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L AAREOBENETR

AR HE L 722K K H & ANRGE) & o BIR
INFAZBIRLEM & LT ol etk

FPUSGEKER ' - MAREE®

VR I BR AR R, S T AR P A R BR B h LR

2 F

LR T X OEHET 5 3 DOFKEMAKREIRIZL T, 2015 F55 2017 FI2Hh TREOZF
iz bz R L, £NOHICKITT AMIEBORB 2 /<72, Hin T, TORERBREEM L LTHNT,
INFAZERRL OB LB AT - 72, BAKORIE L 72 2HKOKEIX, pH 4.4~53, BEIEE 2 mS m”,
B IARREZE SRIEIY (DIN ¢ dissolved inorganic nitrogen) 470 ugN L' CT&H o 7z, EARDOKEIX, ARG
B O ECEIK T, pH 5.1~5.5, BXIZEEE 2 mS m”', DIN 13ugN L' ThH o 7275, #liEto
RITld pH 5.8~6.5, BASEEE 10 mS m”', DIN 2000 ugN L', HILI/NAE Tl pH 6.3~9.5, EX(E
R 24 mS m', DIN 5000 ugN L' &7 0, #liHOEICEWEKIZE, KEIZFERED? S HEB L O
570V A N EZALL, BRIGEE L IEFIREERRESEWEL R L. Lo T, &l
DNEIEENE, BROKEZRELBUELTVWE I EDPWSPIC R oz, BHEERIT, INFERES
B OO TITo 72, TEOFEIE, [HEIZHHNDIE LT BN FR2 AL F
5] L, RS, THINERHE2 S @I T 2BEA» G CE 5], 2 BKROKEII AHTEE2SK
ERPBERRIIT] 02 HERE LR BRI, HIEEBNO 3D R VIR L A%
B 7% FHEIC L WA REE SR (NO,-N) IREOIBG EZMARATL, COHEEKT, EEOHR
IZF o 7L, | SRS ERRE S RIB R O, 2 ANEAKIINDOIELE Y, THholz, INHDAE
FEOFMIIE, HEORS VL L 2IZBRT LI 25, EAKIZHEAER & L TEHTH LRI IR
BENTz. BHMOE % ED L5 HOMEMEE Ui, #HEEOEK TEVIEE /R § IS Ek s
FORIFI, BHEMROUE, BEHEENOMEMT, KEREF BT 28 b0 4 SE251F7

F—T—FEK KE, AHEE), BREE, AR

LB skl x5,

EARIE, AKRDFEFEIZL > THEBSI /T K
A, REKEIG > THERBEICHNL G TH Y
(Wetzel 2001 @ Figure 4-1, HARREEKS4: 2006), %
DOFBE, EOKG AR L 7R e 20, wll,
WRZ L CHICELKOTNDEE L. Lizh o
T, BAKROWZE, RH 57 S IO KOG
WREZHET L7200 BD 1 DL b, KD
HigiE2 212k En s, 1 2HIE, #iisBoirs
T2 3 00FKERNRIZL TKEDOEFHZAL % 50 #k
L, ZNSHIZKIFT ARG ORZEZ L 12T 5
CETHABH. 2200, ZOFEREEEHCTNE
RHBOBEEE LT, BME L TOWREME
HIAZEIZHAE. TT, NS 2O00HMERE

KR FIREI ORI, Bl2IE, LR ZD
FEEE R (RIS 1999), AMFHE LA RH (L
k5 2001, Asano et al. 2009, TP 5 2021), 1 Hi
R R A TG HEK 22 & AT TG E) (BP0 - 711999, 1t
51999, H* 5 2000, Bl 2018) DFEEEE =T 5.
Rossi et al. (2015) &, 74 »F ¥ FILHEEI &
3% Oulanka [E[3. D, B X% 6kmx 13 km O
PHIZH 2 41 DFERZ R, KEEEEHEDS X
O T ARDSTEA T S #iPH (capture zone) O I HiFl]
HE OBREFN. ZORE, BAROBEZ, &
BWHOEIRE (Fa~ A M) EAIKEDHELR %
G, ANVT I AA Ly, pH, TIVH ) EDEWE
L, —EbdEEO/NBEREOEEK L,

PP ARES  ken@sugiyama-u.ac.jp
(2021 4£ 7 H 7 B34, 2021 4E 11 7 28 H%H)
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THIRRE D L UTHIRE R RIRIED & 2 B 2 L 25
L7z By (2018) 1%, BIREERE O L2
(2H 5N B EHK EEITHEIOKE 2 f~, i
HTh WG OB IERRERE, ANHIGE O

A AR S RRE D SHIM T E 5 LB T V2.

L7295 T, HAROKEZ, HISoHEMEHE oL
Oz, NGB O M % 2R S, 2 O
X, MEOEEIRE VRS, AODEFT 5
HEICBWTHEE IR L. RIFZElE, #HEE R
ET B0, KIZHEATIRDOEB 2R
FRARES<FT O, B <E RNV AKEED
Ao, WISLELOMIE, FHHO@EAKE L TR
BECHNLNTVEEHAIDO 1 D9THSD. INHD
BT, R T REO/NELER oS
I2& - T, 1975 4E0 5 2002 4 F To 28 4E[H], H
1 [AIARRE OB AR S, B EERRE S RIS
DKREIHNZ, EHEHEIIKDOFG P RENZ &
Horizsh &z (FH - /M8 1978, Ogura and
Yoshida 1981, Ogura and Morikawa 1985, Kato and
Ogura 1992). &5 (2008) &, Z 0 28 4L DE]
MG R A ARG L, 1980 4E7 5 1990 4D T K EEE
A, fEERA 4 >, 3B A A 2 2SR D T
ADEANCEE DTV B 2 e 2SI L7228, AR
BB L, EWIMFEAS L 2040 4F~ 2060 4F F THE
BT A EEFHLTWS, IS DO EIL,
TRIZ X 2BREREEE 2 2 2 2 8im 2350 1
okl (UNE2002), HEBEOHEME L TOE
HERIZLTWD.

RWFZEOXF RN & 7% 5 2R, AI123077
NDHARE 447, HFERRKOETTH LS. THND

HEARKIL, BREEE web site DERKBEER—F VA b,

2R web site DE X KE=F ) ¥ S THENS
BENTWA2DS, e L TAT S N/-5EM 7 3 sE
BHomkiy, FEHT CHTERE ES Vv
FEOSFILX (FHS 2015), B EEHICHE
NS5 AT L 72 Bk © N E B O 52803
RWRHRXAFEEL (EHS 2020), IZRHNTH
D, BRSO NHTEBOZEIIH S A Tld v, R
Wize 2 > HO B, WO EAK L AMESE & O
BIER % NERCHR A & L CIEBER A 2 L1 B
75, BURTIE, B EBT 2 HEHMAAEL T

5. 2T, ME (2011) OFEBEEFEKIZ, HSHOD
AN & B WAL OEE LS, AW 1 DHOHW
DEFKLRD.

BT, 2 OHOHMOEREZ RS, WIIHBA
BIAETICRE (BT L HARTIE, INFRES 5 2248
HEHZRE SN [N ARk & & % L]
T, RAE - EH - RO IR KO T, mllE
L OBIRIZOWTES, /NEREE 6 FAEBEL T,
(W) L BRBE] ©, B&MN, HFK, @K mEL
T~ &7 KON % 55 CUREHAE 2017).
WTNOFEIIBWTHMINEELHM & % 5.
NNEKED S WICELEGARTH D, HiFg L
B L IR, PR, Tk, &5 WL, k& vo
7oEB ORRICE F 53, REIaE T 5 i
DB EFFOZ LIRYITH 2 (4H 2006, Tl
52017). ZOWIDIEE D IZFEKRTH 05, /I
KES 5 SFAEBRL O HEE 1L, ZOEFANILREETR O
EscH B LR E N TS (K HARMFE 2020).
ZFDrz0, FE L THREIICER SN A HEO T
EL7obiE, NNOEENIZOWT, EFEOE- 728
fRrBELI DLV, 7272 LiBEoMIENE SR
5L, Wl R AL HNITIINE, 2D TP
DOEHRIALET 5 EEH OB OJFIEES, 7B
DEM, FRIRHER 2 5 OFEAKIZL > THESIN
Tz Z EmARN G, TOHEKNBAEL T
WL, #HEICH 2N OMEE ) & L CTHRITFOH
BEtichsbEZEzons (B - BE2017). &
SIZEARDD ) 2R HIE, Hus o B SRR
BIHICBWCTEE RS L 7 5. FRIIRIIZEOR R
BTh b amET % & ORI TIE, TR
MHDOWKIZ L o THAE S N D/ B IZ, +
Y h A aEy X T4 (Drosera tokaiensis) R T
% <R 7 (Eriocaulon nudicuspe) =5 0 i %
WREBMSIND HDLRMYEE, Ny Far b
AR (Nannophya pygmaea) oY * % 4 277 F (Nepa
hoffmanni) &\~ 72/ S B L T b (A
52011, Minami et al. 2016, 7 H 2018). {HE/KA H
WORPHEEAREED 1 DTHDH I EIZHIL 0
I2h, WREHEMLT S LIIEEREND L.

