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Objectives : We evaluated the health effects of exposure
to BTEX (Benzene, Toluene, Ethylbenzene, m,p-Xylene, o-
Xylene) in the Taean area after the Hebei Spirit oil spill. 

Methods : We used a questionnaire survey to look for
health effects among 80 pregnant women 2 to 3 months
following the Hebei Spirit oil spill. Their BTEX exposures
were estimated using the CALPUFF method. We then used
a multiple logistic regression analysis to evaluate the
effects of BTEX exposure on the women s health effets. 

Results : Pregnant women who lived near the accident
site reported more symptoms of eye irritation and headache
than those who lived farther from the site. There was a
trend of decreasing symptoms with an increase in distance
from the spill site. Pregnant women exposed to higher
ambient cumulative levels of Xylene were significantly more
likely to report symptoms of the skin (OR 8.01 95% CI=
1.74-36.76) in the f i rs t  day af ter  the accident  and

significantly more likely to report abdominal pain (OR 3.86
95% CI=1.02-14.59 for Ethylbenzene, OR 6.70 95% CI=
1.82-24.62 for Xylene) during the 1st through 4th days
following the accident. 

Conclusions : This study suggests that exposure to
BTEX from an oil spill is correlated with an increased risk of
health effects among pregnant women. This implies the
need to take proper measures, including the development
of a national policy for environmental health emergencies
and a plan for studying the short- and long-term chronic
health effects associated with such spills.
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Table 1. General characterization of pregnant
women in Hebei Spirit oil spill area

Characteristics N o.(%)

Age
> 30

30
Gestational age (wk)

Occupation
Yes
No

Education
High school & less
University & more

Average montly household
Income(unit: 1,000 KRW)

< 2,000
2,000

Cigarette smoking
No
Yes

Passive smoking
None
Exposed

Residence area after oil spill
Inside exposure area
Outside exposure area

Residential change after oil spill 
Not change
Outside area on beach 
Other

Type of activity after oil spill 
Possible activity in home
Activity in outside area but not  

activity on beach
Activity on the beach 

(include cleanup on beach)
The effect of oil spill on health

Yes
No

KRW: Korean won

42 (53.2)
37 (46.8)
73 (18.54 9.70) 

07 (9.1)
70 (90.9)

40 (50.6)
39 (49.4)

58 (77.3)
17 (22.7)

78 (97.5)
02 (2.5)

36 (46.2)
42 (53.9)

30 (37.5)
50 (62.5)

72 (90.0)
04 (5.0)
04 (5.0)

33 (42.3)
33 (42.3)

12 (15.4)

61 (76.3)
19 (23.8)

Table 2. Cumulative ambient concentration of volatile organic compounds in pregnant women s
residential areas                                                                                                                                    (unit: ug/m3)

GM GSD* Min 25th 50th 75th 90th Max

Benzene

Toluene

Ethyl-benzene 

o-Xylene

m,p-Xylene

GM: geometric mean, GSD: geometric standard deviation
* Exposure at the first day: The ambient cumulative levels of BTEX for the initial first day since the oil spill accident;
Cumulative exposures for first 4 days : The ambient cumulative levels of BTEX for the initial 1st though 4th days since the oil
spill accident

Exposure at the first day 
Cumulative exposures for first 4 days 
Exposure at the first day 
Cumulative exposures for first 4 days 
Exposure at the first day 
Cumulative exposures for first 4 days 
Exposure at the first day 
Cumulative exposures for first 4 days 
Exposure at the first day 
Cumulative exposures for first 4 days 

0.75
0.75

12.27
12.75
6.04
7.11
6.53
7.18
6.47
7.11

1.03
1.03
4.16
4.26
2.22
2.47
2.31
2.49
2.29
2.67

0.00
0.00
0.08
0.10
0.03
0.05
0.04
0.05
0.04
0.05

0.13
0.13

10.36
10.94
5.07
6.19
5.39
6.24
5.35
6.19

0.35
0.35

12.48
12.88
6.39
7.13
6.85
7.20
6.78
7.13

0.88
0.88

13.80
14.10
6.99
7.93
7.60
8.00
7.53
7.93

2.66
2.66

17.17
17.98
7.90
9.93
8.71

10.03
8.63
9.93

4.42
4.42

23.54
24.32
12.30
14.17
13.02
14.30
12.90
14.17
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Table 3. Symptom prevalence by socio-demographic and lifestyle characteristics of pregnant women in Hebei Spirit oil spill area, Korea                                        

No. (%)

