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Abstract

The significance of poltution monitoring in remote regions was demonstrated when the
biological concentration of PCB was recognized in the central Pacific Ocean.

Following the recommendation of SCOPE, a étudy of the methodology for background
level monitoring has been conducted using a lake remote from hurnan activities as a sampling
“vessel”. The whole study has consisted of; 1. Selection of suitable lakes, 2. Selection of
indicator pollutants, 3. Methods for ultra-micro analysis, 4. Representativeness of the lake
water samples, 5. Reading the history of pollution in the sediment, and 6. Changes in the
loading of pollutants. The last subject is not completed.

This report contains the results and discussion on subjects 4 and 5. In part I, the
hydrological characteristics of Lake Mashu were studied. It was found that the water supply
by precipitation and two types of seepage control the water level of the lake, which has no
inflow and outflow, One of the two seepage types results in a rate of fall of the water level
as large as 3-5 mm/d when the water level is higher than 351.2m above sea level. The other
seepage causes a fall of 1.3mm/d when the water level is below 351.2m. In part II, complete
mixing of the lake water was concluded to occur every year on the basis of temporal and
vertical changes of water temperature, conductivity and chemical constituents. Re-
presentativeness of the lake water samples is easily estimated with these hydrological data.

In part III, sediment core and dredge samples from Lake Mashu have been analyzed to

determine background levels of pollutants and their historical changes.
The concentration of benzo [2] pyrene in the surface sediment ranges from 3-6 ng/g. This
value is over ten times higher than that in layers below 7cm. Records of the historical change
of pollution in the sediment is valuable in establishing 2 monitoring program with L. Mashu.
The sedimentation rate of Lake Mashu was estimated to be less than 0.3mm/y. Fe and Mn
originating in volcanic activity formed Fe/Mn rich lavers, but their distributions were
separated both horizontally and vertically.

With the results of the whole study, fundamental information has been accumulated
sufficient to propose an effective and precise monitoring program with Lake Mashu to be

continued for more than 100 years.
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Abstract

Based on data from a water level gauge and offered data of precipitation, the
hydrological balance of the lake water and the mechanisms that control the water level
were elucidated. The water level has gradually decreased by about 1.4m between 1982
and 1987. Annual precipitation was normal except in 1984. Since Lake Mashu has no
inflow and outflow, the water level is a result of supplied by precipitation and water
lost by seepage and evaporation from the lake surface. It was found that there are two
types of the water leakage depending on the water level. One causes a decrease of
3~8Bmm/d and operates when the water level is higher than 351.2m; the other results
in a decrease of 1.3mm/d and operates when the water level is lower than 351.2m.
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Fig. 2 Daily water level (upper) , precipitatition {middie} and
daily change of water level (lower) from 12 June 1982 to
7 May 1987 :

T

870507

TR R



WMHE - ZEHEW - AR

* 1 EREESOKRE (198246 F~19874F5 A)
Table 1 Monthly water balance of Lake Mashu from June 1982

to May 1987
F 8 X r K2 Bk E ' K A T EE
m mm/d mm/d mm/d mm/d mm/d
820601 351,05, 30 79 2.0 40.8 69.8
320701 351.08 60 82 27.3 42.3 37.0
320801  351.11 190 191 42.0 58.5 77.5
820901 351.30 50 . 9% 54.3 48,0 139.8
821001  351.25 ~40 7 117 43.8 60.4 173.7
821101 351.21 20 107 34.7 55.2 107.4
821201  351.23 85 " . 2 25.3 15.0 9.7
(3 145" 700 25133 361.2 624.9
830101  351.17 ~70 o 30 20.4 15.5 85.1
830201  351.10 21 17.8 10.9 161.9)
830301 . 54 1.7 27,9 (111.9)
830401 260 163 8.5 53.3 (186.3)
830501 75 35.0 38.8 {143.8)
830601 124 18.9 64.1 (218.1}
830701 ' 110 17.5 56.9 (179.4)
830801 209 38.5 108.1 {308.6)
830601 8% 40.3 46.0 {124.8)
831001 58 50.8 30.0 167.3)
231101 250.84 -30 85 32.6 33.5 96.0
831201 350.81  -1#2 3 3.0 17.0 161.0
[E1p] -502 971 360.9 502 1754.0
840101  350.67 -80 k] 24,1 16.5 104,48
240201 350.59 -75 27 27.9 13.9 115.9
240301  250.52 45 19 22.8 25.3 29.3
840401 350.56 -10 30 25.6 15.5 55.5
840501  250.55 -10 3% 15.1 20.1 69.1
840601  2350.54 20 66 24.5 3.1 55.6
840701  3530.56 50 116 19.3 59.8 106.6
240801 350.61 -70 99 185 51.1 181.6
340901 330.54 -40 80 35.0 41.3 126.3
841001  350.50 -10 112 50.8 57.8 126.1
841101 350.48 -20 4 385 2.1 ~12.4
241201 . 37 259 19.1 {(-13.8)
£19] ~200 591 351.7 356.6 947.1
850101 47 16.4 24.2 (24.8)
850201 58 19.3 26.9 (157.9)
850301 ~210 16 23.8 8.3 (24.3)
850401 50 22.8 25.8 (135.8)
850501 28 42.0 14.4 (112.4)
250601 17 21.0 8.8 (64.8)
850701  350.28 -20 183 33.3 94.4 264.2
850801  350.26 -30 32 36.8 16.5 41.8
850901 350,23 130 315 42.0 162.5 05,5
851001  350.36 -30 114 38.5 58.8 164.3
851101 350.33 -10 114 35.0 58.8 147.8
851201 350.32  -110 39 23.6 20.1 145.5
(M) ~280 1013 154.4 522.5 1584.0
850101 350 .21 0 67 17.7 4.5 51.9
360201  330.24 -90 11 16.6 5.7 90.1
860301  350.15 40 80 24.6 41.3 56.7
80401 350,15 130 102 29.8 52.6 -5.2
860501  350.32 50 94 35.0 48.5 57.5
860601 350.37 -20 48 29.8 24.8 63.1
860701 350.35 -10 0 27.0 6.2 85.1
860801 350,34 30 62 32.7 32.0 31.3
860001 350.37 -70 160 6.6 82.7 266.0
861001  350.30 , -90 - 61 55.8~ 3.5 126.7
861101 350.21 -80 32 16.5 16.5 82.0
861201  350.14 -60 - 61 31.6 - 313 121.0
(#) -140 . 843 393.7 4379 1032.3
870101  350.08 -60 46 17.2 23.8 112.6
870201 35002 -20 0 19.4 10.3 0.9
870301  350.00 10 50 25.1 31.0 53.9
870401 350.01 -20 k5 31.4 16.5 37.2
870501 349,99 0 35 39.5 18.1 13.6
(i) -00 193 132.6 59.7 250.1
& -1067 1416 1844.6 22799 6257.4

19824 9 A~198T £S5 AZ T
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b6, BROEIIEAL L TW3BER, bTr LTS, ki ez k&
2EDEBLW, '

4.3 BREIKIRX
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Fig. 3 Monthly water balance ; {1} water level , (2} inflow,
{3) precipitation, {4)evaporation and (5) seepage
(unit 1 : mm, 2,3,4,5 : mm/month)
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BF#8102mm X%k, FETENMEITRLIPICAAFHELTRT, ZOBOE4F 100 AloE
LBIE L06Tmm O=AF A, T4 bbb 10Tm RAETAE L2 &% b, 323k KkED
140 %, WA 93 962 HHL ¥ 2 BAAEI S L, Mok EO# 39 LRI L - TED
Nzt R 3 siRe1E-.

ZORERE  RESH Sz, EELHEFCLEHETH LY, F£I512ALLHTFKCLES
WHEEEFETICZN0iE, 1983 FR 1985 £ T, 2444, £ 1,750mm K%, 1590mm T
BB, 1984, 1986 FT AL FHN, #950mm, ATF1,030mm TH D, BEAFED v 1083 £405
HEEZESRFIZELI e EEHE NS,

1983 £ LIRELE, SERDAY 500mm (1983 4F) #ik & L, FRLINOMEIT B B T iaER 200 150mm
DARSAET TH - 1z, BEAMNORENFET 28 & LT BEHOINEDGTEERS L,
Meoki e AREfLRE, MABLHTRECLIZREEFIz oL 5 LMEsH 202 HEICT 3
f2h, AT TLilcrhiFnolEsRer, -2 CTHFEAGCOELICHECET L THE S
HEENEIZ, BREDCL S, HREI/ZETEILN TV AEBTIIXAYEHRLES
EEZIz,
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Fig. 4 Relationship between monthly precipitation and monthly
change of water level
{unit : mm/month)
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ARREAR & A ZEbR (H4 Tid dH TR OliENERI:, B TRER» BAKRICE
BRICHII—EENHEBTH L0, BRELTRINGZ LA B4 TREBRTII S (,
R TR L RBEFEMTEFRS bR, ZUIRBKE DR & i WA D KU LR L T
L% FHOBSIEACEAL, HEAT T B LIB AR ERBEY—EE LI EE2TR
LTwa, BKEOHMNASLEZIAHET L, BRI LOMTEER ML, T0oHK
fEEREH, HAFRELIEE, AKE{ LWl EERLTWE, HEBBEDFEORERINE
L2t ), TOROFOERTTENLNE, L LHTEECLRHIENLLIE, B
KREOH1.52 HMIAGI D L RIZHFEGTHLEL, FRATATHA FHARMNLREFRL T,
FThbh BER*EI4VHEOKEIARRIOEREICT S,

—H, ZOH4ITRENT 3, BkE K ERFECHFELTRTIELOMRIE, BTEEIC
& BRI OREFOBEGHARL &AM ERBEOMFREEL T2 L 50, HLREHE
EToMUEARBERIERER L LG5 Twd, BRTHEIBENERIIZC DB
A, EROBERL) FHCHEEL, BMTRERS L YRS (o, BkEanEHizeid
EmyaZ s ramT.

L7255 T, FHEDRNED, ZoOfkto, rbnl FREEYT TIN5, BKE
2R AR ERABEORAI 2B 58 60 ~T70mm/month S HES L, T & EDOBAKRIR,
B#5200mm TH Y, Fkl LEkEN LRI Z o 1.5 TH N, 300mm Bitgn LR ERES
NAZEichS, LithaTI I TiETa6mERE LT 240mm BifEL 722 LIz % 3,

THITUMERICEW T, y=00 & &0 XOED, EEKENDHMAKVETELZRL, TnL s
ORAMMETEER & L T4 40 mm D H2,

—HEM P RTESICL IRMEBE L OBFREBES ST, REMCREL EERETH), BiE
EBRETIE VDY, BARKEOLS v E &, I —RERICGENY 2 L5 TH LA, BRED
ZVEFERICIE, BEBROMIMEINPR2RE 232 @2, BAEFBTIEERELHEML, K
U EAZFRET L L5312 422270, 4y sTET 2 TEEZSNEMEEMNT L, 2
Ak, MAREOBNCHE ) BTEEREAORN, ThbbRENHETY, Kol Lilgnk
AN TV 2 DS ROMB TR 27, TEINLREIL, HKictEiL 22 (Ambe &, 1988)
WEEMEOE N &, Ko gadh FRICHE ) Bk 5 BB L & - T K W
AT B EDEL HNA,

F AR & Bk RO EOBER I EARELH 100mm ATiE 2 TR kO—RKXTTRENE,

y=ax+b
a=0915 b=237.9

ZITHbIRE 4 THEL L0k ERE, BRI B A RO HRET R & B S, 4 40mm/
month AR LNz, TG L BEH72NIT 5 E# 1.3mm/d Th B, 2 OfEIZREMA»EN L &
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Fig. 5 Relationship between monthly precipitation (x} and month-

ly seepage (y)
(unit : mm/month)
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H0, KOFOHENET—FENFGENEIE S o2k, F 1400 OHE TIRBEAKS
DEE D TREEL T WI G E0 8T LIS,
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Fig. 6 Relationship between daily precipitation {y) with more
than 1 mm/d and daily change of water level (x)
(unit ; mm/d)
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Estimation of Lake Water Mixing from the Distributions of
Temperature, Conductivity and Dissolved Chemical
Constituents in Lake Mashu

FrHLER - MEHK - K R
Yukihiro NOJIRIY, Takayoshi KAWAT and Akira OTSUKI?

® E

R BIEGRO /777y PR ) I AT — 0 a v kTR 5 B
HET BN, HMAOBSHBLEERTONETFHLAzTE2Z#HMELT, K
B, HEE, LR, BREFFICACESTERIL 2. TR, BEEKSH- T,
BMELERSG PRSI TV 2 s Ly o2, WOHOBREERE BT, BERAKD
ik, KB, {EFHEEFHEL, MROERSOE L IGEIFEFRKTHLZ EE2 R
Lz, i, KEOESBEMC LN, F2AOEKESORIESHE LS s, BRE
BCAR S ABIAEA L, WBKPORGE RSB T2 Y ORESHE T, L
Lo#ud, #lc AR 2R BRmE A 1E L v EnE M CElk e ki L b
AU IREBRETH D,

Abstract

Vertical and horizontal distributions of water temperature, conductivity and
chemical constituents were measured in Lake Mashu, to clarify the lake water mixing
and the balance of the chemical constituents. This work should contribute the evalua-
tion of the aptitude of the lake as the background level monitoring station for environ-
menta! pollutants. From the results, the existence of hot springs at the bottom was
confirmed. The welling rate, temperature, and chemical nature of the spring water
were estimated with the assumption of chemical equilibrium. The bottom spring is the
main source of major ionic species. The continuous monitoring of deep water tempera-
ture revealed the season of lake water mixing. The vertical mixing was not complete

1. B AERRR B T 305 FER-D CWH/NERL 16 2
Chemistry and Physics Division, the National Institute for Environmental Studies. Onogawa 16-2,
Tsukuba, Ibaraki 305 Japan.

2, HERT D WEAKEXRE AEFH T 108 HEIRHEE AR 4-5-7
Present Address © Tokyo University of Fisheries, Konan 4-5-7, Minatoku, Tokyo 108 Japan.
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- enough to mix up the lake water, since the thoroughly homogenious distributions of
chemical constituents were not accomplished. However, the mixing can distribute the
added pollutants entirely in the lake within a time period about 1 year.

1 @ELsic

FEELIT, BSOSy 77T FELTOBEREOKECET 2 HEY 1981 FLHIT-T
X7, TR, HEERYZL SR 2L, AN AREBS OB L EB T, Eicy
LB EL BEEL—~ FIARSRHTSH ), EBWLERME Oy 7 757 FIEAR
L, RIEHEROEIEE G UEL LV IFL HRSThbAZ LD TH S (Otsuki &, 1985). B
MOERENZFEELLROEINREMR » L CEEIRESINATE Y, BXKBROADD L
vk, —I0 BEIEGER, B, RELEREORK, ALOBEYS L WKEICSH 5, ARG
OBEN LN 2IZO0nTE, BR#SBONTIOENICRELET S LO L L TERIRE I,
FOMADEIE L 20 B 2 212, BAREOFBAKIC L - TL 25805 28w LER S L DK
SO, MRS LVIIEKENO LGB BT LD, i, BRICL 2L INLFEEYE
AEDL I ICEINEBIRL, 3 53R L L ThREIAL), KEELITHRBL THW (> %
HaIEy, BohiT—7nHiiO-AEECTHL, N8BT L6, REEEHL
& L 2 KFES¥Y9RF 78 (Horiuchi 5, 1985 Ambe &, 1988) &, 3 6 OKIRIEE X Kb
WADHICBET 2 MR 24T 72, AL T, RESH EZEERGHT— 7 2@ L, #K
A XKD OUEIZ3T 5 KILESHOEE L hulil i~ 5,

? HRHEAE & LA

21 F &

BERANT ZI3REHE A LT 7 OFBFIICH 2H L AT FTHY, Katsui » (1975) (2 &
&, HT000 EFNCANT IMEERI LTERI N EENE, 20 4000~1000 FEH2H
22 BRI OEDTERINC A 204 RTN & h LA w2 B L, SHOBRSTESD -1,
B 1ic AU EORE R T, Ho4 270 EMoENcF R aRBAILT, FLEEONHR
VoA TS E LIS 12X 1 5km K E 20 kDO L0, #1500 ERjC, TORKAODME
FHSBAIERI 2R EENTVE, A L vz BOWXEHIZOWTIRBELAICE TRy,
BAEICEECOBENBMANT IS 50, BRALT73F20PTRLFLVLOTHS. i
DL VAT FNEL TIE, BAPHMEL Tw2 0, BR, BREEA CoxIEEICBEET
rESAFRLNLOIL, i E TERANLT 7O T LERo T ARG BES
T Evs,

FERS KBRS, 193] EOBE - AR (193012 L 2 LAY RWT, 20BROFELLDIT,
JeHEEAKERLEIC & 5 1954 FOFE, 1972 FodbigE (1972) 12k 2%, 1978 FORET
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Fig. 1 Simplified map around Lake Mashu
Number indicates altitude in meter. Broken and dotted line indicate
railway and roadway, respectively. Hatched area and number in the
hatched area indicate water surface and water depth, respectively. .
Closed circle (@) indicates facility for sight seeing. A and B indicate
the sampling points of drifted snow.

