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Abstract

Water samples (number of samples = 52) were collected from the vicinity of the southern
foot of Mt. Fuji, central Japan, and were analyzed for major elements (Si, Al, Fe, Mg, Ca, Na,
K, C17, HCO3; ™, NO; ™, etc.) and other chemical properties (pH, EC, ORP, etc.). The results
show that major element concentrations increase with decreasing elevation, particularly at a low-
elevation site.

In the Yoshihara area, located at the southwestern foot, anion and cation concentrations vary
widely and increase from west to east. In this area, water samples with a high total concentra-
tion tend to contain a high NOs;~ concentration, suggesting NO; ™ pollution of the groundwater.
By contrast, in the southeastern area, NO; ™ pollution was not recognized. Based on nitrogen iso-
topic and ionic concentration data, the high NOs~ concentration in the southwestern area is con-
sidered to be due to inorganic fertilizer (e.g. (NH,)2SO,4) used at tea farms. Analytical results
show two groundwater flows in a high-elevation area along the Urui River and in the direction
from a high-elevation site at the southwestern foot toward Susono City, and that they mix togeth-
er at a low-elevation site. In the southeastern foot area, two groundwater flows derive from a
high-elevation site on Mt. Fuji along the Gotenba mudflow and the Mishima lava flow. The lat-
ter groundwater mixes with groundwater derived from Ashitaka and the Hakone mountains.

Key words : Mt. Fuji, groundwater, groundwater quality, groundwater flow, nitrogen isotope,
nitrogen pollution
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Table 1 Sampling points.

No. e PRUCH 23 v 47 EA
1 24 H BhElELEOSLE2 6 HKYE Spring
2 Ko 5 B T ZH LK o 5 - IR Spring
3 HZUE 1 WLz E NI Spring
4 $ 2 T 2 (R N T At Rl N Spring
5 R 355 > T [EENCEITE A  E ok Spring
6 AR WLEN gL 2T H ARG Spring
7 [EE2RH whEm kol Spring
8 EREEIR B e il 463 Mo Spring
9 XL Fib whElRmE XLk Spring