Eye irritation 

No Yes No Yes No Yes No Yes No Yes No Yes No Yes

Symptom of 
eye nerve

Nose irritation Throat irritation Trachea irritation Skin irritation Headache

Occurrence of symptoms 

Age
< 30

30

p-value
Occupation

No

Yes

p-value
Education

High school & less

University & more

p-value
Average monthly household income(unit: 10,000 KWR)

< 2,000

2,000

p-value
Cigarette smoking

No

Yes

p-value
Passive smoking

No

Yes

p-value

55
(68.8)

32
(76.2)

22
(56.5)

49
(70)

4
(57.1)

29
(72.5)

26
(66.7)

39
(67.2)

12
(70.6)

53
(68)

2
(100)

27
(75)
26

(61.9)

25
(31.3)

10
(23.8)

15
(40.5)

21
(30)

3
(42.9)

11
(27.5)

13
(33.3)

19
(32.8)

5
(29.4)

25
(32.1)

0
(0)

9
(25)
16

(38.1)

68
(85.0)

39
(92.9)

28
(75.7)

61
(87.1)

6
(85.7)

35
(87.5)

33
(84.6)

52
(89.7)

12
(70.6)

66
(84.6)

2
(100)

29
(80.6)

37
(88.1)

12
(15.0)

3
(7.1)

9
(24.3)

9
(12.9)

1
(14.3)

5
(12.5)

6
(15.4)

6
(10.3)

5
(29.4)

12
(15.4)

0
(0)

7
(19.4)

5
(11.9)

59
(73.8)

33
(78.6)

25
(67.6)

52
(74.3)

4
(57.1)

29
(72.5)

29
(74.4)

40
(69)
14

(82.4)

57
(73.1)

2
(100)

28
(77.8)

29
(69)

21
(26.3)

9
(21.4)

12
(32.4)

18
(25.7)

3
(42.9)

11
(27.5)

10
(25.6)

18
(31)

3
(17.7)

21
(26.9)

0
(0)

8
(22.2)

13
(31)

57
(71.3)

33
(78.6)

23
(62.2)

51
(72.9)

5
(71.4)

30
(75)
27

(69.2)

43
(74.1)

10
(58.8)

55
(70.5)

2
(100)

27
(75)
28

(66.7)

23
(28.8)

9
(21.4)

14
(37.8)

19
(27.1)

2
(28.6)

10
(25)
12

(30.8)

15
(25.9)

7
(41.2)

23
(29.5)

0
(0)

9
(25)
14

(33.3)

59
(73.8)

35
(83.3)

23
(62.2)

50
(71.4)

6
(85.7)

30
(75)
28

(71.8)

42
(72.4)

12
(70.6)

57
(73.1)

2
(100)

25
(69.4)

32
(76.2)

21
(26.3)

7
(16.7)

14
(37.8)

20
(28.6)

1
(14.3)

10
(25)
11

(28.2)

16
(27.6)

5
(29.4)

21
(26.9)

0
(0)

11
(30.6)

10
(23.8)

57
(71.3)

30
(71.4)

26
(70.3)

52
(74.3)

5
(71.4)

29
(72.5)

28
(71.8)

41
(70.7)

14
(82.4)

55
(70.5)

2
(100)

28
(77.8)

28
(66.7)

23
(28.8)

12
(28.6)

11
(29.7)

18
(25.7)

2
(28.6)

11
(27.5)

11
(28.2)

17
(29.3)

3
(17.7)

23
(29.5)

0
(0)

8
(22.2)

14
(33.3)

54
(67.5)

30
(71.4)

23
(62.2)

47
(67.1)

5
(71.4)

25
(62.5)

28
(71.8)

39
(67.2)

12
(70.6)

52
(66.7)

2
(100)

28
(77.8)

25
(59.5)

26
(32.5)

12
(28.6)

14
(37.8)

23
(32.9)

2
(28.6)

15
(37.5)

11
(28.2)

19
(32.8)

5
(29.4)

26
(33.3)

0
(0)

8
(22.2)

17
(40.5)

0.11

0.67

0.57

0.79

1.00

0.22

0.03

1.00

0.71

0.11

1.00

0.36

0.27

0.38

0.85

0.37

1.00

0.39

0.11

1.00

0.57

0.24

1.00

0.42

0.03

0.67

0.75

1.00

1.00

0.50

0.91

1.00

0.94

0.53

1.00

0.28

0.38

1.00

0.38

0.79

1.00

0.09

KWR: Korean won
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Table 3. Symptom prevalence by socio-demographic and lifestyle characteristics of pregnant women in Hebei Spirit oil spill area, Korea (Continued)                   

No. (%)

