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— Abstract —

Lifestyleand Work related Factors Associated with Serum PFOA
among Workers at Manufacturing Companies

Sang Hwan Jang, Chae Kwan Lee, Dae Hwan Kim, Kwon-Bok Kim?®, Jin Hong Ahn,
Hwi Dong Kim, Chang Hee Lee, Jeong Ho Kim, Jong Tae Lee

Department of Occupational and Environmental Medicine & Institute of Environmental and
Occupational Medicine, BusanPaik Hospital, Inje University,
Department of Pharmacology and Phar macoGenomics Research Center, Inje University?

Objectives. The objective of this study was to determine serum perfluorooctanoic acid (PFOA) con-
centrations and to investigate the relationship of lifestyle, health status and work-related factors among
workers at manufacturing companies with possible occupational exposure to PFOA.

Methods: The study subjects were 315 workers (male 203, female 112) of manufacturing companies
with possible exposure to PFOA from August to December, 2007. A questionnaire was administered to
investigate lifestyle and work-related factors. Serum PFOA concentrations were analyzed by LC-
MS/MS, and liver function and total cholesterol were also tested.

Results: Serum PFOA concentrations ranged from 1.0 to 40.9 ng/mL (mean 8.0 ng/mL). Serum PFOA
concentrations increased with age. Male workers had higher PFOA concentration than female workers
(male 9.0 ng/mL; female 6.3 ng/mL). According to stepwise multiple regression analysis, factors signifi-
cantly associated with PFOA concentration were male, being older, higher total cholesterol, and lower
body mass index. Adjusted for age and gender by logistic regression, dyeing and finishing textiles had
significantly higher odds ratio (OR) of 6.16, and moulding patterns, moulds and industrial patterns
(OR=4.84), sections for ships (OR=3.87), and plastics synthetic |eather (OR=10.05) had marginaly sig-
nificantly high odds ratios.

Conclusions: This study demonstrated the factors affecting serum PFOA concentration of workers at
manufacturing companies. Further study is needed to ensure the effect of occupational exposure on
serum PFOA concentration.
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. 4% %T‘Er—‘:— FnEFAGEF (TAA) A wgron,
A (recovery of metal waste and
scrap). 71t W24 (spinning of other textile
fibers), 718} AAR-E A%< (other electronic com-
=4 9 71E I9A 29 (plastic laminat-
ing, coating and other surface processing prod-
ucts), =& Al % ZANEF A

ponents),

4 (livestock
feeds and prepared animal feeds), HJ% 2 57 &
2174 A2 (broadcasting and wireless telecom-
munication apparatuses)., ¥A] 2 4&3pr] AxY
(spraying. projecting and dispersing machines),
Aup FAREZ 229 (sections for ships), A41%
g4, el 2 o] 7Y
textﬂes) AR Xﬂ/"‘o*(parts of footwear), ¢l
A< (printing), A2 FF A=Y
sories for motor vehicles and engines), AARE

(dyeing and finishing
(parts and acces-

Az (electronic components), 38 % 28 A%
(moulding patterns, moulds and industrial pat-
FehaE A =X 3 7R Z9A e AFE Al
%% (coating and similar treatment of metals), &

ZaE A9 E AxY (plastics synthetic leather),

PInP % Fehsy B Az

terns),

(synthetic rubber
and of plastics in primary forms), §45A % 7]
Bl Zel~8EZ A%< (synthetic resin and other
plastic materials) 59 1870 H&<] 2671 A7l
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Table 1. Analytical condition of PFCs
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ZAge] g3 PFOA %9 A&dde AA7)
8.0 ng/mL(H¥: 1.0~40.9 ng/mL)°oIR e, a7t
9.0 ng/mL(8%: 1.0~40.9 ng/mL), A7} 6.3
ng/mL(H9: 2.4~15.0 ng/mL)& gA7} ojxET}
SAA R fFolatA =%th(p0.001) (Fig. 1).

