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INTRODUCTION

N-decane (CAS No. 124-18-5), an aliphatic hy-
drocarbon found in cleaning solvents as a mixture
with other hydrocarbon, has been used in paint remo-
vers and dry—cleaning products (Wallace ef al., 1989;
Tashiro et al., 1999). Our previous study on the
reliability of Material Safety Data Sheets (MSDS) for
chemicals mixtures in the electronic industry revealed
that the use of cleaning solvents is shifting from
widely used aromatic hydrocarbons, CFCs, or HCFCs,
to aliphatic hydrocarbons or n—paraffins with longer
than Cjo (Yun et al., 2000). The benefits of using the
aliphatic hydrocarbon or n-paraffin solvents are: (1)
they are regarded as less hazardous than aromatic
hydrocarbons; thus they are recommended as substi-
tutes for the aromatic hydrocarbons (Filskov et al.,
1996); and (2) they have less regulatory requirements
for employees. Because CFCs and HCFCs are regu-
lated as ozone-destroying chemicals, they are reco-
mmend or required to be removed from industrial
operations. Because they don’t have specific occupa-
tional exposure levels, use of Cio~Cs aliphatic
hydrocarbons would not require employees to moni-
tor occupational exposure levels. Although there are
occupational exposure levels for the aliphatic hydro-
carbon, including Stoddard solvent (CAS No. 8052~
42-3) and naphthas (8032-32-4, 8030-30-6)
(ACGIH, 2000), they are not applicable in real ex-
posure monitoring situations because it is difficult to
evaluate exposure of mixture chemicals. Only limited
data for the toxicity of n~decane were available. N—
decane had LC 50 of 72300 mg/m3/2 hours in mice,
912 mg/kg of the lowest lethal dose, and 25 g/kg/52
weeks of the lowest lethal dose, and was classified as
a tumorigen in NIOSH RTEC (1997)

Because n—decane has not been widely used as a
major component in cleaning—solvent mixtures in the
electronic industry, and because its toxicity data were
not available to give proper measures for the work-
place, we examined possible toxicity of n—decane
through a 28-day for inhalation toxicity experiment
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to provide the supportive toxicity data for n-decane.

MATERIALS AND METHODS

1. Chemicals

N-decane was purchased from Junsei Chmical Co.
(Japan)

2. Animals and conditions

Five—-week-old male and female, specific patho-
gen—free (SPF) Sprague—-Dawley rats were purcha-
sed from Daechan Animal Center (Korea) and were
acclimated for 1 week before the start of experi-
ments. During the acclimation and experimental peri-
ods, rats in polycarbonate cages (5 rats per cage)
were housed in a room with controlled temperature
(23+2°C) and humidity (55+7%) with 12 hr light/
dark cycle. Rats were fed Purina rodent chow (Rals-
ton Purina Co., St Louis, MO) and filtered water ad
libitum. Six-week-old rats weighing about 229+ 10
g for male and 165+ 7 g for female were plabed in to
four groups (10 rats in each group); fresh air control,
low-dose group (50 ppm), middle-dose group (200
ppm), and high-dose group (800 ppm). The animals
were exposed to n—decane 6 hours each day, 5 days
per week, for 4 weeks. Animals were examined daily
during weekdays for evidence of any treatment-rela-
ted effects, including respiratory, dermal, behavi-
oral, nasal or genitourinary changes suggestive of
irritancy. Body weights were evaluated at the time of
purchase, grouping, twice a week after the inhalation
of the exposure and before necropsy.

3. Exposure atmosphere generation

Inhalation exposures were conducted in Sibata
SIS-20RG stainless steel whole—body exposure
chambers. Rats were housed in separate chambers
during the study. Animal cages were rotated weekly
to reduce any variation in the levels of n-decane by
the animals. Four chambers, each containing 20
animals (10 male and 10 female), were used. Each
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chamber reflected different exposure levels, inclu-
ding controls. Chamber flow rates were maintained
between 211.2~211.3 /min and 12.67~12.80 air
changes per hour. Flow rates, temperature, humidity,
and pressure in the chambers were monitored every
30 minutes by a sensor and environment controller
(Sibata, ICS-20RG, Japan), and recorded. Chambers
were maintained between 21 and 23°C. Humidity
ranged from 40 to 49% with overall means ranging
from 43.8 to 45.1%.