BAMRHE R EFE L AREEEEA (1979) nFRIcL2FEL SFH 2, REKEIZ2WTIR
B IR RROTA R O F L (LERT DS/ 6 BEIZERYIFET SEREEZ R L T 2,

2.2 BEOHE

1981 4 LIS 8 MINEF#HBAE #1772, 1981 £ 6 A 27~28 H. 1982 £ 9 A 9 ~11 H, 1983 F
7H20~21H, 198349 F17~19 0, 198446 H 20~21 B, 198549 A1 ~3 B, 1986 F 6
H29E~7H3H, 19849 3 19~21 11, 1987 6 5 27~30 H, 1987 F8JJ0H~9FR 2H
ThHb, #KiEFEIZ Go-Flo BRAZETIRIL 72, 1981~1985 £ IRHEOIEOFAM AL, Fiz
WA (2) 1255 sta.5 TH D, HEIT L > Tstals BB, sta2l FHEDERKLIT- 72,
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B 2 ERMOERTEER :
ClrEMEETRT, KiiAL4 v28TH 5, AFEIKE (m) 25
Fo 2114m X ELMBEBREHIC L 2 RESTH S,

Fig. 2 Bathymetric map of Lake Mashu
Open circle (O) indicates sampling point. K indicates a central
volcanic cone (Kamuishu Istand), Number on contour line is water
depth (mJ.

19811982 FOAREIZ T4 L THRARII D4 v, 19831985 FOFE TOREERAF L,
0,5, 10, 15, 20, 30, 50, 100, 150, 200m & 10 B TH D, HBEIZE - THRAB L 7,

1986 £ 2 MOF/AETIZ, A B Y —KiEEE 4 %) —KE (BHHY) 2#HAE09T, K
RO L SFE MR TE B Ly icdh o2, B2 O, 1986 £OFRELIICIERAL T
V% 600m RO A w22 S TH Y, KE200m & D RCEEZ A T2 LI 0@ELR. 6/
OFAETIE 11 B (stas2, 4,5, 7, 8,10, 13, 16, 19~21) DKIEERB &, stab TOEFHRA (14 B)
#iT-72, 9 AOEE T2 5 04 (stas.5, 10, 13, 16, 19) O/KIBEEHE], stab THOEFIRAK (14 ),
sta. 16 DEFIRAK (8 ), stas.l0,13, 19 @EFEK (200m B K LT 2, KBEFOEHE
#PHIE 0~10°C, #FEEIZ 0.0025°C, JKIEFOFHHIEEHIE 0~350m, 2HEEEI 0.0lm TH D, 3
LWL SRMIEIZRM AR —IF—F RN AALLE, AENT—52 a2 Y —gREBLT
KIBOEETH 50 21872,

1987 o0 2 BIORAR T, KB KEHIZA 48 —KEEEERH (7L 7EFHR)
L He, BREDSHESHLBAIL 2, VWhbWw5a CTD 8l (Conductivity-Temperature-Depth
Profiling) #1725 & 212 % » 720 Th 2, 4 ) —KIBBIE S NEBEOH BRI —5~35C,
SHERAEIL 0.01°C, BEEOFHEIKEIE 0~14004S/cm, FEEEEIR 0.3uS/cm TH D, WAL
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13 W& (stas.2~8, 10,13, 16, 19~21) TAIE, BEHEHESHF 3/, 6 AOREE T stad D&
Gk (17 ) & sta.l6 D&EBIHFAK (8E), 8 AOFE Tt stas DERIRA 1T 217-72,
Fl-L IS R OBIEE (1987) 2% 1987 FOFERHTIZTIZAD, KEOHESERIC G 7272
&, CTDHR & FsFICHEL 2m BoOWRK21T75 24 TE R,

1985 4£ 9 A~1986 £ 6 A flz, 7K 20, 50m (c A £ —KiBFF (EE0.025°C) £1RFL,
2R T F KR A BRI L 72, 1986 FF 6 A ~1987 £ 8 AMHAMIZ, KEE 100, 150, 200m 9 3 sAi-
EIE 2 ABEE 2 1R L, KIEOERBA LT 22, (RS2 sta. 7 FHETH 2, BERMII AT
KT dnT, 70— EKELIIZL TE EEBROMFAFTEL W, FITRERLT ¥
A—OMIZEEY ) ELUEE (HHREMESE) FWMOHTC, 7o—F2KETFIZHHS L)
IZL72. ZORETHEORFITHEE % - 72,

R AT RIOBRERBORIU, MEESRAUT VB YEA T1982 43 H 16~17 A
2 1T L 2 L T - 72, '

2.3 WKOILFRSHR

MK BRI Winkler 0ilEI LD, pH k73 2BEEIC LD, BRHEN I bIiER
L7z, 4xeBkid 1986 42 6 Hid A4 A+ R, 1986 9 ALIBRIZ A + > 7 o2 F 30 & » TIRIRH
DI bIzERLR, SO2-S, Cl, FridAf r> 7e=hik 7us)BEdhilgeEsc s > TE
L, BERIL MK EBEGWT, Na, K, Ca, Mg # 7 v — AR Sr, Ba, Mn, B,
Si % ICP&ETERL 72, SIHEMERIESER, T 2o THSEY, 8%, ) o EHE) >,
&) Y) JBA—FTFIAY AL RREC L5 TER L2, BFEESATHO R EWE
BC L AWEAE ¢ o, REEOPICHEEREL, STERICHERL 2, £8%, £ H0
SHFEHE, HREONIZ SEFSCERL, BRLTELRY, ~Urd X o TRfES Y 7 Al
L AELOERE, HEeTRL A,

I MkokKEEBHE

3.1 FEKR

FERME, RFEORSLEMEMHE RELRECL), ICENERE L LCETRET 5, v
B AEIERIOMIBTH 5, 1987 # 6 A 2 8 ANFARTHL N KBEMEFMOBUNERE
EMAENFHE LTI IR, 6 AnfA L L Cid ZnE I REKELRCHEC, REEE
DREH L ) EA TS, 198146 H 27 Hi26.2°C, 1984 F 6 A 21 HIZ5.98C, 1986 76 A
29 Hi3 9. BCOREAESFBRE LT 5, FI2 L 0 BERMHRY 547, ZOFMICREER
DEEPIEE D, SADKBT 77 AN BT 5L, T5m UETIOKENEIR L (, Th
LD RCES DA 6 H TRALRICET L Tw a2 4095, 8 ANKRT 2 77 1 LTI,
B&E 15~50micad ThELiRES S REZFHOKEBRB»ASN S, 8~ 9 AD FEDHEIC
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1,2 ki & WE 4, 1987 6 A2TH ~ 6 A3008, 130 80,
3,4 1 KSR & LR oy, 198T4E 8 A30A ~ 9 A 2 B, 138150,
Fig. 3 Vertical distributions of water temperature (T) and con-
ductivity (C) in Lake Mashu
1,2 T and C distributions observed in Jun, 27 ~30, 1987.
3.4 T and C distributions observed in Aug. 30 ~Sept. 2, 1987.
The profiles are the averages of 13 stations in the lake.

BT AREDIBEFOKIES T S & 19834 9 F 17 35714.02°C & d» 2 D% flTIE, 1985
FIHAIENIT.18C A5 1986 F I A 19 HA 16. 76 COAT—ENETh 72, Thi b, B
B#ETIE 8 ATH~ 9 AP ERNRAKRZTIRHATA ), I iaficsz08E
EREOFEEN T T, ZORRIZHBCE<LKENEMEE T— L5830 < HARNL
D,

1.2 RRAKEOSHLBELLORTZS v 2R

BERAOIRIG ARG I EIRIE  ToiEA R b s, K4 2KIEDi & ik L 22 AR
G ERT T FRAUELLZEAT 2 2 »OKIBT 2 7 7 £ LOFETH 5, 150m KE T,
6~ 9 Bic T TR KEELD v, L™=, FALBROEBKCIE Lk
g, EE»LELKGIANE T34, HERNEA LRI TH D, HERESHOHE, X
7 150m MHE TIZIERO OB EIZ T\ EE 2 F500KIR7 0 7 7 4 MR EEREI% (Horiuchi
5, 1985) #HNT T 150m BURE5Ea L, BEFSOBR7 T o 7 23R, TR, 198 £5
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PRI K KR & BRI E T

1 ARiSsA#E, 198646 H298~ 7 A 3 B, 11\&ENn,

2 kiR, 1986F 9 H19A ~ 9 A21H, 5MlanF,

3,4 RiBAardn - WEE S, 198746 5270 ~ 6 308, 13 S0,
5,6 : AKiBadg & WHE S, 198748 8 F306 ~ 9 A 2 H, 13\ S0 FHy,
Vertical distributions of water temperature (T) and con-
ductivity (C) in deep water layer of Lake Mashu

1 0T distribution in Jun, 29 -~Jul. 3, 1986, average of 11 stations.
2 . T distribution in Sept. 19~Sept. 21, 1986, average of b stations.
3,4 T and C distribution in Jun. 27~ Jun. 30, 1987, average of 13
stations.

56 T and C distribution in Aug. 30-~Sept. 2, 1987, average of 13

stations.

T F s 88MW, 1987 £ T~ Fr b 10 1MW 93 511, 2 S 0FHEMA—R L 72, 1987 4
DT—FiT6, 8¢
RFEWH %, 1986 4
HemnEB Lidvi
e 2oy, L
OIFAT BT ),
EIEHETRE % L 7285 (conductive heating) &, #EFEKIZ L 25#% {convective heating)
THEARIZL 63 N5
Boiz#77 s

LGB 13 WETH D, sk 200m LIEDHHE #i2T 75~ L T B 728
26 HE9ANNMEE»ZF AN 1] SRS A T—EL Twhirwnizm, #
VTR L S5, B9 AT — 2RSSl wiodiz, WBhek
L, 2EBOBMTEY 7y 725 L TE—HLLERVELOR, HE
BT T IAPBITETHEI EHRI R, 2RI

EEZ LD,
A%, 150m LUROHE#(11.04km?) TH 2 &, 1986 13 799mW/m?, 1987
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11 915mW/m? & ) SRR O BEM TERH S b, WA EO T BERAREIZ 63mW/m* T
320 (Horai & Simmons, 1968), ZO#MFTRIIFL (k& (, KUEIMC L HBHH L2
FEEDLT, InFRrEORGERMOBKRENT—F (EE-EY, 1972) s REL TA5,
FZE, AsEAAFSELWOT FH2 7)) ENBIEROBERIIEAEN I RIFIT MWT#H %,
TR FIBRROSEIT—0T, RESELLAAET ]“‘7’_51 TN T L, BRI
NBERTERL TV LA HILNTYEA 5, BERRIEFMOHTHEL L, LHRED
R T, B SR AR RO AR AR L, FREN BRI IMWTHS,
B, BIRE, O L O 2 KR LERIROBRA 0~ 160MW THAHZ & LIET L L, B
E#MOBENBROKE ZIPHECRAEETHL LWL B,

FEREE & BN AT ZEOWEGA L L TT AN AEREAVZOMICH L 7V —F D
FABA D N, FOBRKEOHEEA 670~ 1390mW/m?TH 5 (Williams & Von Horzen, 1983),
T L —F—iliE & # 7000 W TE AT T BRHEREH THLVANLT 7 THL,
BN BB TRETHL I, MEELBEANLT I THAIEREIZEELTHE,

1.3 BRAKOBEZOSN

1987 £ 2 BOREECTH LN EHENHRE T 7 7 4 M, KB ERL C &llax FEL T
E 3 RFE 4R L ABERG DS IRER s She THE T 5 b, ZE» 59 150m HfifiE T
NEHENSFHIRL, WAKOBERCESURAIRI ATV B L, R—HEBROEKrRE»
LIIEAS AR R U 2 BEESISEY, £ OEMEENL 0~25COREHMT1.5~3 %/
deg NEMENEIE TR EFE- T T, BEN PR E & LICRIEEAT AT 5, 136 1L72KIE,
BMEORE T Q7 74 L b BHE & AKEOMEE K, B 5 1R L 72, ROFmOKIE=T.5C
V2 AKEERT 25m 2 AES L, JKiE=3.80°C & % KR 140m BHE E T, K, THEOBMRIZERE
Thbd, FOMEEIL24uS/cm deg T, BEENBERMFLE L TidePREWL I THSE, 2
id, KBEBO T2 6 150m B F T hTaiBRED 5 B d - T, (bERTRE AL
T f2hTh D,

X7, kif, TEEOMET 150m DR THAS N IE L, 8§ BOBBEREN 77 7 T, 8745/cm
&7 2 180m [HiFD b 92 S/cm 2T 204m HHE F THIIOERBIR THEHE D, 204m LI
TlABICHT 2 BEEOHMELKEL L), ZOER»SNHNE, —H, 6 A& 8 AnFER
B 2 L, TEETOSEEE (03xS/cm) 2ZFETUL, PHEZ TOETH ) DERIT TS
IE—E L TWwh Evibd, 6 AORBTOKEDME, EHENMAI AL N NSnd, £a
Aig, BEEOBRIIIIZEITTARTEOLINA, 0L ) LEEE TOHEEENKELE
{bas, BB~ HEENOBUEDORELLIC LA L0 T I &, BEAERMES, SH L
Thd, HREY LT, HESSBEWEICEATHTANGULTWEZE, £OFKEERD
FAAES L CREAYBEBE 2R T 2 e rah b,
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5 Relationship between temperature and conductivity of

Lake Mashu water
Dotted line : Jun., 1987 survey {average of 13 stations}.

Broken line ; Aug.~Sept., 1987 survey {average of 13 stations).

Fig.

