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Challenges and issues of cancer risk on workers in the semiconductor industry
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ABSTRACT

Objectives: The objectives of this study are to summary controversy over health risks among semiconductor
workers, to review major cancer risk results conducted in semiconductor operation and to evaluate occupational
health activities in Korea for controlling hazardous agents generated in semiconductor operations

Methods: Major occupational health issues that has been social controversies among semiconductor workers
since 2007 were reviewed through an extensive literature, report and article review.

Results: Since a female semiconductor worker aged 22 died from leukemia in 2007, job—association of a number
of former semiconductor workers with various types of cancer and rare diseases have been denied by the Korea
Workers' Compensation and Welfare Service (KWCWS), but some of them were later awarded compensation as
an occupational disease by the administrative court. Two epidemiologic cancer risk studies conducted in Korea
found increased risks in leukemia and non—Hodgkin's lymphoma among semiconductor workers. Various legal
occupational health activities taken in semiconductor industry were found to fail to assess a complex
characteristics of semiconductor operations, such as drastic changes in chemical use, processes, and
technology, multiple exposure. National compensation regulation also showed the limitation to evaluate
job—association of semiconductor workers who had worked in semiconductor operation.

Conclusions: National legal measures should be taken to improve several occupational health activities and
duties for protecting workers. In addition, the KWCWS program should be revised so that all workers who
meet minimal job or environment associations can be compensated.

Key words: Semiconductor workers; Korea Workers' Compensation and Welfare Service (KWCWS), Fabrication
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Table 1. Standardized classification related to semiconductor industry by Ministry of Statistics

Standard code number

Name of industry

C (Sections)
26 (Divisions)

261 (Groups)
2611 (Classes)
26110 (Sub-classes)

Manufacture

Manufacture of Electronic Components, Computer, Radio,
Television and Communication Equipment and Apparatuses

Manufacture of Semiconductor
Manufacture of Electronic Integrated Circuits
Manufacture of Electronic Integrated Circuits

2612 Manufacture of Diodes, Transistors and Similar Semi-conductor Devices

26120

Manufacture of Diodes, Transistors and Similar Semi-conductor Devices
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Table 2. Summary of hazardous agents generated in semiconductor operation(Park et al., 2019)

Major operation” Minor operation”

Major health hazards (reference)

Epitaxy and oxidation
Photo masking & etching

Gases and silanes
Solvents, acids, alkalis, photoresist, developers, UV light

Doping: diffusion ad ion implantation Gases, dopants, metals, X-ray, ELF-MF

Silicon oxides and nitrides, aluminum oxide

Fabr|cat|on Deposition: chemical vapor deposition Gases, dopants, ELF-MF
operation
Metallization Dopants, metals, solvents
Passivation
Testing

Chemicals in case of analysis for quality control

Wafer back grind/saw

Die attach/wire bonding
Chip assembly

operation Molding by epoxy

Solder ball mounting
Testing by hot & cold temperature

Fused silica, TMAH

Epoxy resins

Epoxy resins

Chemicals from thermal decomposition of EMC, Flux
Chemicals from thermal decomposition of EMC, ELF-MF

Office
Non~-fabrication  Non-office operation

Supply chemical to fab clean room, Wastewater treatment etc.
Maintenance and operation of the facilities including scrubbers,

wastewater treatment etc.

Abbreviations. UV, Ultraviolet; ELF-MF, extremely low frequency—-magnetic field; TMAH, tetra methyl ammonium hydroxide;

EMC, epoxy molding compound

" Name and classification of operation may vary among plants
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Table 3. Decision on the association with job history of five blood-related cancer cases by administrative court in 2011

D Diagnosed Name of = Employment Type of major Task Job Compensation Compensation by
age disease duration operation by KWCWS administrative court
A 21 Leukemia Jun 2003 Fabrication Diffusion/Etching Operator No Yes
- Jun 2005 9 P
. Jan 1995 o Diffusion/Etching/
B 30 Leukemia Jul 2006 Fabrication metallization Operator No Yes
C 30 Leukemia Jun 1997 Fabrication CMP/Back-Lap  Engineer No No
- Oct 2004
. Jan 1991  Chip packaging ,
D 36 Leukemia Jan 1996  and assembly Cutting Operator No No
Non-Hodgkin May 1993  Chip packaging . .
E 38 lymphoma - Dec 1998 and assembly Electroplating ~ Engineer No No

Abbreviations: KWCWS, Korea Workers' Compensation and Welfare Service; CLP, chip level package.
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Table 4. List of cancers with significant findings in nine
cancer risk epidemiologic studies conducted in
semiconductor operations

> “1" lower 95% CI’

Non-Hodgkin lymphoma 1

Type of cancer

Brain
Melanoma
Ovarian

Rectum

Pancreas
Breast
Lung
Thyroid

1
2
1
2
Prostate 2
2
2
1
1
Stomach 1

Abbreviations: Cl, confidence interval.
* Number in table indicates the number of articles (out of
the total of nine) showing a significant association.
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Table 5. Type of cancer associated with job profile among semiconductor workers evaluated in Korea (Lee et al., 2011; OSHRI,

2019)
'i%haigs Number of plants Significant cancer Associated factors OR(95% CI)
Male semiconductor workers SIR 2.11(1.49-2.89)
Fab SIR 1.77(1.08-2.74)
Thyroid Hire date ({(1991), male SIR 1.85(0.95-3.23)
Hire date (1992-1997), male SIR 2.78(1.70-4.30)
Lee et g, 2 Wafer fab facilities Years worked(>10 year), male SIR 2.30(1.46-3.46)
(2011) & 2f1;aéki)”tpi):;:k|ng Kidney Male semiconductor workers SIR 1.82(0.97-3.12)
Female manufacturing workers SIR 2.53(1.34-4.32)
Non-Hodgkin Female chip assembly operator SIR 3.15(1.02-7.36)
lymphoma Hire date ()= 2004), female SIR 5.28(1.09-15.44)
Years worked(1-5 year), female SIR 2.94(1.08-6.39)
Female semiconductor workers SIR 1.55(1.06-2.18)
Leukermia Female semiconductor workers SMR 2.30(1.45-3.45)
Female semiconductor workers(age, 20-24) SIR 2.74(1.01-5.97)
Female semiconductor workers SMR 2.81(1.69-4.40)
Female semiconductor workers SIR 1.92(1.35-2.64)
Non-Hodgkin Female semiconductor workers SMR 3.68(1.84-6.59)
lymphoma Female operator SIR 2.19(1.47-3.14)
OSHRI 2 évaée; fab facilities Female operator(age, 20-24) SIR 3.33(1.52-6.33)
(2019) ab packing

facilities
Breast cancer

Female assembly operator(age, 20-24)
Female assembly operator

SIR 4,24(1.38-9.90)
SIR 2.23(1.18-3.81)

Melanoma

Male maintenance worker

SIR 6.95(1.43-20.30)

Testis cancer

Male operator
Male maintenance worker

SIR 1.96(1.04-3.35)
SIR 2.75(1.01-6.00)

Pancreatic cancer

Female operator(age, 20-24)

SIR 5.10(1.05-14.91)

Salivary gland
tumor

Male fab worker

SIR 2.86(1.05-6.23)

Abbreviations. OSHRI, Occupational Safety and Health Research Institute; NHL, non—Hodgkin lymphoma; SMR, standard
mortality ratio; SRR, standard cancer registration ratio; SIR, standard cancer incidence ratio; OR, odd ratio.
Association with office work were excluded, SMR and SIR with more significant results were selected among several

comparison groups.
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