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Obijectives: To assess the systematic health effects on the liver, kidney, and haematological function
tests of workers in semiconductors in Taiwan.

Methods: 926 workers of a semiconductor plant in Taiwan in July 1995 were investigated. Complete
blood tests including liver, kidney, and haematological functions were available from 227 workers.
Results: There was a significantly lower mean (SD) white blood cell (WBC) count in male workers of
photolithography (5870 (1190)/mm?, p=0.003) and implantation (6190 (1150)/mm?, p=0.018) than
that of male control workers (7350 (1660)/mm?). There was a significantly higher prevalence of leu-
kopenia in male photolithography workers (6 of 20; 30%) than in male control workers (1 of 18;
5.6%), the crude odds ratio (OR) was 7.3 (95% confidence interval (?5% Cl) 1 to 55.6), and the mul-
tivariate adjusted OR was 8.1 (95% Cl 0.83 to 78.3). The tests for serum glutamic oxaloacetic
transaminase (SGOT), serum glutamic pyruvic transaminase (SGPT), y glutamyl transferase (RGT), and
creatinine were not significant among male workers. Female workers in photolithography had abnor-
mal SGPT and RGT of borderline significance, the multivariate adjusted ORs were 9.6 (95% Cl 0.86
to 107) and 6.35 (95% Cl 0.53 to 75.8), respectively.

Conclusions: This study suggests that leukopenia is a potential health effect in male fabrication work-
ers of the semiconductor industry. The tasks of the process, maintenance, and equipment engineers
which consisted mostly of men put them at risk for intermittent short term peak exposure to glycol ethers,
ionising radiation, arsenic, or other toxins. The findings of this medical surveillance are significant;
however, a further investigation of the aetiological factors and the subsequent health effects is neces-

sary.

involves exposure of workers to many chemical and

physical agents and to ergonomic stressors. Potential toxic
agents such as solvents (glycol ethers, xylene, toluene,
acetone, isopropyl alcohol, and hexamethyldisizanes) used in
the photolithography and cleaning, dopant compounds
(arsine, phosphine, and diborane gases) used in diffusion and
ion implantation, acids (hydrofluoric and hydrochloric acid)
used in etching or cleaning, physical agents (ionisation radia-
tion, radio frequency (RF) radiation, or extremely low
frequency-medium frequency (ELF-MF)), and ergonomic
stressors such as standing, constrained posture, and repetitive
motion."* Workers in clean rooms are usually exposed to mul-
tiple agents while performing their tasks, and may suffer from
potential adverse health effects such as neurological, respira-
tory, haematological, hepatic, renal, and reproductive
problems.'""° The purpose of this study was to assess the risk by
conducting liver, kidney, and haematological function tests in
a semiconductor plant in Taiwan.

The fabrication process in the semiconductor industry

METHODS
This study is part of a clinical survey conducted on 926 work-
ers from a semiconductor plant in Taiwan in July 1995. The
clinical survey included a standard self administered ques-
tionnaire. The questions covered demographic data, health
status, and symptoms, occupational history including history
of jobs with semiconductors and lifestyle variables such as
smoking, alcohol consumption, and medication. Chest radio-
graphs, pulmonary function tests, and physical examinations
were performed. The results and symptoms of general illness
have been published elsewhere."

There were 208 fabrication workers and 718 non-
fabrication workers, 19 out of the 208 fabrication workers
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were excluded because of incomplete tests or questionnaires.
Therefore, the study subjects included 185 fabrication workers
who were recruited from all available workers in the fabrica-
tion section and 47 non-fabrication workers who were
randomly sampled from 718 non-fabrication office workers in
this factory. Study subjects had complete blood tests—liver
function, kidney function, and haematolog. They were classi-
fied by working departments as photolithography section, ion
implantation section, etching and diffusion section, and office
section. Because male fabrication workers worked exclusively
as engineers and female fabrication workers worked as opera-
tors, sex was considered an important factor and was further
stratified in this study.

