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— Abstract —

Health Effect Assessment on VolunteersInvolved in the Cleanup Operation
Following the Hebel Spirit Oil Spill Along the Taean Coast, Korea

Chul-Ho Lee, Kyung-Hwa Park, Min-Jung Lee, Wook-Hee Choai,
Heon Kim?, Choong-Hee Park, Dae-Seon Kim, Seung-Do Yu

Environmental Epidemiology Division, Environmental Health Risk Research Department, National Institute of
Environmental Research, Department of Preventive Medicine, College of Medicine, Chungbuk National University?

Objective: The objetive of this study is to assess the level of oxidative stress by the exposure to
volatile organic compounds (VOCs) and polycyclic aromatic hydrocarbons (PAHS) in volunteers who
cleaned up the crude oil spilled from the Hebei Spirit on the Coast of Taean County, Korea.

Methods: The study subjects were 46 volunteers and 37 controls from the National Institute of
Environmental Research. A self-administered questionnaire was used for volunteers to examine their
working environment and health effects. Urinary concentrations of hippuric acid, 1-hydroxypyrene, and
2-naphthol were measured as exposure markers for VOCs and PAHSs, and urinary thiobarbituric acid
reactive substances (TBARS) and 8-hydroxydeoxyguanosine (8-OHdG) levels were measured as oxida
tive stress markers.

Results: Sixty-four percent of the respondents presented a variety of symptoms, including sore eyes
and throat, nausea, dizziness, headache, low back pain, and leg pain after participating in the cleanup
operation. Urinary 2-naphthol and TBARS concentrations appeared higher in the volunteers. Univariate
and multivariate analyses showed that urinary TBARS and 8-OHdG levels were positively correlated
with urinary 2-naphthol and 1-hydroxypyrene concentrations respectively, especially among the volun-
teers.

Conclusions: The result implies that participating in cleanup work of oil spills may have a possibility
to induce oxidative damage by exposure to PAHs in crude oil.

Key Words: 8-hydroxydeoxyguanosine, Oil spill, Polycyclic aromatic hydrocarbon, Thiobarbituric
acid reactive substances, Volatile organic compound
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Table 1. Characteristics of study subjects
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Volunteers (N=46) Controls (N=37)

no. (%) no. (%)

Gender

Male 42 (91.3) 34 (91.9)

Female 4( 87) 3(81
Smoking status

Non-smokers 21 (45.7) 14 (37.8)

Smokers 25(54.3) 23(62.2)
Age (year), (mean—+SD) 35.2+8.1 34.4+6.8
Time of working on cleanup activities (hour), (mean+ SD) 5.34+0.84 -
Protective clothing/devices

Suits 46 (100 ) -

Gloves 45 (97.8) -

Mask 22 (47.8) -

Boots 46 (100 ) -
Symptoms during cleanup activities

Respondents 22(47.8) 37(100)

Non-respondents 24(52.2) 0(0)
Principal symptoms (N=22)

Symptoms of eyes 5(22.7) 0(0)

Symptoms of throat 4(18.2) 0(0)

Nausea 5(22.7) 0(0)

Dizziness 2(91 0(0)

Dull headache, headache" 9 (40.9) 0(0)

Low back pain and leg pain 9 (40.9) 0(0)
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VOCs9] tiAMIQl mRib?zh PAHse] diAbAIRl 1-
OHP¢} 2-naphthol& 124544 AZrtE 129 (high
performance liquid chromatography: HPLO)Z &
Ay, 49 VOCs9 PAHs tAHe] =5 8
Z creatinine o2 HAslo] AFE5FYTH

DNA Absl&321 3291 8-OHAGS A& 4kl A 12
MDA®] &S wedst= TBARSY FE< %35t
ASLEFA R R AREST. tdAe] 25 8-OHdG &
TE Al#EE ELISA kit (8-OHAG Check, Japan
Institute for the Control of Aging, Japan)& A&
sto] 2489t 2% TBARS %5+ HPLCE =%
stglom®  olu] TBARS A&&= 0.07 nM/ml °]
At 54T 8% 8-OHAG =9 TBARS ¥&t &
= creatinine ¥E& R 3slo] AFE-3FA
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WA o F-ok A e 9 ool mEbA Student
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naphthol Atole] F#dE& 2OWS & AYARMS 5
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CHetAtde|stg|X] M 22 ™ AN 1 = 20104&
o thak FAbA BAE 100%, &4 97.8%9 &
&5 2l Wk npa3 ZFE2 47 8%Tho] FEelditin
SH3l3tH(Table 1).
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2. VOCs % PAHs CHAIAN| S 23