N-decane vapor was generated by a gas generator
(FG-4R, Sibata, Japan) then mixed with fresh air to
supply to the exposure chambers. Concentration of
n-decane was monitored every 15 min by a gas chro-
matograph (flame ionization detector, GCS-14PFFS,
Shimadzu, Tokyo), equipped with auto—sampler. The
column was silicon DC-200 15% Chromosorb (AW -
DMCS, Shimadzu, Tokyo), 80/100 mesh, and 0.5 m.
QOven, detector, and injection temperatures were 190,
280 and 280°C, respectively. The concentrations of
n—-decane in the exposure chambers were 4716.42
ppm for the low—dose, 201.8+6.42 ppm for the mid-
dle—dose, and 800+22.38 ppm for the high~dose
group.

4. Biochemistry and hematology

At the conclusion of 4-week experiment, rats were
10 weeks old. Before necropsy, rats were fasted for
24 hours and anesthetized with ether. Blood was
drawn from abdominal aorta and collected into hepa-
rinized vacutainers. It was then then analyzed for
aspratate aminotransferase (AST), alanine aminotran-
sferase (ALT), alkaline phosphatase (ALP), glucose
(GL), urea nitrogen (BUN), total protein (TP), total
cholesterol (TCHO), creatinine (CRTN) and total bili-
rubin {TB) using a biochemical blood analyzer (model
TBA-20FR, Toshiba, Japan). The blood was analy-
zed also for red blood cell counts (RBC), white blood
cell counts (WBC), hemoglobin concentration (HGB),
hematocrit (HCT), mean corpuscular volume (MCV),
mean corpuscular hemoglobin (MCH), mean corpus-
cular hemoglobin concentration (MCHC) and platelet
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counts (PLT) using a blood cell counter (Sysmex F-
820, Toa Medical Electronics Co., Kobe, Japan).

5. Organ weights and histopathology

After collecting the blood, rats were sacrificed by
cervical dislocation. Adrenal glands, testes, epididy-
mis, heart, lungs, kidneys, spleen, liver and brain
were removed carefully. These organs were weighed
and fixed in a 10%—formalin solution containing
neutral phosphate buffered saline. All organs were
fixed, embedded in paraffin, stained with hematoxy-
lin and eosin, and examined under light microscopy.

6. Statistical analysis

Multiple variance analysis and Duncan’s multiple
range tests were used to compare the body weights,
organ weights, results of blood biochemistry and
hematology obtained from the three experimental
groups with those obtained from the fresh air control
rats.

RESULTS

1. Animal observation

One case of mild hair loss was found in the low-
and high—dose group of male rats, and one and two
cases of mild hair loss were observed at the low— and
high-dose group of female rats, respectively. The
localized hair losses were distributed from the head
to the shoulder and the back.

2. Effects on body weights and organ weights

The ranges of n—-decane concentrations to rats were
based on its saturation concentration. The highest
vapor concentration of n—-decane in our experiment
was over 60% of the saturation concentration. Higher
than 1,000 ppm of n—decane was not attainable by our
inhalation system. Male and female rats did not show
any significant changes in body weight depending on
the concentration of n—decane during the 28 days of
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Fig. 1. Body weight changes of male rats during 28 days of
n-decane exposure. Male rats were exposed to fresh
air control (filled circles), SO ppm (open circles), 200
ppm (closed triangles), and 800 ppm (open triangles)
of n—decane for 28 days. Ten male rats were assig-
ned to each exposure group. Body weight was mea-
sured at the time of grouping and twice a week after
the initiation of the exposure.
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Fig. 2. Body weight changes of female rats during 28 days
of n—decane exposure. Female rats were exposed to
fresh air control (filled circles), 50 ppm (open circ-
les), 200 ppm (closed triangles), and 800 ppm (open
triangles) of n—decane for 28 days. Ten female rats
were assigned to each exposure group. Body weight
was measured at the time of grouping and twice a

week after the initiation of the exposure.