We excluded one male etching worker, one female photo-
graphic worker, and one female office worker from further sta-
tistical analyses due to acute infections. We were not able to
analyze females implantation workers due to small sample size
in that section (n=2). The data from the remaining 227 work-
ers were encoded, entered, and analyzed with the assistance of
the statistical analysis system (SAS) PC software package'’and
database III plus.” We used student’s ¢ test and analysis of vari-
ance (ANOVA) with Dunnett’s multiple comparison procedure
to differentiate the differences between the working sections
and controls for demographic data, haematology, liver, and
renal function tests. Liver function abnormality was defined as
serum glutamic oxaloacetic transaminase (SGOT) >34 U/,

Abbreviations: WBC, white blood cell; SGOT, serum glutamic
oxaloacetic transaminase; SGPT, serum glutamic pyruvic fransaminase;
RGT, y glutamyl transferase; RF radiation, radio frequency radiation;
ELF-MF, extremely low frequency-medium frequency; BMI, body mass
index; HBsAg, hepatitis B surface antigen status; PEL, permissible
exposure limit
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Table 1  Distributions of age, duration of fabrication job, body mass index,
hepatitis B carrier, alcohol drinking, and smoking by sext
Duration of Body mass  HbsAg  Alcohol  Smoker
Sex and department Age fabrication  index n (%) n (%) n (%)
Men:
Photolithography (n=20)  29.1** (3.5) 0.87 (0.58) 23.5(3.1) 3(15) 0%(0)  1** (5
(24-36) (0.04-2.01) (18.9-30.8)
Implantation n=19) 27%(27)  1.28(1.58) 21529 2(10.5 0*(0) 3(15.8
(23-33) (0.04-6)  (16.8-28.7)
Eiching and diffusion (n=57) 29.1% (3.7) 1.10(0.73) 23.6(3.5) 9 (15.8) 11(19.3) 23 (40.4)
(21-41) (0.04-5)  (17.4-35)
Office (n=18) 31.2(37) 0.00(0.00) 22.8(2.2) 3(16.7) 4(22.2) 5(27.8)
(26-36) (19.3-27.1)
Women:
Photolithography (n=34)  25.3* (4.8] 0.86 (0.42) 21.0(3.3) 9(26.5) 0(0) 2 (5.9)
(19-37) (0.04-2)  (15.8-29.1)
Eiching and diffusion(n=50) 4.8* (4.4) 0.93 (0.33) 20.8(2.9) 7(14 1(2 1(
(19-39)  (0.04-2)  (16-29)
Office (n=29) 29.8(9.0) 0.00(0.00) 21.8(3.7) 3(10.3) 0(0)  0(0)
(22-54) (17.3-33.7)
*p<0.05; **p<0.1 v office workers; TValues are shown as mean (SD) (range).

serum glutamic pyruvic transaminase (SGPT) >36 U/l, and y
glutamyl transferase (RGT) >26 U/l. Renal dysfunction was
defined by creatinine test >1.4 mg% for men, and >1.2 mg%
for women. A haematological test with a white blood cell
(WBC) count <5x10°’mm’, and haemoglobin <13.5 g/dl for
men, <12 g/dl for women was regarded as abnormal in this
study. The X’ test or Fischer’s exact test were performed to test
the differences in the proportions of abnormal blood tests.
Logistic regression analyses were applied to calculate smoking,
HBsAg, body mass index (BMI), alcohol, and age adjusted odds
ratio (OR) of job categories on abnormalities of WBC, SGOT,
SGPT, and RGT. Multiple linear regression analyses were used
to control the effects of potential confounders on the relation
between job categories and numerical outcomes such as values
of haematology, kidney, and liver function tests.

RESULTS
The variables including age, duration of fabrication job, body
mass index, hepatitis B surface antigen status (HBsAg), alco-
hol drinking, and smoking were stratified by sex and
presented in table 1. On average, the office workers were sig-
nificantly older than the fabrication workers. There was a sig-
nificantly higher prevalence of cigarette smoking and alcohol
consumption in male office workers than in male photolithog-
raphy workers (p=0.07 and p=0.04, respectively). A signifi-
cantly higher prevalence of alcohol consumption was found in
male controls than in male implantation workers (p=0.046).
Sex specific haematology results are summarised in table 2.
There were significantly lower mean (SD) WBC counts in male
photolithography and implantation workers than controls
(5870 (1190)/mm’ v 7350 (1660)/mm’, p=0.003; 6190 (1150)/

