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Concentration of PFOA and PFOS in Whole Blood and Factors Controlling
Their Exposure Among Koreans

Chunhui Suh, Chae Kwan Lee’, So-Ryong Lee, Mi Hee Park, Jong Tae Lee,
Byung Chul Son, Jeong Ho Kim, and Kunhyung Kim

Department of Occupational and Environmental Medicine & Institute of Environmental and
Occupational Medicine, Pusan Paik Hospital, Inje University, Pusan, Korea

ABSTRACT

Objectives: This study aimed to assess the concentration of perfluorooctanoic acid (PFOA) and
perfluorooctanesulfonate (PFOS) in blood and factors controlling their exposure among Koreans.

Methods: Study subjects were selected to include 718 members of the general population residing in five
metropolitan cities and the Gangwon Province area from August 2008 to January 2009. A questionnaire was
administered to investigate lifestyle, socio-demographic characteristics, and other related factors. Blood samples
were collected and extracted using solid-phase extraction and anion-exchange methods, and quantified by high-
performance liquid chromatograph (HPLC, Agilent 1200 Series) coupled with a Triple Quad LC-MS/MS system
(Agilent 6410).

Results: Geometric mean concentrations of PFOA and PFOS in the blood were measured as 1.82 and 6.06 ng/
ml, respectively. Mean PFOA and PFOS concentrations generally increased with age in both genders. Blood
PFOA concentration was significantly different according to such variables as age, family income, residential
district, and province. Blood PFOS concentration was significantly different by such variables as gender, age,
lifestyle factors such as regular exercise, alcohol consumption, and smoking status. Also, family income,
hazardous facilities, job classification, and province contributed significantly to differences in blood PFOS
concentration levels.

Conclusions: Blood PFOA and PFOS concentrations in Koreans were similar with those found in Japan, the
USA, and Germany, but less than those in Australia. PFOA and PFOS exposure seems to be affected by a variety
of factors in Korea. Therefore, investigation is required for each factor to assess the relative contribution of
different variables.

Keywords: perfluorooctanoic acid, perfluorooctane sulfonate, blood concentration, exposure control factors
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Table 1. MRM condition of LC/MS/MS

Parameters Precursor ion  Product ion Dwell Fragmentor ~ Collision Energy
PFOA™ 413 100 100 1
Blood
PFOS' 499 100 135 50

*Perfluorooctanoic acid, "perfluorooctane sulfonate

2) AFE FFNE Ax

PFOAS} PFOS(Wellington lab Inc. 345 Guelph,
ON, Canada) 28]3L ZFzke] W REFE2 (MPFOA,
MPFOS) X=A]9F(Wellington lab Inc. 345 Guelph,
ON, Canada)s "erdl] 22t =4 50 ug/m/ &%=
o] EFYA(stock solution)yS THE & WE RSt
Atk T AZEHe e T acetonitrile(J. T.
Baker, Phillipsburg, NJ, USA)Z TAEZE 43}
ZF Ao HF 2E8Y $=F 0.1, 1, 5, 20, 50,
200 ng/mZ AZ3I9A}. EH8|M2 FBS(fetal bovine
serum)E AHE-3FA T AA 2] #F 2] solide-phase
extraction®} anion-exchange gl ARE-3l 7HEE]
A ztzb 107042 blank® AME-3te] &3 H53)
3 T AHEE Ak FHERRAY] 29S SRIEH
t}. A e] A% (accuracy)S H7Fel7] 9lste] o
o]o] Al8e PFOAS} PFOSE 27t U H(PFOA:
2.5 ng/m/; PFOS: 8.0 ng/m/)S 75l spike test
S 53] Wk FEigin). 2 A MM A5 Tk
W Aol Hatgkoll skl Hrkek 3ol WE
o] BA49] AYEE A AT A gt
U= (precision)= F = ol o] &8 Zhzhe] Al
5 747} 532 ke E28 $ WHo) Al (Coefficient
of variable, CV)Z A|A|SFSI T}, A %A (LOQ: limit
of quantitationy= #AEFEN(0.1 ng/m)} o5
10v% 3|48 A 55 A2 & 534 A% &
AFA7E A= AT AF=(AES] 15% o)
S ALE(CV 15% o|HhHE ks HATEE 4
SIS tH(Table 2).