F7z, W& - TIRRERDPBET 2L KB, BHECHAUENIZEATLIIENH ST,
FEROBENFEFOKRLYENI &, KREVEFEDICEBALKEZEATH LI LG -
72, Larl, EROEEHEICLEEI HE, BHERSGIIERS T T, AEHFOEERRE
LI THBLNAT— 2 ELE A FRING, 22T, E3~5TRL7KkiE EUED
F—#I3, FEENE THOT— 5 2 TFHILL THWZ,

3.4 RBKR, BUEOKESH
BRI 51T Bk, BHREOFHD, SN THONKPNLIH &R TAL, £ 1121987 FD

2 ROBEOMHCBA SN T —F £ Z ED1LR4 DT T 7 AN E CRFIKER 180~190m
BRI RAMEZ FON T, TOKE K, EHELTRL, AKR200, 204, 208m DR, EHE
AIRL, 851, EROEEENOAR, AR, BEECBRRONR XK EEELI
EHTH D,

6 HOBEBEL 2 % &, KiEEMEIE 3,631 10.008°C TIRWEERIZE & £ - Tv» %, 200m KiR
i3 3.650£0.017°C, 204m AKiRIE 3.66820.0227C, 208m 7KiflE 3.697+0.020C TAERE & LIz
AGEAT A, B LKERY KR R BEIC S 2, KREO LA HIRA%ERD & RV
35675k, 204m AGR T stas.13,19, 20 585 ¢ stas.d, 5,7 TR Z k2340, 2 DA



i

1 (@) PR CTDEBEIC X 5EEAKNAE & BHEOKTF
375 (Jun. 1987)
Table 1{a) Temperature and conductivity of bottom water layer
in Lake Mashu observed by CTD profiler (Jun. 1987)

z of ¢ at Cat #at Cat g at C at @ at C at zof Gof Cof zof boitem Cof

sta.  minimum  minimum  minimum 200m 200m 204m 20dm 208m 208m  hottom bottom  bottom bottom surface  bottom

I} g C layer laver layer mud temperature layer

{m) ("C) (gS/em)  (C) (uS/em) (C) (uS/fem) (C) («S/em) (m) (C)  (uS/cm) (m) (C) {uS/cm)

2 187 3.638 87.1 3.645 B7.6 - - - - 202 3.645 B7.7 203 3.66 88
3 182 3.635 87.0 3.643 87.9 - - - - 200 3.643 87.9 201 3.65 88
4 194 3.632 86.9 3.644 B7.4 3.660 87.9 3.701 50.3 208 3.701 9.3 209 3.7 91
5 194 3.628 87.1 3.638 87.6 3.650 88.2 - - 207 3.679 8.5 208 3.70 90
6 188 3.634 87.5 3.656 88.5 3.679  90.2 - - 204  3.679 9.2 205 3.69 91
7 188 31.624 87.1 3.627 87.6 3.631 87.7 3.673 89.7 209 3.692 93,5 210 3.71 an
8 184 3.631 87.0 3.647  88.0 3.666 88.5 3.674 89.0 210 3.674 89.1 211 3.69 90
10 196 3.626 87.0 3.628 87.2 3.646  87.9 3.703 90.6 210 3.712 90.9 211 3.72 91
13 184 3.645 86,5 3.678 88.5 3.687 B8B.8 3.709 90.5 209 3.719 9.9 210 3.74 93
16 189 3.616 86.7 3.630 87.4 3.672 88.4 3.723 90.7 209 3.739 91.2 209 3.77 114
19 187 3.623 86.7 3.650 87.4 3.698 88.9 - - 207 3.747 91,2 208 3.86 100
20 192 3.630 87.2 : 3.669  88.5 3.692  89.4 - - 206 3.7 90.6 206 3.79 100
21 180 3.637 87.0 3.680 88.5 - - - - 202 3.680 88.8 202 3.73 %0

z : depth, #&: water temperature, C : conductivity
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4 (Aug. 1987)
Table 1 (b) Temperature and conductivity of bottom water layer
in Lake Mashu observed by CTD profiler (Aug. 1987)

z of é at Cat #at Cat #at Cat gat. Cat zof & of Cof z of bottom C of

sta. minimum  minimum  minimem o 200m 200m 204m  20dm  208m  208m bottom bottom  bottom  bottom surface  bottom

8 f C . layer layer layer mud temperature layer

(m) () (#S/em)  (C) {(uS/em)  (TC) (&S/em) (C)  (uS/ecm) (m)  {C) (S/cm) (m) (C) (uS/cm)

2 190 3.660 87.8 3.718  90.5 3.776  93.8 - - 204 3.776 93.8 205 3.86 97
3 182 3.656 87.0 - - - - - - 198 3.675 88.5 199 3.70 89
4 184 3.647 87.0 3.690 89.1 3.745 90.6 3.859 98.7 208 3.859 98.7 209 3.94 107
5 187 3.662 87.6 3.702 89.% 3.757 91.6 - - 207 3.833 95.9 208 3.90 104
6 189 3.662 87.7 3.737  90.5 - - - - 203 3.789 92.5 206 3.85 94
7 188 3.641 87.2 3.677 B8B.8 3.762  92.2 3.850 97.6 210 3.916 108.4 211 3.96 123
8 185 3.645 87.3 3.694 89.7 3.786 92.7 3.848 94.8 209 " 3.867 95.5 211 3.95 110
10 179 3.652 87.0 3.701 88.9 3.714  90.3 3.802 95.2 210 3.839 98.4 211 4.01 140
13 187 3.683 87.5 3.73¢  90.5 3.767 91.8 3.840 94.6 209 3.861 95.4 210 3.98 111
16 191 3.656 87.6 3.728 89.3 3.77%  91.0 3.816 94.0 209 3.837 94.8 209 3.97 146
19 183 3.662 87.0 31.689 88.6 3.730  90.5 - - 207  3.776 93.0 207 4.28 190
20 188 3.660 87.3 3.706 88.9 3.861 96.1 - - 205  3.864 6.3 206 3.91 209
21 185 3.660 87.0 3.749 B9.R 3.852 94.8 - - 204 3.852 94.8 204 3.92 97

z : depth, §; water temperature, C : conductivity
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DLTECOE stas20, 16 TH Y, FOFEREBEEAORIESBVW I ERRLTWE(F]L), BE
BOEBHEED stas.16,19, 20 TEAr o2, T L 2% T kA, stas13, 16,19, 20 FHAORIOERE
BICE- BB EREXH L 2 P TEING, BEBRIFETHLIVEEFTH L2,
BT~ 5 ANRESMOBREBERCHELFFRGyEEmEN S, 6 BHETIHMSELIEORT
HeBAE C W 2 HSRIE T MO BRI ek &, A EE S M HEENR S L ook E
HHIZIEA - T DT, —EKBTIRE, BEEL LILT—EMlE T 5.

22T 6 AOSBEEOKIE, EEERE 7T 7 7 A A0 150m HERIC 0T, Kil, HEE
DHBBERE 7oy P LAOHR6 (a) ThE, MDA ZEALbDITHYT 2, 20
KTo, Kigiorl CHEEIRE (BATAHGOERERIL, KOATELEINS,

C=39.1T—55.0 (1)

I EEHAKOKE T(C) LEEECuS/om) nERIERTELSIN LD, RREE
OEAKE SEFENEKE VG 2 2OKROIRESTERBMAKI N E-TE ), BLBEGERTH
WELEIC L - TRIL L S ICHERSL TWa 2 E 2R,

Kiz, Rlo§ AOBEET A5 L, NBOREMHER 3.65520.007C 2%, BB Kt
LC6HEN0.024TE oz, 6 AME, KIEDREM, 200, 208m ARG S EOZS DA,
204m KRR EAKE WL TH S, stas20, 2l FATEHLTATE I E R &, SN fls
BINFELIEAEL L b, FoL IS, @ECy2RE, BEHENHI»s ALY ELIIK
X HaTwnd, Lrl, HEELOKE BHEE 650l cHOmERTE
Hu w3 ERP RS Y, 6 BIzEY -7z stas.16, 19 T4 U A, stasd, 7, 8 D LI
VIR B - T2e & 2 5HA, BEEGEE T2, 6 ARt stald P A TL.28C eV 3 BHTH
wﬁﬁﬁqkuEt<£i*ﬁ#ﬁwmaw$ﬁﬁu%<mmt%%Lf%ntk¢nKﬁﬁﬁ
it b AL E, EBLHIESEORRIICEEILL 2L B2 0 BEEHORBRITRERD
B, MIEESCEECBE T LEKEFH LI ERELT AW EZEL LML, F60)IZ8
Aog@alsizl T, 6 ALRBICERRAKR, BREOHEFES 72 ML, 6 BlzEN
THETAR, BEESEAL, EEERCHETWS, KBSOHE, 6 A LizizEL,

C=39.2T —55.5 (2)
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Fig. 6 Relationship between temperature and conductivity in
deep water layer of Lake Mashu
{a) : Jun., 1987 survey, (b) : Aug. ~—Sept., 1987 survey
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WLBRFHE & a2 B 2 EAVTE, I TRIBKOBIRLBIEED 28, EhREE s T
NRAEEA TREMIMRR A ER L, K BEEOMRIZ LV BRI 50 THA ), &6
12, L) RMH TR ARSHWES HFE 2L TOTIRADIITI 4 » TV ATTEMEL &
3,

1.5 KEOKEEE

3.5.1 ZBOHKEEL

KIROHEMGBER T — 21, BARRESOBEMEELDICEBH TEMTH -7, 7 (a)iz 1985 4
98 2H0~1986 5 6 A 29 HoRIFBE L 2 AKEHOEEPTT,

KRANKHERIC L L 2 » TEHREABYEA LML, 20m EE 9 A F4aic, 50m EEiL 12
AT REBCAS, BARBCALHEEORY, vwod i, REBEOETOKEL, #
DAIBLA 2 OREEE R TAE CHRAEIET 2. I 7@ 07— 212 2 HMERO8RE T — 2
%STH?ﬁﬁﬁmmLTTDvFLT%%E@%%#?H&Wﬂ,i?—ﬁ%%%T%t,ﬂ
ZIE9 A 12 B2 20m REAT10.3~15.7C & v 32 RELBTEE L, 11 A 20 51213 50m Kigh*
TE~55CHMETEEIL 72,12 B LA LIRS BOEAS 50m LD ARE L 2T B9, 20m,
50m D ILIRE L > 0R LRI THEIE T (B 7(b) IC BaBfE 2 I8 B S ik L UL
Pz FIRODETFRCTBE & Chen & Millero (1978) OREF AW TRABERESHET A2, 1
FIETIX396CTH 5, HERSHEIEZ12H 8 BE-DEE L &5, HEGBRIZ 5T, 20m &
A 50m AkiE & 0 0.1°CH<, ﬁ@@«ﬂ#%ﬁT&_&#ﬁ#

RAEEREL NS &2 PR EEFEIZ %), S0m REDETHEF Y, 20m KiENHA
BT+ 5, 20m AR 1 A 31 HickR{K (0.94°C) -2 R, 2 A 25 HEMUBEZES A
£41kF s, JHEFTEEFKOBMICAS L, Bt 2 v 222t 4 (ka0 T, 4 B8 H
3T L4~ 1B0CHEHTHFEEINE, T 4L ZoRIR, oW LA kaE 2 adbic
s, #AKCIIEbELWEEL SR,

R 7 (c) o EREOMBEFAL TRT. 4 H8 BLE20m AR LR fsn, 2T
RE TG i - 72 50m KiRA 4 A 28 Bic#h TRE CET 3, T, FRORI- S
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(2) | SBRMEMO 2 B & OKIREIHES 8l 0T L 2 T—F 2
) RHRAEOG AR TET— 5 (28EM I L OKIBERE) 2RV
() ! BRSO AR THT - (2T L oAddBEe) /87,
BBRIRI SR 20m, HMA50m Th D,

Time series of water temperature in shallow layers of
Lake Mashu from Sept. 2, 1985 to Jun. 29, 1986

(a) ! Plot of whole period, using 16 h averaged data.

() Expanded scale plot of autumnal mixing peried, using raw data

of 2 h interval.

(c} : Expanded scale plat of vernal mixing period, using raw data of

2 h interval. Broken and dotted lines indicate time series tempera-
ture of 20 and 50 m depths, respectively.
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Fig. 7 {continued}
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3.5.2 BRBOKEREIL

1986 € 7 A 2 H~ 9 A 20 Bz 13 -Tid, 100, 150, 200m O 3 kBB 7 5 #1572,
F8izH 2 L iz 100, 150m & Tl AR ZE LA B S e v odiz L, 200m Bicid 0.07C o
Kig FRBAH L, ThE, H4ISRLZ2EENKESRESRICS TIH L &, 19TmBNT--F1i2
KiBoMErHE, AUE EREAIRELCPEL v, BRIZEED LOBEEYSH ), BB
BoMicERICHFHREANEZ EORHHE b7z,

1986 %9 A 21 H~1987 £ 8 H 31 AR 4, 100,150, 200m ¢ 3 BAHAGREFEA L 72, &K
NEERF, @9@ICFELR, 100 B TFRE T3, 9ACKET 27 7 A WEBE L 22 & FEgL,
150m & 200m ORIz KB AME & B o AER B R T b E L 55,11 B ETICHRET
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[Ldss Rl Kok M

4,2
" | I
‘v".-.—JiM\W‘v i 'hwﬂ "‘wﬂ'\_{mv.-“l Jh \J.J'l.*v‘l‘_ A VMWJJ WWL_MW' *A‘VNM'TU"""H""’J
4.0 i =
a.alhen il ks, e POV A [ =
WWWWW R

temperature (°C)
o
B

3.0

2.8

11JUL 21JUL  01AUG 11AUG 21AUG O1SEP 11SEP
16886
date

8 1986¢FE7 A1 H~ 9 HI19HIZA T THOERBOEN AR N
SN E _
AT —F (205 2 o KIEREIHE) 2 12BT OFH L 2T — 7 2R,
AR TS 100m, =487 150m, SEMAT200m Th B,

Fig. 8 Time series of water temperature in deep layers of Lake
Mashu from Jul. 1, 1986 to Sept. 19, 1986
12 of 20min interval data were averaged and plotted. Broken, dotted

and real lines indicate time series temperature of 100, 150 and 200m

depths, respectively.
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KEDRSIZL S EFEZ UE, WHllo, Vo2 2 & EFEKSHPERD, BRHAIESH
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aBFATH L, SREREEEARHI A, 1TH 6. 8 BICIZE 100m LIRS FIRE & -



FAEE - W

(a)

(b)

BRI K R

—
Q Load
o
@ P,
L)
3
-
]
o
[=3 w! A
E 1 ’i v
K
b
3.0
2.8
s} N D J F M A
1886 1987
date
4.2 . L
4.0 —
T 35t RO e [ v '*i E' i Ln# [
< ) ] WHF
)
L " -a- M
3.8
::;: '.'3 Ia
2 I
g 3.4 * [~ | ! g | '
i 1
€ P
- 3.2 1 I H e
st |
2.8
11NOV 2 1NOV O1DEC t1DEC 21DEC C1JAN 11JAN 21JAN O1FER 11FEB
1986 1987

date

9 1986 9 R21E~19874 8 A3 HicH» Tfﬁ)f%ﬁ&ﬂﬁ) RIE K

Fig. 9

HERAPLE AR E R

() BRI 2FE & kiR 8 WY ORI L 2T SRRV,
(b} | BHTREGMOEAEICET— 7 (2RI L oKIRBRE) 2 Fv1,
(¢ | BEGMOIRR TET—F (28R & OARREBE 2RV,
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Time series of water temperature in shallow layers of
Lake Mashu from Sept. 21, 1986 to Aug. 31, 1987

(2) I Plot of whole period, using 16 h averaged data.

() : Expanded scale plot of autumnal mixing period, using raw data

of 2 h interval.

{¢) : Expanded scale plot of vernal mixing period, using raw data of

2 h interval. Broken, dotted and real lines indicate time series

temperature of 100, 150 and 200m depths, respectively.



EREHKnR G

©
© T

a.s

i
e

b
3.6 HM MR A Y

3.4

et

3.2 ‘!

temperature (°C)

3.0

2.8 l
01APR 11APR 21APR G1MAY 11MAY Z1MAY Q1JUN

1987
date

B 9 (-3%)
Fig. 9 (continued)

Pz EE, VARWE S T2BogH s A, 200m AR LAGICIETTLT3TTCER D,
HIBIETERINE (s, BEAKOMEOERZ, KED 6 OmEITRE E T 2 EFOiik
amﬁéLﬁ$Ui&mmfa:m&wtwEWmEmmﬁ@Tu&EmﬁéﬁE:otﬂM&w
2%, ZAME, 100, 150mKIRIEREZ LR TESL TR LH7%, BFIERBREL TR,
HL@L@%Emmmﬁk%<£ﬁ¢é4«/bﬁ%ofﬁazwmmmm&T#%O37Mm
2o ze BREERA 5, 200m KIEAT LA L 72 B (12 B 27 B) 4 5 200m KIEDE FAITITET L
H(LA H)EFT%, BREOBREHEC-TEnEFILNG,

2 B~ 4 Ao, #K T ogcE L 7 E o b & T, 200m KIED ERAT LA ER
ST, #EL L ABRPBERHARCEREIN LW 200 R

Egdu*ﬂ%mmmﬁﬁmwklfﬁé1%mﬂﬁ®k?¢£ﬁi4ﬁ%ﬁ@#%#i0
A ETRT EEHIL L, 200m KB L BN T 4 A 25 HEALEE L 5, ERKESYIGEE
SR EREDRTVE, 5 A 18 HENLM 3I55COHO—FEREB E L 288 & TEBXKBEHE,
mmnmmiomcm&%FféggmHﬁE%m@ &z, 2R 200m KIBIE TR
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{a) 1986~ 1987 FIC A T OBHNR &, 11 12R15H, 20 12H25H, 3¢
1H4H, 4. 1 HA14H, 5 1 244, 6. 2 H10H

(b)Y 1987 FEHAIRA4E, 1 4 H15H, 2. 4 B30KE, 3: 5 A10A, 4
58198, 5. 5 A30H ’

Tuo : Chen and Millero (1977a) Az & - TEHEL 2 BEMAKOE K
KRS,

Thes : Eklund (1966042 & 5 BREE EO AT,

Temperature of maximaum density of Lake Mashu water
and schematic vertical temperature distribution during
mixing period

(a) Temperature variation in autumnal mixing period of 1986~ 1987.
1:Dec. 15, 2: Dec. 25, 3: Jan. 4, 4 : Jan. 14, 5 : Jan. 24, 6 : Feb. 10.
(b) Temperature variation in vernal mixing period of 1987.
1:Apr. 15 2: Apr. 30, 3: May 10, 4 : May 19, 5 : May 30.