HAIZ BT 2 EKROBMAL L BEEEIE, S%5F
ez (KRB - 51 2000, BT - KE 2001, =T
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2003), EEEFRHEE (FAH 2011), KFOHFEHK
B (P - =4 2011) THE SN TV 525, /hE
KBTI, &35 (2018) 12k 255 7 EFIVEHN
oM ROEE L EH A THULT A2 BB L,
RS, 6 FEE NG E LA E ORI
BULHEEEOATH L. 72721, H5H5 (2018)
DHEEBEL, HESEL -G 5 OB LINED

HMTH Y, EERBERONEIZOWTIIAYTSH 2.

WM H 2T 5 &, BRIN THEBREWITZE AT D
T\ %, Reinfried et al. (2012) &, 13D A A
AN 81 NS, BADORIFICHE T 588 % 48T
RS, EODEABIEZHLN L. £ DFE
1, B&E L72WAKDS, SEFL A O EE S NS EE
A ENHT OZMICERE SN, 2] s h
DI & o THREHE B 54 A 2 EEL T
7. 22T, 5L, EEMOFER 2 HWoH
MEfREL.
R2FEDAA ANFEAE T3 ANIZ, Ry KR MVEHW
727K DR EFEER (Plastic bottle model) <2 £ LA %
7z Ko R (Landscape model) % & A
BB EER L, Far, FRB I ERREY
TV, BARNOBEESFREE SN, Thd 2 2 HH
MEFFSN T2 Z &2 L7z, 215 Reinfried et
al. (2012, 2015) OWZEL 5%, EFEHIOFE &5
KEDEBEFIT 2BMBET, £ L THRERN 25
U G ATZFERIEDOERD, R OFETIZRY R
ThbHIEDRBENS.

Z 2 TARMZETIE, AdETHOET, kR
5 PFHANDOBATHNALE T 5 FHEXIZB T, K
DOREIR & % AR, BILONEIGE OB
%3 ODEKRENGE LIZKEOREEIT Y, Z0

AR R & T T/NERGER 5 AR PR TR SRR L,
HHIKBRBE O & L C OB KO RElE % M5 L7z

2. 5k
2.1 SAEH

KiFgeix, BEEEO—ETdH 5 H I EE >
BFEHANOBITHTH LR THEX T o
72 (Fig. 1). THEX(E, k& L TRES TV
LHRINR AR AR E, St cn
L. A L e B EAKE, BILEREY E A S VH

5| &%t %, Reinfried etal. (2015) (&,

FE~Efe <, RILEEOMARKBIZEB 3 5
wIHK (Kinmeisui), #B L S A7 #HE A 58 1§
5RO EK (Motoyama) &, 8 1LZL 7R K5
B/ANERE (BUF, MBI/ ER) oK (Sugiyama
elementary school) @ 3 #u/i% #A 72 (Fig. 1). 2
DOHIRO M E AL, BEDPE cm~10 cm D F ¥ —
b OFEER A 32 & L 72 g o L RE -
FETHDL (BADS 1986). FH 30 4F (2018 4F) 3
HIZEfT SN [ TRENEEN T E O TF
Y] o2FTIE, AEETNEZ, #.O8,  #OEE
A, BREE, Yo 4 EEIZK S L Tws (AR
1 2018). WKL [#RERRA S 800 m DL L#fEd 7
Wig ] LRI N LI, AL ERBIL/NARAE, [He
TEREHLE L2 8B T FE L 722 BAE AN S
WL (BB Tl T kAR T £ L5 #PH) |
LEFRSNAEELIALEST S, 72720, Kl
(ZBRZITRABIL & DBEF, AR IL/INARIIH LI & D
AR L T 5.

SHHARPER T 2R LI A TIIE R <, K
SHPRUAN O NGB OB 0B v v
L. BENESTLIWEERE»SEHN L, THRORUE
FEOMAMIL, EEILEBTHL I T (Quercus
serrata) & 7 X< (Quercus variabili) % W02,
HERILIER O T 5 51 v (Quercus glauca), i #kst
ER O 7 /1~ (Pinus densiflora) DIRELHKTH 5.
FEBEIL, EARS (2016) 2SAA L7z, G¥ET5
Y BT AL O AR T Rk O RAREMRIZEL L T
5. MIROFEELTIE, GHZRTIZEVEFTDY
10 cm BREOHETH - 72, RINOFHEAKIL, HFHF
OFEHBOEML S NFH S L, HEKkiEz
THRERIZHA L T 2. BIWNAROFE KL, TH
fbe 7z mERTE TEICH 725, KEICKE I N
E P —=7IEH LTS (B - =4 2011). &K
W EBL/NERO ML, ETEMbEn, iy
TRORPH 1 km OFEPHIZ, SRR R 2 23 Bl ok
TR L 2\ BRI BERE§ 2, Bl
KT AN EF4 (Hoshigaoka) DFEFEMOE
TR 72

B AN S OB 2 fEHIL, Table 1127R L7z
K Z RN L 72 2 O ED, B X< 84 m Thi
L, RN TEHKD 64 m, A EABLZNERKIL,

— FRHIARMRN—Y 3 —



BRI IERHR - IAAFEF

Gifu prefecture

Nagano prefecture

4

Aichi prefecture

Chikusa-ku
Nagoya City

Mie prefecture

Shizuoka prefecture

Pacific Ocean

Fig. 1 25 EH TR OME &K 217 o 72aHK, ARilis & UMD 3 20K
BH.
Fig. 1 Location of Chikusa-ku in Nagoya city and photos of the three springs, Kinmeisui, Motoyama
and Sugiyama elementary school, where water samples were collected.

Table 1 %375 15700 IR
Table 1 Geographical information for each sampling station.

Site Category Latitude Longitude Ele\gtlon
Kinmeisui (Higashiyama) Spring 35° 09'02 136° 59'05 64
Motoyama Spring 35° 09'58 136° 58'03 27
Sugiyama elementary school Spring 35° 09'53 136° 57'04 27
Sugiyama University (Hoshigaoka) Rainwater 35° 09'37 136° 59'14 84
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TR DAL L 72K

EBI227Tm TH o7z, KA O ERG S H
UL Fig. 2 1R L7z, B2V ED2SOEMERL 4
BIKC 1 km, AT 2km, HBIL/NERT3 km 2
FETHY, 3 O00@KIGEHEL, RIFL R ERO
B, BB AEE Ch L EARE D (Fig
2). L7255 T, HARDKEIGENDENTIGEIC
&, HWERE DS H T EHAOREEEIC I, BRE
DFEBICHFKT 2 L W52 &EATE %, Fig. 2

BT LKE & NEE) & OB%

NEACERN O & LT o Retk

MNH, 3DOOFEKIE, HIZIIZIE, Wb HFEIC
FTWHEHEICHEE L TWA Z Edbhs. HEHEBEOK
&, BFEICAD #ERE N R WS, Pk
H &2 B TREIA, ARl &AL Lg%
T, BEFEL T2k RE LTHREEICHAL
TWh, $mk%mm$ﬁumuﬁéf@5ﬁ X
D R ARSI VOB ILVNERE TH 5 .

100 -

80 -

Elevation (m)
()]
o

1

40

Kinmeisui

Sugiyama E.S.
Motoyama Y

20 . T
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Distance from Hoshigaoka, Sugiyama Jogakuen University (m)

Fig.2 #KHAOME (1
fE L HBEEBE MY web site £ 1) HUES:).

%1% Google Earth & ) Hi

5) LXMW A, BB LU CoMIEWTE (%

Fig. 2 Location of sampling stations (picture was cited from Google Earth) and topographic cross
sections of lines A, B and C (data of elevation were cited from the website of GSI maps).
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2.2 BKDEFER

BIFAL, A1 ROEEZIERIZ, S&FKER
ICid, 2016 4E3 A 5 2017 4F 4 HI22017 T 14
], FEIL/NFERSTIE 2015 4E 5 H 25 2017 4F 4 H I
MU TC 24 AT - 720 $RAKIE, B _EEH IS
WA CATV, K% 7 )V 3 — )ViEEr, pH %
Wenh (Jsr BALHFZEFT WAK-pH, WAK-BCG),
BAILEE 2 (2EEET (TOA DKK CM-21P) Tilll
EL72, KB LUORLOEREIZ KAy T
T—ERMICERT 2 K22, ZOKEE XA AL
)y —TEHE L7z (505 2014). HIL/NERIZH
W EM S MECET, BHELTHETLHI L
NTE Lol Kby,
AR FIEFE X, Winkler 7 V4LF b U 7 A2
L DBIHTHEEL, BEIEE TR L eds s ER
BICHELITY, WEICL o TERLE (BAK - Bl
2014). REIL/NARSCIAE RS 2 M E L 7228
UK EARILTIE, REHEORETH 5 2017 4F

