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Large scale evaluation of potential for Nitrate

pollution in groundwater

Masayuki TAKADA
Yoshio MISHIMA
Rie KITAGAWA
Hidetoshi MIKAMI

Abstract

To evaluate present state and pollution potential
of the ground water pollution by nitrate, large scale
analysis using GIS were carried out in cultivable
area in Hokkaido Island. Firstly, relationships
between nitrate concentration in the ground water
and geological setting were shown, also nitrate
concentration and land use. Secondly, modified
DRASTIC method developed by EPA was introduced
to try to evaluate vulnerability of the wide area to
ground water pollution using spatial data on
hydrogeological parameters. It was clarified that as

the result, it could significantly divide the ground
water pollution potential into 3 levels, and that the
ground water pollution was apt to appear according
to the potential level, especially in the upland field.
Consequently, it was possible to show the possibility of
quantitatively estimating the largest concentration

of nitrate in proportion to pollution potential.
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#: (Varian SpectrAA 220FS) 2 TH#r L7z 6 °Nid,
PSR 1 LR U Ciliie 2 2 mLn 2 CERMEAL L 723k
AL, 6"SIZ. BRERA F ¥ R BRER/NY 7 A DU &
L O LB 2 L. (bR WDL@ra s &Et L7z,

22 EEMHERE

EFEWHO—2TH H2LFNE OB K G % 8RS 5 72
DI, BERRE LYY ¥ — X DAL 6 fl 2 324t L C
THW/zo 2oL % sk CRlkifb L. 73 —%—T
TR S, FNEN02g% L, 2LO K,
20CTHOLEMT, AFy—F—% R L TTHoHEBERSE2
ZLICL o T, BIRBEIT o2, BE. Ty v v
GF/FIZTi# L, e L L CTatriciv7z,

—Jiv BIOMIEYE TH B HEMK B LT, BERE .
B BHHIBUZ BT, HEEAFRAKIZ L o> T—HBEH L Tz
AE AR L 720 20K L 2B BBOREHL, 7y b=
YGE/FIZTHESE L. IEHEEE & LTOMIcHv 72,

SEHEE, EFEHEEET SV RTHTFF 7,
0°NB L Ui 6 "STH %o AW L. T AR
EFMTH Do 72720, ALFMED §NOGH 21T, I
WAREIDAR L7272, WEHTH LM EZ0b 0% 5
HHZAER L 72,0

3. HWREEE

31 2ETF—20OKENEFH
311 RNUUZFHEATIS L

ERRD T — & ZNOSNREE L X)LV T 3ERFIZX S L.
TOEBEMIZ, MV =T IATITIATEY N EfToTz
(K2)s HTFAIPNONTHREEINSLIZH ST, T2
MBABATT %0 NONIZHIZ TSSO RCL L Tw
LB b B oM, FNICHIETE AT 4 b, Ca' Y
Mg* DEEDTEL o TWAHDTH b,

312 REMHEYRIUYI X

ERMARIC X BRI~ Y v 7 ZAZDOWTETITR
L7260 NOSN &b HBA W EE 5 1E, Ca™ & Mg™ T
bolze Thbb, T KDL G HELITT 5120 T,
W TWOWaE, AFA e LTINS 2HAss LT <
5", WMRIENEEHCE M5S0/ 1d, Ca IR s &,
BRI R E < Zeve THUE, BRERMEIEE LIS 0 25512
Lo THRIGHREINLYELH LI L 2RO LTWDH ER
bbb

3.2 EKFLEOKERM

3.21 EZIEFDOES

LA RHERABR O R T, K2R Lz, &/TITBW
TIEEALCIBBEIHLTI WS &, BEO (kS v
L) DAL SOS OB IEIE ARGV EASb o T,
O NME 13-1.2 ~ 24 (P39 05 %) &<, 5 SfHIZ-1.8
~ 9.2 % (P22 %) Th o1
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3.2.2 HEDBEMERS
HEMEDFHARE AR DDHTRERIZDONWT, K3ITR L7
ZORH FHHEEEEFR (DON) DB EG A & [FREI,
Cl'. HCOy '\ Na', K& ED A HIEMICH A 2o TH D,
LIER & R ). SO DB EIG I3 o720 F 72,
0 "NAEIZ12.0 ~ 21.9% (P35 17.0 %) & &<, 6 Siix

28 ~75% (P52 %) Thol

323 HBIBFEDRE
RS IR D E 2RI, AR MERIE R O
REPERWICHET 5 L b TwbY, 5 ELELH
KOFEWT— 5 (RFEFE) . LA ERRERRE. KR WL
KOFEWT— 2 205, BIFRIEDSNO LRE R Z 5
THERADOKII Do

33 AXYEAT I T LICLBBLEBEIR
ANFHFTATTIT AT L E BEA T 2O/
BREMICHFECE, FAHRER eI T2 LIk 5T,
ki % SO RE OH R, T DA ORER, RK&EHE
B & RS OB A5, B THMIc& %,
ANFHFTALT TS LD, ML ET 5 E, g
GREIZAETED-0HMTIE RV, REHZFIL
LT, K312, RAFIZBIT 2, HRESEEIEIY 5 4
T EALFEL S A4 TICHAMALTE 2 2DANFHTA T 75
LIZDWT, RIEFDO LD L L HITHIR L7z, REHEMY
Hsk EALIEE R IZOW T, EDICHTOREE (NO,
+SO) HEL BB LI BB B Z EIZIEL TV B
ZOWH O F R, SOL DEAEHNO,” (NO-N)
DEESITHBELTE) DL WIMETH L, T, filiH
WCEZBE, TNENOHLEREOREAD, 2417759
12, SO DL LTRBENTVWEEV) T ETHbS,

C)  RIGYHF
NO5-N J#EE 0.29 mg/L

2 3 4 [meg/t] 4 3 2 1 0 1 2 3 4 [meqg/L]

CI- Na* +K* Cr-

cazt HCO,

A) TGYHF B) VG4
NO5-N 7% 40mg/L NOs-N £ 15 mg/L
Fa A T OB e S A 7 DB
4 3 2 1 0 1 2 3 4megl] 4 3 2 1 0
Na* +K* cl Na* +K*
Ca2+ Ca2+
Mg SO, NO; Mg2*

2+ g0 2- -
8042' NO; Mg#* SO,# NO,4

X3 %R 385 =0 DANFHTA T T T A
ANFHTAT T T RECD L FEA F ¥ OHEABEINCIRTE 5, MIMRIGERSMLL b e, B
DORENDEMIDVKREL Do Fio, WESOWMBIELFIE 2 IGH L Tw a0 BE R 25 25411,
SO/ MEDNKEL B A FOAMISIKRE L b RIERITRIE XN LERIWHANLBED SV,

Z 2T, 2927 — % ®ON, NO-NiEESY 1 mg/LEL Lo
HRETH 2847 — 7 2 MRIZ, FBOEREEN, [1EL A
] & [IBEAERFERFTD LIdEH] THLHE
I L7zo ZOKR, B#FI307— 5. &&EIZ247— 2 4l
mahs, 72, LAEHOL CIImBHEEZ A L TWw5
Zewb, NEEA L] TEEZrID %> NIRIRNE %
CHT PR R L Twd EHE L, N3 DAF
YA TTTLDA) Y47 [IBEALREFED LIX
T & B) ¥4 7 [IFLA L] 2X59 %, NOsN
IRIE LSO IREDOBFRNZ Jd 2 72012, NOsNRRE &
SO/ IEEZ BMZER E LTI 2 92 L 72858, K
OREHRIEBZR72. 2B, W52 R RMRIC X
DSOSMREDN R o Twb Ebhiz2 7 —% 2w
T 2470 726

z =-0.1483 CNOS + 1.5991 Cso4 - 1.1207
72721, Cao& Csolldy NO#N & SO Dt fE[meq/L]

T/ [ZEA LM OHBIZIZ60%. [13EAERE
fiF b L idei] OHRFEIITI%TH - 72,

41213, ZoHRBEEE 0 L7z, TIEE A &t
ETEEALREMED L k] 2HNT2L &0
NO-NiEE & SO EDOBRKZ R L7z, €DORIE. NON
WK T 5SSO EOELIZL 2L, LA L, SOF
WEEICE 5T HATRETHL I EEZRLTW 2, T4
bH, BRI OB TIE, T ARTONOANIEEDS
BINLTH. SO BEORIIIESH T ) S h$, —hT.
WA H B —E L EDSO WEIENIFAET HHE. B
WARIRED LA ORIFEAFAET 5 Z L 2R L, 72V TWD



