For Journal of Occupational Health

The i nfl uence of tinme, sex and geographic factors on | evel s
of perfl uorooctane sul fonate and perfl uorooctanoate i n human
serum over the last 25 years

Kouji HARADA!, Norimitsu SAI TO’, Kayoko | NOUE!, Takeo

YOSHI NAGA!, Takao WATANABE®, Shiro SASAKI* Shi get oshi

KAM YAMA® and Aki o KO ZUM *

1 Departnent of Health and Environnmental Sciences, Kyoto

Uni versity School of Public Health, Kyoto Japan

2 Research Institute for Environnental Sciences and Public

Health of Iwate Prefecture, Morioka Iwate, Japan

3 Myagi University of Education, Sendai, Japan

4 Hiraga Ceneral Hospital, Yokote, Akita Prefecture, Japan

5 Medi cal Checkup Center, M yagi Heal th Servi ce Associ ati on,

Sendai, Japan

CORRESPONDI NG AUTHOR: Akio KOOzZzuMm M D., Ph.D

Departnent of Health and Environnmental Sciences, Kyoto
Uni versity School of Public Health, 606-8501 Kyoto, Japan
Tel : 81-75-753-4456, Fax: 81-75-753-4458, e-nmil

koi zum @bh. nmed. kyoto-u. ac.jp

Type of contribution: Oiginals

TI TLE RUNNI NG HEAD: Order of magni tude of increases in human
exposures to PFCs

Nurmber of figures: 2
Nunber of tables: 4



Abstract:

Per f | uor ooct anesul f onat e (PFOS) and per fl uor ooct anoat e ( PFQA)
are inportant per fl uorochem cal s (PFGCs) in various
appl i cations. Recently, it has been shown t hat t hese chem cal s
are wi despread inthe environnent, wildlife and humans. But t he
ki nds of factors that affect their | evel sin serumare unclear,
and it is alsonot clear whet her exposure to themis i ncreasing
or not. To investigate the inpacts of tinme, geographical
| ocation and sex on the | evel s of these chem cals, we nmeasured
PFCS and PFQOA concentrations in human sera sanpl es coll ected
both historically and recently in Myagi, Akita and Kyoto
Prefectures in Japan. The PFOS and PFOA levels in sera
[ Geonetric Mean (Geonetric Standard Deviation)] (ug/L) in 2003
ranged from3.5(2.9) in Myagi to 28.1(1.5) in Kyoto for PFCS
and from2.8(1.5) to 12.4(1.4) for PFOA. Historical sanples
collected from females denonstrated that PFOS and PFOA
concentrations have increased by factors of 3 and 14,
respectively, over the past 25 years. There are |arge sex
di fferences in PFOS and PFQA concentrations in serum at al

| ocations. Furthernore, there are predom nant regiona

di fferences for bot h PFOS and PFOA concentrations. I n Kyotothe
concentrations of PFOAin dwellers who had |ived in the Kink

area for nore than 10 years were significantly higher than in



peopl e who had recent|ly novedintothe area, i n both sexes. This
findi ng suggests that there are sources of PFOA in the Kinki
area that have rai sed t he PFOA seruml evel s of its inhabitants.
Furt her studies are needed to el ucidate these sources in the

Ki nki area of Japan.
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| nt roducti on

Perfluorinated al kyl conpounds, of which representative
chem cals include perfluorooctane sulfonate (PFOS) and
per fl uorooctanoate (PFOA), are a cl ass of specialty chem cals
usedinavariety of applications, suchasinlubricants, paints,
cosnetics, and fire-fighting foams®®. PFOS has been an
i nportant perfluorinated surfactant, but recently, in 2002,
after 50 years of producti on, 3Mhas phased out its manuf act ure?.
These chem cals are regul ated by vari ous governnents.

PFCS has been shownto be found gl oballyinavarietyof |iving
organi sms, including humans® and wildlife®. \Worldw de
di stribution of PFOS has been attributed to its resistance to
degradationin ecol ogi cal systens® andits bi oconcentration?”.
There is a large difference between the distributions of PFOA

and PFOS. PFOA is only detected in selected areas® 9.