10 PR BLEITET T Spring

11 P SR BLElE B LIIAEERERAE BEn Spring

12 AN e [ T A S F AN Spring

13 KA B Bl MK B Spring

14 el BRE A A R R A Spring

15 RE RN 35y Spring

16 Al B m AR Spring

17 2 H [EENCEn P AL Spring

18 2 HEAE) wBLEiligH MHAE N Spring

19 PR whmam FEEG Spring

20 LR whliaa SRR Spring

21 FALE IR BoLTEE T o A Spring

22 TLALE AR Ak o s AL Spring

23 5 il B #8 s RBUK AR Spring

24 N ] BRI WA S Spring

25 AN B BLWEE O KBSER EAS) Spring

26 i BLWEE #a Spring

27 IR BT e Ay NS SR Spring

28 FIRF WL AN SRR (A /N L) Spring

29 IR 2 BT ARET SR SRR Spring

30 B E5F [EERITE Wiy Vet Spring

31 Ry WAL AT RSy Spring

32 J5 5 K WHT R EE RS Spring

33 H 35 gt WHOTVEIRE B fhk oK Spring

34 ifi FH I THARMAR R Al I Spring

35 P 23 SRl —FI ARAR Spring

36 Ei % SRIREN K Spring

37 e ZRMINVES Nt Spring

38 AN 5 K BT ER ABoEK Spring

39 LK IR WP TP S LK 5 b i AR K Spring

40 His K )2 T AT N A W W & /N Spring

41 KA Y THHE KK Spring

42 R g A BB WAE) Spring

43 ATl g T Pond

44 VNV S L1320 T SN LIS S Spring

45 i il S\ ANIILURE SRR YN i K Spring

46 S IRp L ANl At & A D L Fall

47 B PA WSl A B PA Well W’ BT K

48 M SA WSl A SA Well W’ LT K

49 EN RRITTRE FHBAKMIL Spring

50 AR HRAF T AE M Aok (i) Spring

51 IR BT SRR Well

52 INTHR K LI TERK Rain
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Fig. 4 Relationship between elevation and each elemental concentration of water samples in the Mt.
Fuji southwestern foot area.
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Fig. 5 Relationships among HCO;~ concentration, total
cation concentration —Cl~ concentration and NOs~
concentration in the Mt. Fuji southwestern foot
area.
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Fig. 6 Land-use map of Mt. Fuji southern foot area (modified after Geographical Survey Institute, 1982a, b).
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Fig. 7 Relationship between pH and NO;~ of water
samples in the Mt. Fuji southwestern foot area.
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Fig. 8 Relationship between NO;3;~ concentration and
S04~ concentration of water samples in the Mt.
Fuji southwestern foot area.
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Fig. 9 Relationship between NO;3;~ concentration and
Cl~ concentration of water samples in the Mt.
Fuji southwestern foot area.
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Fig. 10 Relationship between SO~ concentration and
Cl~ concentration of water samples in the Mt.
Fuji southwestern foot area.

HCO;™ + H*— H,CO; — CO; + H,O (6)

if:, 81z NO?,??‘)%J%& SO427(%’§0)E§1%%
R TNED, KM S DEEHEH YD L 2 H
SN7ZBEHICHBVTIE, WEOMBIIERICE
<, MERLE L TR SNZZLH LD HEKTH
BIENVEZLNDE, ZZT, NOs~ & S02™ D
ENEARDE, BED 05 LD H NO; i
o TWbIEPbhb, ZhiE, sz
EMEOFEBLEEZONS, M9 NO; L
Cl iz & B4R, X 1012 SO2 L C1- ik

— 334 —



# 3 fEEMEEMGIEO SN oW ER (M, 1996).

Table 3 Examples of "N of various sources of nitrate nitrogen

(Tase, 1996).

SN il (%) @l & #iPH SCHK

SR AR

R (FLiE)

EFN -1.0~+15 INEIE 2, 1986
LMK (NH, ) —0.97+1.88 Hiibner, 1986
ALK (NOs &) +2.75+1.76 Hiibner, 1986
K JEIR +9.3 ~+18.7 Heaton, 1984
A HEAK +11.3~+17 Bl - i, 1992
FELOBRERT. TNHOEEBIEORRICH 60
D, Cl™ b ABIBRDS VI EAVRIBE D, 50 e .
LaL, 2o Cl-iEARSE (Bl i%s) b . . ° .
ErbND. g °° ,° % ,°
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S5t 20 @
ST, MRS E ORI AL T 5 o le
PIZDOVTEL LR IRE T 572012, BRETE
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NO, ™ (ppm)
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Fig. 11 Relationship between §'°N and NO;~ concen-
tration of water samples in the Mt. Fuji south-
western foot area.
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Fig. 12 Relationship between NO;~ concentration and
Ca’" concentration of water samples in the Mt.

Fuji southwestern foot area.
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Table 4 Interrelation procession between each element.

(a) & 1LwE VG A
Na* K* Mg2* Ca?* Si cl- NO;~ S0.2~ HCOs~
Na* 1.000
K* 0.536 1.000
Mg?* 0.606 0.811 1.000
Ca?* 0.543 0.778 0.875 1.000
Si 0.779 0.683 0.735 0.674 1.000
cl- 0.679 0.810 0.825 0.715 0.708 1.000
NO;~ 0.363 0.795 0.853 0.912 0.484 0.714 1.000
S0.2~ 0.450 0.873 0.868 0.888 0.528 0.753 0.948 1.000
HCO;~ 0.666 0.331 0.485 0.522 0.657 0.344 0.202 0.240 1.000
(b) &bl
Na* K* Mg2* Ca?* Si cl- NO;~ S0.2~ HCO;5~
Na* 1.000
K* 0.895 1.000
Mg2* 0.620 0.686 1.000
Ca2* 0.815 0.820 0.868 1.000
Si —0.083 0.130 0.269 0.151 1.000
cl- 0.383 0.435 0.220 0.345 0.389 1.000
NO;~ 0.003 0.229 0.190 0.172 0.524 0.674 1.000
S0.2~ 0.705 0.597 0.695 0.621  —0.056 0.379 0.169 1.000
HCO;5~ 0.690 0.687 0.652 0.767 —0.172 —0.064 —0.139 0.355 1.000
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Fig. 16 Relationship between HCO; /Cl~ and Na*/Cl~
of water samples in the Mt. Fuji southern foot
area.