Ho FIRAHTRG S\ 2 FR b 2 15 S 5 ) 2 0 T

1 LHERF—FICXBEEMET ) v
NO, S0, cl HCO, Na K Ca Mg
NO, 1,000
SO, 0.384™  1.000
cl 0.163 0.166 1.000
HCO, | -0205 -0014 0014 1.000
Na 0.393™ 0492 0742  0.092 1.000
K 0349 0314 0298" -0045  0400™  1.000 ok P<0. 01
Ca 0.616™  0664™ 0337% 0323™ 0456™ 0293  1.000 * 1 P<0.05
Mg 0.508™  0.673™ 0338 0288 0565 0234° 0560  1.000
2 AL RAURL AR RS SR
EEFA F—F> hFA~
NO;-N NH,~N DN §'°N-DN* Cl NO,-N SO, §%g HCO; NH,~N Na K Ca Mg
mg-N/Lmg-N/L mg/L %o meqg/L meq/L meq/L %o meg/L meg/L meq/L meq/L meq/L meq/L
ek 21Q)) 40 96 136 05 001 028 017 06 0.19 069 013 024 001 006
EH 21 100 121 24 002 015 051 92 017 071 001 024 002 0.19
ek 216) 3.4 81 115 15 001 024 020 12 0.14 058 001 013 003 0.16
BH@® 159 12 171 0.3 000 1.14 000 0.02 008 000 000 096 001
ek 216) 0.0 8.0 80 -04 0.14 000 051 11 013 057 002 021 001 018
EHE 00 220 220 -12 000 000 152 -18 002 157 000 000 001 001
* 0 UNfEF . REZFDEDES LI
3 HERUFI A H K BT A
EETA F—F> hFAo
NO,~N  NH,-N DN  &'N-DN Cl NO,-N SO, &%g HCO; NH,~N Na K Ca Mg
mg-N/L mg-N/L  mg/L %0 meq/L meqg/L meq/L %0 meq/L meq/L meq/L meqg/L meqg/L meq/L
HED 0.2 40 26.9 12.0 833 001 059 75 1038 029 412 1258 139 253
HIEQ 246 2.0 62.9 21.9 3228 176 205 28 947 0.14 16.14 2680 136 489
, , 2.0
F4  BLREBRGYBONRE Y s
(&4 F VBRI L EE) L6
_ . , R 2 14 ,
S0 Cl- HCO, Na* K QED'; L M2 A~
N i = = =
B Al HEK 1% e B oo |
{LZFAmkt (FRBsYE) [ 3 ® & f\g- 0.8
HEAE - R ® & & & & @ o6
0.4 FEEE R NE#Z A 7
0.2
0.0
WA, WAL FIERIC L2 DEEZ LI ENTEX B, 0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0
ZO XD KNS, SOSREDN D H—E Ll EThiud, NO,-N#JE [meq/L]
TR IR O TEIE B 2 H ) T & %Wﬁ%‘lﬁ’i’%bflﬂ K4 CHBAHDHE SN HTEY 4 7L REE R

LT e bholz, 22T, R ZHMALT 5720
SO& IR EED AT, OB 217 - 720 %0)1‘%%
RO &9 ZH I B R 7o

z = 1.5614 Ceoi -1.1943

ZLTC NEEALMM ] OFHIZRIZ60%, [1ZEAERK

T 5 A T ONO-N & SO, HEE D H I BE X

HEEDL L] oHRIEIE82%TH - 72

ZOYRIBIEE 0 & BV 72 BIFRIE, “Csor = 077 meq/L”
ERD, AFHITATTT LRI, A FDOSOM k
NOsNDEGH, Coo0.77meq & 7 - 725, HEIEZ &
AL NMUEL D FEBEATR & v & BRI I RE & 72 %
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ZORFE, HTFKRD §NHIZ, B LNV T, 13T
BRSNS Uy AR ZHB R L D 5 5 2 &b h oz,
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o720 TORE, TIEEA LML) OWHHIF1%. [1ZE
A EREWE L] OFIRIFITT5% &5 < E ORI,
8.0%0 & 15720 TFH 1, MM EE B 7 I B 72
EOBIFE RS AL MR EIE B3k & BhHEH
KL BFTDHRIEIT ~8%EETH L EHELTEY .
AR DTk A ORI GHT OFRNT & 13T L7z

36 FEICHIZHMTRBRIROFTREFEDFIE
LLEORERD & I A QAR AT & LA B A
5, MRLHERENEDTIHZRIELTAL L, TO@ED
THhbo

i FET7=F RO HIFF ¥, NOsNB L  IZDND
0°N (. SOF D 6¥S) Dk 5, KT %,)

i ANFFFATIILERHLLEDIC, K6DHHI< b
Vw7 22X, BBXZOHERBOEELZIT)

i (IR O AR 2 S, i OBEHERE &b
BT, HYEZHSREET %,

Ho ARG T Y L2 AR 2 15 e 2 ) i 0 T

37 FBREFEOEEH

< <JEHND B DT RKOFH] > >

i FEET=FEATFF T SN O SO & FE o

i ANFHFATTITHEKTOEY, SO EE1Z2.33
med/L. 72, 6"Nftiid. 12.2%. o SfHi%. -04
%oo HIHI= TV v A (F£6) L0, RERIELEO
WD RKE LT, REVRIE R LAEHE K OB D
RKEVEVSZZERBEON S,
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K7 HHlONFHs
4777 A

Mg SOz NOj

ii BT Z L THL L METLDRETH S
25 HETHFZ40HFAFL TV L, ZRHOMT
DREIGRIREE 2 DT,

#6 KEMIA2HHMTEZREPLRGERBFEORE HHI< MY v s R)
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Method for simple decision of the source for nitrate

pollution of groundwater

Hidetoshi Mikami, Masayuki Takada

We observed and analyzed 92 groundwater
samples throughout in all Hokkaido, to arrange a
method for simple decision of the source for nitrate
pollution of groundwater, using water qualities data
of single groundwater sample and simple land-use
understanding. In order to distinguish between
chemical fertilizer source and animal excretion
source, combining the authorized two methods
those were nitrogen stable isotopic ratio (4 “N) and
hexa diagram, especially sulfate ion concentration,
was effective. We could estimate a border of sulfate
ion concentration at about 37 mg/L and a border of
0 °N at about 8 % between chemical fertilizer
source and animal excretion source, based on the
result of discriminant analysis of actual survey data
in Hokkaido. Using the two axis factors, we applied
to the decision of complex pollution from the two
sources. Though the reason of high concentration
of sulfate ion in shallow groundwater was almost
from sulfate chemical fertilizer, to distinguish the
sulfate chemical fertilizer source from particular
sulfate source, such as sulfur deep spring and saline
deep spring, simultaneous consideration of sulfur
stable isotopic ratio (§*S) was effective.
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HLBL D2 & LRl A 4 YR RN (6%S) 2o W Tl %2 F i L 720 SR AR T o
0 "SI, 143 ~ 14.7% & ZEM T, Finm A OREM 2 Z R L Tz JIIIO § "SI, Wit T Itk
S THRA AT AR RO, £z BRZEICI > TR L, TRBOIEREN (ARG <

i, 104 ~ 12.8% =/~ L 720

Key Words: Kushiro River, sulfate ion, ¢*S

1. (FUBIC

N, o6 TIE N RN 2 SIS 5 1T
0. o TIRAT, BEZEET. SIEKET. ST OMICHE T L. K
SERRICTE S, RN ARG S TR Tk, + Y,
XA, AFH, FHE Vo 2R AR>S E
W 225 GIEEINARG E 2RO T, JI%
BIEDRILRKIZFZL TS, £ 22, ZOFIERN 23T
JFHNZ AT L 2O T3 2RIk, BEA2LOELW
WBlE L oT, ZLOBLEEZBT LTS, ZORATT
AT B, ARAFE 72D, LSO RERIC X -
Ty KOLAS ES UK U7z B8, S 30 25 o0 91 % T DS
WHCHR L2052 20007 ZNSMTEHICBIT

2 KA RSB EO BN O —2 & LTRES
TWh,

PN, 20 FREICHEE A 4+~ (SO ) #EEIC
LMoY OlEilR. B%. o, EEIERR)
DOHFEEDND Y. @HEOWMNIILERT, SO RENEL &
S>TWwW5 (£1),

P4 id, BEAKIC X 2 G K 0§ B 1B RE~ D
WK B LIS 5 TBE LT, 20K OKHTH 5
SO/ WP L Zom L EFMARL (67S) IHFHLTw
bo T T, RWIFETIE, TOFiEREE LT, K4
ROSO FtE 2 BB L, ST XL LT o Sl %
HONZTAHZERHME LTS,