Palpitation

No Yes No Yes No Yes No Yes No Yes No Yes No Yes

Neause, vomiting Abdominal pain Fatigue, fever
Musculoskeletal

symptom
Memory, cognitive

symptom
Backpain

Occurrence of symptoms 

Age
< 30

30

p-value
Occupation

No

Yes

p-value
Education

High school & less

University & more

p-value
Average monthly household income(unit: 10,000 KWR)

< 2,000

2,000

p-value
Cigarette smoking

No

Yes

p-value
Passive smoking

No

Yes

p-value

74
(92.5)

39
(92.9)

34
(91.9)

65
(92.9)

7
(100)

39
(97.5)

34
(87.2)

54
(93.1)

15
(88.2)

72
(92.3)

2
(100)

32
(88.9)

40
(95.2)

6
(7.5)

3
(7.1)

3
(8.1)

5
(7.1)

0
(0)

1
(2.5)

5
(12.8)

4
(6.9)

2
(11.8)

6
(7.7)

0
(0)

4
(11.1)

2
(4.8)

58
(72.5)

31
(73.8)

26
(70.3)

50
(71.4)

6
(85.7)

28
(70)
29

(74.4)

40
(69)
14

(82.4)

56
(71.8)

2
(100)

26
(72.2)

31
(73.8)

22
(27.5)

11
(26.2)

11
(29.7)

20
(28.6)

1
(14.3)

12
(30)
10

(25.6)

18
(31)

3
(17.7)

22
(28.2)

0
(0)

10
(27.8)

11
(26.2)

61
(76.3)

33
(78.6)

27
(73)

55
(78.6)

5
(71.4)

30
(75)
30

(76.9)

46
(79.3)

11
(64.7)

59
(75.6)

2
(100)

27
(75)
33

(78.6)

19
(23.8)

9
(21.4)

10
(27)

15
(21.4)

2
(28.6)

10
(25)

9
(23.1)

12
(20.7)

6
(35.3)

19
(24.4)

0
(0)

9
(25)

9
(21.4)

63
(78.8)

33
(78.6)

29
(78.4)

56
(80)

5
(71.4)

32
(80)
30

(76.9)

45
(77.6)

13
(76.5)

61
(78.2)

2
(100)

27
(75)
34

(81)

17
(21.3)

9
(21.4)

8
(21.6)

14
(20)

2
(28.6)

8
(20)

9
(23.1)

13
(22.4)

4
(23.5)

17
(21.8)

0
(0)

9
(25)

8
(19.1)

58
(72.5)

30
(71.4)

27
(73)

52
(74.3)

5
(71.4)

31
(77.5)

26
(66.7)

40
(69)
13

(76.5)

56
(71.8)

2
(100)

27
(75)
29

(69.1)

22
(27.5)

12
(28.6)

10
(27)

18
(25.7)

2
(28.6)

9
(22.5)

13
(33.3)

18
(31)

4
(23.5)

22
(28.2)

0
(0)

9
(25)
13

(31)

59
(73.8)

32
(76.2)

26
(70.3)

51
(72.9)

6
(85.7)

30
(75)
28

(71.8)

42
(72.4)

13
(76.5)

57
(73.1)

2
(100)

25
(69.4)

32
(76.2)

21
(26.3)

10
(23.8)

11
(29.7)

19
(27.1)

1
(14.3)

10
(25)
11

(28.2)

16
(27.6)

4
(23.5)

21
(26.9)

0
(0)

11
(30.6)

10
(23.8)

58
(72.5)

30
(71.4)

27
(73)

52
(74.3)

5
(71.4)

30
(75)
27

(69.2)

42
(72.4)

12
(70.6)

56
(71.8)

2
(100)

27
(75)
30

(71.4)

22
(27.5)

12
(28.6)

10
(27)

18
(25.7)

2
(28.6)

10
(25)
12

(30.8)

16
(27.6)

5
(29.4)

22
(28.2)

0
(0)

9
(25)
12

(28.6)

1.00

1.00

0.11

0.61

1.00

0.41

0.73

0.67

0.67

0.37

1.00

0.87

0.56

0.65

0.84

0.33

1.00

0.71

0.98

0.63

0.74

1.00

1.00

0.53

0.88

1.00

0.28

0.76

1.00

0.56

0.55

0.67

0.75

1.00

1.00

0.50

0.88

1.00

0.57

1.00

1.00

0.72

KWR: Korean won
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(p=0.0337, p=0.0335)

. , 

(p=0.0021), 

, 

, 

(Table 3,4). 

(p=0.0216) (p=0.0216)

.

