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Objectives : To assess the protective effects of wearing
protective devices among the residents and volunteers who
participated in the cleanup of the Hebei Spirit oil spill. 

Methods : A total of 288 residents and 724 volunteers
were surveyed about symptoms, whether they were
wearing protective devices and potential confounding
variables. The questionnaires were administered from the
second to the sixth week following the accident. Spot urine
samples were collected and analyzed for metabolites of 4
volatile organic compounds (VOCs), 2 polycyclic aromatic
hydrocarbons (PAHs), and 6 heavy metals. The association
between the wearing of protective devices and various
symptoms was assessed using a mul t ip le logist ic
regression adjusted for confounding variables. A multiple
generalized l inear regression model adjusted for the
covariates was used to test for a difference in least-square
mean concentrat ion of  ur inary b iomarkers between
residents who wore protective devices and those who did
not. 

Results : Thirty nine to 98% of the residents and 62-98%
of volunteers wore protective devices. Levels of fatigue and
fever were higher among residents not wearing masks than
among those who did wear masks (odds ratio 4.5; 95%
confidence interval 1.23-19.86). Urinary mercury levels
were found to be significantly higher among residents not
wearing work clothes or boots (p<0.05). 

Conclusions : Because the survey was not performed
during the initial high-exposure period, no significant
difference was found in metabolite levels between people
who wore protective devices and those who did not, except
for mercury, whose biological half-l ife is more than 6
weeks. 
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Figure 1. Number of persons participating clean-up works in Hebei Spirit oil spill by date. [1]

Table 1. Questionnaire items on subjective symptom and symptom groups

Symptom group (14) Questionnaire items No. of questions

Eye irritation
Symptom of eye nerve
Nose irritation
Throat irritation
Trachea irritation
Skin irritation
Headache
Palpitation
Nausea, vomiting
Abdominal pain
Fatigue, fever
Musculoskeletal symptom
Memory, cognitive symptom
Backpain

Total

Sore eye, tearing, itching eye, eye fatigue, eye congestion, puff eye, eye secretion
Ambylopia, shaking vision
Rhinorrhea, itching nasal mucus, snuffle
Dry throat, itching throat, sore throat
Sputum, cough
Sore skin, itching, blister, facial blush, hand and foot blush
Dizziness, headedness
Palpitation
Vomiting, anorexia, nausea
Heartburn, stomachache, diarrhea
General fatigue, fever sensation
Myalgia, extremity tremor, extremity weakness, extremitache, bodyache
Attention difficulty, vulnerability
Backpain

7
2
3
3
2
5
2
1
3
3
2
5
2
1

41 

Table 2. Metabolites and methods analyzed for urinary exposure biomarkers in Hebei Spriot oil spill

Target chemicals in oil Metabolites Analyzing laboratory Analyzing methods

VOCs

PAHs

Heavy metals

VOCs: volatile organic compounds, PAHs: polycyclic aromatic hydrocarbons, KIST: Korea Institute of Science and
Technology, COLD: Center for Occupational Lung Diseases, Neodin: Neodin medical institute.

Toluene
(o,m,p)-Xylene
Ethyl benzene, styrene
Benzene
Naphthalene
Pyrene
Pb, Cd, Ni, Mn, Hg

Hippuric acid
Methylhippuric acid
Mandelic acid
t,t-Muconic acid
1,2-Naphthol
1-Hydroxypyrene

KIST,COLD

Neodin

HPLC/UV
HPLC/UV
HPLC/UV
HPLC/UV
HPLC/FLD
HPLC/FLD

ICP-MS simultaneous 
analyzer

Mercury analyzer
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Table 3. General characteristics of residents
and volunteers participating clean-up works

Characteristics

Residents
(N=288)

no. (%) no. (%)

Volunteers
(N=724)

Gender
Male
Female
Non-response*

Age
- 29

30 - 39
40 - 49
50 -5 9
60 -
Non-response*

Occupation
Students
White color workers
Blue color workers
Farmers
Unemployed
Fisherman
Others
Non-response*