Twe: Temperature of maximum density of Lake Mashu water
calculated from the equation of state presented by Chen and Millero
(1977a).

Taus ;. Temperature distribution of maximum stability of Lake
Mashu water calculated after Eklund (1966).
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N WA DBESEFITIN > TR & 2HAmHH 5, B 1112 1986 FOBRMAEERY 5

AR 2 R

SOEES LR L, BEAKTHORENMINT 2@EPFRL NLHRTS, 254 L LT Na,
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K., Mg, Ca. Sr, Ba. Mn, Fe, T=4>& LTCl, SO,>, .HCO;~, NO,~, A * s
ELTB, Siv FARTGELTCO, CH, THh -7z, MI1LIZRL 72 Na ol Tz, PETAHE
30~150m BooFEMET, 6 A4 0.0omg/ 7 (BIEITHL T0.4%) 1356 AL v, S0
TEFES ML TETLLMIBERRES A VO THERAITA LV, TS, (LS 7
B L R, TOMOEBEOMRIIEETH -2, Lo L, BEEEE COBEREH T 6 Bic
AT 9HICRESHTRE G, osHEBETL, hROBESLFHET 20 RETH - 12
b5 9 HORE COBERKIIHL 2 b 0d Ed - e, F 70, WHSREAZ L 512, 30~150m 42
PUHTLAELREI VBN S - T S RENREL L LIEHI - T L RARTV 5,

Na, K, Mg, Ca, Sr. Cl~, SO, HCO,~, Sild +9 5 E Cothi 7%, SISz
£ EERTORESHNEN I > 0EHLNL, RIIEERLEZ L9, BEo&RSEL 6 Az
TERBS LHEE TH—ISEWIRYBLNZOINL, 9 HICIZEMBAEOBEME 2 5,
Tihb, EOEHBHICHEKE L TEKEIC L7225 S THIIC AL KD ZERSFBESBAL D
PANECZ EDGR L, DI kT4 SETHLERT .
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{sta.5) TIREL @B oFtrEic k 2,

Fig.11 Vertical distrbution of 1 : Na, 2 : K, 3 : Mg, 4 : Ca
concentration in Lake Mashu
Samples were collected at sta. 5 during the surveys of Jun.-Jul. 1986
(dotted line) and of Sept. 1986 (real line).
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Fig.12 Correlation between Na and total CO, concentrations in
Lake Mashu water
Samples were collected during Sept;, 1986 survey at stas. 5 and 16,
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BABLE (15mUTF) OF— 2 Mz, SOSi Tl BkOEENM 175m BT X 21
P CRS 3 B R% 30T, 175m LK 7 — 5 & flv e, BN TR 2RERGHH S & &
%6414, NO,-, Fe, Mn T 175m BUET L 2 EARBIRE B & 150,

33T L S, EEBEBARIIEEK R RS TRBES AT, BLo 2
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ERMOBEMBEER (1986 E6 AL 9HDT— 52k 3)

Table 2 Linear relationship between concentrations of chemical

costituents in Lake Mashu water

component unit a b r

K mg K /kg 0.05799 0.1465 0.9885
Mg mg Ma/kg 01,3313 -0.1465 0.9928
Ca mg Ca/kg 0.6568 -0.4214 ?.9932
Sr mg St/kg 0.01947 -0.04031 . 0.9886
Ba mg Ba/kg 0.0003446 -0.002438  0.8703
Mn mg Mn/kg 0.004421 -0.05753 0.9830
Fe " mg-Fe/kg 0.02316 -0.3033  * 0.9181
NO, N mgN /kg 0.01502 -0.1737 0.9626
S0~ -8 mgS /ke 0.1203 2.585 0.9901
cl- " mg Cl/kg " 0.4322 1,116 0.9763
B mg B /keg 0.008400 0.01434 0.9097
Si mg Si/kg 0.2462 2.112 {.9836
HCO,-  mM 0.08339 -0.2343 0.9954
SC0, mM 1.594 -19.40 .9990
free CO, mM 1.509 ~19.15 0.9989
CH, aM 34.57 -436.6 0.9740

Concentration of each constituent is expressed as ( a X {concentration of Na) + h).
These were calculated from the data of Jun. and Sep. 1986 surveys.

4.3 WERKOWH

BIRGHADRS

RIEID KGR A &, IS MO BN 2 HIBIBEE A & 012 T, BB OMES* Na BED
My L ThbE, 22T, SEEIFHHT 53 TEEHERVAWY A L THIEIBL,
TR S0, 2 COMMAIL T3 Ev I {TEE T, SIOWIIEHIEROMAL & LisikL,
BT CODBMIERRIEN R & & LIZHAT B0 % 2T, M5 AT 0 3T Si0, (Anderson,
1972) ¥ CO. (Houghton, 1957) MiFMREL - T, Na ¥ (Cre (mg/kg)), WKE (W(t/

y)), EACKE (t (C)), Si0REE (Si& L TC ({mg/kg)),

COﬂ%E (Ccoz (mM)) %gﬁ(

ETBRDEDOARNEN L, Bafibns. 2120, CO, DM $ AR 200m DEHT T

BETHL.

t+273.15=—731/(logs (Cs;/28100)+0.26)

t+273.15=869.6/(log0(Ccoz/44.6) +1.761)

WiCha—12.92)=2334 % 10

(3)
(4]
{5)
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Co=0.2462C,, +2.112 {6)
Croz=1.509C,, —19.15 . (7)

(3), (4)33 S0, & CONBRMENBERFEOR TH B, (5)RSEBHAKP O Na BED
W (g/y) # #hTRT, @110 Na D8ESN 707 7 4 1 & RE- MR E REY
AR5 LB 150m LR TR L 22t e LTt s, (6), (7)342 Si0, CO, Na DR
DEUER TH B, BoNBHL, Na299mg/ke Si758mg/kg, CO.432mM, ilkrkifl 43.4°C,
K 1.7 % 10%/y (=0.037t/s) Th o712,

IIT, B2OBEREE- T, SHOoNEKPBENHETELOT, 3 EHT T
B 12 i, AR N &R OERIE 2 8% & LT 1986 4 9 A ELBIE 50~ 100m REDFH,
K, BKENEFAOA X MBRLTRLZ, 20L5 I, BEBERKE (52001 F
A yrs— (HERIEA LK) OACSERS LA RIE £ LT,

EER K OBS 4 A MR, IR X IR L TH R ENEI N LB DL, —H, &
A BRI A L e R ) K E 0 HCO, 4 AV ICEA SO A 42, ClrA v 12E L,
AN pH %, BAULEE T REDEEEE S 5.10 X 107" (Weast (ed.), 1978) 5 LT 2 & 5.0
T, BRSNS L THEETE S T 5 IR B EERMEIC AT B D 20k b, BAEDEROTHE
T, FHE, SHREERIC LD,

4.4 HEBKEREEONE

27, HESNALEAKRFBHE, L, BACLLIBERENSFETE S, BREERKD
BEFE Y LT, 39.7°C (HAOKM 43.4C & EEAIE 37CHE) M5 & 464X 10%cal/y #1835
b, 4L, JKBEZOT7 7 A s LG AMER - T 5 & 1986F 0 BBIHE (6.65X107
cal/y) 1S3 LT 70%, 1987 £ BRIE (7.6] X10%3cal/y) LT 61 %t i b, wndi b,
T0~61 %A E R NFETIZ k- T (convective 12) L7256 41, 10 9 3039 S #AHH
EEA b DG & ) (conductive 12) b 725 ST B WS HEII LS,

1987 124 » 7= CTD Bl &5 R &, 1986 FED{ e iz f-o ¢ BIEBRO KR & b
HeSEM oM ORI £ 28 | T A5, CTD 8l X 0 A 5 oS & B EHEDRIZ IR
L7 &5 1 39,S/cm deg &\ 3 BB - 7c0 S OBFI, BEEOEEELFLEATHED
T, FONE Y ERAKOEE 87,S/cm 2L T 2 %/deg & L THIIET 2 &, 37uS/cmdeg &
B, TOEEDEIE, convective KUK conductive & BEHEOTE (&R 2 . —H,
Hez L 2B EERTBE E T OBBLARBEES, S, BAKOEEESHETE S, 4TD
WRSEEEY, F— 26 (AA{L¥E4SE 1984) 242 0,18, 25CHRIED & IR L Tk
p B A COBYRER2120S/com TH - 12, TN EIEEE (39.7C) THS & 534
wS/cm deg & H, THUZ, MEEAAEBAICESERL Ty AR TR I NS EHE/
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# 3 BRI E b a o B IR KO #EL
SR E & HEEA L AR g ks R

Table 3 Averaged concentrations of constituents in Lake Mashu
water, estimated concentrations of these in lake bottom
spring water, and suppling rate of these from the sf)ring

concentration ratie of equivalent estimated
constituents concentration suppling rate
{lake water/spring water) {lake water/spring water} by spring water

Na 12,92

/299 mg/kg 4.1 /7 41.0 349 t
K 0.898 / 17.5 mg/kg 1.8 / 1.4 20.4 t
Mg 3.413 /  98.3 mg/kg 22.1 / 25.5% 115 t
Ca 8.07 /7 19 mg/kg 31.6 / 30.8 229 t
Sr .21t /5,79 mg/kg 0.38 / 0.42 6.75 t
Ba 0.0021 / 0.101 mg/kg 0.002 / 0.005 0.12 t
Mn 0.0004 / 1.27 mg/kg 0,001/ 0.15 1.48 t
Fe 0.0025 / 6.63 mg/ke 0,01 / Q.75 7.73 t
sum of cations 1.27  / 33.2  meq/kg 100 / 100
NO;, ~ -N 0.012 / 4.32 mg/kg 0.06 / 1.0 5.04 t
50,27 -8 4.11 / 386 mg/kg 198 / 7.7 45.0 t
F - 0.129 / 0.129 mg/kg 0.52 / 0.02 ¢.15 t
Cl- 6.67 / 130 mg/kg 145 / 11.8 152 t
HCO,~ 0.8441 /  24.7 mM 65.1 / 79.4 28.8 x 10° mol
sum of anions 1.3/ 311 meq./kg 100 /106G
B 0.122 / 2.53  mg/kg - 2.95 t
Si 5.24 / 75.8 mg/kg - 88.4 t
=C0O, 1.192 / 458 mM - 534 x 10% mol
free CO, 0.348 [/ 432 mh - 504 x 10% mol
CH, 0.0122 / 9910 nM - 116 x 10* mol
TDS* 0.111 / 2.610 g/ke - 3050 t

# : total dissolved solid

BELTH ), convective TBEENAZ &L, MELEHRT 2 L ESE» 2 VFHI LT,
WRLEBLELHEHCLZLBMBL L L Th A S, ZOEEE/RE O, &
KIZE - THIEE N2 LF RSB THREL L 2 BERERIZH 2 2, £F (0.0187 deg cm/uS) &
BIE (0.027 deg cm/uS) DIiZ 69 % TdH 1), convective L EARAN RSB BRENT 284D
HEMBTH S, UL, TizHEL 72 convective Z B NI & > B —EL 7,
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= 2T, COMBEFTHh 2 WHEME,Si ATRETY SI0,NAMEEIZ 4 L T M T 5 A hEMEE &
2B, WTAOESLEAOKEBIRE LIZECZ EATEERDL, D2, J0LI iR
1Kk D BAEATIRTH 2 L& L Ltk TiUCHE-T, Bkic & adteaR, Hkick
PBRBE RO SBRIMEEIINT 28A0TE L LA VBIENTREEZ b0, SMUSRO L
RIEAIRT 07 7 4 LOBEREED &85 1L BAHA R (1987 ENEERIC X 5 76X10%al/y) &
#3 T L COMMNEIFE®2 BN, 50135k LR Y LTE5CHKE 5, COMEHMN
SRR T T SiOUIRTR T 2 £2 5 5, SLICEVKIELAY 5 B, BAIC L DRERE
ISR, E7, BAKER S NBLEORMOAETH S L EL LA, BAKIC L DM
BOLBEGREICHT AEAL, KOBRL N EOTEES D ), 1324 XOBEEIEATE
Db T A Z EAR NS, o, conductive 2 IMEBADBALIS OTHRTH B 0 eI 2o\,
BEL T L ix, CTD B $KOSHT & v 5 8L L 2 Beif A & 18 72 B X AT B o) Hoh' b5
FF—BLIET, TNFADBIHNE(HES T I EDIERICT 5,

1.5 WROBBRASOWE L BETH

185 N EEAOREER & AR 5, BRFOHKIC L HEGRIBLAZNT, &I
SAHTRL 2. B EOREE, BAPBELBAE (L1TX10° t/y) ORTHD, LBHE
W R (TDS) RETHAF4>, F=4> B, SIOMT, HRRIEHLT S L) 2k
BhE: TME LI LT, E5e LT T~ 3 BRI,

2 THAKOR OB, MR Y L ARESEEIL L (, BEEAEGLEL
55T, ToLs U EETE, S0, CliconT, AL EEL RPN FEE
L dicmL 7, MAREZOMEOEMOFHEL L), HRBITVIRL AHEE L
sz L fe (HEPS - %085, 1982), KRR, WA LFUCHEL T mm/y & LTELLZ, BAIZLD
R ORI, RERBOMIES 582, BAR WE 2k 12.8km?) OBEkiE 0.79 0
WiF % (Horiuchi 5, 1985) THIAICHATZ & L THEL 2255 ZoOBTRSDHMECS
EAtev FRSEL T Bo BI(D) IEBIEEAS 2B, QI EIA L HEL B8 ThB.
WHE ORKEIZA B C DOMTHEL %ot BAOSEHIQ) LH(Q)TEL D,
WKL L~ 3 X H 2 6 L5 BB b AT B &2 2 (Ambe 5, 1988), iRk T35
KIBE 2 B L TR R Y Lo, b2 A0 fl(1) OBAOBADTRISEIE 124, B1(2) 0%
STIIITHEEL D,

gem oy | THEEKE FEL B T, T b2 (LR O R R R S A,
MADBAEDLFHE L HAKZT THAT 200 HBETH L Z L5 b, B, 7oAVl
AR OES R E BAKEREY L TEITE 2DICRL, #F1 >R L 5 0ER
T4 CRET Do —F, BIEEALERIC AN LIRA/REOSLIT LIS 20, Wk
B hoT{ By THHNEAF - 2BTHIC L 2885 Fkic & 28R/ TR EEY,



¥ 4 BERERORINE & £ A2 oL
(1) BB & SIS aa oty &2 T wHe
(2) MIEFEKIC & B LERGOUIG ¥ E 2 25 E
Table 4 Water balance and mass balance of chemical constitu-

ents in Lake Mashu

Case (1) without consideration of flux of chemical constit-

. uents from bottom spring

Case (2) with consideration of flux of chemical constitu-

ents from bottom spring

case (1)

Factors controlling water balance

water suppling rate {mm/y)

A precipitation on water surface 1100
B precipitation in intake area 568
C  bottem spring 0
D loss by evaporation from water surface -370
E  loss by seepage -1300

Na K Mg Ca St 80,5 Q4
inflow by A g/miy 2.1 014 031 0.40  0.0031  1.54 2.4
inflowby B g/m’y 1.1 007 0.16 0.21 00015 0.7% 1.2
inflow by € g/m®y 0.0 0.00 0.00 0.00 0.0000 0.00 0.0
sum of inflow g/m?y 3.2 0.21 0.47 .61 1.0047 2.3 1.6
sutflow by E  g/m®y 15.8 1.17 4.43 10047 0.274 3.33 &.66
inflow/outflow % 19 18 11 & 2 44 42

case (2)

Factors controlling water balance

water suppling rate (mmsy)

A precipitation on water surface 1100
B precipitation in intake area 568
C  bottom spring 59.7
D loss by evaporation from water surface =370
E loss by seepage -1360

MNa K Mg Ca St S08 I
inflow by A g/m?y 2.1 0.14 6.31 0.40  0.0031 1.54 2.4
inflowby B g/my 1.1 047 0.1 021 0006 078 1.2
inflow by C  g/my 17.8 1.04 587 1.7 034 2.3 78
sum of inflow g/m?y 21.0 1.25 6.34 12.3 0.349 4,63 1.4
outflow by E  g/mPy 17.6 1.22 +.64 10.98 0.287 5.5  5.07
inflow/outflow % 119 102 137 112 122 126

Rk RE
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BAROM 1 L MMANI LA PR TRES ATV A I s aFEL LR 5. ZOZ &id, Kl
AR EROG A A 2 R ERHS TS L - TV A HBE, RY, 8~ 9 Aol EHOHEE
RUzEWT, KRREBOZXKGRESF R, BAILRREET LV IRELEET D,
22, HRKOT=A L HEOFRIEATEKLD SO, ClHcH L TBRTHH I L LEENT
FHh, 12721, Mg Sr. Na, ClTE0R0H58%, SO 3R Rt R_osRiz -7, BT
Mok HHBRBOMTEIBRERBOFINHELZ EMBRICEET L LV HEELR) FLaan T #li
£SO OTREZNEEL LHFZ 5115, Mg St Na, Clid il ® s THEfitg
LB, BT L BTN BETL (. BRESEOTTOBAT S L LIt v,
LlZ, @ARORESTEIIRINL T, SHEORL: L THMMPTE 35EELH 5.

