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Abstract

Sedimentation of Lake Suwa is much affected by flood sediments even in the center of the lake. The
concentrations of dioxins and PAHs are diluted by such event sediment composed mainly of inorganic,
non-contaminated materials. Flood sediment layers dated on 10 June 1950, 29 June 1961 and 28 September 1983 are
confirmed in the cored sediments from Lake Suwa. Although the persistent organic pollutants are low in the flood
sediments compared with the normal sediments below and above, the total amount of pollutants deposited in one flood
is much larger than the annual amount of normal sediments. The annual changes of the persistent organic pollutants
amount in the normal sediments well correspond with the history of human activities around the lake. Chemical and
other analyses must be based sedimentary unit identified by lithology and density.
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BRI 2 AFIOBEIIC L > TS SERTRYERCHEYEPEEINSY, Z0OHL IIEESE
IRREIFHK, &5 WVIEFKIZL > CTKRIRIGEIINS. MBIEE< DBEAEARIICEL - & LEIERHEREDOS
THY, TOHFEYIIAMESO I SERAEPEGINTHDZEBTFRENS. LnLidis,
HRYICE SO CEEOBREE LAY 3 ETORE LEER, BV HEHOERSHRCR LR
WZETHBHELLIZ, H#fx—y FOBEMTOILTORNWI ETHE. ERERHZRWT, 2L 21F
Bics g COBEICL T 1, 2HEDERBBVI AL LTS, ThOOEMREOEIL IEEH2=—
ED) HREMTORIZ L O L{KE L TR ED S TEE.

UL, HEICHHRE Sh AN ORITERIF L SO TIIRE S BRY, SICFAT DTN K&
BT D & 5 A ORBL R oK IIZ B O AN ERRIOICHA « #8425 Z LVEESRS. L
b, TOL ARy MNEBEY T, SRERREOBWMENREL b, AELROESESHE
BRI IRIC L o TBREL LUINELRBZERTEENS. LirL, SEOHRBANIEIIENS
e, BERICEEEZ bh, BN TICRET 2 L) 2R EFOWE, MKHIREL LTHISE
OMERETN T3 EFHREINS.

TR LN [ & Vo la REBTARN% b b, Bk EORBEEZIRTWTHE. —F, #
DEDITAERR YN O ORRERITSE > TREERLINTZERE2 Lo TRy, £, BXtchd
S TCAMOEEBFBINERIITONTE 2. 0L ) iy, WMBE~MREICEET DA R MY
DEBEFNTT 5 L ThNYRT VG2 RET 5 2 L8 TE 5. ERICHEHOHTE T ICHRR S
1950 426 A 10 A, 1961 46 A 28 BB LU 1983 £ 9 A 28 H OULKHERMIL, ERO~—H—ThHB L &
biZ, ZEROFERYEE —KUITHE~SERAL W) A THEERRRZ R/ LTS Z L -EA LT,
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Fig. 1 Lithologic column of the cored sediment (A) and apparent density profile (B) sampled from the center of Lake Suwa on 1
August 2003.
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2003 48 A 1 BiZ, WOEOTEE Y OR—EBERTT 10 AUE< @ 1 mBOFIOREBERINZ. 20
D 1 AIZHAN TR L TR OS2 ERT5 & L bz FiglA), FARESIZOVT Lem FITEK
BWERPE LU TRAMNIEELRD (Fig. 1B). OBV T Som FETEMIL T, BRI 5414
¥ IERHBHERRAKF R EOFRLAYOSTER I ol —F, FRRIERENT, 8K
SORERIEEYIT, 2.5em 7213 Som BICAREh, BEZLITHRRBAE SN LT, EBOSHMNMT
bhiz. Fig2B ITm&hi PiCs 220 OB Z 0L 512 1Ak ShizBHZ 2\ TEbhiz b OT
hd. Thwz, HNBIEOEESEENHLDT, Fig2 OF A © B M COEREONER—BIIREINT
RN,

Y10s OPEE 1 — 7 [HEEE 42.50cm OB (EEE 40~45em 4y) 128D b5, YCsDT4+—AT T IO
B— 2131963 FEL SN TNB DT, EE 40~45cm (1T 1963 FE0OHFEE WIER) 83H5 Z LIiik5.
F12, FUKIBEEBROBIMZ X o TR Cs O T ARERR ST UHD A ML 1954 L SN TRY,
B 6dem (HESRZOENRTH S FREESH 5.