#F1 ALHEOFELMINOEA + >~ (SO ) WEE ZOMIEFEAL + &~
FT=AY hF+y
AN thE 4 REINE SMEEEE ] #kA® S0~  C SO0 HCO, Na° K Ca* wMmg”
mg/l _meg/L meg/L meg/L meg/L meg/L meq/L meqg/L
SN ZARWE N43 09.813 E144 28.771 2001/8/7 24.6 0.490 0513 0.697 0.789 0.048 0.460 0.227
BRI Wh#HE N44 02.675 E143 30.611 2007/8/21 7.1 0.079 0.148 0521 0.244 0.043 0.394 0.148
EE L RERE N43 19.159 E144 50.573 1999/7/27 1.6 0.178 0.033 0.885 0.309 0.041 0.569 0.189
EEN BB N44 14777 E143 15.300 2008/7/15 8.2 0.078 0.171 0.487 0.200 0.019 0.427 0.144
FRAN FERE N44 22.371 E142 08.893 2008/8/4 56 0.353 0.116 0.389 0.396 0.028 0.280 0.185
TMRAYN BFEE N44 22474 E142 13170  2008/8/4 1.4 0.176 0.030 0.444 0.261 0.020 0.247 0.148
BN EERE N44 39.021 E142 30.811 2008/8/21 3.0 0.112 0.062 0.309 0.173 0.019 0.198 0.086
Eal] ROAMYL)IETRAT  N43 03.520 E142 31.891 2008/8/30 4,7 0.097 0.097 0.349 0.185 0.020 0.272 0.086
2401 EEHER N42 22.843 E143 03.536 2008/8/30 2.6 0.038 0.054 0.111 0.078 0.015 0.093 0.030
w2 IEBREE N43 36.354 E143 20.372 2008/9/30 9.5 0.056 0.199 0509 0.191 0.025 0.485 0.100
mEN BRORE N43 30.605 E143 59.174 2008/9/30 2.6 0.067 0.054 0544 0.189 0.042 0.329 0.146
EDEN BIERE N43 16.843 E144 43.130 2008/10/2 1.5 0.078 0.030 0.471 0.231 0.037 0.242 0.121
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JEFHEA~DOFA TH AN NI 01048 TH 5o
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RORIIL ThORIE N43 28.991 E144 27.789
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HaNN ARG N43 23.146 E144 32.645

FIRYI FTHYRVIEE
XA 0O)Il XRARO0E

N43 16.248 E144 32.561
N43 15.836 E144 29.636

22 FHEH

AR O T, 20074E5/22-23, 7/31-8/1. 8/28-29,
9/25-27. 11/13-14®, 4ES5MEE L 720 7 A ¥ A% T
OB T — 5" 2B LT, K312, FEBGLIRT2 S
TG YUH ETOBEKEICE LT, 3BEBICHITTRL
720 T OREMRARMRLHMFAEORMA S, FK 3R L7zl
D, Tho5EOFER. 5 A2SNEIC, [ 2 HLLATES
&R TR 3 Hig), THREREEL, [H3 2R M
W TR EST S hiz,

—Jiv SO @ s USIEDRJFFANL, WK EEL D,
OUSIEDFEHMICKELEH L2 EEZ b0,
ZREN LRI DT 5 720 [IEER | 1320064:12/22, [
Wl 1320074E11/12, [y ] & [EFHRER | 1220074
10/24, THEAR (FK o i) ] 1320074E10/2312 % > 7)) »
A A

23 REEB EOWMFE
231 FAJIKBEE

(1) Bl

BKIZ ATV LVARKED LEH-> TR ERY) =5
Ly E—h %M L CHEML . FRARE, SEARRAM N
—IROMEH T T, WAL 2 G L. ) 20 [ B o
il L C R B A R Lz 2B [ T,
BHS ANDPHETH 72720, 3KRIZGHIPNTnW5SE L
Wk orE G TEEG L 3V 2N [55EE BMENT Tk
1 51%)) TERENREBIL, ToRiHEL-T [
JIGTET] e & Lz,

B, WAREFEEC, KPURERN pHA — 7 LOER
frEE (EC) A—#Z2MH L T, KiE pHEUFECHH
ExAT> 720



218

TS
ToaES "
(MR

5T ER

NG
(BRI

TAYNIEE
Fyai)

VKOS
(XeAn)Ib)

SIERIT R KR

0 10 20 km
3 I T—|
HR7IE
(iK)
1 A

(@A, A 0 SEFEHAERL)

YN DOFEEEA + >~ 6 ST

(2)  HirALE

PR L723ERIE, BT & 59 Lod50TC THEEY
EREHIL2T v P YGF/FRMERA LT, ME# L, Gk
Fr2 VR L7z IEGREHIWEERBEIC T, My —F T
Tk Ly s0AT IS L7z

(3)  AbFmr

B UAMCOSMEB L. 28RS 4+ 8 Na's K\
Ca*, Mg"). EZERA 4+ V8 (HCO, . CI'\ SO).
tEzEdE (NOSN) K USOf ? 6 *SIETH 5o

Mo A 4+ Y FI FETFPOGEICTER L 72, HCOs 13,
N/100%% & % %2 212 & - CTpHAS T )V 1 V) % Kb, kil
EpHAEZMN LCHI LY, Cl RUSOS ik, 4+
Youa< b5 7FEICTERD I, NOANIZ, 79 Y Ib—AX
HBAACS- T 2 W TER L2 6 "SI AR5
Wrid, SO ZWBANY 7 2 0kEWE LTHiELZb D
. () W@k Ly i &Rat L7z,

232 S*SEEHEZE
SMHEBE, FEA A VEESOS D JUSETH B,
IR FALEE . LT Ic oW 231 H E FETH 5o

3. EREER
31 BWEHBRICOVT

MIKORERREFA () & () 12, 5 SREHE
DRAERS IR L7 WEE D, ABTHBS0! &6
BEEA L SUSIIIOWT, 2R ERO RS &
FRELLNEL BT 525 I TR, ZRURORET
RERREOVT, MRS 5.

%3 WAMIGIC BT 5 BRI
20074
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F4 (1) &SR Gk £01)
545

)il =B kB Bz H#E KB pH NO&-N HCO, ¢ sSo” SO, Na* K Ca® Mg

20074 m/sec  °C mg/L mea/L mg/L mg/l % mg/L mg/L mg/L mg/L
= BHE&STO 5/23 930 069 150 249 131 0000 266 530 17.8 146 19.2 484 19.0
E2([l=301] Bk ititE 5/23 11:30 145 103 7.28 0.00 0412 296 745 143 413 323 118 5.0
&I REB 5/22 17:40 197 116 732 0.15 0520 241 532 335 270 104 45
¥ TrIBI4E 5/22 16:50 104 13.7 725 042 0474 34 179 57 054 60 27
&N (DFINIE=gi%: 5/22 16:30 126 750 0.28 0512 16.1 35.2 234 192 100 38
E2([=31] BHETERE 5/22 1530 302 128 7.40 032 0522 157 343 228 192 92 38
Boml  EHORE 5/23 14:.00 056 172 735 046 0615 49 42 62 168 85 30
&I BRSNS 5/22 1440 341 129 733 035 0.534 151 320 222 188 100 3.8
&N X TG 5/22 13:30 39.1 142 734 038 0550 148 31.2 215 187 96 42
&N ZRHME 5/22 11:30 649 116 7.25 037 0552 13.1 206 118 174 179 78 33
BRI SIRERAE 5/22 1000 116 128 7.12 022 0486 98 12.7 121 174 56 3.0
= RO 8/1 940 080 172 222 1.08 0.000 330 680 166 204 48.0 209
BRI BkitAE 8/1 10:20 10.8 180 7.62 002 0.399 312 722 398 329 102 40
E2([=31] LERWNE 8/1 12:00 187 17.2 751 0.12 0531 26.0 61.9 354 287 106 3.9
FIERI RERB 7/31 16:30 126 16.2 757 0.19 0576 250 56.7 341 269 108 3.9
¥ T RIS 7/31 16:00 423 156 7.60 0.53 0.686 4.5 10.2 85 084 100 23
&N (DFEINIE=gi%: 7/31 17:00 15.7 7.70 029 0.597 200 459 282 229 10.7 36
E2([=31] BHTERE 7/31 1520 162 163 7.66 033 0.617 18.6 418 262 220 105 34
BomIl  EHORE 8/1 13:30 051 186 754 048 0661 47 3.7 65 181 85 20
E2([l=301] BASEAS 7/31 1450 205 169 749 036 0.630 17.7 38.6 249 220 103 3.3
&I BFELE 7/31 1430 243 174 749 039 0643 175 383 250 219 106 34
&N BHiELS 7/31 1250 319 159 730 048 0.658 158 34.0 225 214 104 33
E2([=31] A+HE 7/31 13:50 171 7.44 049 0662 158 33.2 225 215 103 3.2
FIRIN FAYRNVEE 8/1 1430 365 193 758 043 0642 36 24 64 167 74 21
X3AA) XIHRAE 8/1 15:10 117 190 760 066 0640 38 28 62 185 7.7 22
&I Y7 VRS FRAT 7/31 11:20 148 731 049 0675 145 256 19.7 206 102 3.1
&N TS 7/31 11:.05 423 154 727 042 0660 155 239 202 198 100 29
E2([=31] fSIiEmAE  7/31 10:.00 66.3 16.7 7.09 0.33 0636 114 13.1 147 193 85 25
= BHESTO 8/29 9142 064 19.1 238 0.000 399 834 182 202 246 600 251
&N BkitAeE 8/28 17:24 745 239 801 000 039 321 727 147 403 340 118 4.1
E2([=31] XEERE 8/28 17:10 855 240 7.62
FIERI LERNE 8/28 1555 105 21.6 754 0.10 0.549 265 61.9 354 294 114 40
&I REB 8/28 15:32 138 203 7.65 020 0.601 248 56.6 339 278 122 3.9
MY T RIS 8/28 15:02 484 188 7.74 054 0739 49 113 95 080 118 25
BRI MBUIETR%E  8/28 14:55 20.0 7.75 0.27 0.637 208 464 29.1 237 118 36
BRI BHTERE 8/29 1052 9.16 202 7.73 031 0648 195 426 129 272 226 117 34
Boml EHORE 8/29 11:50 165 7.62 035 0677 41 3.2 66 148 90 20
&I BRSNS 8/29 11:37 154 196 7.69 031 0.660 183 39.4 255 220 113 35
&N BELE 8/29 12:18 183 201 7.67 035 0674 179 384 126 252 221 115 35
E2([=31] BRIERE 8/29 13:16 234 210 762 040 0688 16.1 33.9 231 213 114 34
E2([l=301] E+HE 8/29 13:30 20.7 7.63 042 0695 16.2 334 230 214 113 33
FIRIN FAYRNVEE 8/29 1346 295 217 755 052 0.683 39 26 68 164 85 23
X3A[) XIHRAE 8/29 1421 122 218 779 064 0.666 40 26 64 183 86 23
&N Y7V hAE FRAT 8/29 15:05 195 7.67 042 0.694 153 258 122 208 211 108 3.1
FIERI ZAREME 8/29 15:17 308 190 768 042 0695 16.6 256 124 215 209 106 3.1
E2[[l=301] SIBKERAE  8/29 16:15 364 203 742 033 0704 145 18.9 182 206 100 28
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#4 (2) WARE K Z202)