Ther e have been several studies on PFOS and PFQA | evel s in

10, 11)

human ser unr Data fromthese studi es suggest that PFOS

| evel s in human serumare about 10-50 pg/L for PFOCS and 1-10

pg/ L for PFOA. There is circunstantial evidence that gender

di ff erences and geographic factors may be nodifiers for human

serum | evel s'? 14

al t hough denographic features, life styles
and residential histories of serumdonors are not reported. A
commonl y accepted speculation is that PFOS serum| evel s have
not changed over t he past 30 years® '®. Onthe ot her hand, there
isareport that workersinafluorochem cal manuf acturi ng pl ant
wer e exposed to PFCs. Geonetric neans of serumconcentrations
of PFOA and PFCS were 941 pg/ L and 899 pg/ L respectivel y®. It
has recent |y been suggest ed t hat PFOS and r el at ed conpounds ar e
human and  ani mal car ci nogens’ 19, Al t hough  hazard
identificationisstill at a prenmature stage, sone observati ons
on wor kers suggest the possibility that PFOS may be associ at ed
with bl adder cancer nortalities'. Oher lines of evidence
generated by ani mal studi es suggest that PFOS induces |iver
t unor st?.

We previously reported that concentrations of PFOS and PFQA
i ndrinking water in the Kinki area were several tines higher
thaninother areasinJapan, aswel | asthoseinsurfacewater?9,

It is, therefore, possible that their levels in the serum of

residents in the Kinki area may be hi gher than those i n other



ar eas.

The major aim of the present study was to evaluate the
| ong-terml evel s of PFOS and PFOA i n human serumi n t he gener al
publ i c using both historical and recent sanples, in parall el
with the eval uation of sex and geographic factors. The study
was al so designedto systematically evaluate factors affecting
serum| evel s of PFOS and PFQA. The present study is expected
t o provi de background dat a f or bi ol ogi cal noni toringinworkers
who are exposed to these organofl uorine chemcals as well as
in the general popul ation.

Met hods and Materials

Experi nmental design

To evaluate a long-termtrend in bl ood concentration | evel s
of PFOS and PFOA, bl ood sanpl es which were col | ect ed about 25
years and 10 years ago were an obligatory requi renent. Sanpl es
col l ectedin Yokote (the m ddl e part of Akita) and Tai wacho ( t he
northern part of Myagi) were only accessible to us for the
present study. We thus chose to use sets of sanpl es.

To eval uate possi bl e geographic differences at the present
ti me, we conpared sanpl es coll ected in three geographic areas:
Kyoto, Akita and Myagi. The rationale for the selection of
t hese ar eas was based on our previ ous report that concentrations
of PFQA and PFOS in drinking water is reported to be higher in

20)

Kyoto than at the two ot her sites We t hus expected to test



whet her hi gher drinking water |evels may be associated with
i ncreased PFOA and PFCS in serum

Popul ati on

Recent serumsanpl es were col | ected frompartici pants |iving
i n Kyoto, Akita (and Myagi in 2003. Wrkers influorocheni ca
manuf acturi ng factories were not i ncludedinthe participants.
A4 mM bl ood sanpl e was donat ed by each person. Whent hese sanpl es
were col l ected, participants were interviewed as totheir age,
sex, snoki ng status (Current snoker, exsnoker or never a snoker)
and residential history. Serumwas separated fromthe RBC and
ot her cel | ul ar conponents and then storedin arefrigerator at
-20°C.

Hi storical serumsanpl es that were col |l ected i n 1995 and 1991
in Yokote city, Akita Japan (sinply Akita hereafter). Bl ood
donors were either farners or hospital workers. These sanpl es
were originally collected for the purpose of nonitoring serum
DDT and DDE | evel s. Anot her set of bl ood sanpl es were col | ected
i n Tai wacho, Myagi in 1977 and were donated by femal es from
farm ng households (sinply Myagi hereafter). These serum
sanpl es wereoriginallycollectedfor the purpose of nonitoring
serumion |evels.

