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Critical review of retrospective exposure assessment methods used to

associate the reproductive and cancer risks of wafer fabrication workers
H9ES - o3
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Department of Environmental Health, Korea National Open University

ABSTRACT

Objectives: The aim of this study is to critically review the exposure surrogates and estimates used to associate health
effects in wafer fabrication workers such as spontaneous abortion and cancer, as well as to identify the limitations of
retrospective exposure assessment methods

Methods: Epidemiologic and exposure-assessment studies of wafer fabrication operations in the semiconductor industry
were collected. Retrospective exposure-assessment methods used in cancer risk and mortality and reproductive toxicity were
reviewed.

Results: Eight epidemiologic papers and two reports compared cancer risk among workers in wafer fabrication facilities in
the semiconductor industry with the risk of the general population. Exposure surrogates used in those cancer studies were
fabrication(vs. non-fabrication), employment duration, manufacturing eras, job title (operator vs. maintenance worker) and
qualitative classifications of agents without assessing specific agent or job-specific exposure. In contrast, specific operation,
job title and agents were used to classify the exposure of fabrication workers, contributing to finding a significant
association with spontaneous abortion (SAB).

Conclusion: Further epidemiologic studies of fabrication workers using more refined exposure assessment methods are
warranted in order to examine the associations between fabrication work, environment, and specific agents with cancer risk
or mortality as used in SAB epidemiologic studies.

Key words : semiconductor industry, wafer fabrication, retrospective assessment
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silicon wafer”,

EERNT3

2-2-3}o] “semiconductor industry”,
“silicon chip”, “electronic industry”, “wafer fabrica-
tion” 5 HF=A] AFY-2 YEF &= “F9 o] (key word)" =
E?ﬁé A T YA =X oA oF Abil Z=3) 7

H AFA S At 1EsHTh 2 Aol A
“f& Fa A+ lH%% HheA) ol 7 &g 3
oA LA E = Fal AL, HhE=A Yol Ty
=AY A, PEXﬂ flol# 7ty 34 L=AF
oot A A Yol 7hE A
A A Bl AR ok dAqtoltt. flo] ¥ Tt
52e SajlA wET) PAw Fa WA Y
S A 2|5} th(Boice et al., 2010; Hawkinson
and Korpela et al., 1998; Stewart and Elkington, 1985;
Wald and Jones, 1987)
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1. Z2a ¢ ot

L gt x| Yjo|H 7t8 S| a2t £ RalUXt
Lo A F2 =7ho] AL Q= WHEA 3
A e & ¢lo]w 7} (fabrication)o] tt. o] TS m
(SiOn) Nl A ANt A 2] (Si) 7] H(substrate) 1ol 7] =]
A A3t 3] Z(circuits) & A A(transfer)d}il A2 A 7|7}
528 1FsHe ol dolu 1F TS BE
g3 22 47]9] 84 744 2 2 o] =0 2 h(Boice
et al., 2010; Hawkinson and Korpela et al., 1998; Stewart
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and Elkington, 1985; Wald and Jones, 1987).
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Table 1. Major chemicals used in wafer fabrication operations
(Boice et al., 2010; Hawkinson and Korpela et al., 1998;
Stewart and Elkington, 1985; Wald and Jones, 1987)

Process

Name of chemicals used
Sulfuric acid(H2SOs), Nitric acid, Hydrofluoric
acid, Hydrogen chloride, Hydrogen perocide
Isopropylalcohol, ammonium hydroxide,
1,1,1,-trichloroethane, Trichloroethylene, Freons

Cleaning

Photo-lithogra PR including hexamethyldisilzane
phy cellosolves < 2-ethoxyehanol, 2-ethoxy ethanol
acetate>, propylene glycol ethers

Developing  n-butylacetate, xylene<negative>, sodium
hydroxide
Tetramethylammonium hydroxide, potassium
hydroxide <positive>

Wet etching Hydrofluoric acid, Hydrogen chloride, Sulfuric
acid(H,SO4), Phosphoric acid, Acetic acid,
Nitric acid, Chromium(IIT) oxide(Cr,Os)-

Dry etching Chlorine (Clz), (Borontrichloride (BCls),
Hydrogenchloride (HCl), -Trifluoromethane
(CHF3), (Bromine,Br;), Tetrafluoromethane,
CF4), AFg3let2(carbon tetrachloride, CCls)