Table 1. Body and organ weights of male rats exposed to n-decane for 4 weeks

Control Low Middle High
(10) (10) 50 ppm (10) 200 ppm (10) 800 ppm

Body weight (g) 31526 33619 329434 30726
# Organ weights (mg/100 g)
Adrenai (R) 7.8x+1.3 7.8+1.7 7.81+14 84+1.7
Adrenal (L) 7.5+1.7 74+14 7.5+1.2 8.1+1.5
testis (R) 529+66 482 +22 485146 492429

[1653£170] [16194:99] [1585+83] [1511+141]
testis (L) 524457 474430 483+44 499 +38

[1659+£166] [15934109] [1576+70] [1531£135]
heart 347124 333+14 330+28 352453
lung (R) 273+31 256428 248 £ 15% 258422
lung (L) 135+13 130+38 13311 13516
kidney (R) 380+32 391+34 398 +42 403+44
kidney (L) 382431 39126 383135 400+32
spleen 225+18 250428%* 243128 225134
liver 3115277 29661312 3081+£192 3108+330
brain 648 +61 572+102 618+59 665146
The numbers in parenthesis indicate the number of rats. *indicates significant difference at p<0.05. [ ] indicates absolute organ weight.

¥ All organ weights were normalized to mg/100 g of body weight.

the experiment (Figs. 1 & 2).

Besides a slight decrease in the right lung weight
in the middle dose group and a slight increase of
spleen weight in the low—dose group in male rats, no

significant organ weight changes were observed in
either male and female rats after 28 days of n-
decane exposure (Table 1 & 2). The weights of male
and female reproductive system showed a slight dec-
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Table 2. Body and organ weights of female rats exposed to n—decane for 4 weeks

Control Low Middle High
(10) (10) 50 ppm (10) 200 ppm (10) 800 ppm

Body weight(g) 202+ 18 215+8 210+15 209426
# Organ weights (mg/100 g)

Adrenal (R) 16.2+1.7 14817 15.8£2.2 14.6+3.1
Adrenal (L) 16.0+0.8 13.942.6 152423 15.142.7

+

Ovary (R) oz it rsan Gsxai
L I P
heart 382+37 37112 371420 38635
lung (R) 317+24 334430 317124 258422
lung (L) 177117 16714 16619 169£13
kidney (R) 377£18 376 +21 37025 382417
kidney (L) 379426 37818 375427 375423
spleen 261142 259+34 248 +23 244134
liver 29324330 2881 +162 28944133 30204289
brain 922480 896 £ 35 919+76 9284123

The numbers in parenthesis indicate the number of rats. *indicates significant difference at p<<0.05. [ ] indicates absolute organ weight.

# All organ weights were normalized to mg/100 g of body weight.

Table 3. Hematology data of male rats treated with n-

decane
Control Low (10)  Middle (10)  High (9)
9) 50 ppm 200 ppm 800 ppm
WBC 83xt24 74x1.5 84x2.1 6.61£2.5
RBC 73+04 7.6+£0.6 7.7+0.5 74+0.5
HCT 433423 450+25 457428 456+28
HGB 142406 14606 147+£09 14.6%0.7
MCV 59229 59.1x20 59728 604%£2.1
MCH 195+£09 192+08 193+£09 19.3+0.7
MCHC 33.0+£08 324+08 323+0.5* 32.0+0.8*%
PLT 1118230 1205153 14924129 1184162

Numbers in parenthesis indicate the number of rats. * indicates sig-
nificant difference at p<<0.05 from those obtained in the control
group. WBC, white blood cell counts (103/mm3); RBC, red blood
cell counts (106/mm’); HGB, hemoglobin (g/dL); HCT, hematocrit

(%); MCV, mean corpuscular volume (11°); MCH, mean corpuscular
hemoglobin (pg); MCHC, mean corpuscular hemoglobin concentra-
tion (%); PLT, platelet counts (103/;13).

rease in the treatment group, but not a statistically
significant level (Table 1 & 2).