6 348_

@)l 4 A2 kB Bz HE KB pH NO,N HCO, o so% so, Na* K ca® wmg®

20074 m/sec  °C mg/L meqg/L mg/L mg/l %  mg/L mg/L mg/L mg/L
= JERIES AT O 9/26 9:40 0.38 232 084 0000 336 699 182 185 230 550 233
g Bk itirE 9/25 1440 8.18 190 7.70 000 0394 29.7 678 147 403 331 110 43
g E£EBiE 9/25 15:11 981 186 7.55 003 0407 293 664 145 394 326 112 43
gEgNI LRRIE 9/25 1545 164 172 744 013 0541 242 565 140 356 284 111 42
g T2 9/25 16:16 141 163 750 021 0590 23.1 513 139 337 267 114 41
by A TR 9/25 16:48 3.88 129 759 047 0626 437 942 6.5 78 085 98 22
gIEgNI MBIINEFRE  9/25 17:20 151 752 031 0616 173 383 136 260 215 111 36
g HBFIEE 9/26 10:58 119 131 7.26 034 0628 174 373 137 258 214 111 37
BRIl BoRE 9/26 11:35 052 121 747 043 0644 509 3.83 6.3 238 90 21
gIEgNI HHE 9/26 12:00 201 141 745 036 0643 16.0 336 126 242 214 111 36
g XS 9/26 12:38 192 142 742 039 0650 159 332 134 237 212 111 36
BRI EPER TS 9/26 13:30 245 145 7.32 0.670 144 295 133 21.7 213 110 36
gIEgNI E+HIE 9/26 13:45 139 7.29 0678 143 288 131 218 214 110 35
AUV FTHYRVEE 9/26 1430 4.02 140 7.33 054 0.673 4.61 3.31 6.7 213 85 24
X2AO)l X<HROE 9/26 1453 142 126 737 046 0610 424 3.05 59 215 78 22
gIEgN YIS FRET 9/26 15:30 139 7.31 0655 134 211 129 185 220 100 3.2
g ZARE 9/26 15550 376 139 7.28 041 0654 144 204 128 189 223 99 30

FNERI HIERAE 9/27 925 588 134 739 033 0646 126 162 11.7 16.7 213 93 28

=l EfEHA0 11/12 15:15 051 158 220 071 0000 360 713 185 193 234 550 241
gEz BRitAE 11/13 9:00 577 86 7.16 0.00 0425 312 686 146 412 340 111 44
iz XEEE 11/13 9:25 588 86 724 0.03 0445 307 674 146 404 331 112 43
FNERI LRME 11/13 9:50 123 85 7.32 0.16 0.610 240 54.1 135 347 276 112 41
SEz REE 11/13 10:15 104 88 7.61 023 0.657 220 492 136 326 255 114 40
R ThRIE 11/13 10:35 541 74 7.70 053 0633 52 95 71 82 074 102 23
FNERI boBIESRE  11/13 10:52 84 765 036 0661 179 365 130 257 203 112 35
gEz BHRFER 11/13 12.00 127 84 760 041 0.671 166 333 120 243 200 112 35
BomIl BORNE 11/13 12:20 043 75 764 045 0.656 6.1 3.7 6.7 252 92 21
SEz RSN 11/13 12:40 201 85 7.60 048 0.679 156 300 118 228 204 112 34
gz MR 11/13 1305 158 88 7.64 046 0.683 153 298 115 220 195 111 33
g1 FiELE 11/13 13:30 186 86 7.23 0694 134 253 112 197 202 110 33
gEz E+AE 11/13 14:.05 85 7.60 0695 136 250 114 196 207 111 33
FYRIN FTAYAYEE  11/13 1415 422 74 756 050 0594 52 33 6.2 207 79 22
X2AANl X7ROE 11/13 1430 165 70 7.72 050 0.554 53 3.1 58 206 77 21
sEz ynbaEEr 11/13 14:58 77 149 0636 135 176 102 163 220 96 28
gzl I NN 11/13 1512 408 74 752 049 0.637 140 174 104 16.7 220 97 28

FER HIEEAE 11/14 1030 611 68 745 039 0612 124 125 99 145 209 86 25

£5 AR (5"SEK)

§¥s-
MKB  B% KB eH fEEE HCO, O S0 SO, Na© K Ca¥ Mg”
°C #S/cm meg/L mg/L mg/l % mg/L mg/Lmg/L mg/L
25°ClE
JB R BRI
SRR Bz 2006/12/22 15:25 47.5 1.81 16040 21.2
b5 SEIENERA 2007/11/12 14:30 56.0 6.93 15150 11.38 56.7 108 44 294 130 244 18.7

Mo iE ZEXBEEZNEL 2007/10/24 1400 396 6.80 1288 8.65 37.7 175 14 235 105 253 248
[ERBRER JER 1000m 2007/10/24 14:30 414 6.63 9190 11.07 1600 2310 185 1510 131 604 107

HEgaFEK
F R4k 2007/10/23 16:00 125 7.92 46400 2020 17590 2540 20.6 9810 349 370 1150
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20074
5/22-23 7/31-8/1 8/28-29 9/25-26 11/13

BkiAtE BT = [ton/day] 93 67 47 48 34
ZANBARE [ton/day] 116 87 68 66 61
BB E R E ZANIEER=E [%] 808 77.1 68.7 72.3 55.9
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0 *S of sulfate ion in Kushiro River
Hidetoshi Mikami, Seiki Igarashi, Yoichi Ueno

Kushiro River has a high concentration of sulfate
ion from some hot springs in upstream. We observed
the transitions of the major ion components and
sulfur stable isotopic ratio (§*S) of sulfate ion, from
upstream to downstream in Kushiro River. ¢ 34S
value in sulfate ion of Lake Kusshiaro outlet was
ranged from 14.3 to 14.7 % stably, and the value
indicated mixing in some hot spring. ¢ 34S value of
Kushiro River decreased with flow to downstream
and also decreased in rain event, then the value of

Nihonmatsu Bridge was range from 10.4 to 12.8 %o .
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FEAER R ) BAL Y 7 = =V EBRPER T O 720 O R LB DR

W g AR RS Wi i ki ERR H R

£ #

ERREEHFICBI 2RV bE 7 2=V (PCBs) &@RMUMAGH &2 &Sy A7 u~ b7 5 7 — @5
R & HTEF (HRGC-HRMS) % H\VTHT ) 720 ORPLEEIZ O W THGET L7z, #FHZIE b F (Eumetopias
jubatus) D FFNEE V. UK S OPCBsO ML, HAHZEEIC X > TR ERE LK%, Y2FrT—T7
WoNFHy 102 (v/v) REEHCZRIRE ) LI X > THIRNI 2152 ik TIT - 72, il s
NWIHIRIGIC 2 ) = 7y T2 72 %BIML, 7uAY (1mol/LAKEEILA VA /X% ) —)v) 5
—AFHF VB X s TR E L, 2RI U A Vv ax s S 7 R EEREK s O NS5 T
(HPLC) IZkoTHHML, REBAEEET. 27— T v 7 A28 7 OLRIZ—IEF(LPCBs & —E o
T FAPCBE RV T40 ~ 120% DHFEPHICH D, T2 By 7 ADFELWERIED LN ozl b
25y SR OFTLIEDS AR IC B 1) 2 PCBsE RS ORILEE L L THAREHTH L 2 LAUR
SNz R K BPCBsERUEARGAT DOFEF. S HGHICH L7z M N A O #BPCBsiig £ 132,700 ~
3400ng/g-fatTdHh - 720 F72. b FIFIEA 513 #1530 B & < 300 ~ 400ng/g-fathk i S, BPCBsig &
D106 ~ 121% % Hd Tz, Zofl, #99, #118, #138, #17725100ng/g-fat% 8 2 72 FE THH & v,
NS 5 RERTZT TEAERD338 ~ 355% % i, FFEDIEAERD b FIFIH IR L TWw5 2 & 25ERE S