L L, TOIREOLHITEENLFITEORETEAMED S ), R QBRI T3
A Ldr o Pz, Bl SEE KOG AR TR RS 10 %L L 28, SKiBE
~D—FRL 2 ) OREE, Na, K. Mg, Calz 2V TE#4i10.09, 0.08 0.12, 0.09%/y
FHEEILL, LT, 6EBOFEETIZ0.5~0.7%0B LB L2746 40y, 250
DEHBE L ~ N TOALEFITOEMNEE 2 - oRBEICT 2008, BT S IITEETSH 547
B Lz T1 %LV ROMMEELFERTI L3, BETHL, 54Aiz, 1@
FENTFL TR TR, IOL4TEENHEEIZ 0.3-0.8%EETH), ZTOBETHE
BEELPHERRTES, Ll E(HERVSHOROE ) T— OB  ZOBETT)
TERATEL G,

Kz, MAKREEBGO 5 HSTOEEYE HCO, 1 4 > BE (BEE TR B EOESEN
TTAAVELEFELORFELAR I3 CRT, 198249 AL 19834 7 BRAENM, 1986 F
6 A& 9 ARz, EEaEmys s, i, BEOHFESLLEBRL 22005
TAThEEEZ LIV, 12770, 1982 F{3£Blzb7 - T 0.81mM BET, 175, 200m BT
BERASHEE T\, & 2557 1983 FLIEE 100m LIE TOBERKDERMAEE 522 AT
B, 2O 100~175m 2T THBET S UL, 6~ 7 AOBBHDIEILHE 8~ 9 ADRE
DR LIZEELLRATIIEA SBLL 22 kA%, 1983, 1986, 1987 M 3 HEDTF— & LA
WiLd, EFSRBIICHESKR, SEBSINIRTE, EHCRECERIIH T 20THIEI:
BB L2 v, Thbb, BRI CHAIIZ 100~ 150m (22t T e de IR UG 13 2R
LfLiﬁmfhmmm%Eﬁ%ﬁﬁﬁan.Eﬁmﬂ%ﬁﬁmﬁhmﬁwﬁgm%mu$of
BAHBESRL o K HBOEK ERET 20, FRRBBOS LIc B0 TH S,
Li:diaT, ZOESEEZ )AL, BAUORORGHIISIT2HKESGNEE DT, $72,
190m BLUE(L, FlziB~L2 L 3 IZHIN ORI e math 2 v 2 &, 1985 #£ % TlERl Mo il e
DN KRED o2 kS, BENCENBIEIZEET, 250 50~150m BEOT L2 ) ED
W AR B L TR T B, B 13 205, 1985 4 9 AOF R 50~150m 2 T bk E
BRI EAES LN, 198 FE6 AR, JNUAOBBER T, 50m & 100m
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119835 9 HoREo il 4
D 19854 8 AonulEtasHiE, 6
D 19864 9 AN EOFTE, 8!
D 1987HEB OB D EE AT .

10834 7 A O E¥ NS ITE,
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198656 ~TF YR B ) 44,
198748 6 A OEE I,

Fig.13 Annual variation of alkalinity in Lake Mashu water

1:Sept., 1982, 2 : Jul., 1983, 3 : Sept., 1983, 4 : Jun,, 1984, 5 Sept., 1985,
6: Jun. ~Jul., 1986, 7 : Sept., 1986, & : Jun., 1987, 9 : Aug.~ Sept., 1987.

Broken line indicates the typical alkalinity of 0.83mM.

MEFEIIEA T v, T4 b5, 1983~ 1984 F & 1984 ~1985 ENiR-E L MAKDIpEIRAH 7
T, S0m BRTRE LBED @A EL, 1985 FIFEB KB ORFRENE HIZE (T
r BB R A, 1985~1986 ENRELIE, WAKREHEORI2EME NiZHHIRI T, £
DR TE2ZIBE D S EBADORSNOER—AIBIEE N EH L LD, 19830 2 BN
Fri2 50m & 100m D RE A <, 1986 4 £ 1987 £ 4 [MDFER T 50~125m DHEEFHTIT L
AVHEREZ 5B TV, 2O b, B OEIZ, R 5 100m 2L 126m £ TR
RTOBEZ IRHITEA Z L L EREOEKESLERI 2% Fiz L - THRERSY TS
TS SIERTOREZ GBS E LB b2 L THS.
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S BRABADBKEEDELS

5.1 MKOBHREEEOVT

WOCIBOKIRSE DAL, SHHSHS 2 SBRERIELNE LR, TRy ENT
Sz Lanl, AROEL BRI, WETOEHREC L 2 KOBE L REFEADI KD L1
THHTH D, KOKEHER & MEAGEO BRI R 2R U0 B8O F)i3 Eklund (1963, 1965)
L BLDT, FDELHOKBE LUTIZRT,

FADILE vispecific volume) 2iBEEEGEE T, koROL TicELENS,

v=v, {1—p(a+bs) + c (8)

ZIT, VeldHKD 1 |ET TORAERIRE (4.0C) 281732105, ¢=.0-T), TitHHK
i a b, cXERTHE, Thld, Vb0 KOREBAENOMBILL TR TH), L{ms
NTWEE NI, KOEFEH A O0CTRAMEE 29, FOREEMI BB R 2RMBR THRbEN
5 L&Y, v={epTHEHb

dv=(av/ap), dp+(ov/86),d8 (9)
T 5L, AMRPREFMNCEELEREILT
(dv/dp)—(av/ap), =(av/28),(d8/dp) <0 (10)

L HALFHEIND, AR LM TR E A2 WECERTL, BITIRGER T HREDK
FENBLELLBORENETEH 2, EHT 2 RENKBEFEOOBINERA L &7
PRICEHIC B R, TOBFRALLLILETHE, WIENTY S 2812, 2ok
RORFRBEL LD, 22720, ERIZIINBGBREFEZ 2NE T, FofE, MBEREN:
$BEEISROBEEMET 2 LR, EL 5, LA L Farmar (1975) 24583 5 & 740, BAT
BIOAVIREBE TR C0BEE TR EE T2 21301/ 3 L, MBBERLFEBAEIELI L
T, Eklund DRV BT LRI LW Z EXRLMIZERT V5,
&7, (8) Rprdb, BAEEL Y ZKE Tw(C) 3, EHo L RBEHELT,

THELEND, (b/20)iREHERD 5 0.021°C/bar T, KE 10m H729 0.021CTORAEE
BENTH- TR I DT 5,29 LTROTFES & Eklund DS = L TRD 3 M A
A

OAEdgcElc g L Ty AR, KEDEET o7 74 AR EEEENR (D10) ##
WoHE, KEVRERLOFELEZ A TRELT V.

@KL B RERRIC L7 - TRABEIREICH BF, BAKITELERETIIZ Y,
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QFEEEARSBABERE T, KEOREE LI EAEELRENREERLOESFTH L L &2,
BAKIIRKORREEERT, _
Oit (av/o0) W EATEREL BN S2EL 20T, (d8/dp) LIFBFE2 4 Tk bn
WhknH I T, FOREORAEEREL ETIIEFIEE, LUTF 4 s idly g e an &
ThB LV I ThE, O (8v/30),0 Th b & REREEE0 T, ST L TRETY
HwrwIEHRTH S, QIZEMKEN 4 CHEE (8v/06), (de/dp) 2BKIZT DR 5E
BB, o

Eklund OF5iiz, 1% TOMBEEOE 2 72, T EIEEM 0 BRIk ok g ia
2hBEVIEIHEELL I SILERY D B, BT, Strom (1945) 7% & 7z RV IRIETRE
DEBAKIESTIL, Eklund OV 5 BAEEEBENK (K 10) 133 & % 5, L2 L, Eklund
NFEZFL, LZERSOBEZ P EBL Ty nwWI S HTFE T, F0i%, Eklund DRI H
hipwv ko A KBS AA > ) Al (Lee & Rodgers, - 1972}, 7 L —#f (Neal &, 1972)
e & TEMN S R, By S 7K (Osborn & LeBlond, 1974 ; Lee & Rodgers, 1974 ; Farmer,
1975 ; Cheng & Millero, 1977a), AiRZ JEX S : S BOTHEEEL 52 &, FNLHITES
WA SUKOBREHEREWM - THBRT L2 EHFLETHE LERTIT LR, 72, Kok
FHEADESHEICLEERER 2 LR, 11 A FEENT WD R E 17 (Chen & Millero,
1977b}, ¥ % b b, Lee & Rodgers (1974) Bt Chen & Millero (1977a) 12k 3 &, HEENE
g (1) RTEL

ST= —{(8v/8%),(dS/dp)+{(av/8T),(dT/dp)} >0 1z

ETBEDFRY, 22T, SIRESTH D, BREERE EBEKEBEOES RS WS FIEEE
o, FAVNE WIREIT FESTEL, NI KRECEFESTIcFET L2 s 0 b, ZOEE
FE AR (2 Brunt-Vaisala B N(L/s) & 67 (Chen & Millero, 1977a),

N2=(g*/v*) ST (13}

LARMRETRbOENE, JIT g ENNEE TR L, TS LOER TR, ERINCLEEN
KEE % ST(m¥kg Pa) THEbITZEET S, 7

2T, 160m LIEDERBRDEFRS e b B 2ETHhER E, CTDICL - TRE
L-Eagoiicy, 13 1L ROBEFSL0T, BHE 7 774 0, £EEWERT L
LIS T2 7 A NCERTE, KTEEOHENTREE k2, H3OTFH7T w774 STl
THHELZEEEST 2R 14 @), b) 7oy b L, BEE00BROERORIE, BEE
L ETEERTH b, LGN 2ERDMTIZLACELD, EamRict sEHE, 2001
ITHZ, Hiwe LT, 6, 8 A& LRI I 2REASEIEMEEIC L 2T EEEHE &
DA EEY, BEAEEREL THEWILd, REAERICL2HESN WML P oL 51,
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HLBEER, ERIEmEOMEELT,

Fig.14 Stability in deep water layer of Lake Mashu
(a) Calculated from CTD observation of Jun., 1987 survey.
(b) Calculated from CTD observation of Aug.~Sept., 1987 survey,
Broken line indicates instable term due to temperature gradient.
Dotted line indicates stable term due to salinity gradient. Real line

is sum of the two terms.
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& Ao 206m [hiE TRRLEEHVNE (22D, ZORERHL TIRE, B0 SEE L/ & ¢
Lo BRI E bbb THE, LT, e L 24ETANE {1200 » FIEFRIC,
RECLA2TEEHLIEL( LN, COBRETOMNKEEELL TV EEL LN, EBKNER
EEL 6~ 8 HICAHT T, BEHEAZIEELTORELAL, AL TW{, ZD10-18~101
mi/kg Pa DA — 7 —DEEENKREE &, FHITKERBLABIHTiEHTAZE, §AD
50~30m 2T TS T 20T, i ) ELREEETHB L2 5,

KT, HEESNCKR AR BRMBESZKY, ERHALRALLE, FOREAK
CRL Ty 2 BEOKRE T 22 2REFERIC L > TEHEL TA2,
Fabbh, 2610mg/keg DIEFMEET43.4COBERA L, 11lmg/kg T3 7TCH#AE RS L1
rEDRASKEBEOBREE15ICRL 2, B 150k 5 I2iBEa L 8 %, Kl 6.8°C TRAFE
b, 6. 8CHOEBGKESBIMNS N 0HIT Tidd (, ERNDBKDESHL, &8, 188 T
BACHREEI T, #MAkEDRSGIEELSTALTFEENS L DL - LA, HBWRSHE
Zh, LiL, @EOBEBEKTHZIZLPHLT, MEFLTL—20 LS TEOT-7
N, MAREFELBRALLZD Lirv, MBI KRS 8258 L Tw < 2 &, Hekia,
{LEEHUK, KOBREHFRERNEH L EL L, GENLBHETHL LR TER, 20k 5z,
B L 2BEEA S SKSRET 2 L, SAINBEEDRELKRYTE LD, HMEICH-> TE
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15 BRI L MEEAXE ORATEL 2KROEE
Old#ikonARig - EHEE, QLMEHKNCKBEEERLEDLT,
Fig.15 Calculated density of mixture of Lake Mashu water and
bottom spring water
Open circle (O} indicates Lake Mashu water of 111 mg/kg salinity,
and close circle (@) indicates bottom spring water of 2610 mg/kg

salinity,
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Bk & BN IB KB E BN TR, Thbbh, 34 BITRL L D wiEkEL VLA
B i e R Tl KB BRI S BB F A TE 3,

1.2 MAkBEERFOBIR

2T, INEINEEMESYELSWT, BECIFE2ATO (EEFEAES?, F0L9
THEETHAREBEESL TR or%2E 2 5101, BNLEEEOBRIT Ty, Be0siL
BEAZE L 2T biwv, 2020l BBKEOERBRT— 72690 TH 5, R
WHZOT—F L RETNE, BOEBERSEOEARA MO NEERERF LT e, b
27T 4220 BTN (AFFYOREHTH D, BREE 230m o —2 8k, FL<
140m A 2o0—7 28 (Farmer & Carmack, 1981 ; Carmack * Farmer, 1982) @8 HRiR-&1
WA TN 5,3 =2 IR E 150km 12 BB E T, fARATHE L TwT,
FESEMHILN 205 TH 5, IBFOWORAHROMENHETHZDIZHL, 2ok 5 LHEW
Mgy, RAKIZL - THES L BRAKNESHEEN & 7 - T (Carmack &, 1979), TKH#
BERMICTHLERKRESSSH ), BERKINENRATEKES TRHEND, HLL—TRA
# (RS 25km) i & SICTAMI OFREHTEC, HEAEMIZS 22 HE T, KBICESIRS L TE
B REREEIREL VI 3B b THEER S,

T, BEMICET 2RMRSMORBKRREZH 2 2RICEEL NI, F4IzRLrEE,
HEHRBHIOKET 77 7 4 LOKIE 180~190m 12 KiBIRMED S 2 2 L% 5, BIE X KIS
AFORIT(AT/dp) WIEDREZ D Bidih 2 1260, EEOECEED HI%- ARGz h 5 B
DB 5, ZOBRC, TEUERIC LWL V BOBEFKEWEHELES B L,
Foiziiakin, BEEOBMGO T HHETE 5, KEREFIEICES Z Bt vweET 5
ECEED RS o ERRI IR A S 4 kRS L TRER N E L OKIBE T 0 7
ANVRBHZ AR TTH L, LZAY, BEFASGUESC L - TKEBR/IVEHHE L9E %
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Fig.16 Estimated vertical distribution of Lake Mashu water
conductivity at vernal mixing period of 1987
Dotted and broken lines indicate observed vertical distributions of
conductivity at Jun. and Aug.~Sept. surveys in 1987. Real line
indicates the estimated vertical distribution of conductivity for May
18, 1987.
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Characteristics of Lake Mashu Sediment and Historical Changes of
Background Levels of Pollutants
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Abstract

Sediment core and dredge samples from Lake Mashu, an oligotrophic lake
situated in a remote area of north Japan, have been analyzed to determine background
levels of pollutants and their historical changes. L. Kussharo (Kuccharo) is selected as
a reference lake.

The sedimentation rate of L. Mashu was estimated by the result of 2°Ph dating
applied to L. Kusshare and the coincidence of common tephra lavers found in the
sediment core of two lakes. Fe and Mn originated in volcanic activities formed Fe/Mn
rich layers. X-ray photoelecrton spectroscopy was applied to the study of chemical
states for Fe and Mn. Levels of trace metal pollutants such as Zn, V, Cu, Cd and Co
were low except As and Pb, the former is affected by the volcanic activities and the
latter in NH.OH HCI extractable form increased for the last 100 years. The concentra-
tion of benzo[ & ]pyene in the surface sediment was low compared 1o those of other
lakes studied.