Table 2 Haematology results among workers
Mean
Mean corpuscular
Mean corpuscular  haemoglobin
White blood Red blood Haemoglobin Packed cell corpuscular  haemoglobin concentration Platelets
Department cells (10°) cells (10°)  (g/dI) volume (%)  volume (fl) (pg) (g/dI) (104
Men:
Photolithography (n=20) 5.87* (1.19) 5.28 (0.30) 16 (0.82) 48.4 (2.9) 91.8(3.4) 30.3 (1.1) 33.0 (0.¢) 23.0 (2.8)
(4.2-8.4)  (4.8-5.89) (14.8-17.6) (43.7-55.7) (86.7-100.2) (28.2-32.9) (31.6-34.3) (17.6-29)
Implantation (n=19) 6.19% (1.15) 5.28(0.36) 15.5(1.13) 467 (2.8) 88.5(7.5)  29.3(2.8)  33.1(0.9) 22.8(3.7)
(3.99-7.39) (4.68-6.28) (12.8-17.3) (41-52) (65.3-97.9)  (20.4-31.6) (31.2-34.5) (17.0-33.8)
Etching and diffusion (n=57) 6.75 (1.51) 5.29 (0.53) 15.6 (0.85) 47.0(2.2) 89.4 (6.5  29.7(2.5)  33.2(0.9)  24.4(4.6)
(3.5-9.8)  (4.54-7.70) (13.7-17.1)  (41.6-50.8) (64.4-99.8) (20.3-32.4) (29.7-34.4) (16.1-36.1)
Office (n=18) 7.35(1.66) 5.21(0.28) 15.9(0.86) 47.4(2.5) 91.1(5.1) 30.4 (1.5) 33.3 (0.¢) 24.2 (3.9)
(4.7-10.8)  (4.68-5.72) (14.8-17.4) (43.1-51.8) (85.1-106.8) (28-34.5)  (32.3-34.2) (16.7-33.1)
Women:
Photolithography (1=34)  6.90 (1.47) 4.69 (0.53) 13.4 (0.95) 41.5(2.8) 89.3(9.1)  28.9(3.4)  31.8(3.4) 277 (7.1)
(4.3-10.9)  (3.82-6.07) (11-15.1) (34.9-46.5) (64.1-101.2) (20.1-33.4) (13-34.2) (17.2-47.9)
Etching and diffusion (n=50) 7.27 (1.73) 4.61(0.40) 13.4(1.0)  41.2(2.9) 89.5(6.2)  29.2(2.3)  32.6(0.7)  27.0(6.8)
(4.5-10.2)  (3.57-6.10) (11.1-15.3)  (33.9-46.6) (64.2-102)  (19.9-33.1)  (30.7-34)  (14.6-46.4)
Office (n=29) 7.03 (1.83) 4.68(0.33) 13.6(0.84) 41.8(2.6) 89.7 (6.9) 29.3 (2.1) 32.6 (0.7) 24.7 (4.7)
(4.22-10.9) (4.06-5.43) (11.4-15.1) (35.2-45.9) (67.3-98.1) (22.5-32.6) (31.6-34.4) (13-35.6)
*Significance performed by multiple comparison of Dunnett's procedure with office workers as reference group. Data are mean (SD) (range).
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Table 3 Liver function and kidney function tests by sex
Department SGOT (U/l) SGPT (U/I) RGT (U/1) Creatinine (mg%)
Men:

Photolithography (n=20) 20.8 (5.0) 26.0 (16.5) 16.9 (10.4) 1.08 (0.25)
(14-35) (8-76) (8-53) (0.9-2)

Implantation (n=19) 20.1 (5.1) 18.6 (11.0) 15.5 (15.1) 1.01 (0.09)
(11-32) (7-49) (7-74) (0.9-1.2)

Etching and diffusion (n=57) 22.4 (7.8) 28.3 (19.0) 15.6 (8.5) 1.04 (0.13)
(14-50) (8-127) (7-47) (0.7-1.5)

Office (n=18) 22.6 (10.1) 22.4 (14.0) 18.7 (15.0) 1.01 (0.13)
(14-54) (7-56) (8-71) (0.8-1.3)

Women:

Photolithography (n=34) 22.7 (19.4) 25.8 (49.2) 15.3 (25.0) 0.75(0.11)
(12-127) (5-295) (4-133) (0.5-0.9)

Etching and diffusion (n=50) 23.6 (34.8) 25.2 (66.5) 10.7 (8.6) 0.76 (0.10)
(13-261) (6-480) (3-62) (0.6-1.1)

Office (n=29) 19.5 (7.1) 16.0 (16.0) 10.0 (3.8) 0.77 (0.16)
(12-51) (6-93) (6-24) (0.1-0.9)

Data are mean (SD) (range)

mm’ v 7350 (1660)/mm’, p=0.018; respectively). The liver and
kidney function tests showed no significant difference among
workers in different job categories (table 3). From table 4, a
similar result was found in multiple regression analysis, WBC
counts had significantly inverse associations with the job of
photolithographer (p=0.0026), implantation (p=0.064), and
etching or diffusion (p=0.068) after adjusting for smoking,
body mass index, age, and other job variables. There was a sig-

nificantly positive association between WBC counts and BMI
(p=0.006).