3. Effects on hematology and blood biochemistry

A decrease in the number of white blood cells dec-
reased in the high-dose male rats not statistically

Table 4. Hematology data of female rats treated with n—

decane
Control Low (10) Middle (9)  High (10)
(10) 50 ppm 200 ppm 800 ppm
WBC 5.5+2.1 50+1.8 59+1.8 54+1.8
RBC 7.6+0.3 74403 74404 7.4+0.6
HCT  438+1.8 432436 433124 437432
HGB 149+06 145+06 14.8x£0.5 14.6+1.1
MCV  57.6x15 580439 585+32 59.0+29
MCH 19.6+0.7 19.6+0.7 20.0+0.8 19.7+0.6
MCHC 34.04+0.7 338+18 342416 334+14
PLT 1260+162 12864164 1253+106 10524373

Numbers in parenthesis indicate the number of rats. * indicates sig-
nificant difference at p<<0.05 from those obtained in the control
group. WBC, white blood cell counts (10°/mm?); RBC, red blood
cell counts(106/mm3); HGB, hemoglobin (g/dL); HCT, hematocrit

(%); MCV, mean corpuscular volume (;f); MCH, mean corpuscular
hemoglobin (pg); MCHC, mean corpuscular hemoglobin concentra-
tion (%); PLT, platelet counts ( 10° /u3).

significantly (Table 3). The mean corpuscular hemo-
globin concentration decreased in the middle- and
high—dose male rats (Table 3). There were no signifi-
cant changes of hematology values in the female rats
(Table 4).

The blood chemical analysis of the n—-decane—
exposed male and female rats did not show any signi-
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Table 5. Blood biochemistry data of male rats exposed to

n-decane
Control Low (10) Middle (10) High (10)
(10) 50 ppm 200 ppm 800 ppm
TP 6.9+03 68x02 69+02 7.0+0.3
BUN 11.7£0.8 124%1.8 113+1.1 134+28
CRTN 0.59£0.0 0.58x£0.0 0.58%+0.0 0.62+0.1
TBIL 0.12£0.0 0.13+£0.1 0.10+0.0 0.12%0.0
GLU 138+12 12948 131+10 14620
TCHO 89%14 89+ 11 92+10 10320
AST 159452 142425 36+27 149432
ALT 40+12 33419 30£8* 38+ 14

Numbers in parenthesis indicate the number of rats. * indicates sig-
nificant difference at p<0.05 from those obtained in the control
group. TP, total plasma protein (mg/dL); BUN, blood urea nitrogen
(mg/dL); CRTN, creatinine (mg/dL); TBIL, total bilirubin (mg/dL);
GLU, glucose (mg/dL); TCHO, total cholesterol (mmol/L.); AST,
aspartate aminotransferase (units/L); ALT, alanine aminotransferase
(units/L); ALP, alkaline phosphatase (units/L).

Table 6. Blood biochemistry data of female rats exposed to

n-decane
Control Low (10) Middle (10)  High (10)
(10) 50 ppm 200 ppm 800 ppm

TP 6.8+04 69402 6.7+0.2 6.8+0.4
BUN 133#%2.1 12.842.0 13.0+1.6 123x1.9
CRTN 0.62+0.0 0.60x0.0 0.61%£0.0 0.59%0.0
TBIL 0.10x0.0 0.10%£0.0 0.09£0.0 0.12x0.1
GLU 11919 111%15 106+15 13117
TCHO 95+17 10819 96+ 18 10917
AST 138+25 126+ 18 14027 144431
ALT 25+7 20+4% 215 3113

Numbers in parenthesis indicate the number of rats. * indicates sig-
nificant difference at p<0.05 from those obtained in the control
group. TP, total plasma protein (mg/dL); BUN, blood urea nitrogen
(mg/dL); CRTN, creatinine {mg/dL); TBIL, total bilirubin {(mg/dL);
GLU, glucose (mg/dL); TCHO, total cholesterol (mmol/L); AST,
aspartate aminotransferase (units/L); ALT, alanine aminotransferase
(units/L); ALP, alkaline phosphatase (units/L).

ficant increase in total protein, blood urea nitrogen,
cratinine, total bilirubin, glucose, total cholesterol,
aspartate aminotransferase or alanine amiotransferase
(Table 5 & 6).