In the case of L. Kussharo, the acidity of lake water may weather sediment and

1, ErSERer FHAEHTSE T 305 FE-D /NI 16 2
Chemistry and Physics Division, the National Institute for Environmental Studies. Onogawa 16-2,
Tsukuba, Ibaraki 305 Japan.
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influence the behavior of extraction. L. Mashu sediment, consists of unweathered and
low contaminated materials, is evaluated to be sensitive to the load of pollutants.
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S L, B b Eoddt SR RESE L2 (R (@), (b)).

1981~1985 4. T, BRI (sta.5)icE v T, BIFRARD I THY 73— HWTH
BARERL 7z, HEL 2 2 TRV - o AEREE, SFFRANCCHREL, MO & o SHERE I
GIMF L, 254 Ly 7AK T 28 v — oo AL, BEL 72, —20C TREFL .

1086 FELIRRIZ IR E:, AERES R D, 198646, 7 ISR W) 14 &%, 1987 £ 7 Bio)E
i sta 10 R USRS T, 27 TokimiH L A RORIESH LAV Ta T TLEHRL,
FECE T E BT R ¢ Smm BAFCUIRT L, & S LHBERER L 7R =+ L FRBR T ANz,
CREDTHWINEIZ L - TERL, BERFAFLS.

7=, B 1986 EiCHBEEROBI FLr o o LzEBO—E 78 %80 %), X
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Lake Mashu

Lake Kussharo

Yukawa R,

(a) {b)

1 ERE, BEEESoH 7)) > S
Fig. 1 Location of study area and sampling sites
(a) Lake Kussharo, (b} Lake Mashu

DR REARTERHE R 20088 e Lz, R1LCABEN—KE 205 &L 1,

I ERMEEOEIRER

1000 FHj#RDE B EREHI @A 3 15 FBEEICE, HC, 29Pb, WCs & K HUH ERIE %
FR L 22 A ERE (Krishnaswamy 5, 1971) S KILKREE (HEEMLES, 1963) A¢
B b, BEBOLSG, HREEFERIGRC Lo -Pr o BT TE v, BT &
OHEBRFCZL CHCRENTE L, ARKUKDEANC & » THIBREI T —TH A% Y
NEHT, STNOHHES{UEGERE LERBRTH S, —F, KUWREEEY, BTHERN
Sl TR E G BIEET 77 ERNET AAETH D, duEEIcE, RENLEZHT 7 THS
PR KR Ma-f (TKa), XZBET#A Spfal (32ka) % X»H01511 T % (Arai 5,1986). L
L, BEREEECEATE 250 2EETFHEICBTLLLORET 770408 257% <,
AMUHREEREEE Y T, 22T, SRMEE LB AL BRI A D0 - 128
B & A )OUIR R BT MR 2 A UL, HERIS— IR A R0 8 E 2 LD TR
(22Ph SEACRIE A B L, RN HERGE R & L 72,
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1 SR 2 R 5 & A TRORE
Tahle 1 List of sediment samples and analytical methods

SAMPLE NAME ~ SAMPLING SITE ~ SAMPLING DATE SAMPLE TYPE ANALYSIS®
L. Mashu
81A-1 Sta. 5 28JUN81 CORE, 70 cm  EL, PAH, XPS
81A-20 290 em  EL, PAH
83A Sta. 5 19SEP83 CORE, 110 cm  EL, XPS, EXT
83C Sta. 5 19SEP383 CORE, 85 cm  EL, PAH
85A Sta. 5 02SEP85 CORE, 100 cm  EL, PAH
8602 Sta. 2 30JUN86 CORE, 110 em EL,GR .
8603 Sta. 3 03JUL86 CORE, 40 c¢cm EL GR
8604 Sta. 4 01JULS6 CORE, 75 c¢m EL GR
8605 Sta. 5 30JUNSS CORE, 90 cm EL GR
8606 Sta. 6 03JULS6 CORE, 55 cm EL, GR
8607 Sta. 7 01JUL86 CORE, 135 cm  EL, GR
8608 Sta. 8 30JUNS6 CORE, 50 cm  EL,GR
8610 Sta.ld 01JULS6 CORE, 120 ¢cm  EL, GR
8613 Sta.l3 02JULS6 CORE, 55cm EL,GR
8616 Sta.l6 02JULS6 CORE, 65cm  EL GR
8618 Sta.18 02JUL86 CORE. 35 cm  EL,GR
8619 Sta.i9 02JULSA CORE, 92 cm EL,GR
8620 Sta.20 02JULSB6 CORE, 7.0 cm EL. GR
8621 Sta.2l 02JUL86 CORE, 65cmn  EL,GR
8710 Sta.l0 28JUNS7 CORE, 190 cm  EL, GR, EXT
86DREDGE*® 1986 DREDGE, 78 POINTS EXT
L. Kussharo
87A Sta. 1 BAUGET CORE, 285 cm  GR, EXT,DATE
87D Sta. 2 2BAUGET CORE, 14.0 em

GR, DATE

a EL; Elemental composition, PAH; BaP, GR; Grain size distribution,
EXT; Selective (sequential} extraction, XPS; Surface analysis by XPS
DATE; Pb-210 dating.

b Uppermost part (approx. 10 cm) is lost.

¢ Collected by Geographical Survey Institute, Japan.

1.2 S
3.2.1

mpp, SEARE
20Ph AR, A (198)) O FEEICEE - A,

A 2g #IRIKTE, AU IERUR 1 P 20mg £

2, hEEEt, ABEEASEE R Pb AR TS, EME EOBRLE (V) SER L, muEkss (1)
FPLTIREL, MAHERESR L L L 2 -3y 70770 FAATw—A4 0 7 —(Aloka
&) 2k D, OPb OREEFETOBI (R 5d) @8R E RIERETEL

— 70—




BRMEEOBEE <y 2777 FEROBEREEL

31.2.7 MUK OSR

R FoRESAHEIz LD KLUKBOSRNES L B EER L, TRERIC L) B
HEE L7, IERITT ORI AL, NERRER GRS R AR S (BERRIRE, CP-30)
LAERLRZ, SHES L TA Y 7FATAI—NEHWZED S, dmg OFEET 100~05um F
TOMTENTEETH - 72, RESHEEORHRCIETS, ERG - B ERET 2 rBbh
BokIUIRE 23 0r, B8 L) B d B o, TR0 R T o 22, Av BRI,
TaERRNML-TF =R (p=2.4) T, WE2.4 XN BOESESIZH T, SR,
Beorf-1CP N4, FETFRtEE v, aiikoEiis, 5.2 150N,

1.3 SHER

FERR)E 8710 37 & BAEM 87TA 2 7 ONESMEEHRER 2 ISR 2. BENC IR RRIE,
HEICE (FRESCEbIDIRE—AV L) 2E-5THDL, 4B, ATy —LIHESHTE
Hand 774 A= (I/2mm 2K ETHHEAr—1) THOTH D25, KREWEIEN
BRSNS T 2,

Eth, #0258l 7270y bAEETEZXKIKET, ERHEOEE10~12 £ THE L (ash
1), 13~16 2THE 2 (ash2) T, BAMPOES 22 D—fRE 2327 ash 1, 24~265%ash2
THN, WTFRLET REINE(, REEMITFEMWTWA) LK R (REIREC,
DRI TZF 2V NT R 3) ~O v FRERLA L, BEIZET L 2 WUK ok &0+
& ¥k % %17 (Ledbetter & Sparks, 1979), /AMETIEEW 5 ( § LMERICHEIEL 2720 EiE

1 — T b 1 T T T
(a) L. KUSSHARQ (b} 12 L. MASHU
9 §714
18
I 15
u“’h} um°3 10
= ° = ° ’
J w
& & 14
( 13
-1 s 1 " N J 1 s L L I—
5 5.5 § 6.5 7 7.5 5 5.5 B 6.5 7 7.5

MEAN / ghi MEAN / phi

B 2 PERErEN 7o b
HERILKE (@) 123, BE&SEMHL

Fig. 2 Relation of mean grain size to skewness of Lake Mashu
and Lake Kussharo sediment

Numbered samples (@) are common volcanic ash layers,
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I EAERIZE D, TR » THRRE~BITLBREELLNE, Lth> T, ashl b
ash2 123 TOE LD SHET~OKE L EZ, LEOMH Y — > 23 TH Y, WIE LTk
CHRE L2 b0 Th (, TEBTEEOXNIRETHE Z E2RL T3, F72, WiEE Lo
BRI BRAUNE vz, RIFIZENOWREES -, IR T, BREETE » oSN
T a2 kDR (U, 1940 © 10, 1958 © #iR 5, 1963 ; dLdE AWK EEE £,1979) H&F
%5, . _ _
COKIKED I B, BABCIZ 11 & 14, BRFEITIE 23 L 26 LT, EESBERIILZ
Lk 7 204tk a7z FOFEREZE2ICRLL, As, P, $ 2R T&TRO—HE
REC, 11 (ERED & 23 (ESED) ROT13 BERWD 25 URREBE) rE3engnlE—a

#* 2 FiEXILRO TR
Table 2 Elemental compositions of common volcanic ashes
purified by heavy-liquid separation (xg/g)

ASH 1 ASH 2
Mashu Kussharo Mashu Kussharo
ELEMENT 871011 87A23 871014 87A251

Al 64300 63300 65500 65600
Fe 22500 20200 17900 18800
Mg 2950 2940 2860 2850
Ca 14300 14600 16400 16400
Na 24900 24200 28200 28100
K 17900 17200 154030 14500
Ti 1970 1930 2590 2560
Mn ’ 430 530 720 730
As 47.1 96,7 nd 30,2
Ba 571 541 410 401
Cd 0.15 .48 0,18 0.21
Cu 22.1 23.7 nd nd
Li 45.7 44,1 32.0 30.1
P 378 538 254 316
Pb 23.5 24.5 19.4 | 17.9
s 95.0 4000 10.0 1340
Sc 10.3 12.2 9.4 9.5
Sr i21 121 206 210
\Y 28.1 52.3 il.6 15.5
Y 31.9 31.0 40.1 10 .4
Zn C311 45.1 28.5 31.8




ERSBEROWHE S e 7 770 FiBo B Ryt

KUK TH B EHEFES 2. T, Ba, Sr, Cu e FRFM AT 200/ THREEL LN
B, INHOBFICEL THRENLERIITTE ST, REL WL 22»0OBE T RIES LN
Twd,

JEAHEH 8TA 2 T HoBE2 P D4 i#E R X 3R L 72 RN EROM R 2 HIET 512
HEMITRFESE L (w5, CORBER S BHPhe MG EMSICL 2HS, RU
MpL YR A & SHE S A EEREEII8 ] mg/em? vy E A Y, ER (10emE T T, 1.3 mm/y
ICHAS T 5, BAMEAOMMESESERE T—E L T8 &, 2 X0 KUKBOREKFERITH 250 £
Bl B, BERE (8710 2 7) xfit % ALK 1wt 6em Lo, BER M F TR
BBEAT02~03mm/y &%, FEOREH S L0 TR W TE Tovay, MBI A,
ERMENE R 470 C#1/5, ERETH /3.5 0RERE L RS,

DEPTH (cm)
1000 ? 1‘0 115 2|0
KUSSHARO
87A
G
— +
£
[+%
3 10 |
o 13.13mg/cm2y
]
S
]
o
& 1k
£
]

[+] . I.IO . 210 3.0 I 4.0
CUMULATIVE WEIGHT (g/cm?2}

B 3 JEAEE 87TA = T ORFE[°Ph
o 15— 32 BEE, o T —— (3N ERELTRT,
Fig. 3 Vertical profile of excess *'°Phb activity for 87A core of
Lake Kussharo
Horizontal and vertical error bars represent sample width and

statsitical counting error for #'°Bi, respectively.

4 <oy [d] CLrOan

ZIEFERLSH (PAH) 13, 32 L THEIC S » TRET 2 0 NBRIECFEILSHNIE
BN IT A B E#F A LiLh, PAH OSTLEICRY iEame- el L > (BaP) O &
7= 12,
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4.1 SIRHFE

KB Ev -4 F =0 (30 1v/y) THBL, v—F ) —=sNRe — 7 — Tt Tt
b= b ) TER LERE L LA, BaP oo, MK v b 777 4 —dsd (7
T 650-10) i k=i, RESm A ODS AT L&MW, TP —KRTHERL, B
B 295nm, HGHE 405nm TR L2 X 24, BaP BRIEE (S/N=2) & LT 150fg #1372,
IRy, ERREEICRE L T 0.02ng/g i2HAE T B,

4.2 SWER

SAHCHEL 72 80%HE, 81A, 83C, 85A M 3 AN 2T TH B MHBRBES A iz L Y, #ilis (1982)
E N LERCESOERY B o7, M4iD 3 T 0otTERE, HSichEa o hESF
B, B BRI UIC 81A &SR () 2RL7,

1985 £ THOITIERO L2, —EELE2HBOMEIEL v, B % dA
HBEFAT81A T 8cm b2, 85A TT75emizh 50T, BL £ 10em T200H EFZ HN D, 12721,
81A NBVERSE, BEAAALDT Wem » 67wy FLTH S, &l (o) Tld, ZMA
KUK (1783 ) 2 L HEFE GEMS, 1984) 705 10em T 40 9, FESFRITIARE (1984) (2
EBET 4 AV Ty TEREORR L P FARES S, 10cm T50~100 FEEHTE 5.

BaP (ng/p!
] 2 4 B -

DEFTH IN CORAE f{ca)
>

814
Bac

% 854

e

35

K 4 BE#EEO BaP H$ED
Fig. 4 Vertical distributions of benzo[a]pyrene in the sediment
of Lake Mashu




BEBERORHEE <o 2757 FiBigEolE gy

BaP ing/g)
28 48

—_—C—
KASUMIGAURA

GEPTH IN CORE (ca)
N
2]

—0—
CHUZENJ |
MASHU 014
3ef |
3s

5 iR ER - B E O BaP 8BE SR
HEARIT M B1A 2 7 2T,

Fig. 5 Vertical distributions of benzola]pyrene in the seditment
of Lake Chuzenji and Lake Kasumigaura
Dashed line represents results of Lake Mashu 81A core,

BaP m#EFBE L, BEMA 3~6ng/g TH D, pH#ZFEI T3 16ng/g, 5 T Jng/g 1B
B LIRS EERLTE N, &EARDSFE 0.007ng/ [ (Furata & Otsuki, 1983) & & i
THREONZCHMBTHL L2 5, BEMOEE, Tom DH72 ) T~N—2A 74 » ($0.2ng/g)
RRLTHY, TAL) B L D5 TOMEIE AL {, BHEA I % X LRE T 0.01ng/g.
R iEs 052ng/g TH Y, TOEBHERHFER LAY T 5, BOBS CORAMBATRES 11
Twd I ki, HEOEE T BaP OfkMic & A5 RREIL, SENEBMECERECH 10~
100 H) (Sims & Overcash, 1983) 20 L/ 8w eFEZ 505, PRFWMTIIRTE T lng/g,
Byl Tang/g THY, FHN—2F 4 LITIREL T wds, ZOELERBLN LHEY,
A TL, BRHEO BaP ARtz A& (, HED Ny 77772 P LTHW) 2, HEH
MR RE R AR T a2 i, G 2R IHRET REo»TTo
BEREME, EEOBEOMAEREL T2 EEL L1045,

Y AR ALBREBER Y tOBERNTL

BEMEE BT 20EOS /A2 HRL T 2 BREFANS 20, ot &ERmE T
D& Tz, BLUBSBA AT BT 2 20T 78 TH HERM & BRI & 8T 5
ZETHICEFEOER IR L L9 ERAL,




Hid 5

5.1 9k

5.1.1 ENSAE, MEBTR

AHBEOREH S, TERELED LEOBBCHITTE 2 & 3 otk MET L 72, BB S8,
Okamoto & Fuwa(1984) 12 & 2 8/ TAENERC L -7, @8 50ng % 7m/ @ PFA(T
7ar}sSsA THAZEEL, HNO, HCIO, HF #MiERE, ~S4TArd g7 7o
ERIHC AN D, BRI TInE R, SIREO—ED (20p] ) IZRTBT2 LS D
SHTICH T h, WM, BE HNOEMZ 255 Si 2ndikE L, FHiEE: (H 2V 2 AmER) 2
B, ARL, TOMORSOSHTIZH T, REETCEHMESEZ BV, FREOIRED
2F 2100007 ) — o N— AWNTIT- 72, MiETTHRIT, T 9 BE (S, Al Fe, Mg, Ca,
Na, K, Ti, Mn), 8% 16 1% (As, Ba, Cd, Co, Cr, Cu, Ni, P, Pb, S, S¢, Sr,
V, Y, Zn) THEh, SRENRRLALTHE LS -2 4l ICP #ts ik (ICP, L&
£LF%), RXREH (FES, Na-K), SFEEFBESE (AAS, Cd-Pb) k-7, EHL
B, ICP v4 2—EFTI ¥ JY-48PVH, FES: HiZ 180-80, AAS [ »3—% > 1=
ZAAS100 Th 3, '

5.1.2 BRI H

BINAH AR A N F LS 3 A S A BRI R BT 2 &G £3H ) (Pickering, 1986),
FNFNCEREREAH D4, HEEToHMENR B ROME, STHREMEBEL 2 EE
L TR o itiE = BN L 72,

DA & - 3CHRRE, RERESY Ilmol/! NH,QAc KiE#H (H T

@8 - = A KB L IE 0.1mol/{ NH,OH'HCI-AcOH (pH 1.8)
FEL 27 o 30% H,0.HNO, (pH 2.0)

D2 5 HNO,-HF-HCIO, &R

0.1g DR E XY LF LV EBREN T L 72 O~@F TOMEHE Sml 2RI TiRE I
ML, EOSER, EBAEIRIES Lz, BEIEKSmI THEL, KoathizchTr,
T ATHIC e b E o 22, HIHRIE S RTIZ, OFE, %, @907T, 68¥M, @80T, 4
HBRITH 2, QhiRiE Vot ARER - FEL BIo~—22%Kng K)iFrrEZR
HERNOZE 4 E Tml PFA A TR L, @QOFinizd T, ST .21 HCfE- 72,
7272 L, Ry-pRi3ITHhT, RLICHBRETOGEER T 22, TOFETHB Lol
BEEARR710 2P b, RAHEE) 87A 27 T, 86DREDGE 12 ERRm@aHiRer A E 2 MR 2.