4 B2 mZ2GFHIE R T 72 KESHTH oK,

100 mL R ) K 2 ARIZERI L A Ak 3k O30k & [F) ik
WCESHEE BT R LS ERBZICH LR 72,

2.3 MK DERE

FMZKIE, BERHIS, W27 Ao 1 LE—7—
(IWAKI Pyrex AGC 77 / 75 R) 4~ 5% )= E
IZREE L TR L 72, B ERE2 S0, WAkOBA
WYX BB BT L7202, U= — I3k L
728y b RIZER ¥—F— 1%, BRI HET -
725~ 10 %ICEE L, BEWRBRE, M
T35, H5VIIKEGTICLELmRZHRLEHED
WXL 72, L72hs> T, AWfgE T, st s

DOETOMAERIL TWEbIF T, BELH,

Fr B X 0K E 1 Appendix 5 1278 L 72, 2016 4E 5
H 225 2017 4 4 2220 T 26 [MIFRALL 72, WK
BRI, B2 pH & etk (Jhar BT
WAK-pH, WAK-BCG), FEAXUREE Z (38R (TOA
DKK CM-21P) Tl L7z,

2.4 KE R
HAkD 1 RIZ, BEXHEBER (HARER WAL

THIE L 72, A (ADVANTEC No.6) TA#l L,

TE L CKIR 2 JE L7z

B 7T UEMBEIC X AEER (Si0,) D EaHT ()
K- BIE2014) ICHW b9 1R, T AR
#e» A (ADVANTEC GF-75) CTH# L, % &%
R (HAER WAL THELZE AV F7x
=WV K BT vEZTREEZER (NH,/-N), U7
VALEIC X B HAEIRESE R (NO,-N), H ) F VIR
T MUY AL BERREEE (NOy-N) B LU,
EBYVTTUVERT VRS LAFEICL S VERREY) v
(PO,"-P) DIL/AT (BAZA - By 2014) 1272
R, BAREZEER, ) VEEREY Yol
JEOGEEET (HAZ U-1000) TAT - 72, WAKDGH B
FERDOFNHTH 5.

B, R THW/HGEFORMIE [FE] T
HDHD, TNE R REBEOREERE (K A5
Ly&) Z1lmgLl' THEIELEE 1 EICRE
LCTwa, ZZTAMIZETIE, 1E% 1mgLl' TR
L7

2SHEXREK

2.5.1 &R

BEERIE, TTREOARDPEET HBIL/NER
TATo 7z, WHRIEE 5 FHEOHFT, B [HRb
KoM & & Loz b (9B T) ] DR 9k
MHTHL. EikEld, FHEHELZOHIKTHL. ¥
WA A 5 2B i3S SR B L O
B1ETH L0, ERFEEERD L IZHE
HEHGH O FE DT T, 2016 4E 11 H 24 H, 2017
F12 H21 HiZATo 72, EEEIE, 2016 4F 1210 48
%, 2017 4EI23 49 i Td o 72, R/ 5 44
X, 177227 ANT2164FEE2 7T A, 2017 4EEE
37 AMKTH o7z, TOFEKRIIETCHZ FAT
B O 45 5 THEML, F UNEORE
% 2016 4F1E 2 01, 2017 FF1E 3 MY R L7z 23
DOFEHE (OHT) I, [HECHLNOIZLFY -
BUVNFER2BIZEICESL] L L, Abwid, [1
JNEHHE 2 HEH T 2FEAPHIE L FE L], 28K
DORBNNINHE DK & B % RITT] O 2 54
ERRE L.

R/ INERR L, AR BRF O3 T K % KR
ETHEF P =TREHLTEY, IRARERHIZIZE
T M7 THRBSEZITH)RELSL . BERD |
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MR THLEBEREATIRES F—TOREDITD
nCwa (B - 5+2011). L7z2->7T, #EAKE
Gt =T, RBINEROREIZE 5 TR D
HERBEARERED 1 OTH 5.

2.5.2 B¢

b LT, ab\w 1T, BEICEE R R HEE
SN T 5, Google Earth |2 & % W {&FE~ (Al -
Ly 2006, ¥FlE 5 2017) (2Anz, HELEEHLED (1
T HFEPE web site) O 3D H¥EEE FHV 72, 3D HEREIC
X o T, Reinfried etal. (2012) H34E#H L - EE LM
B, T b b@AKINELT 250, REOA-IC
HHIERWHRMMZZ DT ENTES,

12 5\ 2 T, Reinfried et al. (2015) A%, &b
B % i 72 RBRI 2 WG B 2 L) AN S 2 & TH
BOREEOLEEEZ, KA EZEAL.
Reinfried et al. (2015) OFHAEAI LA S (2018)
DY IETIVIE, BRKOAMAZEFIELZ &
WZFEIR Z B 72 s 2 S0 & O AT
BHBHDS, BRSO NEIEB O Z LT 5720
U, REREOPLNRIREL 2D, KEE W)
LR R0 O OBEM P HERTH 5. FRBYT
&, KRESMOFHEE LTSy 77 2 MafiEsh
B GESFIH S B D%, WEME O G B~ fER
FTHZEEEMIEE LY (ORE - 5 F 2000, #2°F
52012, Bl 2016). & 52 G (2012a, 2012b)
X, AHEFERORFAEDZERLFEZFIZBNT,
BOD XS REE 2 ME T 2B, 5T
7% <, BN FEEREITH) 2 & TR ED
FHERPASPICLTWS, 22T, JUBHZEE
LTEY, BEFELVY T LI L 2 HEEERE
2% (NO,-N) O s L7z, B3 2%, 1A
H/NERE DRI, FINOE&PKIZI-~, HAYERE
BREEOBAERBERIBENEE IS, £
WX B ZFoxtlbid, WEICRVWEISR 25252 &8
WifF &%, FEBICHLELRRIE (IBA - B 2014)
L 25 E. % Table 2 |Z7R L 72,

WEIZIX, ZEON, EBRFME, ZERIZHV
B IHMAERRE L 72 A3 ML O ERZBLA L 72

(Appendix 1). FZENFIZOWTIE, F#E, #IH,

BAERH B ICETRN L, FaiiEEr 2.

Table 2 TWfHFEREZEH (NO,-N) DA LEZHIE, &
HB X0k

Table 2 List of reagents, tools and water samples for NO,-N
analysis.

Reagents for NO,-N analysis amount
HEAE PR AE 22 3R AT H O 3l Vi s
100 mL, 3 bottles

Sulphanilamide solution
ANT 7 ZVT I N

N-1-Naphthylethylenediamine
Dihydrochloride solution

N-1F7F VT LI T IV

100 mL, 3 bottles

R

Tools for NO, -N analysis number
HAHERREE RO H D8z B B
10 mL pipette 8
T ANy b 10mL

2 mL pipette 8
HIAENY b 2mL

Silicon nipple 8
v)ar=y 7 ()

Test tube stand 8
ABRE 3T

20 mL glass test tube 30
7T AGERE 20 mL

100 mL glass beaker 8
AT A ¥ — 71— 100 mL

Water samples amount
%S o
Spring water of Kinmeisui 1000 mL
SR DT

Spring water of Sugiyama elementary 1000 mL
school

FEILNERE DK

2.5.3 FIE

e

BHEERTH HARI, EREA s ORESIN, B
I 3~4 ATO 8N A, FatEE K,
WEAHMPHETLICHBELTBL. REON-1
TFNVIF LI TIVER N1 F7F VT L
VYT IV IEEEYE 0.1 g & Z8887K 100 mL (2 A
) 1 Z10mL % 100 mL 79 AL —5 —|255FET 5
RBRE LTI 3 ARRBRE 2 AN, KOO IL/NE
BDEK, @QEHIKOEK, @OBIL/NAROKE
KEZNZENI0OmMLES, ANVT 707 3 FE
W (AT 7=VT 3R 1 g% 10% HEEEKET 100
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mL (2T ) 1mL 25 4. 3 RORERE 121

O~QDOHEEFIFTTBL. HEOAoTE =T —,

RBEO~@% ANTRBRE T, 2mL 77 AE
Ny MIARET)TVERIZ, Ny FAICTEDTH
(. Ihx sHAEL, #ERICIE~NS, #AKORE
N DKL, 2300 H A PR RH EGR  Hir
TWRED, KQEWKIZ, FEEEDZNZ R
L, % (5C) CTHRAEL7Z.