IEIFE BT GEFALE V) 25 2003 £ 7 A 3 BIZ 3 mig K OEREE 2 L T, S/KE & AHRSE.
BREFEFRERL T i, 1999 EITHOIRCB W CER SR He W b Rk o7 — 4
BRE SN, 1974 EITIEER SN EFERBHI W T O SBE L AR - EREOHEESHRESLT
Ve (Hayashi, 1983). “h OO RNIEBEDREERMITIE, HTHED 0.18~021 LIENLE, W<
NOBEOE—7 B’ EN, £l UTI025 75 042 ECHEMEMT 29408, Ibic, —HEEL—
7 B o701k, TROZHEN- T 041 205 038 BEE TRAIETITATHLEW S KaiB L TR oh
3. ZOX S RBEBL, TEAORBEERANREMICELLEI LERBLELOTHS.

FECDORKIZE ST 1974 SEITEER S NAERSHE 1999424 AR L UN2003 R 7 AiciliEhic
REREE & BB &, % 2 B OEEEE 35om {TiEA 1974 FEUROMERICHY T2 Z Lasbhs. 2003
£8 A 1 BT L7=ARRABHI WD lom TEOEE S 7 74V (Fig. 2A) 1, 2003 47 ADH
RARBDBRE S 1 7 7 A N E—FLTEY, ZOFREFITFE 40~45cm 12 1963 EDOWIEFEIIE TS L1
5 BICs b DR LRI Th 5.
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Fig. 2 Apparent density and, ¥’Cs and 2'°Pb concentrations of the short cored sediments sampled on 1 August, 2003. A:
apparent density profile of | cm interval, B: apparent density, and ’Cs and 2'°Pb concentration profiles of 2.5 to 5 cm interval
(personal communication from Prof. T. Fukushima, Tsukuba Univ.)

BEC—-IOBEEER

FEREEHIERD b5 AT EE ©— 7120, BRSO THY - BRADRTRENT L, BI,
REBERLEROEFEITPIRV ON EBENE WIS H . ZROIIEFEEENEROHEE LY b
BRITHY, BECERAEMEELSEEATNAEI LERLTWS. IROOKEIL, @®F L ER;
ol BokO X IBROVE N L > TSN E GEUAZNZZ LR LTS,

—X, Table 1 {ZRUIZE 51T, FTRAMMHIICET 2 EROBAERIZ FHRHRBTO RS E X,
iz, BERICERT AWK LF GRS DKFOKREERICES) ZUGKOBEL L TR
L, BHEOEIIH BN, BEOFER=HoKBREL CERIEBbNE. 2605 b, EEFEEN 200mm
FHBX, WKEM 1.1mEl £ 58Kk 3ERFEH D (Table 1: flood impact A). RIRD & 5 (TR
B o OERPEENRREBINIDT, RMTEEDOY—7 1320 3EORHEK & ERINC—
HLTWBEWnEE, Tibh, BE 22~28c 14 1983 £9 A 28 BOHKIZ, TRE 40~49cm 1% 1961 £ 6
A 28 BOUKIZ, TEE 59~62cm (X 1950 426 A 11 BOYKIZHESEHh 5. 1961 426 A 28 A Dk
HEFRTTIE B6KE] L LTHALATWELOTHY, 1983 49 A 28 B OBUKIITRSH—HI kX
IRBKEEZHLIELDTHS.

AR N ABBERL, RFERBUKE L, LA EDE # S BICHOE TEY
Ated L iz, BEROEESE BIA L b0 L LTEANTE S, ZHITFEERED PIcH LV i~
—H—FRNELEZETHLHDB. ZOv—h—&EEL UTHREEREEZRD S &, BokiEmms il
THAERDEE L 12~ 14em/EE (POKHER & 218 < LT 02~03en/4E) &5, Zhud Vs B —
7 DR EN L EEROELIFER L THS

HEBEYPOEERRMBREOEES H L RFEL

Scm fHRETHER LIZBBHI DWW T OZBRFEIRIRILKTIR PAHs) L XA AF T U8 (Co-PCB LT
PCDDsDFs) DyEEESTi% Fig. 3127~ $ (Ikenaka et al., #&FE).
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Table | Heavy rainfalls and water level changes in Lake Suwa from 1945 to 2002.