Wet stripping Phenol/tetrachloroethylene, o-dichlorobenzene,
Phenol, p--toluene, Sulfonic acid), Hydrogen
peroxide (H,0,), Sulfuricacid (H.SO4),
(Chromium (III) oxide (Cr,0s) -Sulfuricacid
(H2S04), Ammoniasolution

Ton Arsine <g>, Arsenic compuond <s>
implantation Phosphoruscompound, phosphine <g>

Boroncompuond, diborane <g>

Antimony trioxide <S>, antimony trichloride

<>

Silicon tetrachloride, silane, dichlorosilane,

trichlorosilane

Epitaxy

Metallization Aluminum, gold, silver, nickel, titanium,
chromium

dapile] EabA mEE 4 Atk 34 LARE
2ol T E(EZ; 257 E) S
A Ao} shiz AFEA T el 017
olo| = =& Hl %= (frequency) 2 =%t} Yol 7}
T ZAo BRI Ao 9y AA Qoo E L5l &
247t w2 4 Gl SR 4, mESE )
AL FAbEo] tidt ARE AT A= AY |k
olw 713 2 Yelot FAME WAL Fa
ol el zFol thal A MRS S(2011)0] 1 T3k “ut
E=A Aolw 7t 3 W A A Fef ARkl gt

o] e =] Ak
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cEAel AHSAT ¢ AY GAATAA BA xEWL WY 17 1

Aol 7H3 222 YUER SAFAFANE, 4
olu] 7}%¢ LE2AE th&3] fabd} non-fabo 2 H

6‘]_13:] J\H/K]E./\‘] H‘GJO] L]—E]-],]—X] 0}741,]- _,]/\‘]Q_‘: 7—]—%
spelsicy. el Q1 AARE fab B, A%, ¥
ol X MAEE SR B ol weh AliaA
SR A AAER 0] AiTo] BRsiA Eejyte.
weba] goln AF TR} ARW BAT AT
293 §3leIA] chet B AR E BeT 4 ik

=
HAEAT AEBAY it B2 AAALE o

X
2ystA 73 4 ek

=4 #Y =R AR *J-(spontaneous abortlon
SAB)o] 109, 97 7] o]4ro] 3 (Chen =, 2002;
Gold &, 1995a; Gold &, 1995b) H?ﬂ/\jﬂoﬂ(con—
genital anomalies)(Lin 5, 2008)3} YAl x| &I(Chen 5,
2001), A} 222} Al %=2(Samuels 5, 1995)0] 21z}
13H o]}, 1988 of| Pastides £(1995)0] #2202 L
& 2HAF 3 Z=A7L non-fabL 2 A} Hrh 2H¢
FARY] Qo] Erhe AS R ol AR
1992 1299 w]=+ vt= 4] & 3](Semiconductor Indu-
stry Association, SIAZ} §H) 9] 2| -2 wol Schenker
5(1995)0] ml= 147 o] 7} 54 =AY 2t
ALA 9SS ZASFG T E 19931 5€ Jones
Hopkinst]| 8} (Gray 5, 1993)0] IBM2] X8 Hbo}
o] = F5ol 9= 270 IBM flo|w 713 34 L2 A9
A fatel 918 2AST SUH0m o o
ATSANE RG4S ATl non-fabi 2 Ao
w3l folahl warom folat 2R AR
2] gra .

2 oA = golH 7hg LEAE B W
ot 2914k 917 0] Aol S ] LA CH(Table 2 ZH).
AA, AT L2AE fabd non-fab o = T3}
BT Aol E Ao gare] fldo]l S g
Atk 3 9lEel W AS Bw & ek e
fbFH & 313 B oI} 2 o) ket AT AR S
o AR5 5 A=) gRo] B BT
257} Bshl Eelga 1 $ldol Sleke s
Urebid thTae 20 4 *3EA] ZH2). DL AR Q1T
o = oleist Aol A erorrhElion 5.
1999; Shusterman -5, 1993).
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Table 2. Comparison of spontaneous abortion risk by exposure
surrogate used to classify wafer fabrication workers in
SAB epidemiologic studies

Study RR or OR Exposure surrogate
(95% CI)
Pastides et al 1.75(0.8-3.3)  Photo vs non-fab *
(1988) 2.18(1.1-3.6)  Diffusion vs non-fab *
Shusternman et al
(1993) 0.87(0.45-1.60) Fab vs non-fab
Schenker et al 1.43(0.95-2.09) Fab vs non-fab
(1995) 1.78(1.17-2.62) Masking vs non-fab *
1.17(0.68-1.93) Dopant & thin film vs
non-fab *