Eclipse Zorbax XDB-C8 analytical column

Column h
(Agilent Technology Palo Alto, CA USA, 4.5 < 150 mm?)
Retention time Mobile phase Flow rate
-2min 75% acetonitrile, 24% water, 1% acetic acid, v/v in water 0.3 mL/min
) 2-7min 1% acetic acid, 75% acetonitrile, 24% water 0.3 mL/min
Gradient 99% acetonitrile, 1% acetic acid
7-11 min 99% acetonitrile, 1% acetic acid 1.0 mL/min
11-13 min 75% acetonitrile, 24% water, 1% acetic acid 1.0 mL/min
13-15min 75% acetonitrile, 24% water, 1% acetic acid 0.3 mL/min
Negative ionization MS/M'S mode, multiple reaction monitoring (MRM).
Detection PFOA: m/z 413—69 (CsF7)

PFOS: m/s 499—0(SO5)

1, 2-8C,-PFOA, m/z 415—70 (CeF15-CF).
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Fig. 1. Distribution of serum PFOA concentration
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Fig. 2. Distribution of serum PFOA concentration by age and
gender
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Unit: ng/mL

Table 2. Serum PFOA concentration by gender according to age and work duration

Total

Female

Made

Mean (SD) Median Range p-value N Mean (SD)  Median Range p-vaue N Mean (SD) Median Range p-vaue

N

0.002

0.001

0.003

Age (years)
20-29

1.6-18.3
1.4-16.6
1.0-40.9
29-194

5.8

6.3(2.9)
8.0(3.3)
8.6 (4.4)
85 (2.9)

50
89
117

45 28- 65

43(12)
5.7 (2.1)
6.7 (2.7)
7.4(2.3)

13
26
49

1.6-18.3
1.4-16.6
1.0-40.9
29-194

6.6
85

7.0(2.9)
8.9(3.3)
9.9 (4.9)
9.2(3.1)

37

7.7
79

8.3

2.7-10.0
24-15.0
3.5-10.8

53
6.3
7.7

63
68
35

30-39
40-49

50-
Work duration (years)

9.5

59

24

8.6

<0.001

0.017

<0.001

1.0-15.0
1.4-18.3
2.8-40.9

6
7.7
89

6.4 (2.4)
7.9(3.4)
9.4 (4.0)

110

2.7-15.0
2.4-15.0
3.3-10.8

55

59(2.2)
6.6 (3.4)
7.3(2.3)

68

1.0-125
1.4-18.3
2.8-40.9

6.9
8.2

7.1(2.6)
8.4 (3.3)
9.8 (4.2)

42

0-4
59
10-

63
141

53
7.2

18
25

45

116

9.3

7.7 1.0-409 <0.001

8.0 (3.7)

315

6.3(2.5) 5.7 2.4-15.0

112

1.0-40.9

9.0(3.9) 8.4

203

Total

p-vaue by ANOVA (test for trend) and t-test
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Table 4. Quartile distribution of serum cholesterol, AST, ALT and y-GTP by gender

Q4

Q3

Q2

Q1

0z
>

Mean (SD) N Mean (SD) N Mean (SD) N Mean (SD) p-value

N

It
on

0.173
0.997

185.4 (35.6)

45

189.7 (31.7)
26.8 (14.7)
27.0(13.7)
52.7 (53.7)

50
50
50
50

174.8 (34.0) 51 186.8 (39.0)
27.1(11.9)

33.7 (33.8)
40.3(37.7)

49

Total Cholesterol (mg/dL)

AST (IUIL)

Male

27.2( 8.4)
27.9(18.5)

54.4 (60.3)

50
50
50

27.4(14.6)
28.4(23.2)
39.3 (45.9)

51

50
50
50

>

FA

0.487

51

ALT (IUIL)

0.287

51

7-GTP (IU/L)

rp
HU

0.004
0.076

209.4 (32.0)

25
28
28
28

187.2 (21.9)
20.1( 4.8)

27
27
27

192.9 (35.4)

28
28
28
28

181.1 (23.7)
22.1(13.4)

28
28
28
28

Total Cholesterol (mg/dL)

AST (IU/L)

Female

23.7( 7.1)
21.0 (10.9)

182 ( 4.4)

0.179

15.0( 5.8) 16.9 ( 8.6)

18.2 (13.9)
17.1 (10.0)

ALT (IUL)

mjn

1

0.002

13.6 ( 5.6) 24.8 (17.7)

27

15.2( 8.1)

y-GTP (IU/L)

190.6 (35.9) 0.539

70
77
77
77

189.4 (32.0)

78
79
79
79

77 184.0 (31.5) 78 184.7 (35.8)
78 78
78

78
78

Total Cholesterol (mg/dL)

AST (IU/L)

Total

0.228
0.586
<0.001

26.9( 9.3)
275 (16.5)

53.0 (55.2)

25.6 (13.8)
24.8 (17.2)
37.7 (42.6)

23.7 (10.0)

23.0(16.1)
31.0 (40.9)

23.6 (12.7)
255 (29.4)
23.9(23.2)