o i

M oox

;

Table 2. Accuracy, precision and limit of quantitation

(LOQ)

Parameters PFOA" PFOS'
Accuracy (%)  2.36/2.50(94.4)  7.66/8.00(95.8)
Precision (%) 5.3 4.7
LOQ (ng/ml) 0.01 0.01
s 0.9980 0.9997

*Perfluorooctanoic acid, "perfluorooctane sulfonate
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Hol ARz HIksle] SARAS Aldsialt.
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A, A 2FA - B A, Yol AU EAL
A5 L BASEAR AR AR L =

HEARAL - S g A, 229 - APFH - 7 - 7]

FAE 75, S ENA, S57, ks, €7, 71
Eh, AFA(FE, BAl, 51, A9,
£ HwoXe= A% A
S HAS] FEAEA(ANCOVAYS A3t

v

RE SA™ o 752 0.05 olskE sion,
FA B2 SPSS(Version 19K for Windows)E A}
&t

mz

1. H7st ¥ I Mo ME & F PFOA
2} PFOS 55

AR 7189 9] 71&F A1 3= Table 3
# 2t} 8 F PFOAS] 7181+ 1.82 ng/m/ PFOS
9] 7182 6.06 ng/mio]ATE PFOAS} PFOS
4 2T 200004 507 = Aol Skl ut
2 F =t S7IRoY 60t HElE At
AL ARl wt felst Zolrt AATHp<0.001).
del 2 PFOA v FAH 94 7+ felst A
ol Ut z2fv}k PFOS®] ¢ o4l Hlal &
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Table 3. Descriptive statistics of six province's residents (n=718) (ng/m/)
Variable No *Geometric mean of PFOA  *Geometric mean of PFOS
(95% CI) (95% CI)
Blood PFOA 718 1.82 (1.74-1.90)
Blood PFOS 718 6.06 (5.81-6.29)
Gender p=0.693 p=0.025
Male 229 1.79 (1.66-1.94) 6.47 (6.01-6.96)
Female 489 1.83 (1.74-1.93) 5.86 (5.59-6.15)
Age (years) p<0.001 p<0.001
20 - 29 50 1.40 (1.23-1.59) 3.36 (2.99-3.78)
30 - 39 84 1.51 (1.34-1.70) 4.45 (3.98-4.98)
40 - 49 125 1.71 (1.55-1.88) 5.47 (5.04-5.94)
50 - 59 160 2.10 (1.93-2.29) 7.34 (6.80-7.93)
60 - 69 158 2.06 (1.86-2.28) 7.33 (6.72-8.00)
70 - 89 141 1.75 (1.60-1.91) 6.33 (5.85-6.86)
Regular exercising
No 345 1.72 (1.62-1.83) 5.55 (5.22-5.90)
Yes 372 1.92 (1.81-2.03) 6.56 (6.23-6.91)
Alcohol consumption
Nondrinker 432 1.81 (1.71-1.91) 6.14 (5.84-6.45)
Past drinkerr 28 1.56 (1.29-1.89) 4.70 (4.04-5.48)
Current drinker 258 1.88 (1.75-2.02) 6.08 (5.66-6.54)
Smoking status
Nonsmoker 551 1.84 (1.75-1.93) 6.16 (5.89-6.44)
Past smoker 69 1.78 (1.57-2.03) 6.41 (5.56-7.39)
Current smoker 97 1.76 (1.56-1.98) 5.26 (4.67-5.92)
Scholarship
Illiteracy or elementary school 50 1.67 (1.41-1.98) 6.29 (5.41-7.31)
Middle school 465 1.94 (1.84-2.05) 6.49 (6.19-6.81)
High school 42 1.44 (1.23-1.67) 4.40 (3.73-5.18)
College or higher 129 1.68 (1.53-1.86) 5.73 (5.23-6.28)
Marital status
Unmarried 54 1.53 (1.34-.74) 3.60 (3.17-4.09)
Divorce, separation, bereavment 103 1.85 (1.66-.07) 6.15 (5.56-6.80)
Cohabitation 15 2.11 (1.48-.01) 7.42 (5.16-10.66)
Married 545 1.84 (1.75-.93) 6.32 (6.04-6.61)
Income/a month (W)
<1,000,000 228 1.74 (1.60-.83) 6.07( 5.66-6.50)
1,000,000-3,000,000 253 1.88 (1.75-.01) 6.17 (5.77-6.61)
3,000,000< 136 1.72 (1.58-.87) 5.67 (5.15-6.24)
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http://www.kseh.org/