BA (109)

FTAIHMIBUCE LD 72EHF (Appendix 1)
REESBICHEAT A, f v T Microsoft Power
Point TIERL L 72J110 B, Wik, TOGHEA T
A4 FEFWT, HITEROWNEZRD KD, JIIHF
DR, G, HEREO 3TERIC L o TR O (5
N5HZEEERTH. BT, I, M, BEEELT
KOPEER LTV 5B Z &2t s,

BB 1 (104)

FEEHFIZIBEIZ (NN CE0IE, Enkd) L
FiCThArIN? | ERwRlT, PECHRLZAELE
g # (Appendix 1) I[ZE AT H L. FEEE I
MIEEZITV NS, BEOBERAOFEIT 21T
I, Wh#EXRboEZAT, bW [1IHEZE

H2HEHT2HKPH6IELE2] 2R2 572012,

Microsoft Power Point CHEHAI 2> H DH KD G HA F
A4 FERELRDE, MTIERELZHNANSELTS
WS, MBI L EL I EE2FET. HFETIE,
MO LT 250, ILHOAMIZH 5 2 &R

ENTVDY, FEIHELLIIZbHHI LR,

Google Earth O [H[{§ % F\V T, HILOEHHKAITKH
Mo, Rl &R NAR DI OKIED 12 Th
LI ERBAT D, EHICHEBEX O 3D HAE
AT, @WK, KL, RBihggess, fHmo 4
WZH Y, WA EFIEIc AL T 5 & 2 1
R 5.
BE2 (154)

HBEOFMICIRELED, EEEITRBRE AN

72K, RINER DK, KEKE RERDS,

R7-BIZEHTED S WMl E N IEH L DA
AMEMV2T S, SR EBILNAAE T, E
DG (LHFH) AR L2 EIBENIROC X
ICEEORLYVIY 2179 . T, AbWw [2

KOKENIANBTEBIAKR & B2 3T 2%
ZAHIOIFEREAIT) . M LK EREL Y
FNTEKPECEA L, 2mL A7 AEXRYy b EHW
TN1F7FNVIFLUIT7 I VR 1 mL % 3R
BICRIMLZIb2BIET 5 L) IR T 5. 4T 1
ANTENZREZ RIS A E2@mHAL, 1 ADRE
AHE L v &) 1B 5. JEEICIE, #AfiATE
AT FETEAK, B, ERGEICMA LW L,
7T AL EASHER U 72 B A 3 A 1Sk & 9T L
#6975, HENPUAT T & JITITHE I E A%
LAKEARTHRVIET Z & 252 5.
BREEED (1049)
3ARORBED ) B, OBINAROESL »—7
DARNVEEBL-Z 2B THRRL, WELWE
IS RRESE R TH D 2 L Z bR, ZOMEEN AR
D DR SN AT KICR E CEBESND
LAY, AHEM LV KIS NOIL L F
DB LD, FNHIIAFIEEIC L - THIE, KE
WRELYUZEENTVEZ L 2P S, BT F
L LTREIE, SHOBRETHALENE R
Bz, ABILNERIIKIEE 55 720105 T E B H
WA, BETHELED . SLAo R RER
Lg%z 5. mBEOT EOIL, KOBRERES
W, 556 FAEBIRY [AW) L BREE ] ~ Db & Bk
LTw5,

254 REANOHBDEDONT A
INERCEETRE AL AR, B2 ® B0
HERONE, H18 BHOBE TRELEZS -
THEIZ, FEREPfTH e EZELT]) g, [E
HL, MEONERAGRBRE LI L 2255, [E
DIFFZ D 720 DWMID & 5 PR, S 512
X, TNEFEDPO D 2OOEE, FEERD T % 588
THIEIIRD, L, REIFASTEELLT
R, T LT, TNOZMEIrDL2DIZHEML
TR OTTETHIS:, ERREERTH) L) T ET
HY, ZOEINTLTELNEEE, EBROREC
BWTh, HHOEEE L TCoOR#EL DI LIk
., ZOZEIZEY, Bl ERIILERSOTHE
W) 7 MR ROEES E 2 5D TH L. ] Ltk S h
THYH A 2017), B85 - Ere @i
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TR DL L 72BKIZ BT B KE & NHITEED & ORISR - /NEEEERI B & L Conlfelk

FEDH ST ST A EEMTRH SN TV D,

LA Lah s, REFETIE, EEREDRERM 1 T
KOG H.,  Google Earth D [ {%, HiFFE#u[X @ 3D
E{RZR L 20 S EAPFE 2 HEL L2 8, KE
GHHOE LOT, HHEOBEKIE, AEIEBOZ
B2 o TRENZILL T A A ZFHBEL, 12
HANDHRLEDON A ERA T 72, T, REEFE
EITHITO 20 1 B OATH Y, BIES 2 HiGk
IRZ WA, B 2 RBIEBNCHG L TLE D
LR, ®mIS (2018) RS ABISRSEROE
e HE, WES IR TE S, [Fbrb |

DIRFETEENETTH L2l L7270 Th 5.

AT BEER WX OEE L ARG OFEEEOEZIZ
To72.

2.5.5 ¥
BEHFEEANOREOFMIL, 2016 £I2IXEEE
ZAF T IR - 72 NE %, 13 (L ONER %
T3 HBIF LN TIT - 72 (%I 20120, Hil5
52017). aFfilE, %%, LHOTKREERETO
RO D HEI S, TG A B R G 1K
LT, 279202854 %400 0ILL7:. WE

~OFIE, HEEGE D L IIHAEREGEITV,

[4HOBEBOEHELE T TLIFE->72NEE 3D
FFTL SV, 3 DONFILDIIHH  FE - 72
THEML 2 DT TR » 724KICHE W T2 S v, | L5
LTHHWw, BETEE~NOBHRRE Lz 4
O &) e fE ARG AR LB, R
5 AR O L WERIMKR, HHELH O - K
WIS 5 2 L5 Ly, R 2 59 2 B
FNHTIL T & Z R AM Y, &) BN
SOEMICE S, WEI, B2 160 FEER 2 4
FBUVNFEREBINOIZ L E Y TH B &, 3L Y
MEREE R LA L TL A0, Tha&ERTL, &

9 NEREENREOSIIE S 7205 E L

BALDO TR E Z L7

2017 4E1, MBHAT12 A OFERKH T, BRI
EMD oz, 20164 LGB Y, BEIC
i, FIRICES7-HNEZT 127208 TF 5 %
D, 327IAH, 27T A3 50MIUIEE -
7z, 2016 A & [FARIC, FHNIHEESE S L <3

BEREGER DTV, BERERICEEAL T 5o 7z,
B, EERD26%IZH725H 14 ZHOREDS, HEW
IR R R LT a7z, ZONED FEiio
ML LTHW 201440 REDINIE, K
WOSHER 1 ITORBEEFNTLINARED W2,
INHIFEDTHRWV,

AT S (2021) &, BEREEFOHRBMEOERKE
ZOFERIZOWTE LD, FHKED 12k LTI
ROBEO—ALEZFT T D, HiH1E, — ki
itz 9 % Dlk, ‘AL T oD IR EEAGHME 2 v
TeRBGREIITFE D A TH D, BWFZE = 5E <
HoThH, IREARGHEZ 2 WIEROIFZE I
RrE—MALTHI LI TERVEEIL TV, L
72980 T A, ARWFZE % /INER RN O EK DK
MALO W REM: & MGt 3 2 EIORIZE, & 2 W IZEREN
Wz & B CEBEE T 72,

3.MEREEE
3.1 :BKDKE & AFEFEE) E DEER

ARBFFE TR b N2 KOERIL, BEMEETOH
REOMRIIFG T2+ =74 v A0k
(FF 5 2021) L HBMIEROEBEERHC R L I L %
ZE L, Appendix 2~5I12F &7z, 3 ODEFAKE
KO EE & BEOFIMHEIE, ZhEna&lKk)s
0.lmgL"', 04mgL"', AIA03mgL’' 1.3mgL"
FEILNFEAAT 0.5 mg L', 22 mg L', F7K28 0.7 mg
L, 07mgL' Thotz, RKETHSRE L72EKIE,
WENSE Y RS T, PRI R IR
ThbIENbhotz, 22T, FTFEHEEK
ROBEA AT 5. Hi T3 DDHEKOKER I
B, FBOEEEMER NEES) & OMGREE5T
5.

3.1.1 BKE LKA

BEHEIE, &HAK2SFE S8 Lh T T30 (5 H
29 H)~Ix k84 Lh' (4 H25H), RILAFI 48
Lh' TH /20 (12 H 16 H)~#&KI33Lh" (9
29 H), BIL/NERAIKE 0.5 ~ 6.0 cm DI TEH)
LKiBT 52 & idahor. EWKINERT S, H
& Bge L 72 N FEINO@EK Tl 36~4068 Lh' O
@i (%5 2020), FHEXKIZEET S, HEN
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DJBIREEOEKTIE, WERED 513 70 ~ 80
Lh' ZHCER2 5137 108 L h' O &2 W
ENTBY (FIF - K% 2014, BIFS 2021), &8
KERIL ZFLTEBEIIAHTD L 2MB N
X, FNS EHARTHIBEO/NS REAKTH D, R
RLRMBEORG LM, NGB S O R R
ENRTWHTHDLZ EbhoT.