Education
elementary school
middle school
high school
university
graduate school or  more

Non-response*

Income (10,000 KWR/month)
- 100

100 - 199
200 - 299
300 - 399
400 - 499
500 -
Non-response*

Skin contamination
None
A little
Much
Pretty much
Non-response*

123
164

1

9
20
31
60

154
14

3
5
1

61
30
99
25
64

138
31
30
11
1

77

108
63
17
6
4
6

84

15
52
23
16

182

(42.7)
(56.9)
(0.4)

(3.1)
(6.9)
(10.8)
(20.8)
(53.5)
(4.9)

(1.0)
(1.7)
(0.4)
(21.2)
(10.4)
(34.4)
(8.7)
(22.2)

(47.9)
(10.8)
(10.4)
(3.8)
(0.4)
(26.7)

(37.5)
(21.9)
(5.9)
(2.1)
(1.4)
(2.1)
(29.2)

(14.2)
(49.1)
(21.7)
(15.1)
(63.2)

336
338
50

581
65
55
17
3
0

129
74
0
0
0
1

31
489

2
14
50

153
19

486

20
36
26
17
16
11

598

95
269
50
3

307

(46.5)
(53.5)
(6.9)

(80.6)
(9.0)
(7.6)
(2.4)
(0.4)

(54.9)
(31.5)

(0.4)
(13.2)
(67.5)

(0.3)
(1.9)
(6.9)
(21.1)
(2.6)
(67.1)

(2.8)
(5.0)
(3.6)
(2.4)
(2.2)
(1.5)
(82.6)

(22.8)
(64.5)
(12.0)
(0.7)
(42.4)

KWR: Korean won
*Percent of non-response calculated among total
participants, Percent of the individual category calculated
among respondents to the corresponding item.

Table 4. Wearing protective devices in residents and volunteers participating clean-up works

Protective devices
Residents

Respondents (no.) Wearing (no.) Wearing (%) Respondents (no.) Wearing (no.) Wearing (%)

Volunteers

Gloves
Boots
Work clothes
Mask
Filter mask
Hood

285
288
287
164
234
110

279
272
268
117
92
72

(97.9)
(94.4)
(93.3)
(71.3)
(39.3)
(65.5)

561
565
565
420
251
420

549
547
538
340
235
264

(97.9)
(96.8)
(95.2)
(81.0)
(93.6)
(62.9)
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Table 5. Risks of subjective symptoms among residents not-wearing protective devices who were
participating clean-up works

Protective devices
Symptom prevalence (%) Risk of subjective symptom

Not-wearing Wearing OR* (95% CI)

Work clothes 
Eye irritation
Eye nerve
Nose irritation
Throat irritation
Trachea irritation
Skin irritation
Headache
Palpitation
Nausea, vomiting
Abdominal pain
Fatigue, fever
Musculoskeletal sx
Memory, cognitive sx
Backpain

Mask 
Eye irritation
Eye nerve
Nose irritation
Throat irritation
Trachea irritation
Skin irritation
Headache
Palpitation
Nausea, vomiting
Abdominal pain
Fatigue, fever
Musculoskeletal sx
Memory, cognitive sx
Backpain

Filter mask 
Eye irritation
Eye nerve
Nose irritation
Throat irritation
Trachea irritation
Skin irritation
Headache
Palpitation
Nausea, vomiting
Abdominal pain
Fatigue, fever
Musculoskeletal sx
Memory, cognitive sx
Backpain

Gloves
Eye irritation
Eye nerve
Nose irritation
Throat irritation
Trachea irritation
Skin irritation
Headache
Palpitation
Nausea, vomiting
Abdominal pain
Fatigue, fever
Musculoskeletal sx
Memory, cognitive sx
Backpain

Boots 
Eye irritation
Eye nerve
Nose irritation
Throat irritation
Trachea irritation
Skin irritation
Headache
Palpitation
Nausea, vomiting
Abdominal pain
Fatigue, fever
Musculoskeletal sx
Memory, cognitive sx
Backpain