, , o- m,p-

1

(p=0.0166. p=0.0166). 4

, o- m,p-

(Figure 1). 

95% 

, 

, o_ , m,p- 1

. 4

, o- , m,p-

3.86 (95% CI=1.02-14.59), 6.70

(95% CI=1.82-24.62), 6.70 (95% CI=1.82-

24.62) . , 

9.49 (95% CI=1.91-47.13), 9.46

(95% CI=1.69-52.89) (Figure 1).

2007 12

BTEX

. 

1 4

BTEX 

24

, 

, o- , m,p-

48

[10]. 

VOCs

1 3

1

1 4

. 

0.75 ug/m3 2010

5 ug/m3 (1.5

ppb) , 

2.99 ppb

100

Table 4. Symptom prevalence by oil spill related factors among pregnant women in Hebei Spirit oil spill area, Korea                                                                           

N (%)

Eye irritation 

No Yes No Yes No Yes No Yes No Yes No Yes No Yes

Symptom of 
eye nerve

Nose irritation Throat irritation Trachea irritation Skin irritation Headache

Residence area after oil spill
Inside exposure area

Outside exposure area

p-value
Residential change after oil spill

Not change

Outside area on beach

Other

p-value
Type of activity after oil spill

Possible activity In Home

Activity in Outside area but not 
activity on beach

Activity on the beach(include 
cleanup on beach)

p-value
The effect of oil spill on health

Yes

No

p-value

17
(56.7)

38
(76)

50
(69.4)

1
(25)

4
(100)

23
(69.7)

24
(72.7)

8
(66.7)

40
(65.6)

15
(79)

13
(43.3)

12
(24)

22
(30.6)

3
(75)

0
(0)

10
(30.3)

9
(27.3)

4
(33.3)

21
(34.4)

4
(21.1)

24
(80)
44

(88)

61
(84.7)

3
(75)

4
(100)

31
(93.9)

27
(81.8)

8
(66.7)

51
(83.6)

17
(89.5)

6
(20)

6
(12)

11
(15.3)

1
(25)

0
(0)

2
(6.1)

6
(18.2)

4
(33.3)

10
(16.4)

2
(10.5)

23
(76.7)

36
(72)

53
(73.6)

2
(50)

4
(100)

26
(78.8)

26
(78.8)

6
(50)

42
(68.9)

17
(89.5)

7
(23.3)

14
(28)

19
(26.4)

2
(50)

0
(0)

7
(21.2)

7
(21.2)

6
(50)

19
(31.2)

2
(10.5)

19
(63.3)

38
(76)

50
(69.4)

3
(75)

4
(100)

25
(75.8)

25
(75.8)

6
(50)

42
(68.9)

15
(79)

11
(36.7)

12
(24)

22
(30.6)

1
(25)

0
(0)

8
(24.2)

8
(24.2)

6
(50)

19
(31.2)

4
(21.1)

22
(37.3)

37
(74)

52
(72.2)

3
(75)

4
(100)

24
(72.7)

26
(78.8)

8
(66.7)

43
(70.5)

16
(84.2)

8
(26.7)

13
(26)

20
(27.8)

1
(25)

0
(0)

9
(27.3)

7
(21.2)

4
(33.3)

18
(29.5)

3
(15.8)

24
(80)
33

(66)

52
(72.2)

2
(50)

3
(75)

29
(87.9)

20
(60.6)

7
(58.3)

41
(67.2)

16
(84.2)

6
(20)
17

(34)

20
(27.8)

2
(50)

1
(25)

4
(12.1)

13
(39.4)

5
(41.7)

20
(32.8)

3
(15.8)

14
(46.7)

40
(80)

47
(65.3)

3
(75)

4
(100)

24
(72.7)

23
(69.7)

5
(41.7)

38
(62.3)

16
(84.2)

16
(53.3)

10
(20)

25
(34.7)

1
(25)

0
(0)

9
(27.3)

10
(30.3)

7
(58.3)

23
(37.7)

3
(15.8)

0.35

0.60

0.07

0.72

0.65

0.27

0.11

0.13

0.23

0.42

0.19

0.40

0.95

0.47

0.68

0.37

0.18

0.62

0.03*

0.15

0.00

0.33

0.13

0.07

0.07

0.07

0.92

0.27
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2.07 ppb [5]

(4.17 ppb)

[10] (8.99

ppb) [11] . 

BTEX

BTEX 

1

4

. 

1989 4 24

(Exxon Valez) [9]

(2%) [12],

2003

(Tasman Spirit) [8]

, , 

. , 2006 8

1 (998 t)

. , 

(Erika)

[13]

. , 

, 

. 