precipitation at Suwa meteorological station {(mm) | water level of Lake Suwa at Kamaguchi Gate (m) flood
continuous precipitation I one day maximum maximum level before flood rising of water ingct
Year/Manth/Day total amount |  Day Day level Day level level
45/1/11-13 i 50.7 7/1 - - - - -
45/10/4- 142.2 [ 74 10/5 2.04 - - -
45/10/8/11 58.5 0/! - - - - -
48/6/14-17 63.31 /14 /17 27 6/13 0.85 0.4,
11949/9/21-23 1342 Vi /24 AT 8/20 02 0.4
50/6/9-1 100.2 / /. # 6/8 .10 1. A
/1/11-16 7l 7/ / . 7/10 84 0.
/1/10-14 4 gl /14 1/ - 1/9 0 9.
/6/19-1/3 48.8 1/3 1/4 - / 0 0.
/1/17-20 §7.7| / 1/24 / 0 0.38
/8/24-27 4 /. 8/28 09 0.9 0.11
/1/21-24 738 / = - - - -
/9/27-28 114.1 /28 . /! 0.
/3/19- 715 /20 /20 . / 0.
/8/28- 4.7 /29 /31 . / 0.44
/21~ 3 /27 /28 A /26 .40
/1/10- gl /10 /13 . /10 [ .20
7/9/9-1 5 /10 /1t 4 9/8 .00 .45
/1/21-27 416 /28 1/21 1/20 0.85 47
/8/12-14 0.6 /14 /15 / 0.94 .
/9/13-14 100.8 /14 /14 /12 0. 4
/9/25- /26 /21 /24 0.
/8/11-14 . /11 /14 /10 0. K
/6/23-30 111.4 /28 /29 /22 0.94 1.59 A
/6/7-1 4715 /13 /14 6/6 0.96 0.27
/6/25-28 4.6 /24 /. /i 0. 0.10
/9/20-25 61.2 /24 /. . 0.80 .
/5/26-28 0.9 /2] /. .28 / 1.07 0.
/1/12- .8 / /14 57 / 0.94 0.
/9/14- 6 /17 / .59 / 0.92 0.
/9/22-24 A /22 9/25 .40 / 1.0l 0.40
11967/7/9-1 110.4 1/ 1/10 .04 7/8 09 1.06
|1968/8/26-29 6.5 /28 /29 41 8/25 0.9 0.43
69/7/21-26 3 / = = - - -
69/7/30-8/4 44] / 8/5 096 | 7/29 8 0.
70/6/14-16 7 8/ 6/16 47 6/13 i 0.
11/9/6-7 1185 9/8 9/1 33 /! .2 0.
/1/9-18 1205 7/10 7/13 40 1/ 0.6 0.
/4/1- 92 4/ 4/ 2 4/ 05 Q.
4/1/4- 63 1/ 1/ . 1/ 0.69 0.34
/1/3-7 495 7/4 1/ 0. 1/ .10 0.26
78/7/9-13 126.5 84 7/8 7/14 0. 1/ .70 0.
76/6/9-11 102 33.5] 6/11 6/ 0.87 6/ 83 .04
76/9/1- 345 103 9/9 / 1.14 9/ 0.80 .34
78/6/21-2 35.5 6] 6/25 6/2 0.84 6/20 0. K
78/10/27-2¢9 41.5 9| 10/28 10/29 103 | 10/26 /A 0.
79/8/20-2 49.5 4]  8/22 /22 0.96 /1 0. 0.
/9/23-28 122 45.5] 9/26 9/26 0.88 1 9/22 0. 0.
0/7/6- 155 102.5 1/8 /8 1.38 1/5 0.71 0.
0/10/19-21 116.5 13| _10/18 10/20 099 [ 10/18 0.80 0.
/1/1= 149 68 1/ /3 23 /30 0.74 .
/8/27-28 102.5 74 8/28 8/28 .08 /26 0.84 2
|1982/7/29-8/3 176 80.5 8/1 8/. 72 /28 Q. C.
82/8/8-1 232 95 / / 98 9/7 Q. 1.26
/5/15- 108.5 83.5 / / .29 /14 0.9 0.36
/1/15- 116.5 61 7/ /. 0 /14 7 0.17
/8/15~ 108 55 / / [1] /14 8 0.06
/9/27-28 215.5 161.5 / /. / .7 A
/6/20-26 133 54 / 7/1 . / .1 .
11986/9/22~24 141.5 65 /2. 9/24 0. 9/ 7 0.22
88/9/24-25 188 103 /2 9/26 [ 9/ 7 0.3¢
0/9/2-5 111 0.5 9/3 9/3 0. 9/1 5 -0.01
/9/13-1§ 110.5 5| 9/14 9/14 0. / 7 0.08
11991/8/30-10/1 13 5| t10/1 10/2 1.13 / J 0.
993/6/29-7/5 52 .5 7/5 1/ 0.89 /2 7 0.
/8/3-8 02 51 /5 8/ 0.9 8/2 7 0.
/1/1-6 2 67.5 /3 /. 0.7 /30 0.7 0.
1995/9/14-17 3 72 /17 / 1.0 /13 0. 0.2
996/6/24-26 02 67.5|  6/25 6/ 0. /23 0.6 0.
/7/9-1 203.5 105 /10 / 0. 1/8 0. 0.
/9/11-15 1245 52.5 / / 0. 9/7 0.5 0.
/6/21-22 03[ 2| 8/ / 1 8/20 0.74 0.44
/9/21-28 [ 0 /. /28 0. 9/20 0.76 0.17
/6/29-30 8 8 /! /30 1 6/28 0.74
/8/20-~24 8 7 /22 /23 0. 9/19 0.74
12000/8/11-12 ]_{ 89 / /12 1. 8/7 0.62
2002/8/14-15 123.5 103.5 /14 /2 0. 8/13 0.6
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Fig.3 Identification of flood sediments and concentration profiles of organic pollutants in the cored sediment on 1 August 2003.
(From Ikenaka et al., in contribution)