(N=19)
089.3 
055.6 
055.6 
057.9 
066.7 
057.9 
068.4 
038.9 
084.2 
072.2 
068.4 
084.2 
044.4 
055.6 

(N=47)
085.1 
053.9 
075.0 
051.1 
061.7 
059.6 
078.7 
032.5 
070.2 
042.5 
078.7 
074.5 
056.4 
074.4 

(N=142)
088.0 
053.2 
066.9 
052.8 
061.0 
055.6 
073.9 
038.0 
066.2 
045.8 
071.8 
078.9 
053.2 
062.7 
(N=6)
100.0 
100.0 
066.7 
050.0 
083.3 
066.7 
066.7 
033.3 
100.0 
083.3 
066.7 
100.0 
050.0 
050.0 
(N=9)
093.8 
073.3 
046.7 
062.5 
056.3 
056.3 
068.8 
033.3 
087.5 
066.7 
068.8 
087.5 
046.7 
046.7

(N=268)
82.3 
53.8 
64.8 
58.1 
55.5 
56.9 
77.0 
39.4 
67.6 
47.9 
61.1 
71.7 
56.6 
66.5 

(N=117)
84.6 
60.0 
71.4 
65.0 
56.9 
56.4 
81.2 
51.4 
69.2 
65.7 
52.1 
68.4 
61.4 
65.7 

(N=92)
83.2 
55.1 
59.6 
66.3 
57.3 
67.4 
79.8 
41.6 
74.2 
56.2 
77.5 
83.2 
59.6 
70.5 

(N=279)
82.3 
52.5 
64.4 
58.3 
55.6 
56.5 
77.2 
39.6 
67.8 
48.7 
61.2 
71.7 
56.1 
66.5 

(N=272)
82.2 
52.6 
65.3 
58.0 
56.3 
57.3 
77.0 
39.8 
67.7 
48.6 
61.0 
71.8 
56.3 
67.0

0.86 
0.81 
0.53 
0.70 
1.07 
0.72 
0.41 
0.83 
1.90 
2.71 
0.61 
0.86 
0.43 
0.52 

0.78 
1.06 
1.24 
0.81 
1.11 
1.17 
1.59 
0.59 
1.76 
0.43 
4.95 
1.20 
1.49 
2.42 

1.12 
0.95 
0.99 
0.49 
0.94 
0.52 
0.48 
0.90 
0.61 
0.44 
0.34 
0.46 
0.78 
0.60 

2.61 
29.64 
0.76 
1.58 
1.77 
0.99 
0.28 
1.55 

13.70 
6.91 
0.62 
7.54 
1.31 
0.58 

1.25 
1.90 
0.45 
1.19 
0.63 
0.72 
0.43 
0.74 
2.21 
2.03 
0.82 
1.36 
0.57 
0.43

(0.22, 3.31)
(0.30, 2.21)
(0.19, 1.52)
(0.25, 1.98)
(0.39, 2.92)
(0.26, 1.99)
(0.15, 1.17)
(0.27, 2.50)
(0.59, 6.10)
(0.87, 8.47)
(0.18, 2.09)
(0.23, 3.18)
(0.15, 1.25)
(0.18, 1.55)

(0.24, 2.62)
(0.43, 2.65)
(0.46, 3.37)
(0.35, 1.85)
(0.50, 2.49)
(0.52, 2.66)
(0.52, 4.85)
(0.23, 1.52)
(0.70, 4.42)
(0.16, 1.16)
(1.23, 19.86)
(0.41, 3.52)
(0.56, 3.94)
(0.84, 6.95)

(0.45, 2.79)
(0.50, 1.78)
(0.50, 1.95)
(0.25, 0.99)
(0.49, 1.80)
(0.26, 1.03)
(0.22, 1.06)
(0.46, 1.77)
(0.30, 1.24)
(0.22, 0.88)
(0.15, 0.77)
(0.19, 1.13)
(0.41, 1.49)
(0.30, 1.20)

