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INFLUENCE OF RAIN ON WATER QUALITY OF LOW BUFFERED LAKES IN MT.NORIKURA ALPINE
AREA

JIE g

Tomonori KAWAKAMI*

ABSTRACT; Investigation conducted in 1992 and 1993 showed that the pH values in the lakes around
the top of Mt.Norikura decreased compared with those in 1985. The water in all these lakes had
low alkalinity values, low ion content and low pH values. An analysis of the ion balance between
rain and water in Lake Tsurugaike revealed that neither ion exchange of H' for Ca® in sediments
nor biological reduction of S04 took place. During the snow melting periods, there was a
decrease in the concentrations of major ions in Lake Tsurugaike and an increase in pH values
This indicates that Tsurugaike was strongly influenced by the initial fraction of meltwater
containing highly concentrated ions released from snow pack.
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Fig. 1 Map showing location of Mt.Norikura alpine area

Table 1. Charasteristics of lakes studied

Classification® Type ®’ Altitude(m)® Area(km®)®  Max.Depth(m)®’ Ave.Depth(m)®’
Tsurugaike Caldera Oligotrophic 2700 0.01153 4.0 1.51
Kiezuike Crater Oligotrophic 2730 0. 00529 2.8 1.82
Gonoike Dammed Oligotrophic 2690 0. 00596 1.9 0. 88
Gongenike Crater Oligotrophic 2810 0. 04026 5.0 3.25
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Table 2. Analysis method

RBERVLOXAVE, i Lomgmy M  glass electrode method
. . ) . EC : electrical conductivity meter
ERBMTHEL, ZOMOEARY Y7 g 2 N0~ c1- - ion chromtography
FEREICERBY, BEbic0.45unD A7 Nat K : flame photometer
+ - .

SUTANE—TE Y BB LK, ook M ¢ indophenol method

, . Ca?*, Mg . flame atomic absorption
L7z, S3#T )ik Table 20 E L DT, Alkalinity : titration by 0.005N H2S04

to an end point of pH=4.8
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L9OME DI E CHIC o T - k }UL.(}%S ) GAUG.(XQSS : l;ocx.(wgz) JUL(. 19938)
.. K e surugaike 6.3 (Jul.24 .4 (AUG.20) 5.5 (OCT.2)  5.5(JUL.2
B RBIEOTRVNET o e 6.3 (JUL.28) 6.8 (AUG.21) 6.4 (OCT.2) 5 9(JUL.28)
HY. WA LEN D, Gonoike 6.7 (JUL.26) 6.9 (AUG.21) 6.1 (OCT.2)  5.6(JUL.28)
ERIENLOLEDNnS, £ _ Congenike 6.2 (JUL.25) 6.1 (AUG.20) 5.6 (OCT.2)  5.4(JUL.28)
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Table 4. Physicochemical analyses of the lakes sampled on Oct.2 1992

i EC Na* K* NH,* ca®t  Mg?t c1- NO3~ $0,%  Alkalinity
(uS/em) (peq/1) (pea/) (pea/l) (pea/D) (pea/D (pea/l) (pea/D) (uea/1) (ueq/1)
Tsurugaike 5.5 5.6 8.1 3.3 0.4 223 6.4 3.3 7.7 214 22
Kiezuike 6.4 59 146 3.7 0.6 25.0  14.0 4.0 1.6 16.3 45
Gonoike 6.1 3.5 8.7 1.8 0.4 1.6 4.4 4.9 0.4 123 24
Gongenike 5.6 3.8 8.4 2.0 0.6  10.9 1.7 5.0 0.3  10.4 22
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Fig. 2 Changes of pH and cations in Lake Tsurugaike
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Table 5.Rainfall amount

Date(1992) JUL.17 JUL.26 AUG.2 AUG.10 AUG.17 AUG.24 AUG.26 SEP.1 SEP.5 SEP.11 SEP.28 OCT.2 OCT.11
Days since JUL.17 0 9 16 24 31 38 40 46 50 56 73 77 86
Rainfall (um) 111 20 136 167 15 47 17 32 (] 87 44
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Table 6. Physicochemical analyses of the rain water