Fig. 3B "CIHRE 40~50cm 128U T PAlls R E K EHAA TN Z LR ThH D, Z0OBHEITRMT
BENEVBEIZIY > TRY Fig 34), WKIZE>TER - R FRERITBA LI LIZEAFR
IERLRDIENTES. R UREIL Co-PCB R PCODsDFS IZ b E L TV AT Ch 5. FEORTRE
v, BREE 22~26cm 33 & UVEEE 59~63em fHTIC it A IREOHH & LTER TS L 5I2R2 % Fig. 3B).

AEEHYEORENT(CHTET 31200, PO SISO LVERZRLINERD S,
Fig. 3A IR UAEEBZNEThEUKIEEY THB L L, THLSOBHI—EOEIETHRELI=bD L
RETHE, FEEFERIBEIBRZIZ LN TES. Tixbh, HEWHREL 20034E8 5 1 Hiz, HE
22~28cm % 1983 429 H 28 A DBIKIZ, FEEE 40~49cm % 1961 4E 6 A 28 H DUIKIZ, YEEE 59~62cm % 1950
F£6 A 11 HOWKICRHE S, BEREOM T —E0HEEELTAZL T, B lan BT LIZFOT
MR (P R OEREMDENTES.

Fig. BBITRLEE ST, FA AR IFOPMHs REDREIT Scn BICEIE L LOT, FhFhDRX
HOEHETHS. CORECESEOHHEE (MEHEE) 2858, EJLOREESHETEXS. %
DFER% Table 2 1R LT, HEFEE LIRENR L THARRL LT, RUHEBEOENR OTEND
BELDHDTRR L. £, BoKEEWHIE 15 RE TCIIHKUSOHER LI S BEL LT
BEINTWBE7D, FROBEBLZITI TS, 2078, BoKEBEMORTMEOEMRTIY, EHOMEE
PRI EL 2B LW O HERR L 2o T3, SFHERBIC L 2HKBEE T, Fkidh - L& VEE
Fo QW ebDLMEIND. TOLIRERFEETH L, EEOHBEY I, PAHs & 1940 EX1 6
100ng/cnt/year FEBEITHEM L, 1950 E(AL 45 1980 £4EHE 3 T 150ng/cm®/year LA D@\ ME %451, 1980
ERLED 40~50ng/cnt/year REDEZHEF L CHE LD EEZLND. RIEIZ, Co-PCB i3 1950 &%
DB 0. 2ng/cm’/year TREDRE CHELSIIIL®, 60 £~80 FEDMIL 1. 0~3. Ong/cn®/year FBEE®D
mVMEE LB, 1980 ERLIEYL 0.4~0. 5ng/cn/yea DEZEFRSTWS. EfiDF 1 %L B L FIE
IRHEEBRIR % 72 E o T B, BARAT, PCB I 1974 EIZH /- BbE L ERME L STV 5.