BHAKRELL LD IBIEHLEEDREDL > T D
ZeWbhb. Fio, HHENH L EHMENLHK
FHI7ay FAMH LT BERic 7 ey b &
N, HRERTIWIEEICR S 2 2B fIFTw
5o THY FOINVEMMIRTII L HALRE
DIFZEDH > TVEDIE, HHROEKELTCLI™ D
ATHRL, HBO L )2 NOs {5 X % HCO;3™
BEOBLLHDDTHHH, LD, o
HHROBEORIZ, Ihd 2O CliH L
NO; 5§ RTIENTELLEEZOND,
2-4) EREMTKOEBERS

X 17 ISR IS B 2B 2RI L 724 &
BRI OMRE RT. KLY, &fke
L CEER O & S EA TR EE & O R IZ I
AR BIAR DS A S N\ e TH LI XA
MR H B DIE S ECl-Th b, SildK-a
ARSI L > THEBT L2 TH Y, EEoET
EEHITREN LAT NS DH D LIZEOH
TEXRLTVD, —HO CIT IS LTIE, 5
DT AN D S OEEO BN EXIE LT 5
7o, RO ELEZ NG, — /5T, BiA
T VIR L OMBBERIZIEEAEA LR
F, BRI AR 72D B E R AR O T K
DWEEZIT TV EEZ LNLHE (No. 37,
38) ZK< & Natk KT Tk LA D

%75, Mgt b Ca? TR A0 b b3 IRED
IR R WA TH > 720 1) BT~
EDICHEEEICB O TRELILROM T RICEH
B 3 T AL IR & BRI G 0 2 T D B &
MWINB7-DFDORENIEZONL, & I
B R AR BB AL 1 3 B BB AL o 3B (No.
42) O NatEEIFE L IZE W, 72750 CliEE
X ETHIEL, 2% ) NEEICHIET 5 72012 E%
WoORBEL/NSWEEZOND, S, HEY
AR O ARG AL I % s & L7285 TR D
Lo TWAH7zD, HIFIEOD O L I1T5R% 5 H
TARIRTHDL I EERL TV D, OB
WaeE o RENE, #E (1971 KX AHELX
RABATRODHHERICHRNTNa & KOE S
MHRKEL, Cak Mg DEEDP/NEL o TWD,

