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ABSTRACT

Objectives: We aimed to assess the risk of metabolic syndrome one year after the 2007 Hebei Spirit oil spill
in Taean, Korea among people exposed to spilt oil during clean-up work.

Methods: A total of 6,923 adults, including 3,019 males and 3,904 females, participated in the study. Health
examinations and blood tests (total cholesterol, triglycerides, HDL, fasting blood sugar) were performed. A
logistic regression model adjusting for age, gender, smoking history, drinking history, income, education, and
marital status was used to estimate the risk of metabolic syndrome associated with the level of oil spill exposure.

Results: The prevalence of metabolic syndrome was 24.9% among males and 18% among females. Compared
with people living within 20 km of the coastline, the risk of metabolic syndrome among people living within
0.8 km of the coastline was significantly higher (male OR=1.696, 95% CI=1.320-2.178, female OR=1.992, 95%
CI=1.549-2.561), including a significant dose-response relationship for distance from early contaminate coastline
(p<0.001). The risk of metabolic syndrome was higher according to the increase of duration of cleaning work.
The risk of metabolic syndrome among people who participated in the clean-up work for more than 116 days,
compared with people who participated in the cleaning work for or less 14 days, was significantly higher (male
OR=1.845, 95% Cl=1.448-2.353, female OR=1.752, CI=1.378-2.228), with a significant dose-response
relationship for days of clean-up work (p<0.001).

Conclusion: This study showed that there is a significant association between exposure to the oil spill during
the clean-up work, distance from early contaminate coastline and the risk of metabolic syndrome in a dose-
response manner.
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Table 1. Clinical definition of the metabolic syndrome

Risk factors Defining level

by NCEP ATP III*
Body Mass Index (kg/m?) > 25
Blood pressure (mmHg)  Systolic =130
Diastolic > 85
Fasting glucose (mg/dL) =110
Triglycerides (mg/dL) <150
HDL-cholesterol (mg/dL) Male < 40
Female < 50

*: National Cholesterol Education Program Adult Treatment
Panel III
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Table 2. General characteristics of the study subjects

. Male Female Total
Variables
No. (%) No. (%) No. (%)
Age group
<44 323(10.7) 259 (6.6) 582 (8.4)
45 - 49 172 (5.7) 250 (6.4) 422 (6.1)
50 - 54 320(10.6)  483(12.4)  803(11.6)
55-359 351(11.6)  553(14.2)  904(13.1)
60 - 64 506(16.8)  624(16.0) 1,130(16.3)
65 - 69 544(18.0)  741(19.0) 1,285(18.6)
70 - 74 517(17.1)  677(17.3) 1,194(17.2)
> 75 286 (9.5) 317 (8.1) 603 (8.7)
Education (years)
0 159 (5.3) 1,081(27.7) 1,240(17.9)
1-6 143 (4.7)  446(11.4) 589 (8.5)
7-9 1,320(43.7) 1,563(40.0) 2,883(41.6)
10 - 12 1,040(34.4)  679(17.4) 1,719(24.8)
> 13 349(11.6) 123(3.2) 472 (6.8)
No answer 8 (0.3) 12 (0.3) 20 (0.3)
Smoking status
Non-smoker 1,197(39.6) 3,819(97.8) 5,016(72.5)
Ex-smoker 789(26.1) 14 (04)  803(11.6)
Current smoker 1,028(34.1) 54 (1.4) 1,082(15.6)
No answer 5 (0.2) 17 (0.4) 22 (0.3)
Alcohol
Non-drinker 824(27.3) 3,132(80.2) 3,956(57.1)
Ex-drinker 263 (8.7) 26 (0.7) 289 (4.2)
Current drinker 1,928(63.9)  734(18.8) 2,662(38.5)
No answer 4 (0.1) 12 (0.3) 16 (0.2)
Income(10,000%#/month)
<49 169 (5.6) 94 (24) 263 (3.8)
50 - 99 197 (6.5) 98 (2.5) 295 (4.3)
100 - 199 358(11.9) 285 (7.3) 643 (9.3)
200 - 299 679(22.5)  642(16.4) 1,321(19.1)
300 - 399 612(20.3)  781(20.0) 1,393(20.1)
> 400 995(33.0) 1,985(50.8) 2,980(43.0)
No answer 9 (0.3) 19 (0.5) 28 (0.4)
Marital status
Single 142 (4.7) 51 (1.3) 193 (2.8)
Married 2,714(89.9) 2,876(73.7) 5,590(80.7)
Bereavement 83 (2.7) 907(23.2)  990(14.3)
Others 74 (2.5) 60 (1.5) 134 (1.9
No answer 6 (0.2) 10 (0.3) 16 (0.2)
Total 3,019 (100.0) 3,904 (100.0) 6,923 (100.0)

http://mwww.kseh.org/

A2} 166.5 cm, 9AF 153.0cm JoH, B A=
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Table 3. Frequence distribution of clean-up working time by distance from early contaminate coastline of the study