ALT (IUIL)

78

y-GTP (IU/L)

p-value by ANOVA (test for trend)

=55, T FuzHEc] 2255, AT 2T
5 2% PFOAQ w7t EAACE frofshl w3ttt
ATHEE AFAE 94, A2l 2 ebre] 7hedlel o
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A FAREE Az, 79 2 23A2T &
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A9d =E2Asd #F "4?” JEX} o 44

AT AFE SEEIQMG' e PFOA xﬂmdxﬂ o2
A 83 PFOA 355 =% 5 4 =2 7|3+
Aol AdAF. H PFOA BEv =% F7d uet
zkol 7k g, Olsen 5% 3 2=

g
S|
o
>
E
l-N
= OH

2 Y A7solA Hate] 1,780 2
2,210 ng/mLela, Emmett 5'"0] 83 Aol A
= PFOA /‘g’\]'l[i/ﬂ 22+ 1899 2 824 ng/mL,
A wFo] e T2ZAF 489 Hi 406 ng/mL
ol B AFdAe Y PFOA s=2 Hi2 8.0
ng/mL (H¥ 1.0~40.9 ng/mL) 22 PFOA AJAHEA
TEAES UFeZ 3 9o AFEd H|sHH g e
2 g v AEHAT. U9 3 AFolA] AkdA 2
22 Fito] 2.19 ng/mL, gy oe] Hito| 1.55
ng/mLE 213 AyEtEs =4 AEHA”. Olsen
5" Emmett 59 d7IME PFOAS A4 A=
she A 22AEH 29 FHAIGY AT
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Table 5. Multiple regression analysis of factors associated with serum PFOA concentration

Method Variables Beta Std. Error p-value R-square
Enter BMI (kg/m?) -0.182 0.070 0.010 0.184

Total Cholesterol (mg/dL) 0.012 0.006 0.058

AST (IU/L) -0.001 0.027 0.982

ALT (IU/L) -0.005 0.015 0.724

7-GTP (IU/L) 0.004 0.006 0.438

Age (year) 0.063 0.025 0.011

Gender (male/female) 2.678 0.587 0.000

Shampoo use (frequency) -0.007 0.065 0.910

Smoking (smoker/nonsmoker) -0.088 0.418 0.833

Alcohol (drinking/non-drinking) 0.036 0.425 0.932

Work duration (year) 0.048 0.035 0.170
Stepwise Gender (male/female) 3.000 0.398 <0.001 0.200

Age (year) 0.082 0.021 <0.001

BMI (kg/m?) -0.181 0.066 0.007

Total Cholesterol (mg/dL) 0.012 0.006 0.042

Table 7. Adjusted Odds Ratios by type of manufacturing companies

Type of manufacturing companies OR* p-value 95% ClI.
Other electronic components 1.000
Dyeing and finishing textiles 6.164 0.042 1.07-35.58
Moulding patterns, moulds and industrial patterns 4.837 0.055 0.97-24.21
Sections for ships 3.867 0.060 0.95-15.81
Plastics synthetic |eather 10.052 0.062 0.89-113.2
Livestock feeds and prepared animal feeds 0.137 0.067 0.02-1.15
Parts and accessories for motor vehicles and engines 2.146 0.299 0.51-9.06
Broadcasting and wireless telecommunication apparatuses 0.333 0.309 0.04-2.76
Plastic laminating, coating and other surface processing 1.800 0.502 0.32-10.00
Recovery of metal waste and scrap 1.740 0.548 0.29-10.59
Synthetic resin and other plastic materials 0.629 0.568 0.13-3.09
Printing 1.505 0.608 0.32-7.18
Coating and similar treatment of metals 0.662 0.618 0.13-3.35
Spinning of other textile fibers 1.410 0.667 0.29-6.76
Electronic components 0.778 0.758 0.16-3.82
Synthetic rubber and of plasticsin primary forms 1.170 0.857 0.21-6.44
Spraying, projecting and dispersing Machines 1.181 0.871 0.16-8.74
Parts of footwear 1.036 0.970 0.17-6.20

*: adjusted for gender and age by logistic regression analysis

PFOAS] #=7F froldk ztol7h gloka Haigh vp gl
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S T 4 gtk 2 AFe A% 84 PFOA &
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Midasch $%¢] 27t F=% 54 duils oz
FYe AP E G2} oatEg @3 PFOA %7}
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% PFOA F=7F fosH E9th. PFOAS 7158 =
& 2AE AF AH 2 odd BHY FY Feom
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