4. Histopathological examination

Histopatholgoical examination on the testes in the
high-dose group showed extensive vacuolizations in
the seminiferous tubules in several rats (Fig. 3B).
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Fig. 3. Vaculoizations in the seminiferous tubules. (A) Con-
trol shows normal tubules with healthy looking
germ cells; (B) n-decane at 800 ppm, extensive
vacuolizations in the seminiferous tubules. Several
tubules are atrophic. (200 X objectives).

Comparing with the control group (Fig. 3A), atrophic
tubules were also detected in the high-dose group
(Fig. 3B). Other organs, such as the liver, kidneys,
spleen, lungs, adrenals, heart and brain were exa-
mined histopathologically, with no distinct findings.

DISCUSSION

This study was conducted to investigate possible
toxicity of n—decane when used in electronics indu-
stry as a cleaning solvent. The cleaning solvents we
investigated were used without sufficient toxico-
logical information. Although the electronic industry,
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especially semiconductor industry, is one of the clea-
nest and regarded as rather safer industry, it could
produce serious occupational diseases or injuries
(Schenker, 1996; Chepesiuk, 1999). The electronic
industry has been known to produce a high incidence
of occupational illnesses. Toxic materials, metals,
photo—-active chemicals, solvents, acids, and toxic
gases are used in a wide variety of combinations and
workplace settings (Ladou and Rohm, 1998). An inc-
idence of mass reproductive and hematopoietic into-
xication of workers by exposure to cleaning solvent
has been reported in the electronic industry (Kim er
al., 1996; Yu et al., 1997). The workers from the
electronics industry in Singapore experienced high
incidence of skin disease due to exposure to common
irritants, including nickel, resin, soldering flux, oils
and coolants, solvents, acids and alkalis (Tan et al.,
1997). Despite finding no evidence of an increased
risk of spontaneous abortion, the semiconductor
industry has been investigated for this risk in female
semiconductor workers (Elliott et al., 1999). Altho-
ugh many chemicals in the electronic industry prepa-
red or existed as mixtures, MSDS of chemicals in the
industry did not provide sufficient information due to
lack of toxicological data (Yun er al., 2000; Welsh et
al., 2000). Many MSDS also did not have informa-
tion on occupational exposure level and physico-
chemical properties. The occupational exposure lev-
els of Stoddard solvent or naphthas were difficult to
apply workplace of electronic industry, because exp-
osure monitoring and evaluation on mixture solvents
were so complicated.

In this report, we have tried to provide toxicolo-
gical information on n-decane, which is commonly
found in mixture solvents, including isomeric forms.
The toxicities of n—decane are very minimal in our
28-days of inhalation toxicity experiment. They
showed minimal body weight changes and did not
show any target organ toxicity. The blood bioche-
mical and hematological data also did not show any
significant toxicity.

We examined reproductive organ extensively beca-
use there were some degree of organ weight decrea-
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ses in the reproductive organs of the male and female
rats, although they were not statistically significant.
The vacuolization of the seminiferous tubules of male
testes in the high~dose group could be due to either
stress caused by placing rats in wire cages or expo-
sure related results during the 28-day of exposure
period. We have evaluated the difference of vacuoli-
zation between exposure groups. Although most
seminiferous tubules had a minimum degree of vacu-
olization due to histological fixation, stress, or unkn-
own reasons, only three cases of extensive vacuoliza-
tion with atrophy in the seminiferous tubules were
observed at the high—dose group and three cases each
in a less degree in the middle- and low-dose groups,
respectively. Although our histopatholoigical evalua-
tion on the testes showed some minimal dose-respo-
nses after 28 days of decane exposure, some more ex-
periments or studies are needed to confirm the repro-
ductive toxicity of decane. Thus, the meaning of this
vacuolization could not be interpreted in this experi-
ment.
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