VIL. #& &

B VEER - T I o H R KRR O T
SPGB T, SEREMASI 2TV, LLTFO
e

1) #FkKE

C A A iR, HaSiO. RIS 0T &
EBITEL BB ERPIDH B 25, NSRRI X -
THRNRENZ R, Zom kbBd ERK
ELTR-AASDMETHEZ SN D,

- AR N BRI R X 5 T NaCl DR A%
ZUFTVLHTARLHY, Nat/Cl™ e HCO; ™/
Cl kAL WigEE 2 5,

2) BRFL

2-1) EEEHTK

- T TG R T K AR 22 3R TE e aSAE L L T
BY, & ICELNFHEEBIR T2 5 HITH T
TNO; REQHZER LAND Y, KWEOHKIZH
YeHSHIRT %o

- BRFEMART— %, M KKE XD s
F O YT HRE MR 1A < 5945 LT B 2801
B S 7R L2 IER e 2 S b,

2-2) FAREMTK

- T SRR KU v B e & A M T
TR IRED K & Wi ERER A D 555, B
FRBHRIFYIIA LNV,

— 339 —



08 04
07 %ﬁ A A AT Bk D A AR AR
06 [An A A 03 A8 a
A 2 A = 4 4
~ 05 A <
$ A H s °
204 A Loz
@03 ] A
A
02 01
A A
01
A A
00 : : 00 : : :
0 200 400 600 800 1000 0 200 400 600 800 1000
Elevation (m) Elevation (m)
04 15
ABTKR A ABTKER
A B AR AR s B ao, laEmEEAR
03 A A
- <o A a
3 E 2 »
E02 Fa E NN
3] A A 8
A A Tos ra A
04
A A A
% A A
00 ‘ . . . 00 ‘ ‘ ‘
0 200 400 600 800 1000 0 200 400 600 800 1000
Elevation (m) Elevation (m)
02
¢
A BRE-FERKR
A

NO3™ (mea/1)
°
> e
>

A
A
A
A A A A
00 s - A -
0 200 400 600 800 1000

Elevation (m)
P17 B LT S T K o R & A RO R 0 B AR

Fig. 17 Relationship between elevation and each elemental concentration of water samples in the Mt.
Fuji southeastern foot area.
A:Si,B:Cl7,C:NO;,D: SO27, E: HCO; ™.

3) WTFXKREHR ZHE UTHKRPAAEL, HEMBIEE Lo
3-1) EEEHTK PP T IA SUE) L T & 2R 2 2 T v

- M E O T ARRESRICIE, BEIINPVWEE TAE, ZEHKTIOFIBEOMMEIESERGT
TR DR I H T35 2 D DFER A BZU7MTAPRAE L TWE 02D 5 EA
FEL, THTEENSDKROMTFAIRESL T A KE DL L TV b,

Wb, 3-2) MREHTK
VAR O M T K & A K AT T S CMHEEOM P AKRERICIE, BRIRTHL

— 340 —



e AL ER O MBI L & = BiEE IRV O
WERAH ), BEIIIEE - FHRILCRHEOH
TARPRBAL TS,

%p

[

BLEHOWEARIZOWTTEIHYZ L TLLED,
A OB, WRERMEL TR w e E R E R
BRI & A &) O ARRAERORIERL T4
WCIESBEHE L 9. £72, SLIITHOEAK, WAKD
RIMZ PR L TL 223V E LB LIIAREEHK
B L, IMETENEZ LT ZE o RE OIS
WOEHBEL 5. BHATF 2/ 51, KE
FRBRERIAYFRZWVLEE, Zhzd LIliMmER
MECBIER L E Lo RELCIRAH L BT E3

X ®

BT - HEAEE (1992): @R % FH L7z
N ALK BE O BT BRBEFE 4 & 55, 5, 249-258.
[Arai, H. and Tase, N. (1992): Evaluation of self-
purification in Tamagawa Josui channel by 15N
natural isotope. Environmental Science, 5, 249-258.
(in Japanese with English abstract)]

HEISEER (1999): 28 B 2> & O R 28 32 3 H it DAL,
HFIK, 41(13), 23-30. [Fujiwara, T. (1999): The
reduction of nitrate nitrogen outflow from tea gar-
dens. Gekkan Mizu, 41(13), 23-30. (in Japanese) *]

Heaton, T.H.E. (1984): Sources of the nitrate in phre-
atic groundwater in the western Kalahari. Journal
of Hydrology, 67, 249-259.

FHIEIE (1996): %25 [ A AAFAE L & AT L 7= Ak
LR ORIFIEA. M AKREAT, 88, 48-56. [Hirata,
T. (1996): Origin survey of nitrate nitrogen using
stable isotope abundance ratio. Journal of Ground
Water Technology, 38, 48-56. (in Japanese with
English abstract) ]

Hiibner, H. (1986): Isotope effects of nitrogen in the
soil and biosphere. in Handbook of Environmental
Isotope Geochemistry. 2. The terrestrial Environ-
ment, B edited by Fritz, P. and Fontes, J.Ch., Else-
vier, Amsterdam, 361-425.