N7z

Key Words: PCBs, Efk#f PCBsEFRMEMA T, HRGC-HRMS,

1. (FU®IC

BRESHICH S 2R ke 7 = =)V (BUF [PCBs
EWET L) IERRR K EOBRBEHEAARE A L CTHMARNIC
WyAEh, EERO FMIMET AW, X0 &k
WCERSNTVALZERILLALNTWS ™, HHEHFL
B OPCBsEEE &R < Bl 21X, 20054F 2 H K FTRTAH
HTHKICHEZD SN THMI L 72> v F (Orcinus
orca) DR THRIIA S IXMEN 1gd 72 ) I Todug/gd
OPCBs i S /=7 iz, RV VIR 2 &
5L, RBFEEO—HLIEREL VLI LY, T8
AZWMLTHELLTNERBITTA 206, B
PCBsTHHe A EA Ao —#ChH b, ThFToAk
RREHIC BT 2PCBsO AL, FICPCBs& R, 5%
W ZE IO FRRRE, 54 4+ % ¥ VHEFPCBs (2L
T [DL-PCBs] &Wsd.) THHI2RMAORELZ KD S
SDODIED, BOVDEELBMAERD A A SN L72d DA
%\, PCBsA20958 M Ak O B BE & fR A L T 5 1
BOondHrdbonY ), INoEEICAENFHERLE L

* JLHRE R R BREER AR

AN

bOT, WIEHZ R E LD 0D TL v sBlIk
Thb, TOMEHLE LT, BAERHEBIEOZ 1L,

EBE A R#EE S TUCN) SECThRi#EOHRLER>TED,
AEELTATFTLIEDPRWTHL T & T AERK
B OPCBSHHTICIZEH D7 ) — > 7 v TEIEZHAGD
D ENRH D, REOREC S KRS L R %
gL e, REVPBIFONL, LLads, AREE
BT 5 PCBs& B RMEL 2 1 S 2123 5 2 &1k, [k
PRAGE DL ST 720F > HAE e AT o 72 AR AR R0 A 7B
RICBIFHPCBsOZE), L TEZOEBEIIONT, &
DEZLOMAPHOND EMfFSNDEZENLEETH S
EEZRLITEZ TV D, FRICAiRE K OV2 O B #E 1
B OBEERFERLTEBY ., EARRF T OPCBs4:
BVEIRK 2 DIRE R W L. T OFEMN 275 Y IR0 2 1304
52 Lid. BRERREOBEPOIERELEZOND,

Yt vy —TIERARE 2 5 L L 7-PCBsAa B4R 5
WEPHEZLENTVWAEY Y ZEns, AFETIEINLD
Fiha AR #EH T EREARTICBT 2
PCBs&RMARGH D720, AEHTLIEOME 2179 &
& HIT. PCBsERMEMRHT 2 b FHFIRGE %2 FI VTRl A
ZOER, AR OPCBsEMERICE T 22 L ORI



TSR ER G > 5~ 5355 2000
Hoh7-oThEdT %,
2. Fik

21 HEF

DL-PCBs}; UMt o> PCBs DL #7511k 13 Cambridge Isotope
Laboratories, Inc. # } "Wellington Laboratories, Inc.
WoOLORHEH L7z,

TEry, AFHY, VY, JF Y, VIFINIT—
TNy AF = VIFHADEME TR AR 5 + F ¥
VHEGHTH 2L KERIE A VU 7 23 BB LR S o R
BN M L7z WAk by 23R s bk tt
W OFRE LIRS - PCBiBEH % 600C T 6 R n 2L e
L7z 0%, MEARGEEES MY 7 203D T3S
WHPCB - 7 % VBT A7 VRERH 2 w7z MKk,
ADVANTECH:#GS-590 . ' PWU-200 TR L2 D %
L7,

22 &

SRARE WM 3 \ XA AL R R X A BF D U-1200% % |
WeHIRITY A T v 7 A SHBESW2wEMHH L 72, &
ks~ 777 (DF [HPLC) &Wgd,) (I
AU ETRLC- 10ATvpZ M L. % 7 413 Thermo
Electron Co. #Hypercarb (& Z100mm X PJ£E4.6mm, Hi
THA X7 um) 2fHHALz, RO A0~ T T T
— R R ATEE (BUF THRGC-HRMS & Hg3)
iZAgilent Technologies, Inc. #6890V — X KL O'H A
B AL BIMS-700D% FhZEfEH L, Fy 5
— 517 NIZIESGE Analytical Science Pty. Ltd. $HTS8-
PCB (£ &60m x ]N££0.25mm) % L7z,

2.3 BlEEF

SATICIE. 20084F 1 H M AL E R F BE A R T
EEHE (AR IR S 7z b (Eumetopias jubatus)
2 SO NFIEL 2 F V720 MR OFEM 2 28 1 1RT, JEI2
ARE13420kg, £RIF310enfEETH 0. (2T A X O
KTH D, FHE. TRIUE - 30C CHsi L. fHEE% 1T

9 TWHEEN TR L 72,

24 Bk
241 jERERAME EEEEEAIE

WA L TB Wz b FORFIRZ iR L7z, 2008
BE2 27 YL AROLTICXVMALTY 50, FEYF
AW —% TR - WEAILZ 1T o720 BB 5 g% FF
L. ARSI 2 O TR L6RF R SRSz L7z Shic
VIFNVI—=TN S AFHY (12 (v/v)) RiK100mL%
A, ZiRTL0% B, 300r/minfE TR E 5 B2 T
IRE DML L7 MRS X B4R E D MilidE2 45 3 [
f1o7z0 3MHDHE ) MM THRIIEXSIZDOTT 70
VATV YT A NMY— (JLF 1 05um) TWEIA#EE
Ty BREEIAFH U THMIBEEIT o720 AL, 2
HHFERMMESbE., TAEL — % —TH200mL F
TR L. 21U 2wt%IE b b)) 7 2 KE#H100mL
ZMZ, BERIREE L2 COWEE AR 28 DR L,
i % ARRRE - B ) 7 A ThK#E, TNKL—% —T
ARE AR L L. ThE30C ORISR L, 3
me oty CHUIRES) oEmA2 L7z, JlIcH
WL OREOER (RHERE) SibY CHUR) ofw
POHEERE (%) %KD,

242 V=T v T

241 CTH SN IR ICAFH v 24wz,
F130C DT Tiled 22 23 S MBI & 012 9 I2E
g7z, TORFHED0% %ML To Y =2 T v T AN
427 %%ML. 1 mol/LOKBILH )7L/ A% ) —)
HEHS0MLZ N 2. B TR A ¥ — 7 — 2 H T
RV, TV ) R EAT o720 S OBIREIZ 2 %
HALF MY 2AKEHE100mL & N FH 2 30mLAE A, 10
SRR E D Lize AT I X B3 - it 2 AR 3
F#EDEL, AFHUEEGDE, 2wt%iEfbF )
L KIEEI00mLIC & B Kk %E 2 W4T o 720 Z DKPEEAE
. AFHUEORBICEL D EFEER L AR VgE
KGR T MU ACTHKE [£E=%) vy rififi~=2a
T RO THAEAY O A+ F 3 VHEERIRD SR

#1 ek
B kN K (Eumetopias jubatus)
RS R % A e 1 hEkg) A E(cm) 4 F(cm) Tk
101 i 2008.1.19 iﬁ\%% 420 260 310 JE Y
J&n
102 i3 2008.1.29 *Eﬂ:.% 420 265 310 JE Y
JE1




=2 TN Y OFBEICERLCERB AT NS T ALY
a< hrS 7EER T 5 720 IRICHPLCIZ X - TPCBs&
ARV RV INRG IFF TV RORYVEALI R
T L, 155 N7-PCBSH /% TNRL — & —
MO ERIN L o TR EIT V., V) v I AN
A 27 B3I L TRI50 u Lo & Lz,

HPLC }. "HRGC-HRMS ® % i Z= 113 BEHR™ o =12
e, PCBSE AR D ITIIRA & ofiE 2 B E I L7z,

3. HBREEE

3.1 EIHHEORERER CEHEERERR
[BAEEMOY A4+ F Y VHEBRREERE =27
V] i, R E RIS OB ORI E L 51 F F
VEOH OO OB E PR L HETRINTEY .,
Je e B I AT & BN R E 2 AT b % < T
b, £2T, SNTHAEMETH L Y Fr T —
TNV ANFH Y (12 (v/v)) BRI L2 ERIRE 5l
Wik (BUF [RE D Milidk] Lisd,) 2wt =
HEATREDZ MG 5 7200, ke DB X A&,
R ERNEHIORENTVWA Y ZF VI —F I ANFH
Y (3:1 (v/V) kB vy AL =it (DT [V
v 7 AL =ik LET,) X BEE DK EIT - 72,
ZORRER 218 ST b FIFERE Tt ]’
EHIEIEY v 7 A L =BT IR TR D O R 255
L, FHTY v 7 AL —HEORTE%RETH - 72,
AR E T OPCBSS%S O 50T 2179 B3 6. 2o 23R
KR LA W e 6, BERIEERRFROVOLDT
Hbo FHHWRE 9 HHEIEY v 7 A L =ikt
NTEEEPEDICHED 5N b0, Mok s it
BT ) LI EEEET 5, /20 SRV b NIF
IR DN G EIE 3 ~ 4 %RETH . R TIRIEZ &
O XY IEPiEEORE VR Mk 2 Em 21 S oh
Wt #11) BERH S L E 2 b/,

