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Effects of Estrogen-Like Substances in Urban Wastewater on Fish and Their Indication
(FY2002 ~ 2005)

Yutaka Suzuki, Koya Komori, Kiyoshi Miyajima,
Tadashi Higashitani, Norihide Nakada, Makoto Yasojima

Water Quality Research Team, Water Environment Research Group

Independent Administrative Institution Public Works Research Institute

Estrogen-like substances have been suspected to cause the feminization of wild fish in some rivers in
Japan. To elucidate the influence of estrogen-like substances on fish in the rivers, we have developed an
on-site fish exposure system using medaka Oryzias latipes. Then, we placed three sets of the systems in
three Water Quality Monitoring Stations (WQMSs) along the River Tama that is a representative
urbanized river in Japan and whose water has been suspected to cause endocrine disruption in fish.
Adult male medaka were exposed to the river water in a glass exposure tank. Flow rate and
temperature of the water were controlled at 30L/hour and 26°C, respectively, and a light: dark cycle was
maintained 16:8 hours in the system. A commercial diet free from phyto-estrogens was fed 4 times in a
day using an automatic feeder. After 2-week exposure, hepatic vitellogenin concentration of each male
medaka was measured. The exposure tests were repeatedly performed at both the upstream and the
downstream locations of discharge from sewage treatment plants (STPs) along the river. At the
reference site, Haijimabashi WQMS where no STP discharge is received, vitellogenin was not detected
in any male medaka. On the other hand, at Ishihara WQMS that is located the most downstream in this
study field and where eight STP discharges are received, all the male medaka were found to produce
vitellogenin. Estrogenic activity derived from the STP discharge was thought to cause the feminization
of the male medaka, which is supported by the following facts: the induction of vitellogenin of the male
medaka coincided with the occurrence of the estrogenic activity of the river waters; the increase in
estrogenic activity coincided with the increase in electric conductivity of the river water, which suggests

the increase in the ratio of STP discharge to the river water.
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Haijimabashi

_q@@

Hinobashi

& &

Ishihara

River Tama Tokyo
SR 7y
B1 ZEN AFHBRERER EEthaERE
F1 ZEN AFHIREHRER EEHE
Duration Period Medaka
Test series of of No. of Age

exposure exposure male fish (months)

Test 1 Haijimabashi 2 weeks 27 Feb.- 13 Mar. 2003 20 7

Hinobashi 2 weeks 17-31 Jan. 2003 20 7

Test2 Ishihara 2 weeks 14-28 Aug. 2003 20 7

Test 3 Haijimabashi 2 weeks 16-29 Mar. 2004 8 3

4 weeks 16 Mar.- 13 Apr. 2004 7 3

Ishihara 2 weeks 16-29 Mar. 2004 9 3

4 weeks 16 Mar.- 13 Apr. 2004 10 3

Test4 Haijimabashi 2 weeks 26 Jan.- 8 Feb. 2005 10 3

4 weeks 26 Jan.- 22 Feb. 2005 10 3

6 weeks 26 Jan.- 8 Mar. 2005 10 3

8 weeks 26 Jan.- 22 Mar. 2005 10 3

Hinobashi 2 weeks 26 Jan.- 8 Feb. 2005 10 3

4 weeks 26 Jan.- 22 Feb. 2005 10 3

6 weeks 26 Jan.- 8 Mar. 2005 10 3

8 weeks 26 Jan.- 22 Mar. 2005 10 3

Ishihara 2 weeks 26 Jan.- 8 Feb. 2005 10 3

4 weeks 26 Jan.- 22 Feb. 2005 10 3

6 weeks 26 Jan.- 8 Mar. 2005 10 3

8 weeks 26 Jan.- 22 Mar. 2005 10 3
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x2 TKUEE AXHBREHER EEGE

Duration Period Medaka
Test series of of No. of Age
exposure exposure male fish (months)
Test A Secondary T.W. 2 weeks 13 Dec.- 27 Dec. 2004 30 3
Effluent 2 weeks 13 Dec.- 27 Dec. 2004 30 3
Test B Secondary T.W. 2 weeks 18 Jan.- 2 Feb. 2005 10 3
4 weeks 18 Jan.- 15 Feb. 2005 10 3
6 weeks 18 Jan.- 1 Mar. 2005 10 3
8 weeks 18 Jan.- 15 Mar. 2005 10 3
Effluent 2 weeks 18 Jan.- 2 Feb. 2005 10 3
4 weeks 18 Jan.- 15 Feb. 2005 10 3
6 weeks 18 Jan.- 1 Mar. 2005 10 3
8 weeks 18 Jan.- 15 Mar. 2005 10 3
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£3 S ATHBBHBRER (A5HIETHT—5)