Fig. 31, K& THXALOAH R RAEH
THlE S N7z, HPFHRIROFEHELTH L, &
BH7KIE 3 14T T 10~19T, ALEFH 16T T
10 ~27C, HBIL/NERIZTFIE 17C T 9~24T D%

30 A

10 4 O Kinmeisui
A Motoyama

@ Sugiyama E.S.
1 — Air temperature

Water/Air temperature (°C)

1 2015 2016

FFCTH o7, LT AEMOEI/NEVD, '
., #i26 A2 5 9 BT TiE, &FKICH~R
I ERBULVNFAL TR BEE 7 EADRALNL . Rk
El/NER O BB OFHINIE, HEROKES25T >~
)= RT AT 7V MIEDIL, EELEHDH
SN TW5, ZHENTSEOFEEEIE 2000 F 0
BRET25% TH Y, Sz ETHET O 75% 77,
REKEDOTL 7 )= R T AT 7V N THDL (I
5 2010). Z &9 RHFKEIL, FoOHH IR 2
EAZ D G 2004), S RANEAROKE A
FIERILTWwB EHRINS.

2017

MJJASOND] FMAMJJASOND;'JFMA

Month

Fig. 3 &K (O), Al (A) BLUHEIVNFZR (@) OEKROKIRS L O LE
O HPFHEIROFEHEI. SiROEBIMEIZEET web site 7> S L 7.

Fig. 3 Seasonal changes in the temperature of spring water in Kinmeisui (O ), Motoyama ( &)
and Sugiyama elementary school ( @ ), and the daily average air temperature at Nagoya city.
Data on air temperature were cited from the website of the Japan Meteorological Agency.

312 B FREBRE, EXGEES LU pH

Fig. 4 121%, BMKiR D O HEE S N7 BaRE 7R
FRE L, EROBFBRERE L OBRER L.
SHIKERILOEE X, ANEELRBETHD,
R NEAL 12 6.9 mgO, L' T, K5 H3Eafil g
60 % LL &R L7z RBERETIE, BLD b
Wi 2vE 59 2 WP IR R R E RSk 5
DFKT, ¥ 2.5~2.6mg0O, L, FIHIE 20~40 %
(BPIRy - %75 2014, ¥PUG 5 2021) A%, —, BER
L EFE N5 EHTTOZELEEOFHAKTIE 8 mgo, L7,
FAFIEE 80 % (BFURF 2018) 2 ShCTwb. L7
MoT, BHPESTAEILE - \Feritizlds

RIFFEOFAERIL, M ORBRAK & < EARMEAE
Wieo (IS 2020), HTFKOWEREERIEE C %
D, BKOBHERFREIIET LIZSWEHRHAT S
CENTEL. BIWNERTIE, EEOHEKROKR
(P 5 2021) L1382 Y, WEEISHFETLKE
FERIZ, JKiE & EFIRFRE & OBICAEE 2 A DM
B23H D (r=-0.690, n=24, p<0.01), KEDHH
AR E L HEBREOZ EPFEMNITOENS.

Fig. 51X, BXRZEE L pH L OHHRTH L. &
LASEEOFIE L pH OFIX, &K TEREE
£ 2mSm', pH5.1~5.5 AT 10mSm', 58~ 6.5,
IVNERT 24 mS m”!, 6.3~9.5, MK T2mS m’,
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AV VEE IO T, BAIEEE

44~53 L% o7z NTEEY S NIEE 2 E 212 WEL TS, BT 2ERBEE,D,
ALNBEAKITE, KEITESISBEED E L, §9HE ENHEENIMERBELAFR L THILEAREND.
ST IV VENEE L &HS (2020
X, @KEFUEILEE SEL L, AMEEHO DD NFTEBI O REDIT L A SV TH B &H
Wrc&, ARiEBILIMRICE, ABEEO
DFHMEA 277 mS m', pHAT46 THo72Z L % MIMENTWD &AL, HHEbE, BEEDT

O Kinmeisui . 100 %
o A Motoyama e
5 10 , 0
S @ Sugiyama E.S. .
£ . . w0
& -
(0]
3 °
5 8-
g °
g ¢ 0, —
.é 0. o _60%
e * ¢ ° ¢
2 ® o i 0%
4 e , | | | | | | |
8 9 10 11 12

Saturated dissolved oxygen (mgO, L1)

Fig. 4 &Hk (O), K (A) BIUHILNER (@) DEHEAKIZBIT B KA S H
E S N BIANE AR ERSR IR L & S0 S N7 TRSRIR L & DR fR.

Fig. 4 Relationship between saturated dissolved oxygen concentration estimated on water
temperature and actual concentration in the springs in Kinmeisui ( O ), Motoyama ( A ) and
Sugiyama elementary school (@ ).

10 ~
O Kinmeisui
o000 o
A Motoyama °
@ Sugiyama E.S. oo
8 1 )
+ Rainwater
® o
- )
[=% [ B ] [ ]
°
A e o
A YN °
6 - 'y
A
+4y
++ gt +
4 T T T T T 1
0 10 20 30

Electric conductivity (mS m-1)

Fig. 5 &Pk (O), Al (&), HBINER (@) OEAB LUK (+) OERR
SRR L pH DBIFR.

Fig. 5 Relationship between electric conductivity and pH in the springs in Kinmeisui ( O ),
Motoyama ( A ) and Sugiyama elementary school ( @ ), and that of rainwater (+).
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AT 7N ERarys)—NCELNLTEY, WK
ENOEEN LBV TISRET A7, #TFK
T O R R EE 0SB L, B A EE O3 )
meEZoND. BIZE BES (2017) &, T A
77 MR OIS A0, wHK»SA L HY)
WiTEKDOKRE %A, pHA 103 ThHo722 & %
BHLTWE, 20X 2 ABIEBOFET, #HhH
OXEF TV )EICR D, EBIZHEES (1980)
&, ZE R HLED 4 HS OB A T T A i

® pH Z I L, 6~7 DEZ R TIEDPEED 16 %,

T~8M553 %, 8~9M12% &, HENLST VA
HOTIENSEHE EHLZ LWL L. i
TH/RRE (1975) 12X o CRIB O EHE S
TWa,
33 ATEREESR, VBRREYHLD
HRRE
FELKFRETDH Y, ARIEE 25 ORI X
L, KIBOERBILWE L L TRb LA BT R RE
EFR (TUyEZTRE, WHAEERES X OHBREERD
D, TrEZTRRER, HHEREER MRS
FB LU VIREY VIREOTIE + R EOfE
| Table 3 |Z7R L 72, IEfF AR REEE SR FE O I MH

1%, SHHKTIEFHKD 3% 12672 WV EE 22 D

OIS L BRI (fEH S 2011, $FiE 5
2021) OFEREEZ OND. RILEBILNERD
BATHERRRE S IR 1L, KD 5~10 15, &K
D 150~400 f5 & e B\ iliz R L, ERMAIMOR
BWHONTz. BAROBAFERREERRE IS DS
feRe R OB A, SR TIIMANM T 2 mo
22%, 23 % ZFEITIE 72~100 %, AIITIiX 97~100

Table 3 #FAMMIZH T 2B MREEER, 7T E=TH

%, MBIL/NFERTIE 72~98 % O#PFATH Y, 7~
EZTREROFEGIEVHIKD 36~62 % 12N
TEL{ o572, Fig. 4 \ZR L7z, BKOEERE
TR T BRI E 60~100 % TdH 0, FEARIZAHMES
N7y E=T7EERIL, A2 LI TV
EEZOND. BHHFEREEFREEN R D SWEIL
INFRETIE, WRRMBOFEARSNHIE, 1 ZITHMHTE
o CHANIREE RV EViIREZ R L2, — /T,
1) VERAEY) UEEEILTRKB L U3 D DEKDORM TR
EREWITA LN o 72, Fig. 6 1%, EEFRIESE &
BAFEARTEE KRR L OBRTH 5. HRRITMAKIZ
i, BEAEEENT, 3D00FKTIE, wIhd
7~11 mgSiO, L' O#FATH Y, ThFTIZRBERE
PERTERS 70 & DWEK R, /NI IREEEE CHedy S 7z
il L AAETH o7z (LA S 2001, BFIE 2018, &
52020, TS 2021). L7=A> T, WAKMIRE
§ 5 LT KOG FERIL, s 3200
BERIZBOWCHLEMICH AL Ehbhrolz. —F
T, BHERBSERERIL L2BEL S0 THHEK
BICHIBRICER 2 ), B TREX T, #m
EIZED L IZONT, HBROBAFERRRESE RSB
W2 < 7 BAEADSEH S 22 7% o 72

Fig. 7%, ARWZEOKERIZ, BATHI%E (Bl 2018,
iy & 2021) OFFREZ A 72BREERERO,
B2 5 0K, BLOWKOELRIZELRE & B
PRAESZFIBEOIRTH 5. HAKT OB HERRES
TR, BREEE 2~5mS m!' T, FKIZH
NTEL B> TVBED, 7~10mS m” 205 2% b
FE0, 18mSm' H72) THITHLERL, V7
EA FROMENZR L. ELXIEEEIL, BRI
L, R & KO A BRI Y %

. MARRTEEEE R, HIREERB LU VIREED VRO

i+ B
Table 3 Mean * SD values of DIN (dissolved inorganic nitrogen), NH, -N, NO,-N, NO,-N and PO,”-P concentrations at each sampling
station.
Site Number of DIN NH,-N NO,-N NO;-N PO,*-P
samples ngN L™ ugN L™ pgN L™ pgN L™ ngP L™
Kinmeisui (Higashiyama) 14 13 £ 13 2+4 N.D. 11 +13 2+2
Motoyama 14 2007 * 292 13 £ 17 N.D. 1994 + 301 2%2
Sugiyama elementary school 24 5119 + 454 271 * 245 184 = 164 4665 * 523 3+3
Rain water (Hoshigaoka) 26 465 = 300 235 = 145 11 230 = 164 2%2
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6000

°
O Kinmeisui ) e O
°
— ° ® S - o’
o A Motoyama ° * o: e
) o
N @ Sugiyama E.S.
c 4000 ay
g + Rainwater ®
:‘é’
9
c
g A
g )y
2 2000 A “aday
5 A
[
>
S A
A
2
0 - T T T T T T T O —OOOO00D————
0 2 4 6 8 10 12

Si0, (mgSio, L)

Fig. 6 &K (O), Al (a), HINER (@) OFKSB LUK (+) ORI
LA RE S IR (7 B ST RE, HANIREE D L OHIRRE S IR O & RHE)
DR

Fig. 6 Relationship between SiO, concentration and dissolved inorganic nitrogen (NH, -N
+ NO,-N + NO;,- N) concentration in the springs in Kinmeisui ( O ), Motoyama ( 4 ) and
Sugiyama elementary school ( @ ), and that of rainwater (+).