Age, gender, snoking status and residential histories of
donors were recorded when the serum sanples were coll ected.

Bl ood sanpl es had been stored at —-20°C after separation.



Reagent s

Hept adecaf | uor ooct ane sul fonic acid pot assium  salt
(FW 538. 22), used as a standard for PFCS, and
pent adecaf | uor ooct anoi ¢ aci d anmoni umsalt (FW431.10), used
as a standard for PFOA, were purchased fromFl uka (M | waukee,
W). The purities of the PFOS and the PFOA used as standards
were greater than 98% W did not correct the reported

concentrations according to purity.

PFOS and PFQA extraction in serum

W enpl oyed the extraction process devel oped by Hansen®. 0.4
mL of sera, 1 nL of 0.5 MTBA sol ution, and 2 nL of 0.25 Msodi um
car bonat e buffer were added to a 15-nL pol ypropyl ene tube for

extraction, and mxed. 5 nL of methyl tertiary-butyl ether

(MIBE) was added tot he sol uti on, t he organi c and agueous | ayers
wer e separated by centrifugation, and the fornmer was renoved
fromthe sol uti on. The agueous m xture was ri nsed wi th MI'BE and
separated tw ce. The sol vent was evapor at ed at r oomt enper at ur e
under a nitrogen 1 nL/mn gas flow, and the sanple was
reconstituted in 0.5 nL of nethanol. The sanples were then
passed through a filter (Watman AUTOVI AL R5) (Wat nan Japan,

Tokyo).



I nstrunental analysis
The sol uti on was t hen anal yzed by LC/ M5 as pr evi ousl y r eport ed?®
2 The lowest linits of detection (LOD) (pg/L) were 0.06 for

PFOA and 0.04 for PFOSin the serumsanples. The lowest |imts

of quantification (LOQ (pg/L) were 0.1 for both analytes in

the serum sanpl es.

Et hi cal issues

Bl ood sanpl es col | ectedi n 2003 were taken after formal inforned
consent had been obtained. In the historical sanples, verbal
i nformed consent was obtained when the bl ood sanples were
donat ed. The research prot ocol was revi ewed and approved by t he

ethical commttee of Kyoto University.

Statistics

For statistical analysis, we grouped ages into three
cat egori es: younger than or equal to 30 years, between 31 and
50 and ol der than 50.

Statistical analyses were conducted after Jlogarithmc
transformati on. The differences between neans were tested by
mul ti pl e ways ANOVAor Student’ st test when appropriate. P<0. 05
was consideredtobesignificant. All statistical anal yses were

carried out with SAS software??. Sanples that were under the



LOQ were assigned a value of 0.1 (pg/L).

Resul ts

St udy popul ation

The nunber of participants in each residential area, and the
nmean ages and snoki ng status are summarized in Table 1.

I n Kyoto, 34 participants (n=34: 14 mal es and 20 fenal es) had
lived in the Kinki area (Hyogo, Osaka, Wakayama, Nara, Kyoto
and Shiga) for at |l east 10 years (Fig. 1) (referred to as Kinki
dwel | ers, hereafter). The remai ning 20 (14 nal es and 6 f ermal es)
had noved into the Kinki district fromother districts within
the previous 6 nonths to 2 years (referred to as novers,
hereafter). In contrast, participants in Akita (82 nmal es and
110 fermal es) and Myagi (32 nmal es and 62 fenmal es) had lived in
the sane areas w t hout noving.

I n Kyot o, nost of the participants (both mal e and fenal €) were
nonsnokers. In other areas, nost fenmale participants were

nonsnokers.

PFOS and PFOA concentrations in 2003

The seruml evel s of PFOA and PFOS in Akita sanpl es are shown
inFig.2. For Myagi sanpl es, skewed patterns were al soobserved
(data not shown). For Kinki dwellers, due to the small sizes,

skewness was not apparent. Values were |logarithmcally



transfornmed in this study.

There were significant geographic differences in PFOA and
PFCS serumconcentrati ons bet ween sanpl es col | ected i n Kyot o,
Akita and Myagi, both for nmales and fenales (Table 2).

