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A Servey of Perfluorinated Organic Compounds in the Rivers of Kyoto Prefecture

Hirofumi KONDO Toshiyuki KABA Hiroshi TAGUCHI

SARENOTNNCBT 2687 v #ILE& (PFCs) OERBRELIT o720 MEWE T~V 7041t
2% v ZVEKYE (PFOS) ROV 7)VFat 2 % U (PFOA) ([2MA TREME O RS % Rk
L L7z iR, PFOS K UF PFOA 28 NZ 1 <1~17ng/L K OF 1.2~100ng/L Bt S 7z, ZDfhod
PFCs 8% { O THIB S, Z ORI <1-59ng/L TH o720 2D I B FHRFFHNO EE R jE11K
J[OWNNTH 5 FEN, B AR BWTIE, PFOS X U PFOA A% h 2N <1~2.9ng/L K O
1.7~19ng/L M S 7z, Z O RIIEEHH BV THRICEBSN-FAEE R LAEETHY, HAE
FEN OO HIE & LB EEWETH 5720 /2. —#HOHSIC B W TR EIRE 2 D fiod PFCs
DR S 7z,

In this research , we investigated contamination of perfluorinated organic compounds (PFCs) in rivers in
Kyoto Prefecture. Target compounds were perfluorooctane sulfonate (PFOS), perfluorooctanate (PFOA)
and their homologues with different chain length. The ranges of PFOS and PFOA concentrations were
<1~17ng/L and 1.2~100ng/L, respectively, The other PFCs were detected at many sampling points, with
concentrations in the range of <1~59ng/L. At Uji river, Katsura river, and Kizu river that are main
tributaries of Yodo rivers flowing in Kyoto Prefecture, the ranges of PFOS and PFOA concentrations were
<1~2.9ng/L and 1.7~19ng/L. These results were similar to the previous reports for another Kinki area but
remarkably higher than in other areas of Japan. In addition, the other PFCs were detected in comparatively

higher concentrations at some sampling points.
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Table 1. Target PFCs

Name Acronym Formula
Perfluorobutane sulfonate PFBS CF3(CF2)sSOsH
Perfluorohexane sulfonate PFHxS  CF3(CF.)sSO3sH
Perfluorooctane sulfonate PFOS CF3(CF2)7;SO3sH
Perfluorodecane sulfonate PFDS CF3(CF2)eSOsH

Perfluoropentanoic acid PFPeA CF3(CF2);COOH
Perfluorohexanoic acid PFHxA  CF3(CF,),COOH
Perfluoroheptanoic acid PFHpA CF3(CF.)sCOOH
Perfluorooctanoic acid PFOA  CF5(CF,)sCOOH
Perfluorononanoic acid PFNA  CF3(CF,),COOH
Perfluorodecanoic acid PFDA  CF3(CF,)sCOOH

PFUNDA  CF3(CF2)sCOOH
PFDoDA  CF3(CF2)10COOH
PFTrDA  CF3(CF2)1;COOH
PFTeDA  CF3(CF2)12COOH

Perfluoroundecanoic acid

Perfluorododecanoic acid

Perfluorotridecanoic acid
Perfluorotetradecanoic acid
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Table 2. LC/MS/MS conditions

LC conditions

Instrument : ACQUITY UPLC (Waters)
Column : UPLC BEH C18 2.1 X 50mm(Waters)
Retention gap column : UPLC BEH C18 2.1 X 100mm(Waters)
Mobile phase : A : 2mM Ammonium Acetate aqg
B : Acetonitrile
Gradient : 0.0 —>8.0min B:1—95%
8.0~ 9.0min B:95—95%
9.0—-9.1min B:95—1%
Flow rate : 0.3 mL/min

Column temp. : 40°C
Injection volume : 5 u L
MS conditions

Instrument : Quattro Premier XE (Waters)
lonization mode : ESI(-)
Source temp : 120°C
Desolvation temp : 350C
Capillary voltage : 1 kV

Cone gas flow : 50 L/hr
Desolvation gas flow : 600 L/hr
Collision gas flow : 0.2 mL/min
Quantification ion  Confirmation ion
[m/z] [m/z]
PFHxS 399.00 > 79.90  399.00 >98.90
PFOS 499.00 > 79.90  499.00 > 99.00
PFDS 598.80 > 80.10  598.80 >98.90
MPFHxS % 403.00 > 83.90 403.00 > 103.00
MPFOS 3% 503.00 > 79.90  503.00 >99.00
PFPeA : 263.00 >219.00
PFHxA : 313.00>269.00 313.00>118.90
PFHpA : 36290 > 31890 362.92 > 169.00
PFOA © 41298 >369.00 412.98 > 169.00
PFENA : 463.00 >419.00 463.00 > 169.00
PFDA : 513.00 > 46890 513.00>219.00
PFUNDA : 563.00 >518.80 563.00 >269.00
PFDoDA : 61293 >568.90 612.93 > 169.00
PFTrDA . 662.88>618.90 662.88 > 169.00
PFTeDA : 712.89>668.80 712.89>169.00
MPFBA % : 216.95>172.00
MPFHXxA 3% :315.00 > 270.00
MPFOA 3% : 417.00 > 371.90
MPFENA 3% © 467.96 > 422.90
MPFDA 3% : 514.95>469.90 514.95>219.00
MPFUNDA 3% : 565.00 >518.80 565.00 >269.10
MPFDoDA ¥ : 615.00 >569.90 614.97 > 269.00

% Internal standerd



LURR I PRERAIF4F it

(2011)

555675

Yura river

P
Kizu river

Details are shown in Fig. 2 «

Fig.1 A map of Kyoto prefecture and sampling points
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Fig.2 Detailed map of Fig.1 (South of Kyoto city and
sampling points)
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Table 3. Concentrations of PFCs in the rivers  [ng/L]