(0.09, 73.08)
(0.35, >999.99)
(0.11, 5.37)
(0.24, 10.38)
(0.21, 14.99)
(0.14, 7.09)
(0.04, 1.92)
(0.22, 11.02)
(0.27, 700.51)
(0.68, 70.25)
(0.09, 4.40)
(0.13, 429.01)
(0.19, 8.86)
(0.09, 3.82)

(0.28, 5.59)
(0.60, 6.00)
(0.15, 1.38)
(0.39, 3.64)
(0.23, 1.77)
(0.25, 2.10)
(0.15, 1.27)
(0.22, 2.43)
(0.60, 8.14)
(0.62, 6.66)
(0.23, 2.96)
(0.33, 5.66)
(0.19, 1.73)
(0.14, 1.36)

*OR and 95% CI in people without protective devices referenced by people with protective device calculated using multiple
logistic regression adjusted for age, gender, educational level, asthma diagnosed, nearby polluted area, health belief about oil
spill. 
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Table 6. Urinary biomarkers in residents with or without protective devices

Urinary biomarkers
Not-wearing

Mean* SD Mean* SD

Wearing
p-value*

Work clothes
VOCs metabolites

PAHs metabolites

Heavy metals

Mask
VOCs metabolites

PAHs metabolites

Heavy metals

Filter mask
VOCs metabolites

PAHs metabolites

Heavy metals

Gloves
VOCs metabolites

PAHs metabolites

Heavy metals

Boots
VOCs metabolites

PAHs metabolites

Heavy metals

VOCs: volatile organic compounds, PAHs: polycyclic aromatic hydrocarbons,
* Geometric mean, standard deviation, and p-value, which were calculated by least square means and tests using the
generalized linear model adjusted for age, gender, smoking, education level, and nearby polluted area. 
* Unit of the biomarkers were ug/g creatinine except for hippuric acid, mandelic acid, and methyl-hippuric acid whose unit was
mg/g creatinine.

tt-Muconic acid
Hippuric acid
Mandelic acid
Methyl-hippuric acid
2-Naphthol
1-Hydroxypyrene
Pb
Hg
Mn
Cd
Ni

tt-Muconic acid
Hippuric acid
Mandelic acid
Methyl-hippuric acid
2-Naphthol
1-Hydroxypyrene
Pb
Hg
Mn
Cd
Ni

tt-Muconic acid
Hippuric acid
Mandelic acid
Methyl-hippuric acid
2-Naphthol
1-Hydroxypyrene
Pb
Hg
Mn
Cd
Ni

tt-Muconic acid
Hippuric acid
Mandelic acid
Methyl-hippuric acid
2-Naphthol
1-Hydroxypyrene
Pb
Hg
Mn
Cd
Ni

tt-Muconic acid
Hippuric acid
Mandelic acid
Methyl-hippuric acid
2-Naphthol
1-Hydroxypyrene
Pb
Hg
Mn
Cd
Ni