5.2 BEAMEBICEITEOERY S, WMEIT ‘
[ 6i2 Fe, Mn, Co, Zn OEEE P X 07 I il HIHEO o £ L 72, $iHoN




RREEROREL <y 2 777 FiBROBEREL

7 WARIZKIER 200m DHFEMTH 2, Fe (M6 {a)) i3, AB200m FcZ{HHLTED, #
LA o BOEAMBLCBARY A LS, —H, Mn®ad (H6 (b)) 123K 200m LFic
B, 252E- 50 ESMM 22029, ILTHEY, Fe M2 OB L O 2HE L Tw 3,
Cons#r (K6 (c)) &, MnoBmE L —BLTEY, AsiiBOEND Fe D5 158,

FofonTeE, Tuh ) L4E, Cu, Ni, Pb, V, Zn 7 &IidiF#E s — I mH L T d,
I B Zn O (H6 (d) 245 L, MBRIOEWED TR -TEY, Hohsd

(a) (b)

€ = Seeed f.g/g)

(c)

6 BEEMEROERE Fo X2 L7 3 waliitika) Fe, (b)
Mn, (c) Co. (d) Zn O7KF5 45
SRR 200m DEEREL

Fig. 6 Horizontal distributions of NH,OH - HCI extractable (a)
Fe, (b) Mn, {c) Co and (d) Zn in the surface sediment of
Lake Mashu )
Dotted line is a contour of 200m water depth.
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a2 BOMM 2 ACHLDTHE, ZDF A TOTHEIZIE, Ca, Mghh ), #MEROEERC L
BHEATHOBEAITEA T L4 4 LA, ‘

HBED Fe, Mnah 2t - THHL Tw 20 kILEEROBETH ), 204 LHTS
SO BBIC LB e EZ 2, KB, ARG, BERSOBENES L, BREBNE AU
WAy HLZEPRALIICE-THEY GRXI), ToORMIA LS P2 BOTERICRKH LD,
Bomlild & B L 2 Ieeu i i B L T A Fe(1D), Mn(ll)id, FBZEE £ #e
o TACHZ B L 2, BLASZMIKIZ & » TRMER 1L, 204 FROBIT L - T A ik
YR T ORISR - BET 2. 2oL EOB{LEESRT 220, 21 Fe*BomEdtiz
AREL, DT Mn AENTETN I F TR TALT 5. Asid Fe i, Cold Mn & kL7 &
7B, LirL R bDERBOREREZR 225 Co, Cu, NiwFOITRITBHET S L
<, WD BEKIED Mn BB E R - Ty 3 (Mooby 2, 1984), Fe, MniiEg o
@%%ﬁﬁ%t$ofﬁﬁ$w&mﬁ47»%&0¢¢FWﬂEEMmE§u+%%m%T%W
MG OHBENI bW EEZ B,

ok, BEEMEE T Fe, Mn DRELRENZLNL 28, INLDOERETSERE
LOOWBILENE=I N v 7T HLBErHBEEL D,

B 7i2Fm5+ LT Fe, Mn, EBRES X LT As, PhbDSEESHERL ., SOXKESH T
TREN L 9 % Mn OBTREEIEOR T TOBREICINZ, Fe & Mn 25EFm~L 51bL Tv 3
(7 (a), (b)), b ¥F—i, FOMETL, FeBEROELI: Mn »iBHET2L0TH
b, W{DhDOHEBETRENFH LT 70 (n=152) OFEIMELZRREE HWBREEE) &
b3 &, As:160+200 (1.8), Ba:320=70 (425), Cd:0.28+0.18 (0.2), Cu: 1910 (55),
Pb: 20+ 8 (13), V.: 8123 (135), .Y : 28+ 4 (33), Zn: 5610 (70)ug/g & % 5, Co (25),
Ni (75} 3B TE L 0L £, FEER 0pg/e DT TH- 1. TALDEZEIMED
RHEZT T =i e nd, As 2T Eﬂ%)IE'F%“ﬁ*f%E‘%’C% N, BigxFEE L
TRIEEIZ % 5 Cd, Cu Ni, Vi S 0BEIRE-, As 3RAT 1200ug/g DESBEEIZEL TV 5
#, & OSHESTE Fe LARBAL TH ) (M7 (o)), As DREFRALRETY (HARET, Fe
KBRS W L o SEE X 2 LG, Pboadi (7 () A3~ 7ol &R E 2em 2°
30~ 4lpg/g L T - T B, FRUTORGESTH 10~20pg/g X E2E5OBEIC % - T
i3, Phlc DWW TiRkKIBETEET 2,

5.3 BRMHRCLETEDF SV E~ -

IMBREET » 2= o (FOIE, A A >3ES Y52 & ORBERA A~ 2580, HE
V2R V7 A L ERET B (Pickering, 1986), MEEDEE, HRICL-> THE L -2
KOBHERAS LRSS N5 L E2 LN 3, WL PO T I vl (F) 13, &% <
A KHIERCRE 2 E T L TERT 2, pH A 2 TH S oBEEIC S 2i5MLFEZ 55, 8%
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(b}

(c} (d)

tug/g)

o 218!
- 4
g
8
12
W7 BERMEENR Fe, (b) Mn, () As, (d) Pb DBREST
BRI KR 200m D BHER,
Fig. 7 Vertical distributions of {A) Fe, (B} Mn, (C) As and (D) Pb
in the sediment of Lake Mashu
Dotted line is a contour of 200m water depth.

fEkFEAME (F3) 12, FEBLPEGRT 20T, BT VCHEGLLEROSHEBEL T
Voo mEOERSE (F4) &, BRBT2MP T _TIoBT2L0THSD,

FERISO G A MBIk R, F2I2Blb b s #F2 5k, 12771, Fe. Mnik
HiE ) Fe, Mn M 30~60 % TH D, 1HOEEL FoX i L7 1 v TiER+5o TR
HFSLRRZE - TL £ 9, F1~F3 & TORMOFSHHEERIE, Feldl %, Mn18%T, fhonx
RATEHIZ 10 BT LAt S v, KBS, M E7 77 2 2 OB 7T 7 & M EE
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Fig. 8 Vertical distributions of extractable and residual Mn in
the sediment of Lake Mashu .
Each fraction is summed up and closed circle represents' bulk concen-

tration analysed independently.

FizRc R LS 2 43R0 R (Bh) 27RL7:, F4 32 TORE L7 aiofRiE L (—
WLTEY, kit - S S OBREROIERII VLN ED9H B, BB, RUE 24 B (17cm)
2 Mn A<, FellRBO MniEAL N0 THESE 24 BICBEEL Tvb, Fe, MnD#FEH
Z\iid Mn-Fe QMEO#EHHIZR 7 (a), (b) DEESBICLENA TS, T2, HERT L L TA
WKE %R 28I -2 Cu DR 77 7 # R 9 IR L . BB Lta v 7 L —HL CulizB
LTz +aaathits TaTnb E ¥ S5, CunLBIRXKR (7~12cm) THENT, £
DI TIE R E L BiE A0, Mn B4, FI LB WA B Db, 20L&
RS EICHh ¥R R Y b, .

—%, BEESoMnomEEEE (K0) XERME A5 (R 5, MFAREBTA T TIL,
92~ 26cm OERGHTEREEIE ALK, 12cm @ 1 AL KUK T £ Fe DERAA LI 20em
DE AT DBACE D LR TH b KIWKE T F4 DEIEHEVITE, &K Fl A%
TF2O N BEEHEL, BB TERIRE (HA LT 5, OERFTHETH Fe (F2
A 70%, Al (F34%E) 50%, Ca (F129F) 40 %ot 2 n 5, HSHEBOEE, NiER
B b AGA SR O BEE K OB TG &, Bk sk pH 2549 5.0 (R S EREAL
LTwa Il w8l v,
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Vertical distributions of extractable and residual Cu in the

sediment of Lake Mashu

Each fraction is summed up and closed circle represents bulk concen-

tration analysed independently.
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Fig. 10 Vertical distributions of extractable and residual Mn in

the sediment of Lake Kussharo
Each fraction is summed up.



me Wb

B 11 12 BRI - RS 0 KUK & By 72 T (B M, K) RUKIR ¥ (K
PMA, KMICBELT, 777 s> OEGLRIGHOREEE~N—AREL 2T L, £
I BEEIA DI ) PHB E N AEEFE VDR, MARKOEEC L - THWEORILDEA TE
N, SOBRAEGLS (%A — 5 —iH S, BERO 10 KLL) FEEY A TR GANT
BEROENTETWAZEWEZ b G, MEICERIEZFROEE T, MisEIcEYE -
THEME S TEREIN TV LITIUE, BEEHOBRI~—ABE»—HT 1T TH3, EE
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Fig.12 Vertical distributions of extractable and residual Pb in the
sediment of Lake Mashu
Each fraction is summed up and X-axis represents sedimentation
age, supposed that deposition age of upper common volcanic ash is
the same as that of Lake Kussharo {250 BP, 210ph —dating).
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Fig.13 Vertical distributions of extractable and residual Pb in the

sediment of Lake Kussharo
Each fraction is summed up and X-axis represents sedimentation

age (*"°Ph dating).
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Fig.14 Principal component scores of Lake Mashu and Lake
Kussharo sediment, plot of 2nd vs. Ist principal compo-
tient
Dashed line represents the region of commen ash lavers.
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N GENKIES A TEGETH 5 (Harvey & Linton, 1981 ; Murrey 5, 1985), XPS % Huw, &
BRL Fo X T 3 o HIRETE ToRRMEEEROMB R CRENBELE RN, 291
7) OfFREIET LI THEOBE), BB AEEETFEROREII OWTRETL 2,

5.1 ¥k

L EEIL, 83A 27T, B0 £S5 AT IZ 9ol UMTL, FEd L Al—A9 & AT
2. HBRBOPLOERE, UTFOLE) Ths, Al 08cm), A2 (125cm), A3 (2cm), Ad
(35cm), A5 (4.25cm), A6 (5cm), A7 (6.5cm), A8 (8cm). A9 (10cm), =3 7ML <,
FIMEAR O - L 74k, EREE F X207 3 o MHR R UL RO - L 7 8k
BN, N7 E BTSSRI AT O S B TH L, THBEOB ST, 2 @EABkE,
POHFNTF L — SRR L, BT LTI A TR, XPSIE, VG ESCALAB 5 #
Bvzz, XPS BISERRBHIY > 7R S —CWE T — 7 TR L, S THRL 7. XS
It AlKa % © MgKe 8Z v, 3L F—EOERITIE, Audf,, BEIALF— (840 eV)
Rz, B L TR T 100 %2 % 5 & 5 T80 (51, BESEL 72, 272, X8
w4 7aT7+ 344~ (XMA  KEVEX, 7077Q]) %18 L & ED T FEMEE (SEM : HAE
EF, JSM-840) i & HIAREBE & S0 247 - 7,

6.2 IhHATORMEMR & TROKRE

XPS B EF L FOTNTOTHEIRIETE 22, BRBRRA 1~0.1 %SO 26, MEi
EHTICR LA, BEEE TIZ0, C N, Si, Al, Fe, Ca, Na, Mn#5#iT& 7z, £3
129 DOWED 3 b 83AL DFHHHER AL 2, HMEIo <2 (BULK A), XPS (SURFACE
A), #hii# (EXTRACT), #iH#o,<L 27 (BULKB), XPS (SURFACEB) m&MEH » 4
mOMIz, TiAve b3 w2 REL, btk v 7 il % RO BER-~<— 20 g |
72fE (BULKC) #E L7z, B15:2i3, Hlaion 7 -FRBELE L r— L TTREL 2,

Al, 2, 41t FeHAHHE, AR Mn £/B, A6 ZERINZL KIWKE TH 2, A2 Tit Fe 53
N7 BT 22 %, A8 Tk Mn 2551 7 IEET 10 %ITET AR EARH S ALz, 5.3 EI Tl
72& 9% Mn-Fe DRDHEM 29— A7 Al~A2, AT~ARD 2 AR LNz,

FHARTIE, B0 E LTC O DRPREIEENZ EHHF LN 5, OB, B, &
B LOEM—RIZRSNBLDTHY, BEHL Eh 6 0OERWIERESY A BHESHOWE
BRI T OME 2 & THMATE 5, BESER C8SEB L THETH S Fe, Mn oML Tidfbo
S L TRV R~ v 7 BRI S 472 (X 15) . SEM ic & 288 T8, Fe, Mn %
MRFIHZL THET S I LIZEAT, Bhilor4BReklyZa, BREEOHMD L%
WA & LTHRT 5 & S IfAEL T 3, [ 16 12 83A1 0 SEM 1§ £ 7= L 72 4%, Fe, Mn £
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Table 3 Bulk and surface compositions and extractable amount

of 83A1
BULK C is a normalized value converted to untreated weight basis

assuming Ti is not extracted. All data is given in 9.

BEFORE EXTRACTION AFTER EXTRACTION

ELEMENT BULK A®* SURFACE A* EXTRACT® BULK B> SURFACE B* BULK C*

Si
Al
Fe

- 15.1 0.30 - 2L.0

5.92 3.0 ¢.39 6.28 2.8 5.50
6.1 9.4 3.66 2.99 3.7 2.62
0.43 - 0.04 0.43 - 0.38
1.64 0.6 0.20 1.54 0.2 1.3
1.75 0.6 0.05 2.01 0.3 1.76
0.88 - 0.01 0.81 - 0.711
0.23 - ¢.00 0.26 - -
1.76 4.7 1.66 0.08 0.2 0.07
- 41.6 - - 48.4 -
2.5 24.2 - - 22.5 -
0.3 1.0 - - 0.9 -

a: Based on original{untreated) sediment.

b: Based on residual(extracted) sediment.
c: Normalized value, BULK C = BULK BX{BULK A.)/(BULK By)

SURFACE A / BULK A

el r E

A1 AZ AT AL A5 AS A7 A8 A9
SAMPLE

B 15 fHEioRE-L 7 RER
Fig.15 Surface to bulk concentration ratios of the untreated

saimples
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Fig.16 Scanning electron micrograph of 83Al sampte
Mark A indicates Fe-Mn rich particles.