subjects
Distance from Clean-up working time (day) 3
early contaminate < 14 15 - 56 57 - 115 > 116 t’ést
coastline (km) No. (%) No. (%) No. (%) No. (%)
>20.0 1,011 (55.3) 412 (24.4) 110 ©.1) 22 (1.4
3.7 - 20.0 525 (28.7) 534 (31.6) 341 (19.0) 155 9.6)
08 - 3.7 209 (11.4) 427 (25.3) 606 (33.8) 313 (19.4) <0.001
< 08 54 3.0) 123 (7.3) 553 (30.8) 824 (5L.1)
- Islands 30 (16 192 (114 184 (103) 298  (I85)
Total 1,829  (100.0) 1,688  (100.0) 1,794 (100.0) 1,612 (100.0)
Table 4. Physical characteristics of study subjects
Total Male Female
Variables (Unit) (N=6,923) (N=3,019) (N=3,904) p-value*
Mean + S.D." Mean + S.D. Mean + S.D.
Age (yrs.) 61.5+11.2 61.1 £ 12.1 61.8 £ 105 0.010
Hight (cm) 1588 £ 9.0 166.5 £ 6.2 153.0 £ 59 <0.001
Weight (kg) 61.8 £ 10.7 67.3 £ 104 57.6 £ 88 <0.001
BMI (kg/m?) 244 + 3.1 242 + 3.1 245+ 32 <0.001
Systolic blood pressure (mmHg) 1299 £ 17.0 131.3 £ 16.3 1289 £ 17.5 <0.001
Diastolic blood pressure (mmHg) 77.8 £ 11.6 79.1 £ 11.7 769 + 114 <0.001
Fasting glucose (mg/dL) 100.6 £ 25.6 103.0 £ 28.3 98.8 £ 233 <0.001
HDL-cholesterol (mg/dL) 53.7 £ 12.8 52.6 £ 134 545 £ 123 <0.001
Triglycerides (mg/dL) 139.2 £ 98.6 149.8 £117.4 131.1 £ 80.1 <0.001
*: t-test
: Standard deviation
Table 5. The positive rate of individual abnormalities of the metabolic syndrome
Total Male Female
Risk factors (N=6,923) (N=3,019) (N=3,904) x-test
No. % No. % No. %
BMI 2,860 413 1,210 40.1 1,650 423 p=0.067
High blood pressure 3,405 492 1,610 533 1,795 46.0 p<0.001
High fasting glucose 1,178 17.0 609 20.2 569 14.6 p<0.001
HDL-cholesterol 874 12.6 448 14.8 426 10.9 p<0.001
High triglycerides 2,205 31.9 1,068 354 1,137 29.1 p<0.001
Morbidity index
0 1,541 223 585 19.4 956 24.5 p<0.001
1 2,182 31.5 944 31.3 1,238 31.7 p=0.694
2 1,746 252 737 244 1,009 25.8 p=0.173
3 1,018 14.7 514 17.0 504 12.9 p<0.001
4 386 5.6 210 7.0 176 45 p<0.001
5 50 0.7 29 0.4 21 0.3 p=0.039
>3 1,454 21.0 753 249 701 18.0 p<0.001

] Environ Health Sci

2015; 41(5): 335-348
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3.7km 24.6%, 0.8 km ©]3}¢] FellME 33.5%¢2] 2) ARG Gl e diEF FHE

AR fFHES 1o A7t TS feolst siulo] AVEES AfHE AL olF g
A e AT FHES BATHp<0.001). 479 T AR AFE 4TE o] 2 el o
A= Fael vk Age] YeRdEdl 200km 3 OAEEE AHES 28T 9645F A
ol o] oM 14.1%, 3.7-20.0km 15.3%, 0.8- AL ol AR ARl thE A fH

3.7km 18.4%, 0.8 km ©]|3}] FollX= 24.5%2] U Eol AR L ol wet FAle] A 149 o]F
AT FHES B, ARV 7RSS foe) oA 18.9%, 15~562 24.7%, 57~115Y 25.1%,
A e AT FEES YT p<0.001). = 1164 ool 313%°] FHES Bo] WAl
ARG FHES FA 22.3%, AR 15.4%E A A5} S71ede wet AT FHEER felst

3 %7) Sre 2 RE 3.7km o4 WolA #Fs} A S7keke &S BATH(p<0.001). o#ke] 73
= w3 HS FEY diSS AEES BA T oleh HISEAl UEbgeETl 149 ©lsk 15.0%,
TH(Table 6). 15~562 15.4%, 57~115% 19.0%, 1162 o]d-o]
A f70] e 27] o sictez e 23.0%% &l oot S7lele 2 A
AFA Aol diall 9%, 4, 94, +54, o4, CHp<0.001)(Table 8).
9, AgEE 25 20km o1 Wold A WAEFE 7O w2 BAGYLF o
Ao AFae 2L JFew TANE oA @ A%, 4, FAL, o5, o, 59, AT
0.8km of3le] AFSH WAL A% 20km olF W § wAstel, PANYS 142 o5 HAGH 72 7]
oA AFehe ZHT} 16969 BT, A 1992 FOR AR TS BAllE WA
W) olth AAHOR Alm 2] oF SIkORE 1162 oldE 2ol WAIRAS 142 olsh HAS
B AT A2t AEASE diETE 2T 185 Be gilETE 9y 9Es B
WY AUEE folsb Folt ARHS el Gom, AheME 175l B Wy APEE 1
TH(p<0.001)(Table 7). At AAF o2 vAz] A7) Z71EE tia
Table 6. The prevalence of metabolic syndrome according to distance from early contaminate coastline
Quartile of distance from early contaminate coastline (km)
> 20.0 3.7 - 20.0 0.8 - 3.7 <0.8 Islands y -test’
No. Cases*(%) No. Cases*(%) No. Cases*(%) No. Cases*(%) No. Cases*(%)
Male 709 164(23.1) 789 165(20.9) 622 153(24.6) 630 211(33.5) 269 60(22.3) p<0.001