Duration Medaka Vitellogenin
. No. of Body Body Liver No. of Average Range
Test series of ) . . " )
male fish length wet weight  wet weight  positive [min - max]
exposure . .
(mm) (mg) (mg) (ng/mg-liver)  (ng/mg-liver)
Test 1
Haijimabashi 2 weeks 20 29.0+1.7 479.8+89.6 13.9+4.1 0 - -
Hinobashi 2 weeks 20 280+10 356.5+404 5714 0 - -
Test 2
Ishihara 2 weeks 20 29.7+15 4686+61.1 9.1+19 2 2.6 1.7-35
Test 3
Haijimabashi 2 weeks 8 220+16 2205+419 6623 0 - -
4 weeks 7 246+07 2306+245 3708 0 - -
Ishihara 2 weeks 9 223+15 2199+352 7.0+19 9 191+£114 7.9-42.0
4 weeks 10 24709 2345+173 43+13 10 11.3+£6.0 43-21.6
Test4
Haijimabashi 2 weeks 10 21.5+13 1921+33.0 3213 0 - -
4 weeks 10 242+11 303.1+429 5924 0 - -
6 weeks 10 26.7+13 401.3+359 13.0%+4.2 0 - -
8 weeks 9 281+17 4536+973 9773 0 - -
Hinobashi 2 weeks 10 23.0+11 2208+238 3516 0 - -
4 weeks 10 242+12 3044+400 63128 0 - -
6 weeks 10 279+12 4284+502 10.8%3.6 0 - -
8 weeks 10 272+09 373.0+432 6.7+47 0 - -
Ishihara 2 weeks 10 232+11 2273+275 3517 0 - -
4 weeks 10 236+10 256.2+23.0 38%+1.2 0 - -
6 weeks 10 26.7+13 4431+524 156%52 0 - -
8 weeks 10 276+13 437.3+532 9.1+36 0 - -

®4 ZEN AFHEEHRER KEAERR

Test series Start 1st 2nd 4th 6th 8th

of test week week week week week

Test1 Haijimabashi EA (ng/L-E2)  0.16 0.16 0.12 - - -
E2 (ng/L) ND ND ND - - -

E1 (ng/L) ND ND ND - - -

EE2 (ng/L) ND ND ND - - -

Hinobashi EA (ng/L-E2) 12.54 6.59 10.62 - - -

E2 (ng/L) 1.5 Tr (1.0) 1.7 - - -

E1 (ng/ll) 219 12.2 15.2 - - -

EE2 (ng/L) ND ND ND - - -

Test2 Ishihara EA  (ng/L-E2) 6.31 8.29 6.56 - - -
E2 (ng/L) ND Tr (0.4) ND - - -

E1 (ng/L) 5.8 8.1 4.4 - - -

EE2 (ng/L) ND ND ND - - -

Test3 Haijimabashi EA (ng/L-E2)  0.35 0.24 0.24  Tr(0.05) - -
E2 (ng/L) ND ND ND ND - -

E1 (ng/L) ND ND ND ND - -

EE2 (ng/L) ND ND ND ND - -

Ishihara EA (ng/L-E2) 27.94 5.34 18.65 6.37 - -

E2 (ng/L) 2.7 Tr (0.8) 4.6 ND - -

E1 (ng/L) 3341 6.7 243 7.0 - -

EE2 (ng/L) ND ND ND ND - -

Test4 Haijimabashi EA (ng/L-E2)  0.17 - 0.20 0.24 0.19 0.35
E2 (ng/L) ND - ND ND ND ND

E1 (ng/L) ND - ND ND ND ND

EE2 (ng/L) ND - ND Tr (0.6) ND ND

Hinobashi EA (ng/L-E2)  3.86 - 2.98 1.91 1.84 1.85

E2 (ng/L) ND - ND ND ND ND

E1 (ng/L) 4.9 - 1.4 1.9 25 2.6

EE2 (ng/L) ND - ND ND ND ND

Ishihara EA (ng/L-E2) 14.77 - 8.38 11.20 9.45 5.49

E2 (ng/L) ND - Tr(2.3) ND ND ND

E1 (ng/L) 14.8 - 9.3 13.3 12.3 7.5

EE2 (ng/L) ND - ND ND ND ND

ND : under the minimum limit of detection
Tr : above the minimum limit of detection, under the minimum limit of quantifying
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B2 ZE) AFHBEARER Testd AFHETOCIZUEIR MO UEEDERE