SH=2019] & & PFOAR} PFOS S=2F L&29! 109

Table 3. Continued

. *Geometric mean of PFOA  *Geometric mean of PFOS
Variable No

(95% CI)

(95% CI)

Residential district

Farming or fishing 129 1.50 (1.36-.66) 6.12 (5.47-6.84)
Urbane 537 1.88 (1.80-.98) 5.98 (5.73-6.25)
Industrial complex 50 2.02 (1.71-.38) 6.55 (5.42-7.91)
Hazardous facilities
Incineration plant No 709 1.82 (1.74-.89) 6.01 (5.77-6.26)
Yes 10 2.13 (1.59-.87) 9.34 (5.89-14.80)
Waste landfill No 707 1.82 (1.74-.90) 6.01 (5.77-6.25)
Yes 12 1.96 (1.42-.70) 8.82 (6.32-12.32)
Industrial area No 669 1.81 (1.74-.90) 5.94 (5.71-6.19)
Yes 50 1.90 (1.64-.20) 7.58 (6.44-8.91)
Favorite food types
Vegetables 497 1.85 (1.76-.96) 6.33 (6.05-6.63)
Meats 102 1.70 (1.54-.87) 5.19 (4.62-5.83)
Fishes 56 1.82 (1.57-.10) 6.46 (5.52-7.56)
Eggs 18 1.46 (1.15-.87) 4.52 (3.63-5.62)
Others 41 1.95 (1.61-.36) 5.46 (4.51-6.61)
Province
Gangwon area 119 1.16 (1.08-.24) 4.72 (4.43-5.16)
Seoul area 123 1.58 (1.46-.71) 6.24 (5.73-6.79)
Daejeon area 118 1.65 (1.48-.84) 6.27 (5.66-6.95)
Gwangju area 120 1.63 (1.50-.78) 6.55 (5.85-7.32)
Daegu area 118 2.04 (1.90-.19) 5.49 (5.02-6.01)
Busan area 121 3.58 (3.29-.89) 7.31 (6.64-8.06)
Job classification
Management 35 1.94 (1.61-34) 6.67 (5.64-7.90)
Professionals 63 1.56 (1.37-.77) 5.50 (4.79-6.31)
Clerks 21 1.67 (1.33-.09) 6.35 (4.55-8.85)
Service workers 39 1.99 (1.58-.51) 5.30 (4.43-6.34)
Sale workers 34 2.02 (1.62-.52) 6.08 (5.19-7.13)
Skilled agricultural, forestry and 31 2.18 (1.70-.78) 9.50 (7.49-12.05)
fishery workers
Craft and related trades workers 12 1.81 (1.36-41) 5.20 (3.88-6.95)
Plant, machine operators and 9 1.82 (1.14-91) 6.84 (5.29-8.84)
assemblers
Elementary occupations 61 1.60 (1.38-.86) 5.91 (5.17-6.75)
Armed forces 3 1.83 (0.52-.52) 6.39 (2.61-15.67)
House holder 238 1.86 (1.73-.00) 6.12 (5.72-6.55)
Unoccupation 134 1.89 (1.71-.09) 6.31 (5.76-6.91)
Others 37 1.60 (1.33-.92) 4.23 (3.58-4.99)