=77, WoKEEOHERMIZOWTH B L (Table 2 TEY), BEEIMEV, HxtEd LTEIELEDHELW
HEHBEEETOBZ &8s, BIE LIHBTHE, SHRRD 5450 1 BREREYKIED = &0
HMic—RICEEh, WL TWBZ Lz,
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Table 2 Annual inputs of dioxins and PAH:s into the center of Lake Suwa (From Ikenaka et al., in contribution)

[PCDDs/DFs co-PCBs PAHs
age ng/em’ TEQ) ng/cm’/; TEQ cm’ TEQ
2 127 (6.75, 0.44 (0.25 48 (2.96,
1995-1099 146 (447) 0.34 (0.35) 40 (242
1980-1894 158 (4.36) 036 (0.35) 46 (2.44)
1984-1989 191 (4.88) 045 (044) 50 (2.25)
1983 0.37 (0.83) 0.10 (0.09) 10 (0.36)
1860-1982 0.85 (1.87) 043 (020) 27 (080)
1971-1879 404 (722) 305 (1.04) 127 (3.62)
1861-1970 1.64 (349) 108 (0.11) 99 (2.80)
1860 0.00 (0.04) 002 (0.01) 6 (0.21)
1954-1859 0.06 (0.72) 020 (0.08) 177 (5.39)
1950~1953 008 (0.43) 002 (0.02) 108 (2.08)
1947-1949 001 (0.10) 000 (0.00) 31 (1.09)
1938-1948 0.02 (0.44) 001 (0.02) 87 (2.89)
1830-1938 0.08 §0.47) g.OZ (0.01) g; (}%g
1823-1929 0.02 (0.38) .00 %0% E .
Tlood (1983) 18,06 (42.58 738 (65 552 (19.34
flood (1961) 0.76 (4.08) 2.74 (081) 457 (15.59)
__flood (1850) | 0.24 (2.13) 0.11_(0.09) 422 (14.72)
© aversge 130 (3.25) 0.71 (031 86 G309
totaKngXpg-TEQ) 108 (273) 59 _(26) 7381 (260}

Annual deposition flux was calculated using concentration of these substances and sedimentation rate in each
saction. TEQ (PCDDs/DFs, co-PCBs) were calculated using the WHO-TEFs for human (WHO, 1997). TEQ
(PAH) were calculated using the TEFs Till ef g/, (1999) proposed (1.00, 6.17E-8, 9,25E-8, 2.22E-6, 5.61E-6,
2.03E-4, 3.52B-5, 2.12B-5, 5.80B-5, 1.17TE-4 and 9.25E-8 for 2,3,7,8-TCDD, Acs, Flu, BaA, Chr, BKF, BbF,
BaP, IDP, DBahA and BghiP).

TSR E TN B ORI LUK AR DR TEREFHI§ 2 7201213,  HERO B % BAREI 3R
LT, ok L @ OHEY L2 RRILTHTT I LNRETHD. BETHLIONED, LOB
BIZREEHNH B 00, FORYESOFERIMMIL, LWV olz Il 3BENEETHS. Z0LS
RREBIDFEMNNY L LT, DERLUEZEE CEEEMEETS 2L, 2) 8KEEHEL TEMNTEEL D
LHBIY, 3) My 2 ARBEEY LD L, REPEYTHS. TROLOBIEBEORIER, LFEaHri
CIZBAUTHBICRB IR ) 24N TEBZLOTHY, BFFREO—RL LTUTI ZLBLETHD. ¥
12, AEM (2004) THIEWMLZL O, ANTERIBEBICETE. M oRe RIEREWNRTLF
FREIETHDI L T LI

BNEE - BRI, MR AEREREEES L OXFRORE GREHER) Lk T LR & -7,
Fi, BEBERLIZL>THESNE: YCs REOHTEEFIBSETE V. F2, ERFEEOR#®RE
BEUCY - TlL, BINKERAAIXREABMEEEROBR 2 2. INOLDOF2IUESHT 5 LIZW
ThD.
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