Female 846 119(14.1) 766 117(153) 933 172(184) 924 226(24.5) 435 67(154) p<0.001
Total 1,555 283(18.2) 1,555 282(18.1) 1,555 325(209) 1,554 437(28.1) 704 127(18.0) p<0.001

*: three or more risk factor ™ except islands

Table 7. Adjusted odds ratio (95% CI) of metabolic syndrome according to distance from early contaminate coastline

Quartile of distance from early contaminate coastline (km) Test for trend

> 20.0 3.7 - 200 08-37 <08 Islands p-value®

0.812 1.135 1.696 1.000

k

Male ! (0.630 - 1.047)  (0.876 - 1472)  (1.320 - 2.178)  (0.706 - 1.416) <0.001

1.173 1332 1.992 1.168

*

Female ! (0.885 - 1.553)  (1.027 - 1.726)  (1.549 - 2.561)  (0.835 - 1.633) <0.001
Total | 0.988 1218 1.813 1.072 0001

(0.820 - 1.190)  (1.017 - 1.460)  (1.523 - 2.159)  (0.845 - 1.361)

* adjusted for age, smoking, drinking, education, income, marital status
*:adjusted for age, gender, smoking, drinking, education, income, marital status
*:except islands

http://www.kseh.org/ J Environ Health Sci 2015; 41(5): 335-348
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Table 8. The prevalence of metabolic syndrome according to clean-up working time

Quartile of clean-up working time (day)

<14 15 - 56 57 - 115 > 116 A -test

No. Cases (%) No. Cases (%) No. Cases (%) No. Cases (%)
Male 789 149 (18.9) 730 180 (24.7) 744 187 (25.1) 756 237 (31.3)  p<0.001
Female 1,040 156 (15.0) 958 148 (15.4) 1,050 200 (19.0) 856 197 (23.0) p<0.001
Total 1,829 305 (16.7) 1,688 328 (19.4) 1,794 387 (21.6) 1,612 434 (26.9) p<0.001

Table 9. Adjusted odds ratio (95% CI) of metabolic syndrome according to clean-up working time

Quartile of clean-up working time (day) Test for trend
<14 15 - 56 57 - 115 > 116 p-value
Male® : (1.0418.3-4 ﬁ.724) (1.1114'4-2 81.831) (1.442851 52.353) <o.001
Female® ! (0.81160-3 71.329) (1.02;2-9?635) (1.37;4.7-55.228) <o.001
Total ! (1 .0011']-9 21 419) (1.161537 71 631) a .53148-]72.152) <0.001

*:adjusted for age, smoking, drinking, education, income, marital status
":adjusted for age, gender, smoking, drinking, education, income, marital status

Table 10. Adjusted odds ratio (95% CI) of metabolic syndrome according to distance from early contaminate coastline
and clean-up working time

Quartile of distance from early contaminate coastline (km) Test for trend
> 20.0 3.7 - 20.0 0.8 - 3.7 <08 Islands p-value’
0.727 0.956 1315 0.796
*k
Male ! (0.557 - 0.950)  (0.717 - 1275)  (0.963 - 1.795)  (0.546 - 1.162) <0.001
1.151 1243 1.693 1.024
*
Female ! (0.857 - 1.545)  (0.919 - 1.680)  (1.224 - 2.343)  (0.697 - 1.504) 0.023
u 0910 1.049 1417 0.868
,
Total ! (0.749 - 1.106)  (0.854 - 1287)  (1.137 - 1.767)  (0.666 - 1.131) <0.001
Quartile of clean-up working time (day) Test for trend
<14 15 - 56 57 - 115 > 116 p-value
1391 1357 1.606
§ . B
Male ! (1.074 - 1.802) (1.023 - 1.800) (1.190 - 2.166) 0.005
- 0.955 1.052 1345
N
Female ! (0.731 - 1.249) (0.791 - 1.399) (0.984 - 1.837) 0.040
H 1.183 1238 1.527
Total ! (0.985 - 1.421) (1.015 - 1.509) (1.234 - 1.890) <0001

*: adjusted for age, smoking, drinking, education, income, marital status, clean-up working time

: adjusted for age, gender, smoking, drinking, education, income, marital status, clean-up, working time
' except islands

§: adjusted for age, smoking, drinking, education, income, marital status, distance

: adjusted for age, gender, smoking, drinking, education, income, marital status, distance
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