, 

[14-17]. 3

1,4- 2~3

[17], Avon longitudinal

study of parents and children (ALSPAC) 

( 8 ) VOCs

37%

. 

[17].

, 

[18], 

,

, 

Table 4. Symptom prevalence by oil spill related factors among pregnant women in Hebei Spirit oil spill area, Korea (Continued)                                                      

N (%)

Palpitation

No Yes No Yes No Yes No Yes No Yes No Yes No Yes

Neause, vomiting Abdominal pain Fatigue, fever
Musculoskeletal

symptom
Memory, cognitive

symptom
Backpain

Residence area after oil spill
Inside exposure area

Outside exposure area

p-value
Residential change after oil spill

Not change

Outside area on beach

Other

p-value
Type of activity after oil spill

Possible activity In Home

Activity in Outside area but not 
activity on beach

Activity on the beach(include 
cleanup on beach)

p-value
The effect of oil spill on health

Yes

No

p-value

* p<0.05, p<0.01

28
(93.3)

46
(92)

66
(91.7)

4
(100)

4
(100)

32
(97)
30

(90.9)

10
(83.3)

56
(91.8)

18
(94.7)

2
(6.7)

4
(8)

6
(8.3)

0
(0)
0

(0)

1
(3)
3

(9.1)

2
(16.7)

5
(8.2)

1
(5.3)

19
(63.3)

39
(78)

50
(69.4)

4
(100)

4
(100)

27
(81.8)

23
(69.7)

7
(58.3)

44
(72.1)

14
(73.7)

11
(36.7)

11
(22)

22
(30.6)

0
(0)
0

(0)

6
(18.2)

10
(30.3)

5
(22.8)

17
(27.9)

5
(26.3)

22
(73.3)

39
(78)

53
(73.6)

4
(100)

4
(100)

30
(90.9)

22
(66.7)

7
(58.3)

46
(75.4)

15
(79)

8
(26.7)

11
(22)

19
(26.4)

0
(0)
0

(0)

3
(9.1
11

(33.3)

5
(41.7)

15
(24.6)

4
(21.1)

24
(80)
39

(78)

55
(76.4)

4
(100)

4
(100)

28
(84.9)

25
(75.8)

9
(75)

47
(77.1)

16
(84.2)

6
(20)
11

(22)

17
(23.6)

0
(0)
0

(0)

5
(15.2

8
(24.2)

3
(25)

14
(23)

3
(15.8)

20
(66.7)

38
(76)

50
(69.4)

4
(100)

4
(100)

28
(84.9)

24
(72.7)

5
(41.7)

41
(67.2)

17
(89.5)

10
(33.3)

12
(24)

22
(30.6)

0
(0)
0

(0)

5
(15.2)

9
(27.3)

7
(58.3)

20
(32.8)

2
(10.5)

22
(73.3)

37
(74)

51
(70.8)

4
(100)

4
(100)

28
(84.9)

22
(66.7)

8
(66.7)

44
(72.1)

15
(79)

8
(26.7)

13
(26)

21
(29.2)

0
(0)
0

(0)

5
(15.2)

11
(33.3)

4
(33.3)

17
(27.9)

4
(21.1)

22
(73.3)

36
(72)

50
(69.4)

4
(100)

4
(100)

27
(81.8)

23
(69.7)

6
(50)

43
(70.5)

15
(79)

8
(26.7)

14
(28)

22
(30.6)

0
(0)
0

(0)

6
(18.2)

10
(30.3)

6
(50)

18
(29.5)

4
(21.1)

1.00

0.70

0.29

1.00

0.15

0.18

0.25

0.89

0.63

0.25

0.02*

1.00

0.83

0.30

0.60

0.75

0.37

0.19

0.02*

0.06

0.95

0.21

\

0.19

0.77

0.90

0.19

0.10

0.47
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Figure 1. OR (CI) of health effects according to exposure category for BTEX of Hebei Spirit oil spill area in KOREA.
* Odds ratio and 95% confidence interval (CI) of subjective symptoms in the pregnant women resided in area with high cumulative ambient concentration of volatible organic compounds
referenced by those resided in area with low concentration of volatile organic compounds

Exposure at the first day: The ambient cumulative levels of BTEX for the initial first day since the oil spill accident, Cumulative exposures for first 4 days:  The ambient cumulative levels of
BTEX for the initial 1st though 4th days since the oil spill accident 
Adjusted for confounding factors except for the targeted variable itself. The confounding factors involve maternal age, education, Type of activity after Oil spill and the effect of oil spill on

health
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