Faahe ZARE B4 AEE e, 715
Al A 0.14 g/g creatinine ©]$13 H]m
.13 g/g creatinine® & F w3kl 28k 2ol
, = ool WE T 2 7 [FYgk Aol=
A‘}i‘jr(Table 2)

ZA 469 T 19(2.3%), vlud 37TH = 1%
(2.7%)914 1-OHP7} A&3A wTke]qltt. 1-OHPE
718 TS AR 0.11 #g/g creatinine, BT
A1 0.10 #g/g creatinine® F i 7ol 2olE AL
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], FAA T & Aol= §lATHTable 2).
ZARE 469 F TH(15.2%), ¥ud 374 = 124
(32.4%)°llA 2-naphthole] AZgHAl wwke|qct, 2-

naphthol®| 71ap & ZAEF Bl A 242 1.31
7} 0.73 pg/g creatinine o2 ZAAZA FolgFo AL
o] =4

FAA A= F o 2ol frolgh zfo|7t YERA] 9
O}, HFAA A 7\/‘}?9] 2-naphthol ¥%=7} H]
ol Hlste] AAA foFFor =UtH(Table 2).
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EH

ZAbER vlwwe] TBARS 71sd#e 242 3,593
2.11 pmol/g creatinine .2 FAlo] Bl atol ‘ﬂ]fﬂoi
EAACR FoslA =gt aga E

£
Al 25 TBARS s&& &Akro| ¥l

Aoz g =gt (Table 2).

8-OHdAG< 7134
tinine°] 1 e
wom, T
S W& Aol g 91

Fo
.

ZAEAA 11.23 pg/g crea-

Hl w2 11.07 pg/g creatinine® et

Aol BAAeR feol@ Aol fdt
tH(Table 2).

Table 2. Geometric means and geometric standard deviations of urinary hippuric acid, 1-hydroxypyrene, 2-naphthol, thiobarbituric

acid reactive substances, and 8-hydroxydeoxyguanosine concentrations according to smoking status

Volunteer Control p-value*
Hippuric acid (g/g creatinine) Tota 0.14 (2.40) 0.13(3.18) 0.807
Non-smokers 0.15 (2.25) 0.17 (3.29) 0.754"
Smokers 0.13 (2.55) 0.12 (3.12) 0.641
p-value' 0.614 0.326°
1-Hydroxypyrene («g/g creatinine) Total 0.11(3.53) 0.10 (2.62) 0.799
Non-smokers 0.08 (4.22) 0.09 (3.44) 0.838"
Smokers 0.13(2.91) 0.11 (2.17) 0.415
p-value' 0.183 0.576°
2-Naphthol (xg/g creatinine) Tota 1.31 (4.00) 0.73 (5.16) 0.087
Non-smokers 1.44 (3.29) 0.59 (4.64) 0.076"
Smokers 1.21 (4.73) 0.83 (5.59) 0.437
p-value' 0.667 0.536'
Thiobarbituric acid reactive substance (#mol/g creatinine) Tota 3.59 (1.74) 211 (2.14) 0.001
Non-smokers 3.60 (2.03) 1.67 (2.60) 0.017'
Smokers 3.58 (1.50) 2.44 (1.81) 0.013
p-value' 0.978 0.198’
8-Hydroxydeoxyguanosine (#g/g creatinine) Total 11.23 (1.66) 11.07 (1.61) 0.894
Non-smokers 11.50 (1.79) 13.12 (1.42) 0.410"
Smokers 11.01 (1.57) 9.99 (1.68) 0.489
p-value' 0.777 0.091°

*: p-value for Student's t-test according to the cleanup activity. T : p-value for Kruskall-Wallis test according to the cleanup activity
*: p-value for Student's t-test according to the cigarette smoking. * p-value for Kruskall-Wallis test according to the cigarette smok-

ing.
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a8y TBARS® 8-OHAG= mH=Atst fofeh o
4. MEELX|EL CHARMQ] 2HA| gl fAtet.