3.2 PCBs2EMH#HS A
321 V=T vy T RINA AR & TREY DRSS
R332 V=r Ty TANAL 7 ORINERERY, —HFE
bk (*C-MoCBs) & THiFEILAK (*C-DeCB) o —if%
BR&EIR EDRIEERT (AW O 57 A4+ F 3 VEHERIRN
FMET =2 T7NV] YV THESND T A+ F 2 YHOMIL
A0 ~ 120% OFPHICINE . BRI 2R 8RS S5 Nz,
BC-MoCBsIZW N DK T MINENIEFICEL, Z0
JER & U Cigfii Mt CORILR LR ) ATV h T AT
FAWAEY 3% 2 6. ZFOREM 2 E N & *C-MoCBs® [H]
R %2 HET B HEICOWTIISEORRETH L, T
72, #F01-2TPC-DeCBD ML 5329 % & KA - 7275,

47

AREREHT R VALY 7 = = VARSI O 72 80 ORI ERR: O KRG

22 BRWidh s e R

Rk FR1025 Tk
xF Lz —F) xF L —F) )/
REHhH A& (1:2(0v) A~FHA3:1(vv))
P& D hhiE Vw7 A L—fliiE
FRRE S A B C D E F
IR (g) 54 52 5.4 57 58 53
HREE (9) 0.17 0.13 0.19 0.22 0.25 021
fENIE (%) 32 25 3.6 39 43 40
@EE?‘O j 3.1 4.1

AF01-11365% TH Y . “C-DeCB?D MUK DMK A - 72 JK
R & O =D S N BRI D W T b S et & 47
) EDD B

—J, WFhoOREThay 7 v 2ADKELED AR
AEROLNT, 70 T T LADNR—Z 54 b ERH
ETEEL TS b, REVOBRFZIIRIRENIAT 2
7ebolEZ NIz, TREED 3 ~ 4 % FLEE O IR
Tld. SRV ATLIEESERTH S L E 2 HNL D,
B T EMiB 7% E MR AR S m B 2 o g L35
BANOBMAEICOWT, B 21T ) LEIDH L L F
ZbNb,

3.22 #PCBsiRERUVERIKFRE

b K101 & BFlE (101-1.101-2) KO b F102 & BFls (102-1.
102-2) 2B 2 KA K OPCBsARHERE # K 4 \IR T,
WPCBsigE X I F101 & T¥193,200ng/g-fat, b F1024"
TY3,100ng/g-fat Th > 720 T DOFERIE. Leedb™ 257
FGANROR=1) ¥ 7D b FIZOWTHA L 22
PCBsit)E (79 A D MNF 132~25ug/g. 77 A
ADPMFE 045 ~13ug/gn X=Y 7O NI
32~85ug/g (WFNLIENI 1g® 7z DRREE)) 1T~
TR A F S FEEOMINNIIH - 72,

ARSI 6 bR (HxCBs) b £ <. MK
1013 K O° F 1028 TENZENEEKDIT%., 38% % DT
Wizo IWT 5 HEFEILR (PeCBs). 7 ##E(Lfk (HpCBs).
43EFAbR (TeCBs). 83 LK (OcCBs) DIREIZHEEE
DE o 720
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#3 V=T v T AN, 7 HIER

e k F1010  AThe F F1020"  JiTlli
REHE S 101-1 101-2 102-1 102-2
IUPAC
Compound number  [AIHR(%) FIE©G% P BIEG%) BUE%) T
DL-PCBs
3C-TeCB  #81 72 99 86 86 88 87
BC-TeCB  #77 74 95 85 84 87 85
C-PeCB  #105 72 99 86 95 90 92
“C-PeCB  #114 76 100 88 92 89 91
3C-PeCB  #118 71 96 84 93 87 90
3C-PeCB  #123 72 98 85 92 88 90
YC-PeCB  #126 67 89 78 84 81 82
BC-HxCB  #156 77 97 87 90 95 92
3C-HxCB  #157 76 94 85 95 98 97
“C-HxCB  #167 74 100 87 98 100 99
“C-HxCB  #169 63 80 72 75 85 80
""C-HpCB  #189 79 94 86 98 85 91
other PCBs
3C-MoCB  #3 0.60 1.1 0.85 1.6 0.60 1.1
BC-DICB  #15 65 78 71 75 77 76
“C-TrCB  #28 74 75 74 81 78 80
“C-TeCB  #60 110 110 110 110 110 110
3C-PeCB  #101 100 110 110 98 98 98
C-HxCB  #141 110 110 110 86 89 88
"“C-HpCB  #178 110 120 110 100 100 100
BC-0cCB  #194 71 83 77 65 61 63
"“C-NoCB  #208 66 76 71 61 61 61
"C-DeCB  #209 65 29 47 56 54 55
£4 b FHPRGEHC 51 % 4 Bk IE & 2PCBSIE (ng/g-fat)
B ~ R1015"  Jii k10250 Jii
e 2 101-1  101-2 P A 102-1  102-2  SF %
MoCBs — — - —
DiCBs 0.52 0.62 0.57 0.018 7.0 10 8.5 0.28
TrCBs 26 27 27 0.84 47 67 57 1.9
TeCBs 270 250 260 8.3 230 300 270 8.7
PeCBs 1,000 930 970 31 880 1100 990 32
HxCBs 1,200 1,100 1,200 37 1,000 1,300 1,200 38
HpCBs 620 550 590 19 450 570 510 17
OcCBs 78 73 76 2.4 61 76 69 2.2
NoCBs 11 11 11  0.35 12 15 14 0.44
DeCB 3.6 3.5 3.6 0.11 6.8 7.7 7.3 0.24
total PCBs 3,300 3,000 3,200 2,700 3,400 3,100

3.2.3 PCBs&EMKEE

k K101 & AFlig (101-1.101-2) K O° b K102 3 i (102-1,
102-2) #KHIZ BT 2 PCBsA SRR O &k e % %
5-1R/VFES - 212FNZIRT . BUAEICRTAS
E#153 (224455 - HXCB) 25310l b EA R L, °F

¥jcZFh#h380ng/g-fat. 330ng/g-fatdb & F . &
DO FARTZ T THRPCBSIEE DO#11.9% K U10.8% % A
TV, ZLTHY (22445 PeCB), #118 (2,3, 44,
5- PeCB). #138 (2,2,3,4,4,5-HxCB). #177 (2,2),3,3,
4,5,6-HpCB) A3 Hifh o BE/K T100ng/g-fat % #8 2 725



AREREHT R VALY 7 = = VARSI O 72 80 ORI ERR: O KRG

#5-1 MF (1018") ML OPCBsAE KR (ng/g-fat)

congener 101-1 101-2 >gy congener 101-1 101-2 ¢y congener 101-1 101-2 £y
MoCB #70 1.1 0.9 1.0 #1144 8.6 7.6 8.1
#1 - - #71 5.1 5.5 5.3  #145 N.D. N.D.

#2 - - #72 0.2 0.2 0.2  #146 20 18 19
#3 — — #73 0.4 0.3 0.3  #147 1.0 0.9 0.9
DiCB #74 28 26 27  #148 N.D. N.D.

#4 N.D. N.D. #76 N.D. N.D. #150 0.5 0.5 0.5
#5,#8% N.D. N.D. #77 0.3 0.2 0.2 #151 60 55 58
#6 N.D. N.D. #78 1.8 1.8 1.8  #152 N.D. N.D.

#7 N.D. N.D. #79 N.D. 0.2 #153 400 350 380
#9 0.24 0.26 0.25 #80 N.D. N.D. #154 7.2 6.5 6.9
#10 N.D. N.D. #81 0.9 0.6 0.7 #155 6.5 5.2 5.9
#11 0.29 0.37 0.33 PeCB #156 6.4 5.0 5.7
#12, #1371 N.D. N.D. #82 2.1 1.7 1.9 #1157 5.0 3.7 4.4
#14 N.D. N.D. #83 2.0 1.8 1.9 #158 26 25 26
#15 N.D. N.D. #84 7.6 6.8 7.2 #159 0.3 0.2 0.2
TrCB #85 86 78 82  #160 0.7 0.2 0.4
#16 0.55 0.51 0.53 #86 1.4 0.6 1.0 #1161 2.4 N.D.

#17 0.08 0.14 0.11 #87#115¢ 57 51 54  #162 N.D. N.D.