The geonetric neans of serum PFOS concentrations were
significantly higher in nales than fenales for all sanples
collected in 2003 (Table 2). In addition, PFOA serum
concentrations in males were significantly higher than those
in femal es for Kyoto and Akita sanples collected in 2003. Age
cl ass and snoki ng st at us di d not i nfl uence t he PFOAor PFOSserum
| evel s in males fromeither Myagi or Akita (data not shown).
I n nonsnoki ng femal es fromM yagi and Akita, age di d not af f ect
the l evel s (data not shown). I n Kyot o sanpl es, we al so eval uat ed
the effects of age class on serumPFGOS or PFOA | evel s i n Ki nki
dwel | ers. Age did not have any influence on the serumlevels
(data not shown).

Since it has been reported that environnmental contam nation
| evel s of PFOS and PFOA are the nost intensive in the Kinki
district?®, we conpared t he PFOS and PFOA ser uml evel s i n Ki nki
dwel | ers and novers. For nales, the serumlevels of PFOS and
PFOA were significantly greater in the Kinki dwellers than in
t he novers (Tabl e 3). For femal es, PFOAIl evel sinKinki dwellers
were significantly greater thaninthe novers, but PFCS | evel s

were only marginally greater (Table 3).

10



Long-term serum concentrations of PFOS and PFQA

Concentrations of PFOS and PFOA in serumcol | ected in 2003,
1995, 1991 and 1977 are shown i n Tabl e 4. Between 1977 and 2003,
sanpl e serumconcentrations in Myagi increased by a factor of
3 for PFOS, and a factor of 14 for PFOA. I n Akita, concentrations
of PFQA increased significantly between 1995 and 2003. In
contrast, PFOS concentrations inthe Akita sanpl es di d not show
any evi dence of a concentrationincrease from1991 to 2003, for

ei t her sex.

Di scussi on

Inthe present study, we have shown t hat seruml evel s of PFOS
and PFOA are influenced by several factors. The present study
iIs the first report to systematically investigate the
determining factors for seruml evel s of PFOS and PFOA. Sex and
residential area are the nost influential factors, while age
and snoking status are not as influential.

In terns of geographic differences, it should be noted that
PFCS and PFQOA serum |l evels in nales are significantly higher
I n Kinki dwellers thanin other residents. This was al so found
tobethecasefor PFOAlevelsinfemales. It isalsointeresting
to note that serumlevels of PFOS and PFOA i n novers all fell

sonewhere between those of the Kinki dwellers and those of

11



participants fromAkitaor Myagi. Thisfindingisinagreenment
wi t h our previous observation that environnental PFOS and PFOA
contam nation is nore intense in the Kinki district than in
other districts?. Additionally, it was suggestedthat dri nking
wat er contam nation m ght affect the PFOS seruml evel to sone
extent 2% 23 24 Mpre works need to be done in order to findthe
sources of contam nation in the Kinki district.

Seruml evel s of PFOS and PFOA of t he Ki nki dwel | ers were cl ose
to those of sanples collected fromseveral biological supply
conpanies in the United States®, but human exposure to PFOA
and PFOS seened to be nuch I ower in the Tohoku district than
inthe U S at the present tine.

In the present study, we used historical sanples, as these
may gi ve us aninsight intothelong-termhuman exposure trend.
It was shown t hat PFOS| evel sreached aplateauinthe md 1990s,
based on the data collectedin Akita. Incontrast, results from
both Akita and Myagi showed that PFOA concentrations are
steadily increasing, suggesting the possibility that in the
northern part of Japan environnmental PFOA contam nation is
still increasing, while PFOS | evel s may have reached a st eady
state. The increasing trend in serum|evels of PFOA may be
correlated with the trend in industrial activities in Japan.