Age: p value using ANOVA, Gender: p value using t-test
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Table 4. Adjusted blood PFOA and PFOS concentration according to life style, socio-demographic characteristics

(ng/ml)
Variables N *Geometric mean of PFOA *Geometric mean of PFOS
(95% CI) (95% CI)

Regular exercising 0.124 0.009
No 345 1.68 (1.58-1.79) 5.36 (5.07-5.67)

Yes 372 1.79 (1.68-1.91) 5.92 (5.60-6.26)

Alcohol consumption 0.058 0.008
Nondrinker 432 1.67 (1.57-1.79) 5.65 (5.33-5.98)

Past drinker 28 1.49 (1.21-1.84) 426 (3.54-5.11)
Current drinker 258 1.84 (1.71-1.97) 5.79 (5.44-6.15)

Smoking status 0.915 <0.001
Nonsmoker 551 1.75 (1.64-1.86) 6.05 (5.73-6.38)

Past smoker 69 1.70 (1.47-1.96) 5.29 (4.68-5.99)
Current smoker 97 1.71 (1.52-1.92) 4.62 (4.17-5.12)

Scholarship 0.248 0.219
Illiteracy or elementary school 50 1.56 (1.30-1.86) 5.38 (4.61-6.27)

Middle school 465 1.78 (1.65-1.91) 5.57 (5.23-5.94)
High school 42 1.54 (1.28-1.84) 5.14 (4.39-6.01)
College or higher 129 1.73 (1.56-1.91) 6.04 (5.53-6.59)

Marital status 0.649 0.411
Unmarried 54 1.96 (1.56-2.45) 5.05 (4.15-6.14)

Divorce, separation, bereavment 103 1.67 (1.45-1.91) 5.43 (4.82-6.11)
Cohabitation 15 1.86 (1.39-2.50) 6.15 (4.76-7.94)
Married 545 1.69 (1.59-1.81) 5.79 (5.46-6.13)

Income/a month (W) 0.013 <0.001
<1,000,000 228 1.54 (1.41-1.69) 492 (4.54-5.32)
1,000,000-3,000,000 253 1.83 (1.70-1.97) 5.99 (5.62-6.38)
3,000,000< 136 1.77 (1.60-1.95) 6.00 (5.50-6.54)

*by ANCOVA adjusted for age and gender

J Environ Health Sci 2012: 38(2): 105-117

http://www.kseh.org/



roh

F=2019] & £ PFOAR} PFOS S &R0 111

o9 £olflem, PFOAE 7k

BRI THp<0.001). AFAZ

oluiel H71=E4zP, #71Ew

8]])\]@0] O‘t_—‘ o‘r‘7]' ﬁ}\l__ o‘(l)‘oﬂ

=}

H]

Fole %
FHow W
¥4

&

_OL (s

2R ¥ F Fert 23kon PROSe 7
G G, 27 golst xfo) 2 UERQL.

23l 379 FeiAd = H7E

¥ F ¥E Aot T BY wE

—CETOJ_

EFttH(Table 5).

o=

X
off ~o
Z ¢

"o
i o

o]

o]

e

h=1
=

= VKA

2o, ol
U ET B!

= 7e AdEellA 7P wsker AR §7
N5 7o) Lo 1 u} PFOS®| 75 AAF{ AEtol
7P =S8kt aey T =d 2R ASAE SR
mEb s 27 frel e Ael= f1th(Table 6).

5. X|%(Province) & & PFOAS} PFOS ST
o7 Ao A RS @ 5 PFOASH PFOS
TEE T o=d BF fog zolE et
(p<0.001). PFOASL] 73§ FAkx|o] 714 w3kon
A, FFAAe oo vt 7P ¢