There was a higher prevalence of decreased WBC counts in
male photolithography workers (6 of 20; 30%) than in male
controls (1 of 18; 5.6%). The crude OR was 7.3 (95%
confidence interval (95% CI) 0.96 to 55.6) and the OR adjusted
for smoking, BMI, and age was 8.1 (95% CI 0.83 to 78.3). There
was a higher non-significant prevalence of decreased WBC

Table 4 Multiple linear regression analyses between white blood cells (WBCs), liver function (SGOT, SGPT, and RGT),
and renal function tests (creatinine) among male workers
Indicators White blood cells SGOT SGPT RGT Creatinine
Infercept 438 (1.03)* 3.9 (5.26) -34.5(11.5) -15.8(7.72) 074(0.12)
0.0001)* (0.46) (0.0033) (0.043) (0.0001)
Smoking:
1 (Smoker) 0.44 (0.31) ~0.75 (1.74) -0.62 (3.78) -1.63 (2.55) 0.007 (0.038)
0 (Non-smoker) (0.1¢) (0.67) (0.87) (0.52) (0.85)
HbsAg:
1 (Positive) 5.56 (1.89) 8.44 (4.13) 7.86 (2.78)
0 (Negative) (0.0041) (0.043) (0.0056)
BMI (Each increment) 0.118 (0.042) 0.78 (0.22) 2.43 (0.47) 1.41 (0.32) 0.012 (0.0047)
(0.006) (0.0005) (0.0001) (0.0001) (0.01)
Alcohol:
1 (Drinker) -1.41 (2.37) 273 (5.16) 3.42 (3.48) 0.01 (0.052)
0 (Non-drinker) (0.55) (0.60) (0.33) (0.85)
Age:
1(230) 0.28 (0.27) 1.04 (1.4) 1.74 (3.06) 1.33 (2.06) -0.028 (0.031)
0 (<30) (0.31) (0.46) (0.57) (0.52) (0.37)
Job categories (office worker as reference group):
Photolithography -1.41 (0.46) 257 (2.33) 1.66 (5.07) -1.98 (3.41) 0.058 (0.051)
(0.0026) (0.27) (0.74) (0.56) (0.26)
Implantation -0.87 (0.47) -1.26 (2.37) -0.23 (5.17) -0.27 (3.48) 0.01 (0.052)
(0.064) 0.6) (0.97) (0.94) (0.85)
Eiching and diffusion -0.70 (0.38) -0.55 (1.93) 4.3 (4.2) -3.59 (2.83) 0.013 (0.04)
(0.068) (0.78) (0.31) (0.21) (0.76)
5 0.19 0.17 0.25 0.23 0.094
(0.0009) (0.0085) (0.0001) (0.0005) (0.22)
*Values are parameter estimate (SEM) (p value).
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Table 5 Prevalence of decreased white blood cells (WBCs), and abnormal liver function (SGOT, SGPT, and RGT) by
sex
Sex/department White blood cells SGOT SGPT RGT
Men:
Photolithography (n=20) (n (%)) 6 (30) 1(5) 3 (15) 2 (10)
OR (95% CI)f 7.3%% (0.96 o 55.6) 0.4 (0.0 fo0 6.9) 0.9 (0.12 10 6.7) 0.4 (0.04 10 3.1)
ACR (95% Cl) 8.1%* (0.83 to0 78.3) 0.4 (0.02 o 5.8) 0.8(0.11105.1) 0.4 (0.05 to 3.74)
Implantation (n=19) (n (%)) 4(21.1) 0 (0) 2 (10.5) 1(5.3)
OR (95% Cl) 4.5 (0.5 10 45.2) 0.6 (0.06 to 5.3) 0.2 (0.01 to 2.3)
ACR (95% Cl) 3.7 (0.36 o 39.3) 0.9 (0.11107.1) 0.4 (0.03 f0 5.7)
Etching and diffusion (1=57) (n (%)) 8 (14) 4(7.0) 12 21.1) 5(8.8)
OR (95% Cl) 2.8 (0.32 10 23.9) 0.6 (0.08 to 5.3) 1.3 (0.3 10 6.9) 0.3 (0.07 to 1.8)
AOR (95% Cl) 3.3 (0.37 to 28.8) 0.6 (0.08 fo 13.1) 1.2 (0.3 10 5.3) 0.3 (0.05 to 1.65)
Office (n=18) n (%)) 1(5.6) 2(11.0) 3(16.7) 4(22.2)
OR (95% Cl) 1.0 1.0 1.0 1.0
AOR (95% Cl) 1.0 10 1.0 1.0
Women:
Photolithography (n=34) (n (%)) 4(11.8) 2 (5.9) 6(17.7) 2(5.9)
OR (95% Cl) 0.8 (0.210 3.7) 1.8(0.1t0 51.7) 6.0** (0.63 to 141) 4.5(0.21 to 98.5)
AOR (95% Cl) 0.5 (0.1 fo 2.44) 2.4(0.16 to 34) 9.6%* (0.86 to 107) 6.4%* (0.53 1o 75.8)
Etching and diffusion (n=50) (n (%)) 6(12) 4 (8) 4 (8) 2 (4)
OR (95% Cl) 0.9 (0.22 to 3.3) 2.4 (0.23 to 60.2) 2.4 (0.23 t0 60.2) 3.0 (0.14 to 65.4)
AOR (95% Cl) 0.6 (0.15 o 2.5) 4.2 (0.36 to 48 4) 4.6(0.41051.9) 3.3 (0.26 fo 43.1)
Office (n=29) (n (%)) 4(13.8) 1(3.5) 1(3.5) 0(0)
OR (95% Cl) 1.0 1.0 1.0 1.0
AOR (95% Cl) 1.0 1.0 1.0 1.0

