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Abdract

Perfluorooctancete (PFOA) and perfluorooctane suifonate (PFOS) are synthetic surfactants used in a variety of indudtria
goplications Weandyzed ther concentrationsin surface water samples callected from al over Jgpan and Chinaby LC/MSin
combination with a sold phase extraction method. The quantification of surface water samples callected from Japan showed
urface water contamination with PFOA and PFOS. The concentration levd of PFOA and PFOS & Tokyo bay which was
meesured by our research, was correspondent to the resuit by Odaka and Masunaga?. Both PFOA and PFOS concantrations
were gregter in Kinki digrict then in other digtricts. Systematic searches of Y odo River and Kanzaki River reveded two highly
contaminated Stes, apublic-water-digoosal stefor PFOA and an arport for PFOS. In addition, our result of PFOS and PFOA
concentration for the Yangtze River in China, were gat higher level of concentration than previous report?. Mareover, PFOA
and PFOS concarttration leves in surface water samples cdllected from Chinawere in dmogt the same order as the samples
from Jgpen. The presant sudy confirmsthat these materid pollutions diffusad widdy in Chinathet fadilitates indugtridization
rapidly inrecent years.

Introduction

PFOA and PFOS are synthetic surfactants widdy usad asfire retardants, surface coating materialsand synthetic materidsand
are known as a new dass of persgtent arganic palutants We have recently developed a robugt, yet smple and senstive
method that enables the determination of trace concentrations of PFOA and PFOS at the pg/ml levels in surface waters by
LC/MSY. This method was gpplied to the determination of PFOA and PFOS in surface water samples callected from various
geographiclocations around Jgpan and China,

The mgor aims of the presmt sudy were two-fold. Frgt, PFOA concentrations were determined in surface waters in Jgpan
and Chinato provideanation-wide profile of PFOA concentration levds The second aim wasto find source of PFOA, which
are assodated with geographic difference in PFOA concentration levels. Identified source would suggest a large indudtrid
production of PFOA or ather rdated materids aswel as environmentd leskagesin sedific areas. In the presant gudy, PFOS
levd swere dso determined to ddineste differencesin the contamination profiles between PFOA and PFOS

Materidsand Methads
Sandards

Perfluorooctanoic acid (98% purity) was obtained from Wako Pure Chemicalsand potassum salt of PFOS (98% purity) was
obtained from Huka. LC/MS-grade methand was purchased from Wako Pure Chemicds Presgp-C Agri (Short) 200mg
cartridges column wered so purchased from Wako Pure Chemicals
Solid phaseextraction
Two-L of each of the surface water ssampleswere callected from all over Japan and China We split atwo-L sampleinto one-L
preparations Individua onel preparations were processed separatdy. Frd, they filtered through a glass fiber filters
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(ADVANTEC GA 100, ADVANTEC, Tokyo, Japan) to remove sediments and biota Samples were passed through a
Presp-C Agri (Shart) 200mg cartridge column usng a Waters Concentrator System (Concentrator Flus Waters Tokyo,
Japan). Presep-C Agri (Shart) cartridges were then duted with 2mL of methandl and concentrated at room temperature under
nitrogen gasflow to ImL for LC/MSandyss
LC/MSand quantification
The methand extracts (10u L injection volume of the ImL extract) were chromatographed by HPLC at a flow rate of
0.2mL/min. We employed gradient conditionsin the mohile phase: the concentration of CHzCN (A) in 10mM CH;COONH,
buffer (B) darted at 35%, then inareasad to 45% a 2% /min for 5min, and was then maintained at 45% until 20min. The
column(Zorbax XDB C-18) temparaurewas maintained & 40  Mass gpectra were taken on an LC/MS system (Agilent
1100MSD 91) equipped with on arthogond soray interface, employing dectro-garay ionization in the negative mode. The
fragmentar valtages were 100V for PFOA and 200V for PFOS and V cgp vatages were 4000V for bath andytes.  The
sdected ion-manitaring (SIM) mode was employed for quantificetion of andytes.

The ions for PFOA ion 413(C;FsCO,) and for PFOS ion 499(CgF17S05) were monitored for quentification. To avoid
interference and ensure complete sdettivity, the fragment ions for PFOA ion 369(C/Fs) and for PFOS ion 99(FSO5) were
asomonitored.

Resaultsand Discusion

Determination of PFOA and PFOSin surface wetersin Japan

The concentrations of PFOA and PFOS in surface water samples from rivers and sees collected from dl over Japan (Fig.1)

were detlermined and theresultsare ummearized in Table L

Bath PFOA and PFOS concarttrations were greater in Kinki digtrict than in other districts. The coadtd seawater samples dso

showed: the PFOA and PFOS concantrations were highegt in the Koshien Coast (Hyogo). The concentration levd of PFOA

and PFOS a Tokyo bay which wasmeasured by our reseerch, was correspondent to theresuit by Odakaand Masunaga.
Table1 PFOA and PFOS concentrationlevel sin surface watersin Jgpan

Area PFOA (( ng/ L) PFOS ( ng/ L)
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Sourcesof PFOA and PFOSconcentrationin the Osaka area

To search for the sources of PFOA, we sysematicaly oollected surface water samples from the Y odo River and the Kanzaki
River. The Y odo River runsfrom Lake Biwa to Osaka Bay. The PFOA conoantration was high dong the shardine of Osaka
Bay. The concentrations increasad dong the Kanzaki and the Ai River., reaching a maximum a the mouth of  the Aigawa
Ryuiki water digposal site, whare67,000ng/L of PFOA wasrecorded. Thetotd PFOA discharged from this site was esimated
to be 18kg/day.
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PFOS oconcentrdions in the Yodo River were
devaed & wate disgharge dte A sysemdic
sadch reveded the source of the PFOS
contamination, suggesting asourced theairpart.