T AR 3 TOFEBBE LOAFRERFT COT A ha 7 gkt BEXURERE OB %X 3 1T, AR
AT CIARM OB BT TN DO THbE IR LTz,

FAFERFrCOTA b a7 AEEOHRITBESICEE ORI TN D LB b, EBRISEEIER)
KIZED 2 TR OEIE 2 KT 5 DO TH D720, AJFEARFRA) KO R s a7 AERIE, W)z
1605 FARMBUKDENEN LT Z LI Lo TEIIL - D LB B, ZOTA haZ AEfSFE ) =
A ha rOFAEFRIT TR Ch D B2 Lk,

80 80 2
E 70 | Test 3, Haijimabashi E 70 b Test 3, Ishihara
@ %)
£ 60 E 60 | WL 1
2 2z E
S 50 s o
3 I ®
5 8 g
o 30 S g
) i o 1.
g 20 EC g eal -1
STV T B b 5.34 6.37
0.35 0.24 0.24 0.05EA 1 1
0 0 -2
Start 1st 2nd 4th Start 1st 2nd 4th
of test  week week week of test week  week week

B3 ZE)N AFHEBARER Testd MAIKOEBERGEEL IR bOS VEEDHERE

3.2 TKUERGH T2 A T HIEZAERIER

FhiakBR & NLE-S CHENE L7z 2 AMREABR CIE, RBKICETE LA X 0D H B, TIETET
0y = = OERDHERS IV, ZORBRTIL, mMm \CHER L T- ATl T e Y = O ITER
DI T T2, RBKOTA b a F AERRA XL RE LT D EB 2 Divl, IR
m@mzku&/@ﬁk;oxxbn/@%fi FRFN12.7~189ng/L-E2 35 L 11 18.6~33.9 ng/L, T
HU. NSO W TOREBERBR T T8 Y = U AERBHERS N T A ~ 3 TOAFEEAFT)I|
KEFRREDOT A ha 7 AEHThoTo L& 2 bz,

LL723 s, 8 MgEGEER & U CoEhE Li=7 A b B Tk, Haii/KIZHEEE LT-1EA X 3 EiREO v
0y = E AN L CWAERNERD b,
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£5 TKLES 2 FHEERBRE (A4 HIETET—%)

Duration Medaka Vitellogenin
. No. of Body Body Liver No. of Average Range
Test series of ) ' . " .
male fish length wet weight  wet weight  positive [min - max]
exposure . .
(mm) (mg) (mg) (ng/mg-liver) (ng/mg-liver)
Test A
Secondary T.W. 2 weeks 29 266+14 370.0+46.6 6.1+22 7 3.2 1.4-10.8
Effluent 2 weeks 29 272+15 401.6+654 59+22 0 - -
TestB
Secondary T.W. 2 weeks 10 30.0£0.7 467.7+457 6.8+14 10 94.6 £ 59.0 10.1-2011
4 weeks 10 30.2+13 584.0+64.1 155+3.6 10 50.7 £ 34.0 8.5-126.5
6 weeks 10 299+0.7 5749+551 10549 10 18.3+14.9 7.1-48.2
8 weeks 10 304+14 5803+76.7 93%45 8 11.6 £10.8 22-315
Effluent 2 weeks 10 294+13 4529+381 8.1+34 3 2.6 22-33
4 weeks 10 288+14 451.7+671 9326 9 57.2+44.9 15.5-160.0
6 weeks 10 30.5+1.1 570.1+63.8 11.3+34 10 33.7+35.8 3.3-103.3
8 weeks 10 292+14 5057+818 9725 10 620.3 + 258.6 250.9 - 1002.2
F6 TKWEE AFHRZHR KEAERER
. Start 1st 2nd 4th 6th 8th
Test series of test week week week week week
Test A Secondary TW. EA  (ng/L-E2) 18.72 18.89 12.70 - - -
E2 (ng/L) ND Tr(3.1) Tr(2.7) - - -
E1 (ng/L) 253 33.9 18.6 - - -
EE2 (ng/L) ND ND ND - - -
Effluent EA  (ng/L-E2) 8.08 2.66 2.59 - - -
E2 (ng/L) ND ND ND - - -
E1 (ng/L) 7.2 24 2.5 - - -
EE2 (ng/L) ND ND ND - - -
TestB Secondary TW. EA (ng/L-E2) 3.70 - 5.52 7.81 9.90 2.55
E2 (ng/L) ND - ND ND ND Tr(2.7)
E1 (ng/L) 5.4 - 5.7 11.2 8.9 2.2
EE2 (ng/L) ND - ND ND ND ND
Effluent EA  (ng/L-E2) 0.63 - 2.09 19.54 99.89 18.64
E2 (ng/L) ND - ND Tr(3.4) 10.8 Tr(2.4)
E1 (ng/L) 6.9 - Tr (0.7) 21.0 77.7 21.5
EE2 (ng/L) ND - ND ND ND ND