*p<0.05; **p<0.1; TOR=crude odds ratio; AOR=0dds ratio adjusted by age, cigarette smoking, alcohol drinking, hepatitis B surface antigen, and body

mass index.

counts for male implanters (21.1%) and etching or diffusion
workers (14%) than that of office workers (5.6%) (table 5).

The comparisons among female workers were only of
borderline significance. A higher prevalence of abnormal
SGPT was found in female photolithography workers (6 of 34;
17.7%; p=0.08) than in female control workers (1 of 29; 3.5%),
the crude OR was 6.0 (95% CI, 0.63 to 141) and the OR
adjusted for HBsAg, BMI, and age was 9.6 (95% CI, 0.86 to
107). There was a non-significant potentially higher preva-
lence of abnormal SGPT in female etching or diffusion work-
ers than in female office workers (table 5).

The results suggested that work as a a male photolithogra-
phy worker or an etching or diffusion worker was associated
with health problems of low WBCs, however, being a female
fabrication worker was potentially linked with problems of
liver dysfunction.

DISCUSSION

Workers in clean rooms are usually exposed to multiple agents
while performing their tasks, and may have from potential
adverse health effects.'" Glycol ethers, arsenic, and ionising
radiation have been reported to have haematological
toxicity." " Ethylene glycol monomethyl ether and other glycol
ethers have been reported to cause cytopenia and hypoplastic
bone marrow in lithographers, with relatively low exposure
(concentration range from 0.6 ppm to 6.43 ppm)."” Ionising
radiation and arsenic (organic and inorganic) are also docu-
mented causes of aplastic anaemia and depression of bone
marrow function.” Solvents with hepatic toxicity including gly-
cols, tetrachloroethylene, and aromatic hydrocarbons are
commonly used in the semiconductor process.’ In this study,
male workers in the photolithography and implantation
sections had significantly lower average WBC counts than did
workers in the office areas. This difference was still held after
adjusting for possible confounding factors. The results suggest
that haematological abnormalities are potential problems
among male fabrication workers in the semiconductor industry.