Beaumont et al 1.25(0.63-1.76) Fab vs non-fab
(1995) 1.67(1.04-2.55) Photo vs non-fab *

1.78(1.17-2.62) Masking vs non-fab *

2.08(1.27-3.19) Etching vs non-fab *
Eskenazi et al 1.25(0.63-1.76) Fab vs non-fab
(1995) 1.30(0.59-1.84) Masking vs non-fab

1.39(0.51-1.96) Dopant & thin film vs
non-fab

Gray et al(1993)  1.1(0.8-1.6) Fab vs non-fab

Pinney et al(1996) * 1.62(0.77-3.39) Fab vs non-fab

Elliot et al(1997)  0.65(0.30-1.40) Fab vs non-fab
0.58(0.26-1.30) Fab vs non-fab

RR: relative risk, OR: odd ratio

#: Elliot et al(1997) =golA &% 92& 7& & &

* AFHNIAE Fabl sHE FAER oA BREA 240 W

AAYG 1 ;A4o] o AR

EA, Fab 34 ol A T E = 54 FafidAY =
SR ot Fol wet A S 2R E 5ol
= A AR 17l o] ol 8HAl L ER s Th(Table 3 &
%). Faba- Aol A At A fARS Zefigh A4 Ql Ll
Aol Bl Aotk 54 3l AAS(EGE,
IPA, cleaning solvents, acids, radiation, stress 5)2] =
2520 AARALY ATAS AT 1= 3 (Swan
=, 1995; Elliott =, 1999; Eskenazi %, 1995)0] A =
AR Aol TAE T Elliont 5(1999)9] 472
Aelst st goln sheege setE
Z(EGE, PR, IPA, Xylene, Acetone, butyl acetate 5)3}
AEE A wE0] AeAGAto] WA B §2]517)
AR 1A = AL W

At oo AAIEA st ol 4 o]e} b
223 Aol TaE ek Gold 5(1995)& golw] 743
o 2EA 451 S AU BFsto] et A,
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non-fab LEX}o] v =X 1TE(RR=2.46, 95%
CI=1.19-3.63)1} L& 1E(RR=1.83, 95% CI = 0.94-
2.88)0llAIM D7 7] o] HEH 71 35Y o] F E=
249 o] 1)9] 17 o] FoIFA £ AL Wk
Z12] 1L Hsieh 5(2005)-> tj ¥k Wt 4] of 4 LEAES
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Table 3. Comparison of spontaneous abortion risk by specific agents or exposure level used to classify wafer fabrication workers in SAB
epidemiologic studies

Study Agent assessed Exposure level RR or OR(95 % CI)

Correa et al. (1996) EGE High vs no 2.8(1.4-5.6)

Schenker et al. (1992) # EGE Exposure vs no 1.66(1.02-2.59)

EGE High exposure vs no 3.38(1.61-5.73)

PR/developer High exposure vs no 2.54(1.41-4.12)

Xylene High exposure vs no 2.72(1.51-4.37)

n-Butyl acetate High exposure vs no 2.40(1.09-4.47)

Acetone Exposure vs no 2.00(1.29-2.95)

Isopropylalcohol Exposure vs no 1.67(1.07-2.52)
Gray et al. (1993) * Xylene Exposure vs no 1.6(1.1-2.5)
n-Butyl acetate Exposure vs no 1.7(1.1-2.5)
Acctone Exposure vs no 1.7(1.1-2.5)
HMDS Exposure vs no 1.8(1.1-2.8)

Swan et al. (1995) * EGE Exposure vs no 1.56(1.02-2.31)

High exposure(2,3) vs no 2.40(1.24-4.11)

Xylene Exposure vs no 1.35(0.88-2.03)

High exposure(2,3) vs no 2.31(1.39-2.37)

n-Butyl acetate Exposure vs no 1.49(0.97-2.20)

High exposure(2,3) vs no 2.53(1.34-4.23)

Fluoride Exposure vs no 1.79(1.22-2.54)

High exposure(2,3) vs no 1.69(0.98-2.75)

Acetone Exposure vs no 1.86(1.26-2.64)

High exposure(2) vs no 1.83(1.04-3.01)

Isopropylalcohol High exposure(2) vs no 1.76(1.08-2.74)

Stress Exposure vs no 1.62(1.06-2.37)

High exposure(2,3) vs no 1.86(1.17-2.85)

High exposure(3) vs no 2.90(1.72-4.43)

Elliot et al. (1999) s EGE Exposure vs no 0.46(0.10-2.11)

