 199 70(35.18%)  26(13.07%) 18(9.05%)  33(16.58%) 52(26.13%) 2.85 1.66
2.42 1.50

N HE HE HENHE FIE FHAth

FoE T R AR R P R ? 197 55(27.92%) 1(0.51%) 4(2.03%) 121(61.42%) 16(8.12%)
N 0= wEAPRIERE  FEEIPRER TR HAth

A TR HARE B R 58 B 2 (KR 5 244) 199  171(85.93%) 3(1.51%) 19(9.55%)  20(10.05%) 4(2.01%)
N o= BERIPRIGEE  FEEURREA T HA

FoAE T/ e B R T R e B 2 (RAR TS5 44) 197  172(86.43%) 2(1.01%) 0(0%) 22(11.06%) 3(1.51%)
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7 26 S5 TSR] TAR DN EEME 2 S0 RIa TS

N FEEFBEL) FEEQ EiE(3) BEG FEBEO) Wy BEEE

1 BRI R E R TR R B A EN TAEEH? 197 6(3.05%)  17(8.63%)  54(27.41%)  95(48.22%) 25(12.69%)  3.59 0.93
2 BB E R AT R A BN TIEER T RS 197 6(3.05%) 28(14.21%)  69(35.03%)  71(36.04%) 23(11.68%)  3.39 0.97
BB R IBFT R A BRI TH MBI BIE G BN TR 197 3(152%)  17(8.63%)  52(26.40%) 96(48.73%) 29(14.72%)  3.67 0.89
4B R S RENE LIRS U B Esa B G E? 199 2(1.01%) 29(14.57%)  58(29.15%)  84(42.21%) 26(13.07%)  3.52 0.93
5 B EE R R B R TR Sy TR 2 199 2(1.01%) 22(11.06%)  54(27.14%)  94(47.24%) 27(1357%) 3.61 0.89
6. B EEIE T E R BEXE LEEE U LIRE EYEE? 199 5(2.51%) 31(15.58%)  63(31.66%)  80(40.20%) 20(10.05%) 3.4 0.95
7 BB R R R R R R THERINE S TR 199 2(1.01%) 27(13.57%)  43(21.61%) 95(47.74%) 32(16.08%)  3.64 0.94
8B E R TR A B ENE T FE R TERAE EYEE? 199 6(3.02%) 29(14.57%)  56(28.14%)  84(42.21%) 24(12.06%)  3.46 0.98
9B EERIBFTR A BRI THEA R TR TREZH? 199 7(352%) 20(10.05%)  47(23.62%) 101(50'750/‘)’ 24(12.06%)  3.58 0.95
10 B EEREME R ELE LEERUEN AR TEEE? 199 8(4.02%) 21(10.55%)  56(28.14%)  85(42.71%) 29(14.57%)  3.53 0.99
3.54 0.94

42



SBUUET BREEE

€ 5 FAFE|MRZEEREFI(EE 27) - FLLNEERER - B - SRR UIEIRER -
i 80 7y HAYIRE - {H2 B RN B PR BOR B 55 THE I fratat S B TR
IRETHIERY 85 7y H LU 55 TR T 7 Fa 2 )V INRFIF &SP H Rk 90 73 H -

7= 27 e EESE

Company Noise(Mean=SD)
Process TWA-8hr(dBA)
A
fEBR MISS
PRER 75.7+0.20
B 78.3+0.61
] /N 57.8+0.72
B
L BR 82.6+0.81
(ERZS 76.5+0.29
PRER 80.1+0.11
) N 51.5+0.55
C
e BR 79.2+0.48
V=i 77.7+0.59
BEiE 83.2+1.27
) N 58.0+0.79
D
L BR 73.7+0.19
2k MISS
PRER 72.740.41
] /NG 56.7+1.65
E
L BR 79.8+0.81
2k 84.5+0.071
PRER 78.9+0.43
) N 51.7+1.35
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