BT (A) 7 EHERE 2 KIUAF AD—EE B - T2 L5053,

XPSiZL A HTETOEL 7 F OFHSLY T 74 F E—70EARD 5, Fe 1 3 i L4, Mn
23l L 4 @tk LT SN A, 7227 L. Mn @B Lo i3 8 T (Murrey 5, 1985),
TEEXLALEL, BR2ERL AL, SrvRAlEHIHLI AT RESS 2. BX
X #EH #HE (CuKaX #) Tik, Fel#{b# (v > 7 v | a-FeOOH, €% 7 v i | Fe,0,% &)
% Mn Bt (24 =280 y-MnOOH, + > 2> #>8 8-MnO,% &) (3B &7,
Fe, Mn HZMB Clafsicgv Sy 7737 Fo Lt &R, TRov—78#bLh5icT
Bl 72, Fe, Mn DBRHRFI3, BB KD OBEHESEYR T4 & ORMICESL - KB T
L ETED, RELTwszlodHize, HREDRWHOLIERENETH D, KERE
BA G ST (s T e EENL, —FH, NaCad 7 Ed0.1~0.4 Xi&wn
OGS L ARAR A L NBROBRERL T2 LH 2 L2,

6.3 ILEROREMIBR & TRORE

BB FoXx AT Ivick - THREENLDE, Fe, Mn 23T, #ii8siz 30~95 %2472
B, TOMDEFTLE TIZ, CaDt10 %L Mg + Al T3~9%, NaT3%, Si - Tikkidk
AT E v, TOMRE, rABREREES T, 8 v 7 kAR LIS £ R
T2 LR FuxenT I bR AT A s - T b, B LT IR 72 Ti THREEL

—87—
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Fig.17 Concentration ratios of bulk samples before (BULK A)
and after extraction (BULK C)

L7zHmplgo s 7 BERE A2 &, Fe, Mn 7S M ENTW A2 &g d, BEDN
Mo 7 #EE Mn T, A2 #BRE 0,08 % & —EERRL, (HIBEOERBEIE - 245 Fe
DIE, NI ZRET2 ~19%HE-TEN, HlFFEETH L LIV I T, ZEAMKTL, Fe
Ehh ) FRETREEN T3, Mniz 488 TRIBE NS TH - 72, Fe, Mn Ok&
ANF—iRELEREN LN L 572, Fe, Mn OEE-V 7 BER (K18) i, Fe, Mn
WS T & FRREE, XOMOR TIHIETO 1/2RBEIS/hEe->TED, A 7BEL

SURFACE B / BULK B

=

A A2 A2 Al AS A6 A7 AB Ag
SAMPLE

K 18 i ikoHFRE -0 7 BER
Fig.18 Surface to bulk concentration ratios of the extracted
samples
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the genus Chironomus (Diptera, Chironcmidae). (1978)
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Part 3. Species of the subfamily Qrthocladiinae recorded at ihe summer survey
and their distribution {n relation to the pollution with sewage waters.

Part 4. Chironomidae recorded at a winter survey.
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Studies on chironomid midges of the Tama River. {1983}

Part 5. An observation on the distribution of Chironominae along the main
stream in June with description of 15 new species.

Part 6. Description of species of the subfamily Orthacladiinae recovered from
the main stream in the June survey.

Part 7. Additional species collected in winter from the main stream.
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#HT0S Studies on chironomid midges in lakes of the Nikko National Park. (1984)
Part 1. Ecological studies on chironomids in lakes of the Nikko National Park.
Part T. Taxonomical and morphological studies on the chironomid species
colleeted from lakes in the Nikko National Park.
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%765 A study on the behavior of monoterpens in the atmosphere, (1985)
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#7195 Studies on the methed for long term environmental monitoring— — Research report
in 1980-1982, {1985)
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Measuring the water quality of Lake Kasumigaura by LANDSAT remote sensing.
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Report of Special Research Projeet of the National Institute for Environmental Studies:

No.

Na.

1* Man activity and aquatic environment—with special references io lake
Kasumigaura—Progress report in 1976, (1977}

9% Studies on evaluation and amelioration of air pollution by plants—Progress
report in 1976-1877. (1978)

Ressarch Report from the National Institute for Environmental Studies®:

#No.
No.

No.,

No.
# o,
# No.

No.

No.
#¥ No.

No.

No.

No.
# No.
No.
#No.
No.
# No.
#No.

No.
No.
No.

No.

No.

1 A comparative study of adults and immature stages of nine Japanese species of
the genus Chironomus{Diptera, Chironomidae). (1978)

4% Smog chamber studies on photochemical reactions of hydrocarbon-nitrogen oxides
system— Progress report in 1977 {1978)

5 Studies on the photooxidation products of the alkylbenzene-nitrogen oxides
syste?. and on their effects on cultured cells— Research report in 1976-1977
(1978

6% Man activity and aquatic environment—with special references to lLake
Kasumigaura—Progress report in 1977~1978. {1979}

7 A wmorphological study of adults and immature stages of 20 Japanese species of
the family Chironomidae(Diptera). (1979)

8% Studies on the biclogical effects of single and combined exposure of air
pollutants—Research report in 1977-1978. (1979)

9% Smog chamber studies on photochemical reactions of hydrocarbon-nitrogen oxides
systen— Progress report in 1978, (197%)

10%# Studies on evaluation and amelioration of air pollution by plants-Progress
report in 1976-1978. (1§79}

11 Studies on the effects of air pollutants on plants and mechanisms of
phytotoxicity. (1980}

12 Multielement analysis studies by flame and inductively coupled plasma
spectroscopy utilizing comouter-controlled instrumentation. (1980)

13 Studies on chironomid nidges of the Tama River. {1980)

Part 1. The distribution of chironomid species in a tributary in relation to
the degree of pollution with sewage water.
Part 2. Description of 20 species of Chironominae recovered from a tributary.

14% Studies on the effects of organic wastes on the soil ecosystem—Progress
report in 1978-1979. (1980)

15¢ Studies on the biological effects of single and combined exposure of alr
pollutants— Research report fn 1979. (1980)

16+ Remote measurement of air poliution by a mobile laser radar. (1980}

17% Influence of buoyancy on fluid motions and transport processes—Meteorological
characteristics and atmospheric diffusion phenomena in the coastal region—
Progress report in 1978-1979. (1980)

18 Preparation, analysis and certification of PEPPERBUSH standard reference mate-
rial. {1588}

19% Comprehensive studies on the eutrophication of fresh-water areas—Lake current
of Kasumigaura(Nishiura)—1978-1979. (1981)

20% Comprehensive studies on the eutrophication of fresh-water areas— Geomorpho-
logical and hydrometeorological characteristics of Kasumigaura watershed as
related to the lake environment—1978-1979. {1981)

21% Comprehensive studies on the eutrophication of fresh-vater areas— Varlation
of pollutant load by influent rivers to Lake Kasumigaura—1978-1979. (1981}

22% Comprehensive studles on the eutrophication of fresh-water areas—Structure of
ecosystem and standing crops in Lake Kasumigaura— 1978-1979. (1981)

23% Comprehensive studies on the eutrophication of fresh-water areas— Applica-
bility of trophic state indices for lakes—19878-1979, (1981)

24% Comprehensive studies on the eutrophication of fresh-water areas— Quantitative
analysis of eutrophicatjon effects on main utilization of lake water resources
—1978-1979. (1981}

25# Comprehensive studies on the eutrophication of fresh-water areas—Growth
characteristics of Blue-Green Algae, Mycrocystis— 1978-1979. {1981)

* Starting with Report No.3, the series title was changed.
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Neo.

No.
No.
# No.

#No.
¥ No.
No.

No.

# No.

No.
#No.

# No.

No.
#¥No.

No.
#No,
#No.
¥ No.

No.

No.
# No.
#No.

# No.
No.

#No.
3 No.

Comprehensive studies on the eutrophication of fresh-water areas-—
Deter?ination of argal growth potential by algal assay procedure— 1978-1979
(1981

Comprehensive studies on the eutrophication of fresh-water areas—Summary of
researches— 1978-1979. {1981)

Studies on effeets of air pollutant mixtures on plants— Progress report in
1979-1980. (1981}

Studies on chironomid midges of the Tama River. {1981)

Part 3. Species of the subfamily Orthocladiinae recorded at the summer survey -
and their distribution in relation to the pollution with sewage waters,

Part 4. Chironomidae recorded at a winter survey

Eutrophication and red tides in the coastal marine environment — Progress
report in 1979-1980. (1982)

Studies on the biclogical effects of single and combined exposure of air
poliutants—Research teport in 1980. (1981)

Smog chamber studies on photochemical reactions of hydrocarbon-nitrogen
oxides system— Progress report in 1979—Research on the photochemical
secondary pollutants formation mechanism in the environmental atmosphere

(Part 1).(1982)
Meteorological characteristics and atmospheric diffusjon phenomena in the
coastal region—Simulation of atmospheric motions and diffusion processes —
Progress report in 1980, (1982) .
The development and evaluation of remote measurement methods for environmental
poliution—Research report in 1980. (1982) )

Comprehensive evaluation of environmental impacts of road and traffic. (1982)
Studies on the method for long term environmental monitoring— Progress report
in 1980-1981. (1982)

Study on supporting technology for systems analysis of environmental policy
—The Evaluation Labolatory of Man-Environment Systems. (1982)

Preparation, analysis and certification of POND SEDIMENT certified reference
material. (1982)

The development and evaluation of remote measurement methods for environmental
poliution—Research report in 1981. (1983}

Studies on the biological effects of single and combined exposure of air
pollutants —Research report in 1981. {1983}

Statistical studies on methods of measurement and evaluation of chemical
condition of soil—with special reference to heavy metals—. (1983)
Experimetal studies on the physical properties of mud and the characteristics
of mud transportation. {1983)

Studies on chironomid midges of the Tama River. (1983)

Part 5. An observation on the distribution of Chironominae along the main
stream in June, with description of 15 new species.
Part 6. Description of species of the subfamily Orthcladiinae recovered from
the main stream in the June survey
Part 7. Additional species collected in winter from the main stream.

Smog chamber studies on photochemical reactions of hydrocarbon-nitrogen oxides
system—Progress report in 1979—Research on the photochemical secondary
pollutants formation mechanism in the environmental atomosphere{Part 2).(188%)
Studies on the effect of organic wastes on the soil ecosystem—Qutlines of
special research project—1978~1980. (1983)

Studies on the effect of organic wastes on the soil ecosystem—Research report
ir 1979-1980, Part 1.{19383)

Studies on the effect of organic wastes on the soil ecosystem—Research report
in 1§79-1980, Part 2. (198%)

Study on optimal allocation of water qualily monitoring points, (1983).
The development and evaluation of remote measurement method for environmental
pollution—Research report in 1982. {1984)
Comprehensive studies on the eutrophication control of freshwaters—Estimation
of input loading of Lake Kasumigaura— 1980-18872, (1984}

Conprehensive studies on the eutrophication control of freshwaters—The func-
tion of the ecosystem and significance of sediment in nutrient ¢ycle in Lake
Kasumigaura—1980-1982. (1984)
Comprehensive studies on the eutrophication control of freshwaters—Enclosure
experiments for restoration of highly eutrophic shallow Lake Kasumigaura— 1980~
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#No.
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No.
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No.

1982. {1984)

Comprehensive studies on the eutrophication control of freshwaters— Seasonal
changes of the blomass of fishes and crustacia in Lake ¥Xasumigaura— 1980-1982.
(1984)

Comprehensive studies on the eutrophication control of freshwaters—Modeling:
the eutrophication of Lake Kasumigaura— 1380-1982. (1984)

Comprehensive studies on the eutrophication contrcl of freshwaters-—Measures
for eutrophication control—1980-1982. {1954)

Comprehensive studies on the eutrophication -control of freshwaters—Eutrophic-
ation ir Lake Yunoko— 19830-1982. {1984)

Comprehensive studies on the eutrophication control of freshwaters— Summary
of -résearches — 1980-1982:-(1984)

Studies on the method for long term environmental monitoring — Qutlines of

special résearch-project in 1980-1982. (1984)

Studies on photochemical reactions of hydrocarbon-nitrogen oxides-sulfur
oxides system — Photochemical ozone formation studied by the evacuable smog
chamber— Atmospheric photooxidation mechanisms of ‘selected organic compounds
—Research report in 1980-1982, Part 1. {1984}~

Studies on photochemical reactions of hydrocarbon-nitrogen oxides-sulfur

"oxides system~Formation mechanisms of photochenical aerozo] Ressarch report
©in 1980-1982, Part 2. (1984)

Studies on photochemical reactions of bhydrocarbon-nitrogen oxides~-sulfur
oxides systém — Research on the photochemical secondary pollutants formation

. mechanism in the environmental atmosphere(Part ) —-Research report 1n_1980-

6 7%

68%

69

1982, Part 3. (1984)
Effects of toxic substances on aquatic ecosystems —Progress répo;t in 1980-

1983, {1984)

Eutrophxcatlon and _red tides in the coastal marine environment —Progress

report in 1981. (1984}

Studies on effects of air pollutant mixtures on planzs ‘Final report in 1978-

1981, (1984}

Studies on effects of air pollutant mlxtures on plants—Part 1. (1934)

Studies on effects of air pollutant mixtures on plants—Part 2. (1984)

Studies on unfavourable effects.on human body regarding to several toxic
materials.in the environment, using epidemiological .and analytica] techniques —
Project research report in 1979-1681. (1984) .

Studies.on the environmental effects of the application of sewage sludge to -
s0i]l —Research report in 1981-1383. (1984)

Fundamental studies on tihe eutrophicatlon of Lake ChuzenJl - Baszc research -

. report. (1984)

10

T1%

2%

Studies on chironomid midges in lakes of the leko National Park

Part L.Ecological studies on chironomids in lakes of the Nikko Mational Park
Part II.Taxonomical and morphological studies on the chironomid species
collected from-lakes in the Nikko National Park. (1984)

Analysis on distributions of remnant snowpack and snow patch vegetation by
remote sensing. (1984) S

Studies on .photochemical reactions of hydrocarbon-nitrogen oxides-sulfur

> oxides system—Research on the photochemical secondary pollutants fofmation

mechanism in the env1ronmental atmosphere — Researeh report in 1980-1982

© . Part 4.-(1985)

T4+
15
76
T4

78+
78

Studies on photochemlcal reactions of hydrocarbon-nitrogen cxides-sulfur
oxides system—Final report in 1980-1982. {1985)

A comprehensive study on the development of indices system for urban and
suburban env1ronmental quality—Environmental indices—Basic notion and forma-
tion. (1984)

Limnological and environmental studies of elements in the sediment of Lake
Biwa. {1885) '
A study on the behavicr of monoterpens in the atmosphere. (1%85)

The devélopment and evaluation of remote measurement methods for environmental

* pollution— Research report in 1983, (1985} )
Study on residents’ role in conserving the living environment: (1985)

Studies on the method for long term environmental monitoring—Research report
in 1980-1982. (1985)
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85

86%
87%

101+

1024
103%

104

165#

106%

1074

Modeling of red tide blooms in the coastal sea—Research report in 1962-1983.
(1985)
4 studies on effectis of implementing environmental impact assessment procedure
—With particular reference to implementation by local governments. (1985}
Studies on the role of vegetation as a sink of air pollutants— Research report
in 1982-1983. (1985)
Studies on chironomid midges of some lakes in Japan. (1985)
A comprebensive study on the development of assessment techniques for health
effects due to environmental heavy metal exposure—Final report in.1982-1984
{1985) . .
Studies on the rate constants of free radical reactions and related spectro-
scopic and thermochemical parameters. (1985)
A novel retrieval system for identifications of unknown mass spectra {1986)
Analysis of the photochemical secondary pollutants and their toxicity on
caltured cells—Research report in 1978-1983. (1986) -
A comprehensive study on ihe development of indices systems for urban and
suburhan environmental quality T —Enviroemental indices— Applications and
systems. {1986)
?easu;ing the water quality of Lake Kasumigaura by LANDSAT remote sensing
1986
National trust movement in Japanese nature conservation — Trustworthy or
illusion?{1986)
Economic analysis of man's utilizatien of environmental resources in aquatic
environments and national park regions. (1986)
Studies on the growth and decomposition of water-bloom of Microcyctis. (1986)
Studies on the environmental effects of the application of sewage sludge to
so0ii{I)—Research report and papers(Part 1)in 1983-1984, (19886)
Studies on the environmental effects of the application of sewage sludge to
soil {0} ~Research report and papers(Part 2)in 1983-1%84. (1986)
Comprehensive studies on effective use of natural ecosystems for water quality
management { [ Y —Drainage and flowing down of pollutant load— Research repart
in 1983-1984. (1988)
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