Propylene GE Exposure vs no 0.00(0-18.48)
non-EGE PR Exposure vs no 0.45(0.05-3.89)
Fluorides Exposure vs no 1.44(0.49-4.18)

RR: relative risk

OR: odds ratio

# = adjusted by logistic regression for smoking, age, education, income, ethnicity, pregnancy history, pregnancy start year and stress
question

$ = the crude OR

EGE = ethylene glycol ethers

Exposure level 0-3 : ranged from no exposure(0) to highest exposure(3)

Exposure 1,2,3 : exposure

High exposure (2 or 2,3) = women exposed at level 1 are not included in higher level exposure analyses

Ho| RIE A ofJHE HARWA  PA =EBPR(YRE IS, T TE )7t FE
g B3] WA AT o5 =B AREE A gob thx] 2RO R R4S ERAY] 1
QAT uhe} o], Slate] AN PAML YA 4 9l Folth W A Sorahan Fo] 4T AT 27(1985

rr
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Table 4. Comparison of retrospective exposure surrogates used in cancer risk epidemiologic studies of wafer fabrication workers (Park et

al., 2011)
Country Information sources on Exposure surrogates used to classify
Authors Study type (name of Number of plants work history and P N . Y
study subjects
plant) work-related exposures

Facility/employment status
SMR/SRR UK 1 Company personnel records and durations

(0-4, 5-9, 10-14, >15 years)

Facility/employment status
SMR/SRR UK 1 Company personnel records and durations

(0-4,5-9, 10-14, >15 years)

Sorahan et al.
(1985)

Sorahan et al.
(1992)

Four sources within company

MCcEl t al.
chivenny ¢t a SMR/SRR UK 1 (Scottish) (personnel/payroll/pension/occ

Facility/exposure duration

2003 lat < 10/ 10
( ) upational health) (latency) ( years)
IBM’s electronic personnel
file (position/hire date and
3 (East Fishkilll  end date/location Facility/years since first record of
Beall et al. (2005) SMR US (IBM) Burlington/ code/division employment and years
San Jose ¥) name/department worked/potential exposure/job title
code/department name/job
code/job title)
Nicholas and Facility/year of hire/period from
UK 1 C 1 d
Sorahan (2005) SMR/SRR omipafly persornet recor Istemployment/durationofemployment
IBM’s electronic personal file
(position/hire date and end e .
. . . Facility/ first d of
Bender et al.  SIR(cancer US(IBM) 2 (East Fishkill/ date/location code/division eiflli)y y:zzsazzlceea;r: recorc.©
(2007) incidence) San Jose ¥) name/department ploym . Y
. worked/potential exposure
code/department name/job
code/job title)
2 large companies Company electronic work Occupation (fab/non-fab)/duration of
Boice et al.(2010) SMR/RR us located in 10 cities history information for job  employment and job title/occupation
in five states and exposure classification  and manufacturing eras
Occupation (fab/non-fab)/duration of
| National Company historical employment and job title (no
Darnton et al. SMR/SRR UK Semiconductor UK document.s , interviews with results)/qualitativ.e exposure -
(2010) long-serving employees and assessment: carcinogens, radiation,
Ltd. at Greenock . . . .
questionnaire group of chemicals and shift work
(yes/no)
No description of the
methods used to collect work
South 5 i d g8 Hire date/job title/
Lee et al.(2011) SMR/SIR o con'lpames an history data or information ire catejob htle/years
Korea factories worked/person-years

and to classify fabrication
workers

¥: facility to develop, manufacture, and package storage product devices such as hard disk drivers, network servers, magnetic tape
drivers, and microdrives.

Abbreviations

SMR = standardized mortality ratio

SRR = standardized cancer registration ratio 0.99(0.64-1.47)

SIR = standardized cancer incidence ratio

RR = relative risk

E 3} 19921)2 G = West Midlandof 3l+= WH=A] 3] Apol| A A2 Autgch 19859 A AFol A oA &
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2R AL UERE A F(melanoma) 9] Y E 0]
ARkl H ot f-o51A 2 S HAfA, o] F 7d
2 21 ZAFAR feldo] o o) BakE A o
QFth(Sorahan %, 1992).