6000 O Kinmeisui (This study) b
A Motoyama (This study) ¢ o e® o o:‘ ®
1 @ Sugiyama E.S. (This study) .0.. .:
+ Rainwater (This study) L
°

4000 | @ Nissin (Nozaki et al. 2021)
<O Toyota, Yakusa (Nozaki 2018)
A Toyota, Umetsubo (Nozaki 2018)

Dissolved inorganic nitrogen (ugN L1)

A
y)
2000 1 A A
A
+ A% A
,++ +
++ + % A

A+

0 - ger el . : .
0 10 20 30

Electric conductivity (mS m)

Fig. 7 RIEEEDOWIEE S OFEKB L UKD BERIGERE & A7 MRS 28 L
(7 ¥ E=7RE, HHEFRED X OCWREERREOGHE) MR £k (O), &
h (a), BN (@) BIUWAK (1) OMEIZARTE HEN (@) 3BFEH
(2021), EHHAFE (O) LM (&) &, T (2018) 255 H L7

Fig. 7 Relationship between electric conductivity and dissolved inorganic nitrogen (NH, -N
+ NO,-N + NO;™- N) concentration in the springs flowing from the sand and gravel layer at the
southern part of the Owari Hills and in the rainwater. The values for the springs at Kinmeisui
(O), Motoyama ( 4 ), Sugiyama elementary school ( @ ) and the rainwater (+) were cited
from this study. Nissin city ( 4 ) was cited from Nozaki et al. (2021), and Yakusa ( ) and
Umetsubo ( & ) at Toyota city were cited from Nozaki (2018).
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T2, RIREERETOMERE T, HERRREOK
F (Fig. 6) 2"HFEICRL T A, (2R 45

HThsb. L7zhoT, BEREEEO LR, BIU,

ZIUHE D B IR E R O L AL, ARMEE)
DOFEBEL 2 5 (Rossi et al. 2015, P 2018). #F
TEHOWAKIZB T B m W EFERBEFIBEEL, &
WHIZE DB = Cam U7z, TKEDE K3 % Hi
X, ARREENC X 2 A TEHEHEK O # FRaE I HsR L
TWwh, AR FKED NIEKFIE, 2019 45
JET993% Th ) (iR L TKER web site),
HTTHEDE R D RCBEDS, TEHE, HAKOKEIZE N T
5 EIFE 2T, TREEREZEOEZROF ) i
B LTiE, TAE»SDRK, AEPREER
DN (Ford and Tellam 1994, HH 5 2007), s
FBEXRE D FEIERE Y 2> 5 O (Kojima et al. 2011,
INEB 2012), WEORINORINCE LA
5 2008, Rossietal. 2015) 235N b, NS
(2012) 1%, FHREEDEBRPEK T O &R E
WIE L, RILOREIERESE RIRME & FRE O %1%
TWh, ZOZEns, RINOMIREEROFENR
L LTIE, #diso 2 R A v MG (BIF 2016)
LB EZONL. BN, HEERESE
FIREREOMBE LD EWT LTz, WAEREE
EBRBLOT VEZTREZRIBVI LHHTH
%. Kojima et al. (2011) B L UV/NES (2012) 13,
MO 2 2 #ii CHRBFOBRIKZ R L C
WA, WM T A EREE R ORINLIZ
EAE . Appendix 4 12 & A &, HRSIRREZE RE
FEIE, 20154ED 12 A2 5 2016 0 7 H 12 Wi
ETHY, TOBIIET v Eo TREFEEDLS
SR BMENZH D, FD7z80, KEBE T Bk
KD s vRA Y MNHERFRTIIRL, TYEZTRE
SEFEO|RACLY, LB CHAEEESZ R DR
EMEDR D72 EZONL. TV EZTREEZED
SR EEEXLOL I EIINETH LY, TV E
ZTREREREFEORM R LA 20164FED0 1 Anb
2HOEHMICALNDL Z s, HEKRDBEAEST

DREORIE 2 ENFERE L TORBEI NS, 72720,

AW TIE, BRI LEF AR E ORI 2 4

ETDHBEIMEE (A5 2018) FHIEL TWiW-o,

CHULEDERIIER 5.

R EE OB A S O@FEATIE, V) UEEREY &
TEEEIL, EFIIMET 2~4 pgP L' 2SS STH Y
(FFIE - %% 2014, Bl 2018, Bl & 2021), AHF
RTHELNIMED, NS FRETH -
7o, —JITHIES (2021) 1F, EECEED S DK
T, EPIMEA15 pgP L' T, T AREEEC
WREWZEEZHLNIZILTBY, U VEREY Vg
FEIRBHEORE Y ZIT TV D I EATRIBSND.
SRR LTISED oM 5 2 &
5, U rERAKICABES 2S4S T
ERBTONWHKRTD HH5, EROKEI TS
nCTwiw, ZoHEE LT, HEICLDY) VR
BBV OWAE L REENEIITH D, FIIL (2018) @
Wl kg, — R tEIcBIr 5 YY) »
DRFFOEMRIE, —REWOJIAIZ X o THR L 72
R, TV I = A OB KER LY, KR &
Wo 2 ZREMTH Y, ZOWAERIGIE, TRETE
ER RN TR )T nEENTnD, K
WZe DR DI E X, I OHRIEHIZ X -
TS N-BERETH Y, R % iz =k
UMELLGLEEZONL. O, HTKT
DY UERREY IIWREIZ L Y, HIEICREES R, E
KNI SIS WREBIZE2PN TV S DT
HHH. ML, BRLOMBOARYEIEZS
5. Vitousek et al. (2010) D#EFTIZ, FEEO4
YiGEh & B %) VRO AT 6 DY) 11T,
ZD125& LTAABNZY) YHIR (Anthropogenic P
limitation) (ZDWTHHHL TWa, flzIX, K&k
TN & o TARBEBIH RO E RS K= IS S
7Y, EIS O VHRINEWRIT, ERER
) CHEICZoTLE ). SRR S, &
WIRIZE & EN B EHFITHA B L vwaeail
ThY, KINRLBILNFRD X ) ICEFRMPAEHKR &
T, ) TR EWRICI) AT, K
BRI 5TV T DRSNS,

314 B ETTERICE TA2HEEH,LSD
BKDKER K EIE

Fig. 8 (X, ARWIZEAI-FEOM KL £ Lo T

H5H. NHENGEEIOFEDVN S VTR T, WK O

AT ERRRE S RIS TN E A, 20k, H
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TAE LTREYT HEBHEIL, BHZHR 27
TR CRERL S 7R 720, L EAL
WX AEEEEOB X 1T/ S ZORE, BAKOK
B, RCEF IR S TR L AR RERE, Nk
HERT (B S 2021). —J7, #WEHTIE, AM
B & 2 BREHFEREA 4 ofthn, HzEm
DAY )= ML DEREOEE 25, HEKOK

DIN 470 ugN L%, E.C. 2 mS m, pH 4.4-5.3
Rainwater

CNERCERM B & L ConT e

B, WAKICHS, BEICE WA EREE R
CEAILEE, PHNLET VA EERT I LI
b, L7z5o T, #RWEBo NFEENE, W UK
R T L EAROKEE RELLELT
WBZEDHLPII 0T COFERHEME LT,
T LB D2 EDPROBBEFEEDOEETH
5.

DIN consumption Urban area
DIN 13 ugN Lt I
EHC.5 zln;ssm-1 Spring water KmmeusQ ] —
pH 5.1-5. > -
-
{ Impermeable: layer ) [ ]
DIN loading by |
Human impacts -\

DIN 2000 - 5000 pgN Lt
E.C. 10-24 mS m'!, pH 5.8-9.5

—

Mo\toyama
Spring water Sugiyama E.S.