22.7 
315.4 

1.3 
1.4 
4.1 
0.7 
2.7 
1.2 
3.8 
2.0 
2.3 

32.5 
203.1 

2.1 
1.1 
3.5 
0.7 
1.8 
0.7 
3.7 
2.2 
4.1 

25.6 
236.7 

1.7 
1.3 
3.4 
0.7 
2.1 
0.8 
3.7 
2.2 
2.3 

25.9 
348.5 

1.5 
1.3 
5.8 
0.7 
2.9 
1.2 
4.5 
1.9 
1.9 

35.7 
284.9 

1.4 
1.4 
3.4 
0.7 
2.6 
1.3 
4.1 
1.8 
1.9 

1.5
1.6
1.6
1.6
1.8
1.3
1.5
1.4
1.3
1.3
1.3

1.4
1.7
1.5
1.6
1.7
1.3
1.5
1.5
1.3
1.3
1.3

1.4
1.5
1.5
1.4
1.7
1.2
1.4
1.3
1.2
1.3
1.2

1.6
1.7
1.7
1.6
1.9
1.3
1.6
1.5
1.3
1.4
1.3

1.6
1.7
1.7
1.6
1.9
1.3
1.6
1.4
1.3
1.4
1.3

29.3 
212.2 

1.5 
1.3 
4.0 
0.7 
2.1 
0.8 
3.7 
2.3 
2.2 

28.4 
184.1 

2.8 
1.3 
2.7 
0.8 
2.3 
0.7 
3.6 
2.3 
4.4 

32.5 
196.0 

1.4 
1.4 
4.6 
0.6 
2.2 
0.8 
3.8 
2.4 
2.2 

31.1 
167.6 

1.5 
1.3 
3.3 
0.7 
1.9 
0.6 
3.4 
2.6 
2.4 

29.3 
214.1 

1.5 
1.3 
4.0 
0.7 
2.2 
0.8 
3.7 
2.3 
2.2 

1.4
1.5
1.5
1.4
1.6
1.2
1.4
1.3
1.2
1.3
1.2

1.4
1.7
1.5
1.6
1.7
1.3
1.5
1.5
1.3
1.3
1.3

1.4
1.5
1.5
1.4
1.7
1.2
1.4
1.3
1.2
1.3
1.2

1.5
1.6
1.5
1.5
1.7
1.3
1.4
1.4
1.3
1.3
1.2

1.4
1.5
1.5
1.4
1.6
1.2
1.4
1.3
1.2
1.3
1.2

0.29 
0.16 
0.51 
0.89 
0.98 
0.53 
0.31 
0.03 
0.85 
0.43 
0.79 

0.37 
0.68 
0.13 
0.38 
0.26 
0.58 
0.23 
0.44 
0.75 
0.83 
0.44 

0.17 
0.35 
0.44 
0.71 
0.21 
0.43 
0.65 
0.89 
0.92 
0.62 
0.77 

0.68 
0.15 
0.93 
0.89 
0.35 
0.88 
0.31 
0.08 
0.26 
0.30 
0.29 

0.50 
0.40 
0.75 
0.84 
0.68 
1.00 
0.49 
0.03 
0.63 
0.17 
0.27 

(N=14)

(N=36)

(N=101)

(N=5)

(N=9)

(N=140)

(N=64)

(N=53)

(N=148)

(N=145)
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for Investigation of Acute Health Problems in
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Table 7. After clean-up work urinary biomarkers in volunteers with or without protective devices 

Urinary biomarkers
Not-wearing

Mean SD Mean SD

Wearing
p-value

Work clothes
VOCs metabolites

PAHs metabolites

Mask
VOCs metabolites

PAHs metabolites

Gloves
VOCs metabolites

PAHs metabolites

Boots
VOCs metabolites

PAHs metabolites

VOCs: volatile organic compounds, PAHs: polycyclic aromatic hydrocarbons
* Geometric mean, standard deviation, and p-value, which were calculated by least square means and tests using the
generalized linear model adjusted for age, gender, smoking, education level, and nearby polluted area. 
* Unit of the biomarkers were ug/g creatinine except for hippuric acid, mandelic acid, and methyl-hippuric acid whose unit was
mg/g creatinine.

tt-Muconic acid
Hippuric acid
Mandelic acid
Methyl-hippuric acid
1-Naphthol
2-Naphthol
1-Hydroxypyrene

tt-Muconic acid
Hippuric acid
Mandelic acid
Methyl-hippuric acid
1-Naphthol
2-Naphthol
1-Hydroxypyrene

tt-Muconic acid
Hippuric acid
Mandelic acid
Methyl-hippuric acid
1-Naphthol
2-Naphthol
1-Hydroxypyrene

tt-Muconic acid
Hippuric acid
Mandelic acid
Methyl-hippuric acid
1-Naphthol
2-Naphthol
1-Hydroxypyrene

248.3 
171.2 

0.2 
0.2 
0.7 
1.9 
1.5 

271.9 
139.4 

0.2 
0.3 
0.3 
0.9 
1.0 

251.3 
100.5 

0.2 
0.2 
0.6 
1.7 
1.4 

251.3 
100.5 

0.2 
0.2 
0.6 
1.7 
1.4 

1.2
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