Sampling Date pH EC Na' K" NH,* Ca?* MgZt Cc1” NO; ™ $0,%"
(1992) (uS/cm) (pea/l) (neq/1) (neq/1) (peq/l) (unea/l) (mea/1) (pea/l) (ueq/1)
AUG. 10 5.9 5.5 12.9 4.5 4.2 19.4 3.9 11.6 1.8 3.0
AUG. 26 6.2 3.5 6.4 1.2 1.7 18.9 1.8 1.8 4.1 6.0
SEP. 1 6.0 12 1.1 4.8 10.9 63.8 1.7 10.9 23.2 43.1
SEP. 5 6.8 17 13.7 5.1 3.4 91.6 33.2 13.6 16. 4 34.0
SEP. 28 6.1 13 16.0 4.2 10.9 61.3 35.2 13.5 16.7 37.0
oCT. 2 5.9 8.2 8.1 2.6 1.8 34.5 25.8 7.0 8.1 1.7
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Table 7. Comparison between predicted changes and observed changes of ion concentration
during each period

AUG. 2-10 ALG, 24-26 AUG, 26-SEP. 1 SEP. -5 SEP, 5-11 SEP. 11-28 SEP, 28(CT. 2

Pred.  Obs. Pred _Obs. Pred Obs. Pred _Obs. Pred Obs. Pred Obs. Pred _Obs.
Na*  (peq/1) 0.67 109 003 331 003 -1.05 016 -L56 0.00 0.52 076 08 004 082
K'  (mea/1) 0,18 —0.13 -0.03 -0.28 0.04 108 006 -0.34 000 044 011 025 -0.04 024
Ma® (neq/l) 012 -1.83  0.04 0.00 014 000 007 05 000 -0.56 08 -005 010 -0.06
ca®* (neq/l) 0.28 -0.70 0.07 -0.40 0.64 179 194 09 000 -1.55 35 345 104 115
Mg®" (ueq/l) 0.44 050 -0.03 -0.16 0.13 024 081 000 000 247 247 115 153 0.17
1™ (peq/1) 0,70 090 -0.01 006 0.12 LI13 027 -1.05 000 037 0.8 031 031 031
NO;~ (peq/DD-0.37 0.85 -0.17 -0.03 019 047 0.19 039 000 -0.68 063 -0.99 001 -0.30
S0,%7 (neq/D-1.05 -2.69 -0.3¢ 027 037 2.7 040 062 000 -0.45 148 239 -0.75 0.08
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Table 8. Correlation coefficient between predicted
changes and observed changes for each ion
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Table 9. Physicochemical analyses of Tsurugaike,melt water and snow sampled on MAY 31 1993

pH  EC Na™* K* NH,* Ca®* Mg?t  c1” NO, ™ 50,27
(uS/em) (ueq/1) (uea/l) (zea/D (nea/l) (mea/l) (wea/l) (umeq/l) (ueq/l)
Tsurugaike 5.4 5.0 5.4 2.0 2.7 19.5 3.5 4.6 5.9 17.9
Melt water 5.5 2.7 2.1 2.1 2.7 8.2 1.6 3.0 2.9 5.6
Snow 58 L1 0.7 0.3 L1 4.7 0.6 0.8 0.4 0.7
#o o MODFA 2 BRI E AT h WAY JuN.
BROBpok bbb, £k P ' ok
SH3LE ORME KL BEDOME % B LT e M N — 5.6
- g L, NI o e
HREEAKDSHBEA 73‘/2%}%73 H<<RoT :\\ -3 S s B f~f~"'--Ar\f]'\»:i/:‘::ﬁv:;\—\ 77777777 5.5
By, BESETTS L EBICRHTEARDS  § Tl T
- 3 10 f-—-——mmmmom - A \D 5.4
AU BEIINELL RoTW ZEERLT 7 J A
W3, 1993E5H1TH L V6H25H £ TOE s Tt R R —{5.3
BMONN LY B AT BLOHRA TS | ]
DAL FFig. 7 17T, MEOHTLE S 0 10 20 30 10
GCM/}GPUD/(ZI“/%%I&W;*&/J)L\ prb&% Days since May 17 1993
bR L, EOMDA A ET L E=Y el a0 504 AT pl
LA A USHIFERROBIN T T, T Fig.7 Ca®and SO from May. 17 to Jun.25
LDOENS. BrORENHOKE L. 1993