#18 2.8 3.1 3.0 #88 0.12 0.08 0.10 #163,#164F 63 59 61
#19 N.D. N.D. #89 0.69 0.61 0.65 #165 0.4 04 04
#20,#33+ 0.47 0.45 0.46 #90 1.6 0.90 1.3 #166 0.6 0.6 0.6
#21 N.D. N.D. #91 6.3 6.3 6.3  #167 3.6 2.6 3.1
#22 0.19 N.D. #92 37 33 35  #168 0.5 0.6 0.5
#23 N.D. N.D. #93,#95#98F 120 110 115 #169 0.4 0.4 0.4
#24 0.07 0.09 0.08 #9H4 0.33 0.33 0.33 HpCB

#25 N.D. N.D. #96 0.18 0.11 0.15 #170 46 41 44
#26 0.41 0.31 0.36 #97#117F 8.3 8.0 82 #171 15 13 14
#27 0.42 0.41 0.42 #99 190 170 180 #172 8.1 7.8 8.0
#28 15 16 16 #100 1.5 1.2 1.4 #173 0.3 N.D.

#29 N.D. N.D. #101 80 71 76 #174 47 43 45
#30 N.D. N.D. #102 0.94 1.2 1.1 #175 3.0 2.8 29
#31 0.69 0.66 0.68 #103 1.5 1.3 1.4 #1176 7.8 7.0 7.4
#32 0.10 0.14 0.12 #104 N.D. N.D. #177 140 120 130
#34 N.D. N.D. #105 110 82 96  #178 29 25 27
#35 N.D. N.D. #106 N.D. N.D. #179 49 45 47
#36 4.6 4.9 4.8 #107#109F 3.3 2.7 3.0 #180 110 96 103
#37 N.D. 0.09 #108 N.D. N.D. #181 0.7 0.8 0.7
#38 0.10 0.09 0.10 #110 75 62 69  #182,#187F 87 78 83
#39 0.08 N.D. #111 0.37 0.35 0.36 #183 53 45 49
TeCB #112 #119% 15 13 14  #184 7.2 6.0 6.6
#40 0.9 0.8 0.9 #113 0.56 0.52 0.54 #185 4.8 44 4.6
#41 1.5 1.5 1.5  #114 5.2 3.7 4.5  #186 N.D. N.D.

#42 0.8 0.8 0.8 #116,#125¢ 0.75 0.72 0.74 #188 1.1 0.8 1.0
#43 N.D. 0.3 #118 170 140 150 #189 0.2 N.D.

#44 21 20 21 #120 N.D. N.D. #190 3.3 3.4 34
#45 0.7 0.6 0.6 #121 1.0 094 097 #191 1.7 1.6 1.7
#46 0.2 0.2 0.2  #122 N.D. N.D. #192 N.D. N.D.

H#H4T #H48F 30 28 29  #123 3.2 2.4 2.8 #193 9.4 84 8.9
#49 11 10 11 #124 N.D. N.D. OcCB

#50 N.D. N.D. #126 0.83 0.63 0.73 #194 4.8 4.8 4.8
#51 N.D. N.D. #127 N.D. N.D. #195 2.0 1.9 2.0
#52 #69+ 94 90 92 HxCB #196 4.8 3.9 44
#53 1.1 1.0 1.1 #128 61 65 63  #197 1.8 1.6 1.7
#54 N.D. N.D. #129 0.8 0.8 0.8 #198 N.D. N.D.

#55 1.4 1.4 1.4  #130 11 10 10  #199 37 34 36
#56 10 8.2 9.1 #131 0.4 1.4 0.9  #200 1.8 1.6 1.7
#57 N.D. N.D. #132 90 87 89  #201 5.8 5.6 5.7
#58 0.1 N.D. #133 5.9 4.5 5.2  #202 12 11 12
#59 1.4 1.2 1.3 #134 3.9 3.4 3.7  #203 7.1 7.3 7.2
#60 1.7 1.6 1.7 #135 21 18 20  #204 N.D. N.D.

#61 N.D. N.D. #136 18 17 18  #205 0.4 04 0.4
#62 N.D. N.D. #137 18 17 18 NoCB

#63 0.2 0.3 0.3  #138 270 260 260  #206 2.2 2.1 2.2
#64 4.7 4.4 4.6  #139,#149¢ 110 94 102  #207 2.4 2.2 23
#65,#75% 1.6 1.5 1.6  #140 1.7 1.4 1.6  #208 6.7 6.4 6.6
#66 46 43 45  #141 8.9 8.6 88 DeCB

#67 N.D. N.D. #142 0.1 N.D. #209 3.6 3.5 3.6
#68 0.2 0.2 0.2  #143 0.3 0.3 0.3

1. #5% 513PCBOIUPAC numberZ 59, 3. 124U 7B MHAKIZZ N ENDBERGE DT-D A Hita~T,
2. T o BRI DL-PCBAR Y, 4. N.DUZRENGEHZ BT D FERARMORE CHLZLERT,
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#5-2 bMF (1028") ML OPCBsREKIRE (ng/g-fat)

congener 102-1 102-2 >y congener 102-1 102-2 ¥y congener 102-1 102-2 ¥y
MoCB #70 3.4 4.6 4.0 #144 6.4 7.2 6.8
#1 - - #71 5.6 7.6 6.6  #145 N.D. N.D.

#2 — — #72 0.2 0.3 0.3 #l146 25 29 27
#3 — — #73 0.5 0.5 0.5  #147 1.2 1.9 1.6
DiCB #74 22 30 26 #148 11 13 12
#4 N.D. 0.15 #76 N.D. N.D. #150 0.6 0.7 0.7
#5 #8F 2.4 3.4 2.9 #7177 0.3 0.5 0.4 #151 39 46 43
#6 0.25 0.39 0.3 #78 2.3 2.6 2.5  #152 N.D. 0.1

#7 N.D. N.D. #79 N.D. N.D. #153 300 360 330
#9 N.D. N.D. #80 N.D. N.D. #154 5.9 7.0 6.5
#10 N.D. N.D. #81 0.9 1.2 1.0 #155 7.3 8.7 8.0
#11 1.9 2.8 2.4 PeCB #156 3.6 4.5 4.1
#12 #13F 0.13 N.D. #82 2.6 3.0 2.8 #1567 2.1 2.8 2.5
#14 N.D. N.D. #83 2.2 2.5 2.4  #158 21 26 24
#15 2.4 3.1 2.8 #84 8.5 11 9.8  #159 0.1 N.D.
TrCB #85 70 86 78  #160 N.D. 2.4

#16 1.3 1.8 1.6 #86 0.87 1.0 0.9 #161 N.D. 4.8

#17 1.2 1.7 1.5  #87#115¢ 64 78 71 #162 N.D. N.D.

#18 4.3 6.0 5.2  #88 0.11 N.D. #163,#164F 69 81 75
#19 0.10 0.16 0.13 #89 0.62 0.7 0.68 #165 0.3 0.4 0.4
#20,#33F 5.8 8.8 7.3  #90 1.8 2.1 2.0 #166 0.8 0.3 0.5
#21 N.D. N.D. #91 9.5 8.0 8.8 #1167 2.0 2.4 2.2
#22 3.0 4.3 3.7 #92 33 40 37 #168 1.6 N.D.

#23 N.D. N.D. #93,#95#987F 61 75 68  #169 0.3 0.3 0.3
#24 0.10 0.12 0.11 #94 0.41 0.5 0.45 HpCB

#25 0.60 0.93 0.77 #96 0.14 0.2 0.16 #170 26 31 29
#26 1.2 1.9 1.6 #9T#117% 11 13 12 #171 9 11 10
#27 0.50 0.72 0.61 #99 160 190 170 #172 6.4 8.6 7.5
#28 16 22 19 #100 1.4 1.8 1.6 #173 N.D. N.D.

#29 0.07 N.D. #101 86 110 98 #1774 33 41 37
#30 N.D. N.D. #102 0.95 1.3 1.1 #175 2.2 2.5 2.4
#31 7.4 11 9.2  #103 1.4 1.7 1.6 #176 4.5 5.5 5.0
#32 1.2 1.8 1.5 #104 N.D. N.D. #1717 140 170 150
#34 N.D. N.D. #105 68 85 77 #178 17 22 20
#35 0.13 0.09 0.11 #106 N.D. N.D. #179 25 30 28
#36 3.1 3.7 3.4  #107#109% 3.2 4.1 3.7 #180 70 86 78
#37 N.D. 2.3 #108 N.D. N.D. #181 0.4 0.8 0.6
#38 N.D. 0.41 #110 87 110 99  #182#187F 76 97 87
#39 0.63 N.D. #111 N.D. 0.6 #183 29 35 32
TeCB #112,#119¢ 15 18 17  #184 5.9 7.4 6.7
#40 1.0 1.2 1.1 #113 0.66 0.7 0.69 #185 2.7 3.3 3.0
#41 2.3 3.2 2.8 #114 3.0 3.9 3.5 #186 N.D. N.D.

#42 1.7 2.1 1.9 #116,#125¢ 0.79 0.8 0.80 #188 0.6 0.8 0.7
#43 1.9 0.4 1.2 #118 150 180 170 #189 0.1 0.2 0.2
#44 19 25 22 #120 N.D. 0.1 #190 2.5 3.0 2.8
#45 0.8 1.1 1.0 #121 1.4 1.7 1.6  #191 1.1 1.6 1.4
#46 0.3 0.3 0.3 #122 N.D. N.D. #192 N.D. N.D.