No. Sampling Point Date PFBS PFHxS PFOS PFDS PFPeA PFHxA PFHpA PFOA PFNA  PFDA PFUJA PFDoA PFTDA PFTeDA
1 Uji river (Ingenbash bridge) 2009/02 <1 <1 1.5 <1 1.4 22 1.7 11 4.2 1.1 12 <1 — -
2 Uji river (Gokobashi bridge) 2009/02 <1 <1 2.2 <1 2.0 2.8 28 19 12 1.8 <1 <1 - -
3  Katsura river (Hozukyo) 2009/02 <1 <1 <1 <1 15 1.1 1.3 1.7 1.0 <1 <1 <1 - —
4 Katsura river (Uji river plunge point) 2009702 <1 1.3 29 <1 1.5 1.7 11 7.0 6.7 23 24 <1 - -
5  Kizu river (Tamamizubashi bridge) 2009/02 <1 <1 <1 <1 1.5 2.2 1.7 12 39 <1 <1 <1 - -
6  Kizu river (Gokobashi bridge) 2009/02 <1 <1 <1 <1 1.2 2.2 24 11 3.1 <1 <1 <1 - —
7 Nishihazukashigawa river (Inuibashi bridge) 2009/05 <1 <1 20 <1 <1 <1 <1 27 35 <1 <1 <1 <1 <1
8  Hichikenborigawa river (Katsura river plunge point) 2009/05 <1 <1 15 <1 <1 2.3 33 18 59 <1 <1 <1 <1 <1
9  Koizumigawa river (Shin-yamazakibashi bridge) 2009/05 <1 <1 22 <1 <1 1.7 1.3 13 47 <1 <1 <1 <1 <1
10 Obatagawa river (Obatabashi bridge) 2009/05 <1 <1 24 <1 <1 25 <1 16 12 <1 14 <1 <1 <1
11 Jougaihaisuiro river (Aijimabashi bridge) 2009/05 <1 <1 20 <1 <1 29 21 17 <1 <1 <1 <1 <1 <1
12 Taharagawa river (Hotarubashi bridge) 2009/05 <1 <1 1.7 <1 <1 22 <1 26 52 <1 <1 <1 <1 <1
13 Ootanigawa river (Ninohashi bridge) 2009/05 <1 <1 <1 <1 <1 2.3 1.7 19 <1 <1 <1 <1 <1 <1
14 Yamadagawa river (Kizu river plunge point) 2009/05 <1 <1 1.5 <1 <1 1.9 16 17 13 <1 <1 <1 <1 <1
15  Inukaigawa river (Namikawabashi bridge) 2009/05 <1 <1 1.7 <1 <1 <1 1.4 8.3 25 <1 <1 <1 <1 <1
16  Tabaragawa river (Katsura river plunge point)  2009/05 <1 <1 15 <1 <1 <1 <1 4.1 16 <1 <1 <1 <1 <1
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No. Sampling Point Date PFBS PFHxS PFOS PFDS PFPeA PFHXxA PFHpA PFOA  PFNA  PFDA PFUJA PFDoA PFTDA PFTeDA
7 Nishihazukashigawa river (Inuibashi bridge) 2010/07 <1 <1 51 <1 11 1.6 1.0 10 2.1 <1 <1 <1 <1 <1
8  Hichikenborigawa river (Katsura river plunge point) ~ 2010/07 1.9 1.7 34 <1 56 12 65 28 19 27 <1 1.1 1.8 1.7
9  Koizumigawa river (Shin-yamazakibashi bridge) ~ 2010/07 <1 <1 28 <1 1.6 1.6 1.8 13 22 <1 <1 <1 <1 <1
10 Obatagawa river (Obatabashi bridge) 2010/07 <1 1.2 1.0 2.8 1.7 2.0 20 16 17 15 <1 1.7 2.0 25
11 Jougaihaisuiro river (Aijimabashi bridge) 2010/07 15 <1 89 <1 39 5.4 78 28 19 25 <1 <1 <1 <1
12 Taharagawa river (Hotarubashi bridge) 2010/07 <1 1.1 40 <1 1.2 1.8 15 18 3.1 1.0 <1 <1 <1 <1
13  Ootanigawa river (Ninohashi bridge) 2010/07 59 23 17 <1 3.7 93 10 100 16 13 <1 <1 <1 <1
14 Yamadagawa river (Kizu river plunge point) 2010/07 25 31 96 <1 4.1 6.1 74 39 16 23 <1 1.3 <1 <1
15 Inukaigawa river (Namikawabashi bridge) 2010/07 <1 1.1 26 <1 1.4 2.8 21 12 1.9 1.7 <1 <1 <1 <1
16  Tabaragawa river (Katsura river plunge point)  2010/07 <1 <1 <1 <1 <1 <1 <1 39 <« <1 <1 <1 <1 <1
17  Sonobegawa river (Kandabashi bridge) 2010/07 <1 <1 <1 <1 1.0 11 1.4 47 12 35 <1 <1 1.7 <1
18  Yura river (Annobashi bridge) 2010/07 <1 <1 <1 <1 <1 <1 <1 27 <1 <1 <1 <1 <1 <1
19 Tananogawa river (Izumiohashi bridge) 2010/07 <1 <1 <1 <1 11 <1 <1 1.2 1.7 21 <1 1.3 1.3 <1
20 Nishikawa river (Katsura river plunge point) 2010/07 <1 1.4 41 <1 1.6 25 3.4 9.6 6.4 1.3 <1 1.3 <1 <1
21  Watsukagawa river (Nakiribashi bridge) 2010/07 <1 <1 1.7 <1 <1 1.1 <1 14 1.0 <t <1 <1 <1 <1
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