[ Impermeable layer ]

Fig. 8 iR THXIZB1T 2 EROKETEHGEIEOFE.

Fig. 8 A schematic picture of the formation processes of water quality on the springs at

Chikusa-ku, Nagoya city.

3.2 EXRBEOFH

3.2.1 BAKOHEEDOFIEEE

Fig. 9 1%, 2016 4F 11 H 24 HIZAT > 72 HEEED
B Chsb BATE, FHEIDSOFEKRIHINOK
FHTHAZE (Fig. 9A) %, BE & M BB [X
TRL, @K, K, RBIVNEROBHE KRS, Wi
NLEMoOFHEICEST S 2 &%, BEREBXO
3D HEBEE WV CHEMICEIS A1 72 (Fig. 9B).
WERREE FIRE OO CId, BESIE, Exy b7
VTR EELY 1| mLHRILL, SBE o KIS
35 FNEIZETT LT 72%Y (Fig. 9C-E), £ TDIE
PREILVNFROBFKTHRECOROTSE AL, &
K & KREKRDHAKTIHO PN & 2R L 72
(Fig. 9F). SEBRZIX, MBI/ OB K THAYER
REEFENE L R AHEEIZOWT, FHEEO ARIGE

CERATTCEBIL 7. SO XD ICRERTIIER
BB EROBERIRT 2 M mE0 M A%
fTo72. 22T, ZONAROREIEEZEET 5.
JAH S (2019) EFEFEMIGT 28K L0 &, B
2 FEERII S 2 BRDSE\V KIS BB L LT,
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Fig. 9 Photos of science learning class for fifth-grade students in Sugiyama elementary school on 24 November 2016. Photo A was the
introduction of the class. Photo B was taken during the illustration of the relationship between spring water and the topography using a
GSI map with a three-dimensional graphical function. Photos C-E showed the addition of the reagent for NO,-N analysis to the glass test
tube using a pipette. Photo F showed the colouring of NO,-N analysis.
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Impressive content on the lecture (%)
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1st in Class A

1st in Class B

2nd in Class A Headwater | |
| | |
2nd in Class B Headwater | |
| | |
3rd in Class A | Water, pollution | Others
| | | | |
3rd in Class B | Water: pollution | Others
J | \ | \

B Water analysis O Headwater @Water pollution O Others

Fig. 10 2016 4 11 J] 24 H O BF OIZ3E 2 21T 72/ ERe s 42 (10~11) @ A #
& BMDEES 27 HHEHIRIZFE > ZNEE LTHET 72 1025 3LOEE. Water
analysis : HAYERRESE 3K O HTIRER, Headwater @ BT O AKYE & L TOHFIK, Water
pollution : ANHHEYIC & 2 HKDKE L.

Fig. 10 Ratio of the fascinating contents ranked from 1st to 3rd selected by twenty-seven
elementary school students aged from 10 to 11 years old of the classes A and B in the science
lecture on 24 November 2016. Water analysis: NO, -N analysis, Headwater: spring as a
headwater of an urban stream, Water pollution: water pollution of spring by human impact.

Impressive content on the lecture (%)

0 20 40 60 80 100
Others
Class A Headwater
Others
Class C Headwater
W Water analysis O Headwater O Others

Fig. 11 2017 4% 12 A 21 H OB ORI 21T 72/hF 0 5 4 (10~11 %) D A
& CHDELES 27 ZHHIRIZFR - 72N OEI 4. Water analysis @ TS EERESE F D 55
Wik, Headwater : #TITIIO/KIR & L TOEK.

Fig. 11 Ratio of the fascinating contents selected by twenty-seven elementary school students
aged from 10 to 11 years old of the classes A and C in the science lecture on 21 December
2017. Water analysis: NO,-N analysis, Headwater: spring as a headwater of an urban stream.
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Appendix 2 EH/KIZ BT 5 5K OBREFRIE O I 72 45 4.
Appendix 2 Environmental parameters in the spring water at Kinmeisui.

Date Time Discharge W.T. E.C. pH D.O. Tuidty Color NH,"N NO,-N NO;-N PO,-P  SiO,
Lh' C mSm' mg0,L" mgL" mgL' ugNL"' ugNL"' pgNL" pgPL" mgSio,L’

29 March 2016 15:15 30 1.5 22 55 mnodata 0.04 0.05 ND. N.D. 0.3 1.8 8.6
22 April 11:02 37 125 25 52 mnodata 0.00 0.66 ND. N.D. 46.3 N.D. 7.8
23 May 9:50 60 145 22 52 mnodata 0.00 0.19 6.2 N.D. 1.7 0.3 8.8
21 June 13:58 67 157 22 52 nodata 0.15 0.02 ND. N.D. 11.4 0.2 9.0
25 July 12:00 55 173 22 54 nodata 0.00 0.25 12.3 N.D. 3.6 N.D. 10.1

9 August 15:17 60 18.7 2.6 53 nodata 0.05 0.63 ND. N.D. 2.3 0.2 10.0
30 September 7:56 74 184 24 5.1 nodata 0.11 1.08 1.8 N.D. 31.5 N.D. 8.9
27 October 16:09 55 169 22 54 nodata 0.06 035 ND. N.D. 3.9 42 9.8

26 November 9:45 59 14.1 2.0 54 nodata 0.21 032 23 N.D. 10.6 4.1 9.5
19 December 9:15 48 120 21 55 mnodata 0.12 037 N.D. N.D. 13.5 2.6 8.5
30 January 2017 15:25 71 10.3 22 55 nodata 0.28 0.39 1.6 N.D. 8.8 4.1 8.9

27 February 8:40 56 10,0 2.1 54 nodata 0.00 041 N.D. N.D. 6.1 1.9 8.9
13 March 8:45 48 10,0 2.1 54 nodata 0.04 026 N.D. N.D. 23 1.9 9.2
25 April 15:43 84 120 23 52 10.2 0.13 0.24 4.6 N.D. 12.0 1.2 8.6

Appendix 3 ZRI111Z 31T 2 HKDOBIRIRIE O W ER .
Appendix 3 Environmental parameters in the spring water at Motoyama.

Date Time Dischage W.T. E.C. pH D.O. Tubidity Color NH,-N NO,-N NO,-N PO,-P  SiO,
Lh' T mSm' mg0, L' mgL' mgL' pgNL' pgNL' pgNL' pugPL' mgSio, L'

30 March 2016 15:50 51 135 103 6.0 nodata 04 2.4 N.D. N.D. 1934 1.0 10.5
22 April 10:20 38 146 99 6.0 nodata 0.10 1.24 14.3 N.D. 2107 1.4 9.7
23 May 9:00 nodata 16.8 9.7 6.0 nodata 0.01 0.74 ND. N.D. 2025 2.5 7.9
22 June 11:28 50 202 9.8 63 nodata 024 0.82 433 N.D. 1809 0.9 10.0
22 July 9:18 48 21.1 10.1 6.5 nodata 0.18 137 4.3 N.D. 1997  N.D. 10.5

8 August 11:28 40 26,6 103 6.3 nodata 047 1.83 29.2 N.D. 1941 3.1 10.7
29 September 826 133 21.7 6.8 6.3 nodata 0.62 1.52 35.6 N.D. 1201  N.D. 6.6
27 October 14:00 44 177 102 6.3 nodata 051 3.93 453 N.D. 1957 1.3 10.2

26 November 10:40 23 141 102 58 nodata 022 0.79 6.7 N.D. 2537 4.1 10.6
16 December 11:25 20 114 104 6.0 nodata 006 091 ND. ND. 2243 2.6 9.8
30 January 2017 14:40 36 112 102 6.0 nodata 024 045 4.0 N.D. 2195 1.2 9.9
24 February 10:45 42 10.0 104 6.2 nodata 027 086 N.D. ND. 2084 1.2 10.0
14 March 8:10 36 112 104 6.0 nodata 0.15 027 ND. ND. 2141 0.4 10.3
27 April 11:50 60 144 10.1 6.0 9.2 0.19  0.96 4.6 N.D. 1744 5.5 10.3
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Appendix 4 FEIL/NFRAZ 3BT 2 HK O BRIRARITE O M 2R R
Appendix 4 Environmental parameters in the spring water at Sugiyama elementary school.