ND : under the minimum limit of detection
Tr : above the minimum limit of detection, under the minimum limit of quantifying

T A b B TlE, BifKkO= A b a ARSI TR b a s OREL, T2 0.63~99.9ng/L-E2 5 &
W0.7~77.Tng/l Th -7z, TA M AEHAPRI ER L2 SiIck- T, A X IO T Y 2=
b fE 1000ng/mg-liver 28 x5 Z & Llpotz, ZORBROSENT, Ht/KBUKHLS CHIlE TH13 Tt
TWered, MBEOEB THIKDOT A a7 AFHB EA LT b0 B2 bild, FKRUWESTOTHE
IZHTzo> TUL S TRIREDO= A a7 AEHZAT 2K EN L CLE 2 IR H 5 & X Hivd,

Fiz, TA N B OZRIBKOFBFEFICERTH &, MEAX IO T 0y = = TEEERZIC B L,
FOBBD LI DEEZ BND, LML, ZOKDT R aF Aefasn b, EEBGICE>TETa
V= NEA T H L O RERITA LI, ZHLD OKERIEEH OIEDNT, 0] 62O BRI AN L7
BV RREMENE 2 Hd,
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3.3 IR O UERADERE (DEIFEOER)
ARFFECIE, AT A ha AR E RIET O 2 RET S8, BBUKE ST 5 & L blz, 2
TNOEZTOTA a7 ARMEZRIET D0 EFEEZ Y Az,
T A N 4 COAFEERFT) KO Zy Tk HfE R 23 71T,
xR DEFLERER (Testd RIREARAT)

FEUESIR 2 FIV - HPLC 2585 Tl . . Start 2nd
19 EC B2, 21 EC EE2. 22 Bl Test series Fraction of test week
El. 27 BT NP 35 Hi S s, 54 k4 Test4 Ishihara F1 (ng/L-E2)  n.d. n.d.

F2 n.d. n.d.

TOAFEARFRAKOFERCIL, =A b F3 n.d. n.d.
2 (B1) OERRARBRENT LG Eg ”'3' ”'3'

n.qa. n

MmElpolz, L, TA ar  AEf%E F6 n.d. 0.115
HI5HE DM A b5 Z L b E; n-g- n-g-
b RIARIE b S HkH D 2 & bR LT, Fo L nd
F10 n.d. n.d.

F11 n.d. 0.09
F12 n.d. n.d.

F13 n.d. 0.095

4. F&0 F14 n.d. n.d.
F15 d. d.

Q) W B AT |1 2 F16 nd nd
WBE DB ETRD T, A X T E - Eg n. g n.g.
fﬁuﬂﬁ/&' *EE/% i% /XTA%E‘%% L/7Lx_o F19 0n645 889
EEJINZIBUNT 3 2 AT Of]) 1 KB H B T F20 0.1475 0.1
M R N, F21 n.d. n.d.

WCENFN1 Y FTOUVATAERE L. F22 7375 476
WA 2 S0t L 7=, F23 0.305  0.175
Q) FWNCEML=T A b 3 DFEHE. 8 » Egg :.g. onoc:3 i
FIFOD F /KM D RORK ANFE T2 RS F26 nd. 007
AT COREBRTIL, T XCOHEAZ I 2 Eg; n-g- n-g-
SRS L O 4 OB CE T n Y= F20 Ny
AR LTV, BT, HEA X DT F30 n.d. n.d.
ERIE LB, FAMKIC kT % e e
T A M AERATHY . FOTGIET F33 n.d. n.d.
A BT B REEAVR SN, S BIC, o e
FNKDTA ka7 ARFIOZEBIC & b 72 F36 n.d. n.d.
ST, AZHOET Y = =R 25T Eg; ”'3'

+ B AR B B = L AVREIE, Fa0 o

(8) TFAKLERG T ORIEABRORER, T4 ND : under the minimum limit of detection

7k@j;7\ ]\ ¢ b‘/ﬁzﬂﬂﬁﬁﬁi \_J:ﬂ— L\ f-@ Tr : above the minimum limit of detection, under the minimum limit of quantifying
AZADOET Y = = U PEIREIER SN E0H 5 Z LRI LN oz, W TOTHIZ L 5T
MOPDFRARE LT LD EEZ DI, o TRIREDTZ b 7 A AT DLBUKER L TLE D
AIREMED D D L E R DT,