TBARS®} 8-OHAGel tidle] vhaitzl 1-OHP, 21 5. CtE3|HEA 2ot
2|3l 2-naphthol Ate]9] F#EAE 319tk TBARS
FTE=E 2-naphthol #=¢ BAZCZ fFodt ko] A TBARS® 8-OHAGE FTHWHFE 3tu AH, o],
HHAE JYepilon, 53] ZARCA FElsA vE AR, WARY o, agln 8F WA 1-
Wt a8z 2AREAA 8-OHdGE 1-OHP9F BA4 OHP, 2-naphthol ¥=& SHWHTE 3t tha3|HAE
o2 o3t g AAIAE Jehliglen vt A skt 443 2-naphthol ¥=7F TBARS ¥
£ 29 ARBAE BolFdtH(Table 3). Tofl Rt JFgS nAE oz JYElda(Table 4),

Table 3. Correlation coefficients of urinary hippuric acid, 1-hydroxypyrene, or 2-naphthol level with urinary thiobarbituric acid reac-
tive substance and 8-hydroxydeoxyguanosine levels

Hippuric acid 1-Hydroxypyrene 2-Naphthol

Thiobarbituric acid reactive substance

Total (n=83) -0.074 0.033 0.307**

Volunteer (n=46) -0.118 -0.037 0.384**

Control (n=37) 0.006 -0.049 0.288
8-Hydroxydeoxyguanosine

Total (n=83) -0.077 0.301** -0.109

Volunteer (n=46) -0.237 0.387** -0.001

Control (n=37) 0.051 0.037 -0.338*

* p-value<0.05, ** p-value<0.01

Table 4. A multiple linear regression analysis of urinary thiobarbituric acid reactive substance level including sex, smoking status,
age, cleanup activity, and urinary 2-naphthol concentration as independent variables

B* SE@®!' T p-value
Sex 5.388 2.118 2.65 0.001
Smoking -0.382 1.134 -0.34 0.737
Age -0.007 0.074 -0.10 0.920
Cleanup activity 1.463 1.057 1.38 0.170
2-Naphthol 0.736 0.312 2.36 0.021
1-Hydroxypyrene -0.824 3.399 -0.24 0.809

* - Regression coefficient, 'S.E.(8): Standard error of regression coefficient, T T: 8/S.E.(8), Smoking: dichotomous (smoker and non-
smoker), Sex: dichotomous (male and female), Age: continuous (year), Cleanup activity: dichotomous (yes and no)

Table 5. A multiple linear regression analysis of urinary 8-hydroxydeoxyguanosine level including sex, smoking status, age, cleanup
activity, and urinary 1-hydroxypyrene as independent variables

B SE(@)" T p-value
Sex 3.662 2.389 1.53 0.130
Smoking 1.357 1.334 1.02 0.321
Age 0.092 0.087 1.06 0.293
Cleanup activity 0.038 1.244 0.03 0.975
2-Naphthol -0.401 0.368 -1.09 0.279
1-Hydroxypyrene 8.378 4.001 2.09 0.040

* . Regression coefficient, 'S.E.(8): Standard error of regression coefficient, TT: 8/S.E.(8), Smoking: dichotomous (smoker and non-
smoker), Sex: dichotomous (male and female), Age: continuous(year), Cleanup activity: dichotomous (yes and no)
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TBARS sXx9 71818 #e A437MAlA 3,59 ¢
mol/g creatinine(406.3 mol/mol creatinine), Hla
oA 2.11 #mol/g creatinine(238.8 mol/mol crea-

tinine) 2 FAF7IAIAA A FAEA oW, o gt
FEAY Fe 1.18 pmol/g creatinine®™dl| vl &
T EE Egon ARIHIE A7y FRA|Y F9

9] 268.5 mol/mol creatinine’ ol ®]ate] ¥l H]|
"5}» A AGRATIAE =T o] A df &
e felEdeEo] A 4*}5}9} HAE AbskElgo]
sis 7hedE Hoerh 3, 8-OHdG #Hd#s
A BA Ao A 11.23 pg/g creatinine 2 H]
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