This study has several limtations. First, to evaluate a

| ong-term trend, scarcity of sanples posed restrictions on

12



geogr aphi cal sel ections and t he nunbers of sanpl es avail abl e:
In fact, we could not collect historical sanples in the Kink
di strict. Thus the present data do not represent serumlevel s
of PFOA and PFOS in nodern Japanese in any sense. Sinple
extrapol ati on of the observed long-termtrends in Myagi and
Akita to the long-term trends in other areas in Japan is
m sl eading. This argunent is also applicable to the
interpretation of geographical differences. Cbviously nore
studies need to be done to validate our findings. A second
limtation is associated with the uncertainty of sources of
exposure to PFQA and PFCS in Japan. This caveat, however, is
not specific to our study. This study rather provided pieces
of evidence, as yet circunstantial, that drinking water m ght
be one of the major sources of the human body burden.

I n concl usion, we found that human exposure to both PFOS and
PFOAwas nore intensive inthe Kinki district thanin the other
areas studi ed. Wrk needs to be donetofindthe sources of human
exposure to these conmpounds in the Kinki area, as well as to

determ ne the | ong-term exposure trends.
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Tabl es

Table 1. Study population
Sampling site Time Male female
Kyoto 2003
No. of participants 28 26
Age  36.6+11.7 37.1+10.9
Residential period
>=10y 14 20
2y-6mo 14 6
Smoking
Never 23 25
Current 3 1
EX 2 0
Miyagi 2003
No. of participants 32 23
Age  40.3+12.2 41.6+125
Smoking
Never 9 18
Current 23 5
Ex 0 0
1977
No. of participants - 39
Age - 47.2+6.4
Smoking
Never - 39
Current - 0
EX - 0
Akita 2003
No. of participants 66 50
Age  41.3+125 33.5+12.2
Smoking
Never 25 38
Current 38 10
Ex 3 2
1995
No. of participants - 40
Age - 36.3+2.6
Smoking
Never - 40
Current - 0
Ex - 0
1991
No. of participants 16 60
Age  32.2+117 345+7.2
Smoking
Never 3 60
Current 13 0
Ex 0 0

Values for Age are mean * standard deviation.

17



Table 2 . Geographic differnces in serum concentration of PFOS and PFOA in 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 15 A 20 138 15 A <0.01
Akita 66 12.9 15 B 50 6.9 14 B <0.01
Miyagi 32 5.7 1.8 C 23 35 2.9 C <0.05
PFOA (ug/L)
Kyoto 14 12.4 14 A 20 7.1 14 A <0.01
Akita 66 34 15 B 50 25 1.6 B <0.01
Miyagi 32 3.3 2.0 B 23 2.8 15 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

18



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

Male Female
Origin Kinki ? Other ” p value © Kinki ? Other ” p value ©
No. of participants 14 14 20 6
PFOS (ug/L)
GM 28.1 218  <0.01 13.8 94 0.053
GSD 15 17 15 13
PFOA (ug/L)
GM 124 7.1 <0.01 7.1 3.7 <0.01
GSD 14 14 15 13

a) Lived in the Kinki area for at least 10 years
b) Had moved into the Kinki area within the previous 6 months to 2 years
c) student's t-test between Kinki and Other

19



Table 4.

Long-term exposure trend of serum PFOA and PFOA

Male Female
PFOS PFOA 1 PFOS PFOA 1
Sampling site Date GM GSD GM GSD No. GM GSD GM GSD No.

Miyagi 2003 57 2.0 3.3 2.0 32 35 2.9 2.8 15 23
1977 - - - - - 1.1 1.8 0.2 2.0 39

p value - - <0.001 <0.001
Akita 2003 129 15 3.4 15 66 69" 14 25" 16 50
1995 - - - - - 87° 13 195 14 40
1991 102 15 2.2 1.4 16 79" 14 1.8° 1.5 60

p value <0.001 <0.05" <0.05"

# ANOVA: Different letters indicate that their corresponding values are statistically different.
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Fi gure captions
Fig. 1.

Serum sanpling sites in Japan, and boundary of Kinki
di strict.

Fig. 2.

Di stribution of serumval ues in 2003 residents in Akita (82
mal es and 110 fenal es).
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Map of mainland Japan

Akita (Yokote)

Miyagi (Taiwacho)

1 Kinki district
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