Abstract

PFOS and PFOA are chemicals of a new class of Pops. They have been used
from 1950s as various purposes. The aim of this study 1s to assess a long-term
trend of PFOS and PFOA exposures using serum samples collected from late

1970s to 2003 m Japan.

Methods. We used samples in the sample bank. We collected serum samples in
Miyagi (Tohokul samples), Akita (Tohoku2 samples) and Kyoto (Kyoto
samples). In Tohokul, Tohoku2, Kyoto, we collected samples m 1977 and 2003,
in the early 1991, 1995 and 2003, in 2002 and 2003 respectively.

Analysis: 0.5 ml of serum were used for determination of PFOA and PFOS by
LC/MS. LOQ for both analytes was 0.1 ng/mL.

Results. In Tohokul PFOS and PFOA concentrations have increased 3 times and
14 times, respectively. In Tohoku2, there are no mcrease between 1990s and 2003
for PFOS but the level of PFOA was increasing. There are large gender
differences 1 the concentrations of PFOS and PFOA at three locations.
Furthermore, there are predominant regional differences in both PFOS and PFOA
concentrations. While a serum level of PFOS has reached plateau, its level of
PFOA will continue to increase in next decades.
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Experimental design

» Serum samples : Collected about 25 years and 10
years ago, and 1n 2003

* Collected 1n Tohokul ( the northern part of Miyagi),
Tohoku2 (the middle part of Akita) and Kyoto

(Figure 1).
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Table 1. Study population

Sampling site Time Male female Sampling site  Time Male female
Kyoto 2003 Tohoku?2 2003
No. of participants 28 26 No. of participants 66 50
Age  36.6+11.7 37.1+10.9 (Akita) Age  41.3+12.5 33.5+12.2
Residential period Smoking
>=2.5y 14 20 Never 25 38
2y-6mo 14 6 Current 38 10
Smoking Ex 3 2
Never 23 25
Current 3 1 1995
Ex 2 0 No. of participants : 40
Age : 36.3+2.6
Tohokul 2003 Smoking
No. of participants 32 23 Never : 40
(Miyagi) Age  40.3+12.2 41.6+12.5 Current - 0
Smoking Ex - 0
Never 9 18
Current 23 5 1991
Ex 0 0 No. of participants 16 60
Age  32.2+11.7 34.5+7.2
1977 Smoking
No. of participants 3 39 Never 3 60
Age 3 47.2+6.4 Current 13 0
Smoking Ex 0 0
Never 3 39
Current 3 0
Ex - 0

Values for Age are mean + standard deviation.
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Extraction & analysis

 Jon pair extraction (Hansen et al. 2001)
 LC/MS (Saito et al. 2004)

 LOQ : 0.1 micro g/LL for PFOA and PFOS

Table 2 .Geographic differnces in serum concentration of

PFOS and PFOA 1n 2003
Male Female Sex difference
Sampling site No. GM GSD ANOVA No. GM GSD ANOVA t-test
PFOS (ug/L) p value
Kyoto 14 28.1 1.5 A 20 13.8 1.5 A <0.01
Tohoku2 66 12.9 1.5 B 50 6.9 1.4 B <0.01
Tohokul 32 5.7 1.8 C 23 3.5 2.9 C <0.05
PFOA (ug/L)
Kyoto 14 12.4 1.4 A 20 7.1 1.4 A <0.01
Tohoku2 66 3.4 1.5 B 50 2.5 1.6 B <0.01
Tohokul 32 3.3 2.0 B 23 2.8 1.5 B

ANOVA: Different letters indicate that their corresponding values are statistically different (P<0.001).
t-test: student's t-tset between Male and Female
No.:Number of participants; GM: Geometric Mean; GSD: Geometric Standard Deviation

The geometric means of serum PFOS and PFOA concentrations were
higher 1n males than females for all samples collected 1n 2003

Age class and smoking status did not influence the PFOA or PFOS
serum levels

Table 3.PFOS and PFOA levels 1n sera in Kyoto samples

Male Female
Origin Kyoto a) Other b) p value c¢) Kyoto a) Other b) p value c)
No. of participants 14 14 20 6
PFOS (ug/L)
GM 28.1 21.8 <0.01 13.8 9.4 0.053
GSD 1.5 1.7 1.5 1.3
PFOA (ug/L)
GM 12.4 7.1 <0.01 7.1 3.7 <0.01
GSD 1.4 1.4 1.5 1.3
a) Lived in the Kyoto area for at least 2.5 years
b) Had moved into the Kyoto area within the previous 6 months to 2 years
c¢) student's t-test between Kyoto and Other
Table 4. Long-term exposure trend of
serum PFOS and PFOA
Male Female
PFOS Zug/L5 PFOA Zpg/LS PFOS Zug/LS PFOA Zug/Ls
Sampling site Date GM  GSD GM  GSD No. GM  GSD GM GSD No.
Tohokul 2003 5.7 2.0 3.3 2.0 32 3.5 2.9 2.8 1.5 23
(Miyagi) 1977 - - - 1.1 1.8 0.2 2.0 39
p value - <0.001 <0.001
Tohoku2 2003 129 1.5 34 15 66 69 14 254 16 50
(Akita) 1995 - - - 8.7 1.3 1.9° 14 40
1991 10.2 1.5 2.2 1.4 16 7.9% 1.4 1.8° 1.5 60
p value <0.001 <0.05" <0.05"

# ANOV A: Different letters indicate that their corresponding values are statistically different.

Discussion

» (Geographic differences m serum levels are m agreement
with environmental PFOS and PFOA contamination

* There 1s an mtensive PFOA source m Osaka close-by
Kyoto (Saito et al., 2004)

 PFOS and PFOA levels of tap water in Kyoto area are
higher than Tohoku area.

* The mcreasmg trend i serum levels of PFOA may be
correlated with trend m mdustrial activities i Japan

Conclusion

 Human exposure to both PFOS and PFOA was more
intensive m Kyoto than in the other areas

* Serum levels in Kyoto samples were close to those m the
US (Hansen et al. 2001)

* Sex and residential area are the most influential factors,
while age and smoking status are not so influential

* Serum concentrations in Tohokul samples increased by a
factor of 3 for PFOS, and a factor of 14 for PFOA

 PFOS levels have reached a plateau in the mid 1990s, but
PFOA concentrations have been steadily increasing since

1977
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