Through walk through surveys, we found that careful
attention was paid to control of toxic gases and chemicals used
in this plant. There were air tight clean rooms where air was
continuously filtered and recirculated to remove particles
facilitated by central gas detecting systems with an alarm, and
clean room garments in this semiconductor factory. A major
goal of these semiconductor factories is to prevent cata-
strophic toxic chemical spills and fires or explosions. Another
goal of the clean room design is to protect the semiconductor
chip, which is sensitive to low levels of air particulate
contaminants. The production process was automatic so that
workers have no direct contact with the hazard under normal
conditions, and exhaust ventilation was provided at the source
of emission to carry away airborne chemicals before the
employee can breathe them. Most surveys on chemical
contaminant concentrations in wafer manufacturing clean
rooms in western countries have shown concentrations well
under 1 ppm and usually undetectable for the most widely
used chemicals.'® Previous surveys of four semiconductor
plants by Institute of Occupatoinal Safety and Health in
Taiwan had similar results.” The concentration of acetone
ranged from 0.03 to 1.51 ppm, isopropyl alcohol from 0.01 to
0.69 ppm, n-butyl acetate from 0.01 to 0.35 ppm, xylene from
0.01 to 3.2 ppm, and 2-ethoxyethyl acetate from 0.16 to 0.33
ppm. The estimated exposure concentrations of solvents were
all below the Taiwanese permissible exposure limit (PEL) of
100 ppm. These findings suggested that the adverse health
effects noted might have occurred in fabrication workers with
exposures below the PEL, and that the current PEL might not
be low enough to protect workers from toxic hazards.

Technology now exists to control exposures associated with
routine production operations to well below the PELs. When
these control systems work as expected, maintenance workers
will generally be the only employees with a notable risk of
higher exposures. The tasks of male processors, maintenance
workers, and equipment engineers may put them at risk of
intermittent short term peak exposure to glycol ethers for
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photolithography workers or ionising radiation and arsenic for
implantation workers. Other toxins which may cause de-
creased WBC counts may also be present. The job categories
included cleaning up chemical spills and leaks, cleaning
equipment, mixing the chemical, changing solid sources and
pump oil, doing preventive maintenance on a machine, doing
an emergency response for a machine, and changing or filling
containers for chemicals on machines. Male engineers usually
wore cotton masks instead of cartridge or air masks during the
operation. Lack of adequate respiratory protection may allow
workers to be exposed to haematological toxins. One previous
report indicated that engineers might be exposed to high con-
centration of toxic chemicals during preventive maintenance
on dry etching machines." Recently, a survey on Taiwan semi-
conductor factories showed that peak concentration of hydro-
gen chloride leakage (in less than 15 minutes) was up to 90
ppm which was far above the short term exposure limit
(STEL) of 5 ppm. The same situation occurred during preven-
tive maintenance on an etching machine for hydrogen cyanide
with concentrations up to 60 ppm, which was also far above
the STEL of 10 ppm."” Another recent report on Taiwan semi-
conductor industries has also shown that most of airborne
chemicals were below ppm concentrations during normal
operations in the clean room.* Routine maintenance of tools
might result in higher (above the PEL) concentrations of the
total hydrocarbons, hydrogen cyanide, chlorocyanide for some
metal etchers, and higher concentration (>1 ppm) of
benzene, toluene, xylene, chloroform, and tetrachloromethane
were found in PE-CVD and oxide etchers.”

Female photolithography workers had a higher prevalence, of
borderline significance, of abnormal SGPT than did workers in
the office areas after adjusting for possible confounding factors.
This result suggested that hepatic abnormalities could occur in
female fabrication workers in the semiconductor industry. Their
jobs included machine operation and loading or removing boats
of wafer. Potential multichemical exposures from daily opera-
tions and recycled air ventilation in fabrication environments
were important issues that awaited further investigation.

Also, liver function tests (SGOT, SGPT, and RGT) were
significantly related to HBsAg and BMI after adjusting for
smoking, age, alcohol consumption, and job variables. These
findings were consistent with other reports in which body
mass index and hepatitis were strongly associated with
increased liver enzyme activity.” Our data have also shown
significant association between WBC counts and BMI, which
is consistent with previous reports.* *

Most studies in the semiconductor industry reported
increased risk of spontaneous abortion among workers in fab-
rication rooms.*” Also, our previous study has suggested that
restrictive lung abnormality was a potential health effect in
male fabrication workers." Nevertheless, less has been
reported about other possible health effects from toxic
exposures during the fabrication process. The current study is
limited by its cross sectional design, because exposure condi-
tions in such industries are relatively constant due to ventila-
tion controls. The results of subchronic effects show that the
tasks of fabrication workers may put them at risk of develop-
ing long term haematological and hepatic abnormalities. A
causal inference from the findings cannot be made by this
cross sectional study due to temporal problems, and longitudi-
nal studies are required to assess causality from our results.
The current findings also suggest that further studies are nec-
essary to identify the specific agents which could cause
haematological and hepatic damage in fabrication workers.
The results of this medical surveillance give ideas for further
investigation of possible aetiological factors and the subse-
quent health effects in high technological industries.
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