JEEAT - CPIRIE - AR A - HENHE - VY IHE
(1997) : ZMHtENE L Hiske 3 5 fie it 28 3% & 8L Fii K
AT TR EARFRAKIAGHCE, 41, 575-
580. [Ii, H., Hirata, T., Matsuo, H., Tase, N. and
Nishikawa, M. (1997): Nitrate nitrogen due to fer-
tilizer application to tea plantation and its effect on
ambient surface water. Annual Journal of Hydrau-
lic Engineering, 41, 575-580. (in Japanese) ]

MEAS — R (1929): & -1l oo B & KB 83t 6,
482p. [Kanbara, S. (1929): Geology and Hydrology
of Mt. Fuji. Hakushinkan, 482p. (in Japanese) ]

BREE (2005): PR 17 4EROBRBEIF. 280p. [Minis-

try of the Environment (2005): Annual Report of
the Environment in Japan 2005. 280p. (in Japa-
nese) ]

LT HE (1992) : L% H TA 2 HEROBREE—2% - XK -
+— #t#5, 152p. [Kitano, Y. (1992): Earth's
Environment in the Eyes of Chemistry: Air, Water
and Soil (Kagaku No Me De Miru Chikyu No Kan-
kyo) . Shokabo, 152p. (in Japanese) *]

B M PRE (1982a): 20 Ji4ro 1 LMK H.
[The Geographical Survey Institute (1982a):
1:200000 Land Use Map, Kofu (20 Manbun No 1
Tochi Riyozu Kofu). (in Japanese) *]

b P (1982b): 20 7545 1 LM FIH K .
[The Geographical Survey Institute (1982b):
1:200000 Land Use Map, Shizuoka (20 Manbun No
1 Tochi Riyozu Shizuoka). (in Japanese) *]

FWAIHE (2000): T AKZROFMH—E LILOM F K E
N ARG —. () HARRE S o TR
DR KEEDOL MR /2D BLGENIZE ] BT
W H AW IXEfE, 202-238. [Nagase, K.
(2000): Various aspects of groundwater and human
activity. in Basic Study on Aqua Planet from Ocean
Science edited by The Japan Science Society, Nip-
pon Foundation Library, 202-238. (in Japanese) ]

G2 (1996): = Bl B OV A0 F K DAL R -
FIfLARRLE O & TR, =BT K
B2 5 A ge L [2 o 2], 13-36. [Nakai, N.
(1996) : Characteristic features of chemical and iso-
topic compositions and source of groundwater in
Mishima City and surrounding area. Research Re-
port No. 2 on Source of Groundwater in Mishima
City, 13-36. (in Japanese) ]

VA (1994): WE Lo TR E T ARG (1).
KBS, 86(9),1-12. [Ochiai, T. (1994): Ground-
water system and effluence of ground-water of the
east ride of Mt. Fuji. (1). Journal of Groundwater
Technology, 36(9), 1-12. (in Japanese with English
abstract) *]

ANERHE - A - Y B (1986): % BRI
WK OEFALEW OZE). k&S, 47, 17-
26. [Ogura, N., Ishino, T. and Tange, K. (1986):
Behavior of nitrogen compounds in surface runoff
water at small watershed of Tama Hill Jpn. Japa-
nese Journal of Limnology, 47, 17-26, (in Japanese
with English abstract) ]

Ak - IAREER] - H PR - REEEE AR (1996):
T VRS LABRE D OT Y E ST B KW
TYEZTRERO SENMHOLA. HATELR
FHERE, 67, 314-316. [Park, K-L, Yamamoto, Y.,
Nakanishi, Y. and Kumazawa, K. (1996): Variation
of ammonium in solution due to the evaporation of
anmonia. Japanese Journal of Soil Science and
Plant Nutrition, 67, 314-316. (in Japanese with
English abstract) ]

PEREDF A - Ll Pis - B - DB - SRt — -
e (1997): BLINELOHAKS X T KD
KENWZDWT, HAKRIR 4R, 27(1), 17-25.