AFIBTL LTH 6 ERBEERICER
L7-BRtERE T E SRS RN SR CIICART Sh—REICE piZ R L., TOBRFREINE b0 L E
ZHhd,



5. ¥¢8

RELE LD DBBEOKEEZR/EL., ROZEBHLERS T,

(1) 1992436 K UM 9934 LT Fedlie I | W TEAT IR OWITEBEO ACH % WA L 72AS B, 19924 I3 o, B 1S
J OB RV, 19934 IR SIS IS T b 19854E DFHEIFIC LE R CpHD R T3 b T,

) T FNTBEMIEOMBREOKEIZOTR B TUL U ERA A BENRE L B BEEHCED TS LW
LD THoT,

GV » HMOAE % 1992FEDTH P BH10HIZHT T, BIZIEEA AV 2B LCRAD8 Z OB iz iipHo
KT FOBRELBIA LR o T, K, 19932E5 A B> 66 H I TId@E OET & il A 7
CREEIREBITHA Lodb ER LT,

() 4 IV TR & KO KB DB B U7 R, 84 o B FRS CH D Iy ATl
BRI HMHR SN TR D . BN ]G SHfif - 3 B 28I A b, £iko %
HEVIERS ST N Y EOMBITNE Y,

G) 8 M TIHEM BRI KA A RESH | oHBED o2, ZXFEOEBEPOBRMDHESMEFICEBE SN
ERTCHICAR SN, ZOEFRILTWAEbDEEZ LR,

Bbhic
AWFFOFRIC M7 ) I BIOH K AFHE 7 & GV A 2 BRI B RB BB K el h 2 THE £ L, B
BHOBEZRTHRETT,

BE TR

D BREET WAL 2 SR HBRERSTHEE T AU S pp. 590-595, 1991

2)TURK. J. T. & ADAMS D.B. :Sensitivity to Acidification of Lakes in the Flat Tops Wilderness
Area, Colorado. Water Resources Research, Vol. 19, No. 2, pp. 346-350, 1983

IVMFER S AT A& B, BONH) OXKEICE JIETEENORE, BAREKES
F5 7THRSEEESE, pp. 116,1992

DBHIARES  REFRICBT 5 EHMOEK, EABLIURATOL 4+ LiRfgbARoONE (F248)
3 3 2[RRI R FREHEEE, pp. 382, 1991

5) BRIEIT 88 3 M A RIRER-SILMNE, WIERAREE 40 - T8, pp. (21.1)-(21.46), 1987

SIVE/KERERE Rl AR, EiRf 0t

7)D. ¥. Schindler, M. A. Turner, M. P. Stainton, G. A. Linsey:Natural source of acid neutralizing capacity
in low alkalinity lakes of the Precambrian shield., SCIENCE, Vol. 232, pp844-847, 1986

8)D. A. Bruns, T. P. 0’ Rourke and G.B. Wiersma:Acid neutralization in laboratory sediment-water
microcosms from a Rocky mountain subalpine lake(USA).,Environmental Toxicology and
Chemistry, Vol. 9, pp. 197-203, 1990

9) ik RIGR R A B

1) S BRI BT 2B DL FEHBROEICONWT, TK, H16% H65, pp. 13,1954

11) Johanessen, M. &\. Henriksen :Chemistry of Snow Meltwater:Changes in Concentration During

Melting. , Water Resources Research, Vol 14, No. 4, pp. 615-619, 1978