1998 o= HSE:= AF EHE Greenocko] U=
National Semiconductor Ltd(NSUK)oJ| A 3 ¢+2] Ei
Wy at oFo] 9lolol A T Ety] 9t olsk R AlS

T3t 1970 o A 1990 Afofof ZF7E of A
S 2262004 hebiE %k, 319k, S Al
gEC] dukelo] v FYstA =2 A AR
o SHAITE o] AT M A YR Eaast
Q0] ol 2|3t oF WAlo] 1o} ATHE| gL A Wl A
At o] A= McElvenny 5(2003)0] =Ro &
9T} o] 3 HSEE 19994 7H2] SU3 ATt
AACEA 2.12678, 917 1,2627) 9] oF HAHES 5
Y3k o] AFolAL 4R Fa| QR W
(47 o8, 34 Bt s =
gafjdato] o wE:e =AU oW AT
(McElvenny 5, 2003)01“1 H13k ojA 22RO &
W, sgk, 919 59 %7h7 AR} Belo] gletn
A2 2y o] KA FA Al &S
A e AWehA gk, A5 o 919 A%E
AAEE A Gskeh. LT o] BIAE o} mEe
2 W5 A 9F-8 AF3o| th(Darton et al., 2011).

Frol Al HIE =7 483} B A 2o A= uF
TA T Ao BAE A 8 sHA &
o o2 Bekeh, ofn] AFW o2 AT At A}
Aol A AR A 4 s AR, BA, 9

=3

P T
A = S E2 B =S AETE 7] o
golt}.

ﬂ.I

2) | AL

a| =0l A= 2005 o] Fof] =it 3 o] HILE )
t}. 23 (Beall 5, 2005; Bender 5, 2007)2 IBM L&
A5 o r d& Aot o 7| A= Gl A
B ARk AR 3A = H (Yol # g4t
A7) &, A FErol &, 54 el 1Al Lgol gt
A4AQ =E2H7F 5)E EE5te] HolH 7w &
222 B2 IBM S A4 3 A7 19609
o5 e Hytsl 2 EEXH BA =B (FA,
T 3%t A7 (Y 57 @1l HAE ARE
gsto] A5 oF Y APl 713 = dIdFe

Mr oo X
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oA NS4S o A% dsaT

AM A =EHrF BFH 1Z 15

o] 2 Beall S(2005)2 19654 o 4] 1999 A}o] o]
AP folH 7ha L= 126,836 9] AMYES
ALer Ax}, 34 A8 A F(process equipment main-
tenance)”} 53241 7 A (central nervous system can-
cer)d} S-oJst APA(SMR= 247, 95 % CI=1.18-
4.54)0] 55 Bt o] Aut= L2AY AR E
3 AEE@AA, AP HA, AEA F)eRE £
sho] 42 Zlo|tt

3} 9F Boice 5(2010)2 o)y 7}& ARy}
oF WA olut Abo] Aybgd-S W skA] RiTh o]
Ao goln 1 22 ZolA Yl
2wz BRsA gu LA Pe wEROR
At o= AHFAAE MR} R BRS
Beall 5(2005)9] %529} 1 wpwo] 2hakdl Zio|ct.
Boice 5(2010)0] £A7h2} u| 2ol A5 22 ol §
= M A7) AFIA kel LaAe}
HulaeiAbe] A7k AR FREA e B Ut
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Table 5. Comparison of cancer risk and mortality cohort period used in epidemiologic studies of wafer fabrication workers

Death of all causes

Death of all cancer

All cancer incidence

Authors Country studied Cohort periods (SMR) (SMR) (SIR) or registration
(SRR)
Sorahan et al. (1985) UK <1970 0.71 1.1 NA
1970-79 0.71 0.64 NA
Sorahan et al. (1992) UK 1970-89 0.72 0.79 NA
1970-88 NA NA 0.96
McElvenny et al. (2003) UK 1998-00
Male 0.4 (0.27-0.59) NA 0.99 (0.64-1.47)
Female 0.75 (0.54-1.01) NA 1.11 (0.83-1.45)
Nichols et al. (2005) UK 1970-2002 0.80 (0.71-0.89) 0.77 (0.63-0.92) 1.0 (0.87-1.13)
Beall et al. (2005) UsS 1965-1999 0.65 (0.64-0.67) 0.78 (0.75-0.81) NA
Bender et al. (2007) US 1976-1999 0.81 (0.77-0.85) NA NA
1988-1999 0.87 (0.82-0.92) NA NA
Boice et al. (2010) UsS 1983-2002 0.54 (0.51-0.57) 0.74 (0.66-0.83) NA
Lee et al. (2011) Korea 1998-2008
Male NA 0.25 (0.21-0.29) 0.86 (0.74-0.98)
Female NA 0.66 (0.55-0.80) 0.88 (0.74-1.03)
NA: Not available
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