@) PEFEZ L > TIIKRDOTZ b r FAFHZFHINC T2 L 2A, A bu OB RENWI &
PRGBSIz, L LD, =2 bu A2 AT 5 RAZMEDHE LN E IaoTlz, ZhbDW)
BARPpEST D L bEELEER LI

— 251 —



k. APENTEUL, BREE DD OZFEEF RV E SN bDTH D,

&30

1

2)

3)

4)
5)
6)
7

8)

9)

10)
11)
12)

13)

14)

15)

[ TASEAE ; RSB KEREEIZ 31T D NN LB BT 5 FEREFRATRE SRIC OV T,
http://www.mlit.go.jp/river/press/200207_12/021212/siryol.pdf, 2002

Tanaka H., Higashitani T., Miyamoto N., Tamamoto H., Komori K., Tsujihara K. and Ohnishi Y.; Estrogenic activity of
river water and feminization of wild carp in Japan. In CD-ROM of WEFTEC03 Conference Proceedings, 76th Annual
Technical Exhibition and Conference, 2003

Higashitani T., Tamamoto H., Miyamoto N., Yasojima M. and Tanaka, H.; Feminization of wild carp and carp exposure
tests using sewage treatment plant effluents. In Proc. of the 4th IWA Specialized Conference on Assessment and
Control of Hazardous Substances in Water -ECOHAZARD 2003-, Aachen, 14-17 September, 2003

S, EAR,, BAREM, 5, HPRR; FTAKUEVKIOREE Lo o7 vy = = VR BT 5018, BB
TP SRR SCEE, 39, pp.97-108, 2002

Takahashi A., Higashitani T., Yakou Y., Saitou M., Tamamoto H. and Tanaka H.; Evaluating bioaccumulation of
suspected endocrine disrupters into periphytons and benthos in the Tama river, Wat. Sci. Tech., 47(9), pp.73-76, 2003
R4 5 Medaka Oryzias latipes: Development of test methods and suitability of medaka as test organism for
detection of endocrine disrupting chemicals. http:/www.env.go.jp/chemi/end/medaka.html, 2003

KT T, @G, A, HPZER AR FEREE W TR O R b FASEORIE, B L Rrm g,
36, pp.199-208, 1999

Tanaka H., Yakou Y., Takahashi A., Higashitani T. and Komori, K.; Comparison between estrogenicities estimated
from DNA recombinant yeast assay and from chemical analyses of endocrine disruptors during sewage treatment. Wat.
Sci. Tech. , 43(2), pp125-132, 2001

Miyamoto N., Tanaka H., Tamamoto H. and Komori, K.; Fractionation method for estimating the cause of
estrogen-like activity in sewage. In CD-ROM of proceedings of WEFTEC2002, 2002

Komori K., Tanaka H., Okayasu Y., Yasojima M. and Sato, C. ; Analysis and occurrence of estrogen in wastewater in
Japan, In Proc. of the 4th TWA Specialized Conference on Assessment and Control of Hazardous Substances in Water
—~ECOHAZARD 2003-, Aachen, 14-17 September, 2003

HEVENBAR TR 5 T/KEIZBT 2 N il b E KNG~ = = 77 /1,2001

EINER] A X T, RYEE R, 1997

Desbrow C., Routledge E.J., Brighty G.C., Sumpter J.P. and Waldock M.; Identification of estrogenic chemicals in STW
effluent. 1. Chemical fractionation and in vitro biological screening. Environ. Sci. Technol. 32(11), pp.1549-1558, 1998
Harries J.E., Shehan D.A., Jobling S., Matthiessen P, Neall P, Sumpter J.P,, Tylir T. and Zaman N.; Estrogenic
activity in five United Kingdom rivers detected by measurement of vitellogenesis in caged male trout. Environ. Toxicol.
Chem. 16(3), pp.534-542, 1997

Tanaka H., Sato C., Komori K., Yakou Y., Tamamoto H., Miyamoto N. and Higashitani T.; Occurrence of endocrine
disruptors in sewage and their behavior in sewage treatment plants in Japan, Environ. Sci. 10(1), pp.1-24, 2003

— 2562 —




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 25%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Japan Color 2002 Newspaper)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Saturation
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /JPN <>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [283.465 792.000]
>> setpagedevice