Date Time Depth W.T. E.C. pH D.O. Tubidty Color NH,-N NO,-N NO;-N PO,”-P  SiO,
cm C mSm' mg0, L' mgL' mgL' pgNL"' ugNL' ugNL"' pgPL" mgSio,L"
24 May 2015 10:15 186 248 95 5.7 0.3 32 5974 1419 4505 29 9.2
17 June 12:00 19.5 255 95 4.8 1.0 2.7 4493 1493 4614 8.7 7.1
24 July 10:10 20.7 238 7.0 6.1 0.2 1.8 67.3 121.4 4855 1.8 9.5
24 August 10:35 6.0 223 205 65 7.0 0.0 0.0 87.7 18.3 5409 0.3 9.4
15 September 10:35 45 217 265 85 6.4 0.6 1.3 346.6  122.7 4795 2.2 8.8
19 October 12:00 5.0 206 194 63 6.8 0.3 0.5 91.4 26.3 4990  N.D. 10.6

19 November 9:55 1.0 186 236 75 7.3 0.2 0.7 55.9 21.6 4700 39 9.5
14 December 12:00 08 152 226 93 6.2 0.3 2.4 3054  232.0 4909 4.7 10.2
18 January 2016 13:30 1.0 103 338 95 7.7 1.3 4.4 633.0 277.8 2703 43 6.4

9 February 10:25 0.8 94 279 95 7.5 3.5 7.8 1100 564.8 4225 4.7 8.7
9 March 925 1.0 128 262 95 6.5 0.4 4.9 3772 598.8 4361 9.6 10.9
9 April 930 1.2 146 262 95 6.7 0.2 2.6 456.1 4355 4666 3.6 9.3
20 May 940 1.0 18.0 274 95 5.6 0.3 2.1 2669 330.8 4460 3.6 10.0
17 June 10:00 0.8 20.1 28.8 8.0 3.7 0.2 34 343.1 2495 4971 2.6 9.9
7 July 10:17 2.0 21.7 254 73 4.8 0.3 2.3 156.4 140.7 4571 N.D. 10.1
8 August 10:24 3.0 222 186 65 4.8 0.4 1.2 85.8 45.8 4736 1.0 9.4
8 September 10:15 1.2 237 234 175 6.4 0.4 2.5 2206  69.6 4131 2.8 10.9
18 October 11:42 1.8 21.1 250 &5 59 0.4 1.4 96.3 2350 4607 1.3 10.1

7 November 12:00 2.0 18.6 187 6.5 8.0 0.5 0.7 50.4 30.7 5001 N.D. 8.7
16 December 10:17 08 13,6 215 7.0 9.4 0.2 1.3 1542 111.9 4971 4.1 8.7
12 January 2017 9:50 04 113 197 6.8 9.8 0.2 0.0 187.0  51.8 4701 4.1 8.8

16 February 9:56 0.3 9.7 182 6.5 10.8 0.2 1.4 93.7 44.1 5434  N.D. 7.2
22 March 930 12 123 202 7.0 9.2 0.3 1.4 132.1  145.1 4645 1.2 7.5
13 April 9:10 05 134 256 75 8.2 0.4 1.9 146.4 2515 4990 4.1 9.3
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Appendix 5 Z7TE T2 2N THRIL S N7 K O BRI O 1 72 45 2.
Appendix 5 Environmental parameters in the rainwater at Hoshigaoka, Nagoya.

Sampling Sampling EC

Date period . volume pH Turbidity Color NH,N NO,-N NO;-N PO,”-P  Si0O,
hours mL mS m’ mgL' mgL' ugNL' pgNL' ugNL' pgPL"' mgSio,L"
23 May 2016 no data nodata  0.53 5.1 0.07 0.26 96.8 0.7 88.8 3.9 0.0
16 June nodata nodata  0.69 52 0.51 0.21 189.1 1.1 168.6 24 0.0
21 June no data nodata  0.35 5.1 0.06 0.01 95.3 4.2 97.8 3.8 0.0
23 June 13.5 2460 1.16 5.0 0.46 0.50 96.0 N.D. 54.2 0.2 0.0
24 June 3.0 420 3.38 4.5 0.64 0.99 273.2 0.9 297.8 0.5 0.0
29 June 2.0 125 0.86 5.0 0.28 0.69 658.0 N.D. 663.3 0.9 0.0
13 July 4.0 160 1.22 4.8 0.26 0.52 173.9 N.D. 199.3 N.D. 0.0
26 July 3.0 610 2.65 4.4 1.14 1.25 249.4 N.D. 178.5 0.2 0.0
1 August 1.0 865 2.77 4.5 1.63 0.86 436.3 N.D. 399.0 1.7 0.0
2 August 0.8 755 1.04 5.0 0.60 1.33 482.7 N.D. 548.2 1.7 0.0
6 September 20.0 360 1.58 52 0.11 0.26 145.9 N.D. 168.2 N.D. 0.0
8 September 1.3 80 0.86 53 0.30 0.34 222.2 33 147.6 1.3 0.0
20 September 2.5 240 1.41 4.8 0.61 0.08 90.0 N.D. 80.7 2.8 0.0
28 September 3.0 450 0.88 52 0.25 0.42 424.6 1.6 343.9 N.D. 0.0
3 October 8.5 225 1.42 5.1 0.44 0.56 298.3 N.D. 178.5 1.3 0.0
25 October 4.0 125 1.20 5.1 0.77 0.67 169.7 N.D. 99.6 1.3 0.0
15 November 20.5 550 1.02 53 0.94 0.74 239.2 N.D. 295.5 4.1 0.0
13 December 8.5 265 1.78 4.7 1.30 0.97 182.7 1.8 2259 5.5 0.0
16 January 2017  no data 240 8.69 44 0.60 1.13 183.8 N.D. 291.5 1.2 0.0
5 February 5.5 410 0.875 5.2 0.76 0.03 76.6 N.D. 114.7 2.6 0.0
20 February 4.0 365 2.34 53 0.65 0.00 250.3 N.D. 175.3 1.2 0.0
3 March 11.5 150 0.43 4.8 2.82 1.43 341.1 N.D. 557.4 2.6 0.0
21 March 2.5 148 0.45 4.5 0.77 0.50 59.6 4.8 46.8 3.3 0.0
11 April 9.0 960 1.18 4.5 2.15 0.96 76.5 N.D. 68.8 1.2 0.0
17 April 6.0 830 2.54 53 0.27 0.39 271.9 N.D. 158.0 4.8 0.1
26 April 6.0 275 1.78 5.0 0.22 2.92 315.6 N.D. 328.8 2.6 0.0
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WODDOYRENELT-. 7o Z DB Z RN DN EFHE, FUL, ZETAY WD > TUNT, AX BDOKRENTHIK
EaE ANUCOET. TOKEIL HRICH THE, TXEALTEOL, SRR DHTT.

IRE 14: 07U I NAROE A M= LI OKIE CTHHLE W EE A>T LS L. F-ANT-b2
HHEEIE R B DEENINA SFOT- DI CEDHIEEEZ CNDEREX B 2 DNFIN A TEELT. 2, B4 =Dk E4x
BI7K O FRHREREZE SR D HE WAL A =T DIKIZETHED o727, HollKSADEHAZLT, [Li)23Z
UL EBNRNIINC LT R LA B OBENLENELZ. T, BN OKED KO I I RSERREZE ) D
FVAS TN RN EZ > T LLEL-.
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Appendix 6 Student's comments of the science class on 21 December 2017.
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Relationship between water chemistry and human impact on adjacent springs in urban area:
Possibility as a teaching material of natural science education in Japanese elementary school

Kentaro NOZAKI1, Yoshitaka MATSUMOTO”

" School of Education, Sugiyama Jogakuen University,

* National Institute of Technology, Toyota College

Abstract: Seasonal changes in water chemistry and the influence of human impact on three adjacent springs and
rainwater were investigated from 2015 to 2017. Subsequently, the results of this survey were used as teaching materials
for science practical classes for elementary school students aged from10 to 11 years old. The water chemistry of the
rainwater, the origin of the spring water, had a pH ranging from 4.4 to 5.3, electric conductivity 2 mS m”, and dissolved
inorganic nitrogen (DIN) 470 ugN L. The spring water in Kinmeisui, a place unaffected by human impact, had a pH
ranging from 5.1 to 5.5, electric conductivity 2 mS m™, DIN 13 pgN L. In the spring water of Motoyama, a place
affected by human impact, the pH ranged from 5.8 to 6.5, electric conductivity 10 mS m”, and DIN 2000 pgN L.
Environmental parameters of Sugiyama elementary school located in the urban area had a pH ranging from 6.3 to
9.5, electric conductivity 24 mS m”, and DIN 5000 pgN L. In the one spring closer to the city center, the water
chemistry changed from weakly acidic to neutral and weakly alkaline with high values of electric conductivity and DIN
concentration. This clarified that human impact on urban areas significantly affected the quality of the spring water. The
science practical education was conducted for fifth-grade students in a Japanese elementary school while learning topics
on the rivers and streams. The practice was themed 'A headwater of the urban river from Sugiyama elementary school'.
The practice was aimed at answering these questions: First, do rivers start from the spring water on the slope? and
second, how does human impact affect the water chemistry of the spring? We introduced topographical analysis using
the 3D function of GSI Maps and colourimetric analysis of NO,-N concentration by a standard method. The fascinating
contents for the students during the practical were the analysis of NO,-N concentration, and the spring as the headwater
of the urban river, respectively. The students were evaluated based on the aims of this practice, and results showed that
springs can be used as a science teaching material. Furthermore, we proposed four future studies to improve the quality
of the science teaching materials, namely: the origin of the high concentrations of DIN in spring water located in urban
areas, measurement of educational efficiencies, introduction into the subject education, and teaching materials for

disaster education.

Key words: spring, water quality, human impact, natural science education, elementary school
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