— 341 —



[Sato, Y., Yasuike, S., Kono, T., Kitagawa, M., Suzu-
ki, Y. and Takayama, S. (1997): Water qualities of
spring and groundwater around Mt. Fuji. Journal
of Japanese Association of Hydrological Sciences,
27(1), 17-25. (in Japanese with English abstract) ]

SRR - PEFRHE - KRN (1984): WA 0K
B w41 UL Ot 4 E SR T R, 15(5), 109-
114. [Suzuki, T., Hirano, T. and Ohki, Y. (1984):
Water chemistry of Fuji five lakes. Bulletin of the
Hot Springs Research Institute of Kanagawa Pre-
fecture, 15(5), 109-114. (in Japanese with English
abstract)

IR B AL (2002) : EHRE UL & 7K 100. 128p. [Shi-
zuoka News Paper Publishing Company (2002):
Spring Water 100 in Shizuoka Prefecture (Shizuo-
kaken No Wakimizu 100). 128p. (in Japanese) *]

FHHEHIHE (1996): b oK OREMRMEZ IR EE & BHRK
SE AL 5 gL IR O g 1Z T g 2 —. A FIK,
38, 70-78. [Tase, N. (1996): Nitrate nitrogen con-
centration and abundance ratio of nitrogen stable
isotope in groundwater. Identification of pollution
source. Gekkan Mizu, 38, 70-78. (in Japanese) *]

HEAE (1970 BhILoME - . Ey AR
i w LIl —E LR e AR AR E— B LA
1T, 1-131. [Tsuya, H. (1971): Geography and ge-
ology of Mt. Fuji. in Scientific Investigation on Mt.
Fuji (Fujisan Sogo Gakujutsu Chosa Hokokusho)
edited by The Natural Park Association of Japan,
Fuji Kyuko, 1-131. (in Japanese) *]

Mg ERD - ANE 2 - AHHAETRE (1981): fiiFRGH K
ZIRE LR B S o iE. HAR AR
7%, 52, 420-426. [Watanuki, M., Kojima, K. and
Aida, T. (1980): Denitrification in submerged soil
percolated with nitrate sewage. Japanese Journal
of Soil Science and Plant Nutrition, 52, 420-426.
(in Japanese with English abstract) ]

IARHER: (1971): EhibEe ZoFBoBEK. B AR
W Bl —8 ARG S T A s —
& L247, 151-209. [Yamamoto, S. (1971): Spring
water in Mt. Fuji and its surrounding area. in Sci-
entific Investigation on Mt. Fuji (Fujisan Sogo
Gakujutsu Chosa Hokokusho) edited by The Natu-
ral Park Association of Japan, Fuji Kyuko, 151-209.
(in Japanese) *]

AR (1992): & LINE @ 722 % KO FHET
5. WEhERE, 197-217. [Yamamoto, S. (1992):
Mt. Fuji is a Treasure House of Spring Water (Fu-
jisan Ha Yutaka Na Wakimizu No Hoko De Aru).
Suwa Shoin, 197-217. (in Japanse) *]

AR - A 6K - PR - Ik % - REEEEAKE
(1995): Bl B O T K P OREREE KRR E &L SN
fili. HARTIEIES2HERE, 66, 18-26. [Yamamoto, Y.,
Park, K-L., Nakanishi, Y., Kato, S. and Kumazawa,
K. (1995): Nitrate concentrations and §’N Values
of Groundwater in the Miyakojima Island. Japa-
nese Journal of Soil Science and Plant Nutrition,
66, 18-26. (in Japanese with English abstract) ]

* Title etc. transrated by T.A.

— 342 —