Tapweter contamination levesin Osska area
Severd dtiesrecaved weter from the Yodo River.
The wae supply for the Hanshin area is a
mixture from various sources of water induding
the Y odo River. In contrast, Osaka dity derivesits
wae upply mogly from the Yodo River. The
contamindions of PFOA and PFOS ae
aummaized in Table2. PFOA and PFOS were
higheg in the tap water in Osaka dty. PFOA
concentrations, in paticua, were sgnificantly
higher thanin ather dities
The quentification of suface water samples
collected from dl over Japan showed surface
water contamination with PFOA and PFOS We
found a large geogrgphicd difference in thar
levds.

Determination of PFOA and PFOS in surface
watersin China

The concantrdions of PFOA and PFOS in
aurface water samples from rivers and lakes
collected from dl over China(Fig.3).

We were deeamined and the relts are
aummarized in Table 3. The quantification of
surface water samples collected from al over
China showed surface waer contamination
with PFOA and PFOS Moreover, the
concentrations of PFOA and PFOS in surface
wae samples from the Yangtze River were

determined and the resits are shown inFig.4-5. In thisresearch, we were added the sampling paints between Chongaing and
Yichang in the Y angtze River as shown inFHg.4-5, and then our resuits were got the higher levds of the concentrationg(PFOS
37.8ng/L  PFOA 298ng/L) than previousrepart(PFOS 001 0.8ng/ll PFOA 20 35ng/L).Thisresult indicates usthat
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Fig2 PFOA and PFOS concentraiionsin riversintheOsskaarea

Table2 PFOA and PFOS concentrationleve sin tap water

PFOA(ng/ L)

there are some of pedific pallution sources between Chongaing and Yichang.

The conceantrations of PFOA and PFOS levds in surface water samples from China were in dmost the same order as the
samples from Japan. The present study confirms that these materid pdlutions diffused widdy in China that fadlitates

indudridizetion rapidy in recent years
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District Prefecture Local Area GM n GSD GM GSD
Osaka area Hyogo Hanshin Area 5 12.5B 1.1B.6 4.3
Os aka Osaka city 5 40.0A 12 10A 1.1
Kyoto Kyoto City 5 5.40C 1.9A 2
Tohoku lwat e Morioka City 5 0.70D 0.2B.5 2
Mi yagi Sendai City 5 0.13E <LODB 3 -
Akita Yokote City 5 0.12E <1L.0D B
Hanshin Area : Amagasaki City and Kobe City
Suuperscript letters indicated the results of Scheffe test after ANOVA. The s
is not significantly different while the different | etters indicate signific
Concentrations less than LOD was assumed 0.1 ng/L for calculations.
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Table3 PFOSand PFOA concantrationsin surfacewatersin China

a) River water

No.

Province or
imunicipality
the mapnder t he Cen

Government

PFOA

irect.| . PFO
t %rlnp(ie(,yollectln(gna}sting”_)

2

South Canal 6.2 1.4
Wei gongmi ng Channel (1)
2 Liaoning Wei gongmi ng Channel (2)
Xinkai River 2.7 4.1
Nanyun Canal 0.8 1.7
3 Liaoning (Benxi city) Taizi ORibver 0.3
5 Shandong (Jinan city) Huanghe7iverl. 1
11 Beijing Yongding River 0.8 3.7
15 Jilin (Tumencity) Tumen RI.v7er 7.8
22 Hunan (Changsha city) XiangéRbver 12.6
23 Zhujiang (1) 14.1 13.
23 Ghangdong (Guangzhou) Zhuji@ng (2)14. 3
23 Zhujiang (Estuarg)7 6.2
24 Changdong (Shenzhen) ShenzZlWer Ri v&i0. 8
26 Changdong (Zhongshan) Qiji&n8 Ri vesr. 8

(Geo. mean %

b) Lake water

Geo.

SD) :

PFOS;

(1.79 +2.70),

PFOA;

. . . No . Sampl e collecti n(EnFSO}S[anFgO/AL)
Hg“?’AanfO’“ma’]dthemmngStes 2 Liaoning (Shenyang) Beiliny.Park 15.1
5 Shandong (Jinan ci ty) Dami ngtLake 3.0

11 Beijing Bei hai 1.2 3.2

Kunmi ng Lake 0.8 1.2

12 Liaoning (Anshancity) 12.9 Pag k 6.6

20 Hubei (Wuhancity) Dong La%e8 3.3

24 Guangdong (Zhuhai) Hong L &ke 12. 2

(Geo. mean * Geo. SD): PFOS; (3.35 % 3.02), PFOA;

Three Gorges Dam

YangtzeRiver

Wujiang River

Fig4 PFOA concantrations(ng/ L) inthe Y angize River

Waujiang River

Figb. PFOS concentrations(ng/ L) inthe Y angizeRiver

Hanshu River

66
« Yueyang

Xieng-jiang River
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