#47 #48F 29 38 34  #123 2.1 2.9 2.5  #193 5.1 9.3 7.2
#49 12 18 15 #124 0.07 0.1 OcCB

#50 N.D. N.D. #126 1.1 1.4 1.3 #194 5.2 6.2 5.7
#51 0.1 0.2 0.2  #127 N.D. N.D. #195 1.9 2.0 2.0
#52 #69F 70 88 79 HxCB #196 3.6 4.0 3.8
#53 1.0 1.2 1.1 #128 55 66 61 #197 1.1 1.4 1.3
#54 N.D. N.D. #129 0.9 1.4 1.2 #198 N.D. N.D.

#55 1.2 1.6 1.4 #130 16 20 18 #199 30 38 34
#56 0.7 0.7 0.7 #131 0.5 0.4 0.5  #200 1.4 1.6 1.5
#57 N.D. N.D. #132 120 140 130 #201 3.9 4.6 4.3
#58 N.D. N.D. #133 5.0 6.0 5.5  #202 9 11 10
#59 1.3 1.7 1.5 #134 4.2 5.0 4.6  #203 5.3 6.7 6.0
#60 7.3 9.6 8.5 #1356 19 22 21 #204 N.D. N.D.

#61 N.D. N.D. #136 12 14 13 #205 0.4 0.6 0.5
#62 N.D. N.D. #137 13 16 15 NoCB

#63 0.4 0.5 0.5 #138 200 250 220 #206 2.8 3.3 3.1
#64 4.8 6.5 5.7  #139,#1497% 100 120 110  #207 2.5 3.0 2.8
#65 #7157 1.5 1.8 1.7  #140 1.4 1.8 1.6 #208 7.1 8.7 7.9
#66 39 51 45 #1141 10 12 11 DeCB

#67 N.D. 0.1 #142 0.1 0.1 0.1 #209 6.8 7.7 7.3
#68 0.2 0.3 0.2 #143 0.4 0.4 0.4

1. #& 5 1XIPCBOIUPAC numberZ k9, 3. T& L =R ZNENDEERE DTG FfEE 77,
2. MEET o B FKIIDL-PCBA /R T, 4. N.DUZRE DS EHIRBIT 28 H FIRRORE CHhHZEERT,
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Study of Preparation Method for all PCB Congeners
Analysis of Organic Samples

Katsuyuki YAMAGUCHI,

Keiko KUBO",

Katsunori ANEZAKI,

Shinichiro NAGAHORA,

Shunitz TANAKA*

(* Graduate School of Environmental Science,

Hokkaido University)

Abstract
The sample preparation method for analysis of all
PCB congeners in tissues and organs of living
things was studied. In this study, liver tissues of
male Steller Sea Lion (Eumetopias jubatus) collected

from offshore of Shakotan peninsula of Hokkaido,
Japan, were examined. The homogenized liver
tissues were dehydrated by freeze-drying system,
and the lipid was extracted by shaking with a
mixture of diethyl ether and hexane (1:2 (v/v))
solution at room temperature. After the addition of
clean-up spike, the lipid was decomposed by
moderate mixing of 1 mol/1 KOH/methanol solution
under room temperature for about 16 hours,
followed by liquid-liquid extraction using hexane
solution. The experimental solutions were obtained
by multi-layer silica gel column cleanup and HPLC
fractionation. The determination of all PCB
congeners was performed by HRGC-HRMS with
HT8-PCB capillary column (60m x0.25mn (i.d.) , SGE
Analytical Science Pty. Ltd.) . The recovery rates
of clean-up spikes were within 40 - 120 %, without
MoCBs and DeCB of some samples, and the variation
of lock-mass intensity was very stable. It was
indicated that the sample preparing method in this
study is expected to be useful to determine several
all PCB congeners in tissues and organs of living
things.

The total PCBs concentration in liver tissues of
Steller Sea Lions ranged from 2,700 to 3,400 ng/g-fat.
As a result of all PCB congeners analysis, the
dominant congener in liver tissues of Steller Sea
Lions was #153, ranged from 300 to 400 ng/g-fat,
occupied from 10.6 to 12.1 % of total PCBs
concentration. In addition, the congeners of #99,
#118, #138 and #177 were detected over 100 ng/g-fat,
and these only five congeners accounted for from 33.8
to 37.6 % of total PCBs concentration. Accumulation
of the specific PCB congeners was observed in liver

tissues of Steller Sea Lions.
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Water Environment of Uryu Daiichi-damu-ko
(Lake Shumarinai) in 2002 to 2006

Yasushi ISHIKAWA, Shuji HINO,
Hidetoshi MIKAMI, Seiki IGRASHI,
Keishi TAKANO and Takahito YOSHIOKA

Abstract

The reservoir is constructed with the purpose of
the storing water, sediment control, the flood
countermeasure, the supply for agricultural, tap
water, industrial use water, and the hydraulic
power generation. The quantity of lake water
management has been systematically controlled
with human. There are many reservoirs in Japan
and World, but there are less reports concerning
aquatic ecosystem about man-made lake than
natural lakes. On the other hand, there are some
reports about the eutrophication in the dam lake. In
late years it begins to be elucidated about the
environmental in the dam lake. In 2002 to 2006, we
investigated the water quality (transparency, water
temperature, chlorophyll-a, and nutrients) in Lake
Shumarinai for the preservation of ecosystem in the
dam lake. As a result, the thing that was different
in water temperature, transparency, chlorophyll-a,
and nutrients concentration became clear in a spot
located in the southern part and the northern part
in the lake. These results suggested that the
environment in the lake was changed from 2004. We
thought supposed the two causes. The first reason is
that quantity of nutrients load from dairy farming
industry decreased and second is that quantity of
water in the lake decreased by discharge the
maintenance of the dam body in 2003.
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Long Term Trend of Snow cover components in
Hokkaido (1988-2004)
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Masayuki AKIYAMA, Hideyuki OTSUKA,
Shigekatsu SAKAI Shinichiro NAGAHORA,
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Abstract
We have in vestigated about concentrations,
amounts and temporal trends of air pollutants in
snow cover on whole Hokkaido. The surveys were
carried out in every 4 years between 1988 - 2008.
These re-sults show the air pollutants were highly

amounted in Japan Sea coast area continuously.
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Non-sea-salt sulfateion(nss — SO’ )amounts are
decreasing after 1996 survey. Both nitrate ion (NO;")
and ammonium ion (NH,") show increase trends
since 2000.

Air pollutants monitoring system shows no signifi-
cant changes of pollutants concentrations in

Hokkaido in this period. It suggests that the changes

68

of air pollutants amounts in snow cover were
mainly con-tributed by Long Range Transport. The
high con-centrations of NO,  and nss—SO." in 2008
survey were thought to be casused by small amount
of snow fall. It is thought that the increasing of
total nitrogen amount (NH,-N and NO; -N) may

affect on nitrogen cycle in ecosystem.
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A Research report on brown bear inhabitation in
the Toyohira Valley Forest, Sapporo in 2008

Tsutomu Mano and Isao Arimoto

Abstract

We carried out a 23-day sign survey on the forest
roads of the national forest in the Toyohira Valley,
Sapporo, Hokkaido to find out the inhabitation of
brown bears (Ursus arctos) in the area from June 23
to October 23, 2008. Claw marks at 13 spots, feeding
signs at 20 spots, tracks at 2 spots, and 28 scats were
found during atotal of 506 km sign survey.
Discovery rates of bear signs per kilometer were
0.024-points, 0.040-points and 0.057 for claw marks,
feeding signs and scats respectively. Contents
analyses of 24 scats during the period of June-
August revealed that the major diets of bears were
stem of succulent herbs such as Petasites japonicus,
Angelica ursine, Angelica edulis and Aralia cordata and ants
(Formicidae) .

Key words: brown bear, food habit, Jouzankei,
population density index, population monitoring,

Sapporo, sign survey, Toyohira Valley, Ursus arctos
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Parameterization of channel morphology and
riparian vegetation to evaluate the habitat quality

of aquatic biota and its practical application

Yoshio MISHIMA, Masayuki TAKADA,
Konomi ABE, Yasuyuki MIYAKOSHI
and Koichi URABE

First, with the aim of evaluating freshwater habitat,
geographic information system (GIS) databases of
river systems, dams, geomorphology, and vegetation
were created for the Shiribetsu river watershed,
located in the southwest part of Hokkaido. Second,
to test the practical application of these databases,
parameterization of channel morphology and riparian
vegetation were carried out as an attempt to evaluate
the spawning habitat of masu salmon (Oncorhynchus
masou) . Third, a suitable habitat for spawning was
extracted and rating from those parameters was
examined. Finally, gap analysis was performed
between the area of the suitable habitat and the
available area for the fish migration. The result of this
analysis enabled the prioritization of the restoration
of the migration corridor for the anadromous masu

salmon.
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