4. MSAE ER0 E & 3 PFOAR PFOS & 4tk PFOSY] 7= FAkx|9o] 7k wokon 3
Aoshs w249 S50l e @+ PFOA«] T FA MRAG Eolen AhwsE 7P Sk
Table 5. Adjusted blood PFOA and PFOS concentration according to the residential district (ng/ml)
Variables N *Geometric mean of PFOA . *Geometric mean of PFOS
(95% CI) (95% CI)
Residential district <0.001 0.366
Farming or fishing 129 1.38 (1.24-1.53) 5.41 (4.93-5.92)
Urban 537 1.79 (1.71-1.89) 5.63 (5.38-5.89)
Industrial complex 50 1.89 (1.62-2.22) 6.08 (5.29-6.99)
“Hazardous facilities
Incineration plant 0.395 0.012
No 709 1.73 (1.65-1.81) 5.59 (5.36-5.83)
Yes 10 2.02 (1.42-2.87) 8.32 (6.13-11.31)
Waste landfill 0.863 0.050
No 707 1.73 (1.65-1.82) 5.61 (5.38-5.85)
Yes 12 1.78 (1.29-2.47) 7.39 (5.58-9.81)
Factory 0.683 0.001
No 669 1.73 (1.65-1.82) 5.54 (5.31-5.78)
Yes 50 1.79 (1.53-2.10) 7.07 (6.15-8.12)
*py ANCOVA adjusted for age and gender
fWithin 2 km from home
Table 6. Adjusted blood PFOA and PFOS concentration according to favorite food types (ng/ml)
Favorite food types N *Geometric mean of PFOA *Geometric mean of PFOS P
(95% CI) (95% CI)
0.822 0.601
Vegetables 497 1.72 (1.61-1.82) 5.65 (5.35-5.95)
Meats 102 1.76 (1.58-1.97) 5.57 (5.05-6.14)
Fishes 56 1.79 (1.54-2.08) 6.12 (5.37-6.98)
Eggs 18 1.60 (1.22-2.09) 5.55 (4.39-7.01)
Others 41 1.87 (1.57-2.23) 5.18 (4.44-6.04)

*by ANCOVA adjusted for age and gender
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Table 7. Adjusted blood PFOA and PFOS concentration of six province (ng/m/)
Province N *Geometric mean of PFOA *Geometric mean of PFOS P
(95% CI) (95% CI)
<0.001 <0.001
Gangwon area 119 1.07 (0.98-1.16) 4.03 (3.69-4.40)
Seoul area 123 1.52 (1.41-1.65) 5.89 (5.42-6.41)
Daejeon area 118 1.60 (1.47-1.74) 5.98 (5.49-6.53)
Gwangju area 120 1.62 (1.49-1.76) 6.55 (6.02-7.13)
Daegu area 118 1.90 (1.74-2.08) 4.85 (4.43-5.31)
Busan area 121 3.38 (3.11-3.68) 6.69 (6.14-7.29)
*by ANCOVA adjusted for age and gender
Table 8. Adjusted blood PFOA and PFOS concentration by job classification (ng/ml)

*Geometric mean of *Geometric mean of

Job classification N PFOA (95% CI) PFOS (95% CI) P
0.064 <0.001
Office and management 119 1.71  (1.54-1.91) 6.19 (5.65-6.78)
Service and sale workers 73 191 (1.67-2.19) 533  (4.74-6.00)
Agricultural, forestry and fishery workers 31 1.97 (1.61-241) 7.81 (6.56-9.30)
Craft, machine operators and elementary occupations 82 1.50  (1.32-1.71) 485 (435-542)
House holder and others 412 1.75  (1.64-1.87) 552 (5.22-5.84)
*py ANCOVA adjusted for age and gender
Table 9. Correlations between PFOA and PFOS in each variables
Gender Age (year) g{ej‘:i:z Income/amonth (W) Residential area Province
M  0.556" 2029 0385 No 0.667° <1,000,000 0.626° Farming or 0.791" Gangwon 0.579°
fishing area
F 0664 30-39 0.547° Yes 0.565" 1,000,000 0.584" Urbane 0.595" Seoul 0.704"
-3,000,000
40-49  0.685 3,000,000< 0.683" Industrial area 0.553" Daejeon  0.707°
50-59  0.663" Gwangju 0.776’
60-69  0.668" Daegu 0.499"
70-89  0.436° Busan 0.632"

*p value (<0.01) by Pearson's correlation
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