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Seasonal changes in water quality of springs and headwaters gushing from the

terrace cliff of eastern part of the Owari Hills: A case study carried out at Umetsubo

and Yakusa, Toyota City, Aichi, Japan
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R ARPNBEHT DKL, FBEKREOWHED THD. Licho CTHIROEKEREOBIRZBET H7-D121%, £
NS DK E 72 5 IKLCTREEE O oK BB M A 155 2 LR RER . ARBFZEIE, SR oK 5 H
SRR 25D 72012, S HETTHEEFET 0K & J\ERT O /NI OJFHEEET T 2016 45 3 H 225 2017 426 A2 T T
17 B OFRA ZATWVRE OFEHE 2T~ T WERE R OFEE & AEUERET, RS D R C 7.78£0.52,
JUIERTC 2.8140.59 mS m ', /KA 15.8£4.66 33 L N 13.0+5.95C, pH 723 6.1+0.2 35 1L 106.2+0.3, N 2.4
+43BLN04E04 8, AENETH40BLN35+E24, ToE=U LMEEH (NH,-N) 7825.8+28.1 B K
UN10.2+9.6 ugN L', etz # (NO, -N) 78 940.6+276.9 B L 10 24.1+9.8 ugNL ™', U »EefEY > (PO, -P)
233135 L 1N22+2.0 ugP L', EEfE (Si0,) #39.7+0.7 BX18.6+1.6 mgSiO, L' ThH o7z, HEEEMT DE

KL, ANETEENOFELZ R 20, NEITIZES, EX
ZOHIKD BIRDIRIEZ R L TV D L S 7=,

BLAT DY DR E N,

F—T— 8 K, ANAIRERRS, KE, Ll

BEREBEW

W, VR & W > 7o PR BREE D AE £ 0 1%, i T
KB T DK THD. LIzh o THIROREKEREED
BUR & BfET 572 0121%, 26 OKIR E 72 HiHKRLIR
FEBOMBELNREERESFD Z LN RERY (Bl -
1%, 2010 ; Rossi et al., 2015 ; 46/, 2015). Nz <
AT, RRAKITHESTRIROFEHZ DN S WE, £
DR & 72 D T K& & O JE P & 135870 - 7o BKEREE &
730, HIOEMEREORIICEHE S LTS (Gibert
et al., 2009 ; Virtanen et al., 2009 ; Cantonati et al.,
2012 ; JWAIED, 2014).

HOEHIR O ERECE o B, JREHIZIEZ < O AKR
R, ZUCiiaE SRR OHEREZ D 72 W E T
B (B, 2010) (21X, 7 # =& 7 ¥ (Eriocaulon
N A 3 E Yk T4 (Drosera
tokaiensis), 7 27 3 (Magnolia stellata) %5 ® W
M 2isE (WEH, 1989) 24 2 on s G

nudicuspa),

[RHLEEAS 3%, MHEARBEE AL 405 Tho7z. —H T, N

W, 1998 ; EH, 2008). ZiLb DY E B LIHEKDK
%, pH4~6 Ok, EXEEE 1 ~5mSm '
DEREHFERTHD T EBRFFHE SN TS QEHEIED,
1999 ; #& LI, 2000 ; i-AHE2y, 2001 ; EH, 2008 ; &M,
2010). L2AL7223 D, 25 OWE T, sed B A my,
HHVITREE L ER - U U EE T BRI
HYIWTT DEDOMEN &V, 1HAKDOE & & KE O
BALZ RN EEER L7 s, B - 595 (2014) 1Z[R
S TWA. FFEHIR O BUR & 13kt AIC, BTk
1970 R B HAKOBHBHE, KR, KEO R BB,
RNEB I, BAK LM LKL & ORISR R
ShTnwsd (5 - /A, 1978 ; Ogura and Morikawa,
1985 ; Kato and Ogura, 1992 ; /&, 2000 ; [E4y « T2,
2003 ; Hrt, 2004 ; HREIEA, 2006 ; % HEIEAH, 2008 ;
FEE A, 2009 ; BHEIEAY, 2013). AHFIEIE, BRE -
A8 (2014) (2B EfHE, RMEHUROBEAKIZET 5 B
HEHROZE[EZHD TN 1 DORAZE LTITo 72,
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A ZAT 72 TR OMEZK 1R L. 6 kT,
FAEINE R, GEN~OHR)IA R, L NRIRIZIAD 5
RN T & PRI 5 ds L OV =4« 28Rk & MEEI S
Bt (HTHIE7y, 1962 5 R, 1991) DB, 1
RAE, RAENEROARETL (& 611 m) HREICALE S
5. THUROW, B HETTHEEEIT K & NN o /MR
JREETC 2016 4E 3 A 705 2017 4E 6 A/ TH 1 HD
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D /N o JREA S ©E Kk 13 7 X~ % (Quercus
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WAaAE LD, AMFESHOREOMR S 1T, BiMiE5H,
e L B OZE» SHW L7z, hoHsiE, 2017
Bl G 6 2T TT- 1AL, ERLRNCHliE
LT A B9 7 R AN & 7.

X 2 (2 &2 BR< 6 S OBEE 2R Li-. HEEFHT (A,
B) Tk, H#HEHE T D8 ANS 11 AT TEEO
BETHEIMToNT. BT, Ak HERERNERICSH
DA B D D N 2 OB s BB L Cis.
AKEBFEE OEEZEIL20 m fBETh o7z, K
AT (C, D) 13HAA R HR & ZDRETH S, /NI
JINE, BAOPRWDEEO B2 T\ 5. HHO RE

R1 GRAMSOIR, ML, RE, Eal I OARITH O B, RE,

EDOEREAEIT A0 mBBEThH -T2, FLOW > - HHTC
1L, HEEEERO 1 >THD A aEsuk a7
MRS, MEEEER (B) 1%, BRI ISR E S -8k
NETHD. APEITHMEEAT 5 ~ 6 T HHIOM T 8 m
MBBUK L TWAERAKTH D (& H R A,
REHTEEG FME) . FIRGEBHEREUE, ORI, T 7eb
HRIENIKTR &EFFINKRODKEICHTZ0, FHEHA
(F) 13NER &R U< GHR)INCIRA L TV D, IR
B & [F UHFEA 1 o 7o TR 72 D ek L 72
W CTH D, HHROEELOEEGEIT0 mEETH-
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RIZAFR~IRAGOWIETH Y, WRICITEES E X515
LS. BRSNS S FEMTH D, FmmEl & O
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ATHERISN TS (PR, 1991). FRAHLGIE, SH
TG E S 2 — ARBICAE LTV D, mIHoOF
AHUE, PRS0 D A UG OA RN T L < @RS
NEEHOBRRETH L. EORMEIIREZHOTE
DETHSIEWFIDREAL TV, Zo@EKE, 2017
4 AIIFBHABIZR SN2, 5 HlZidkisnLTL
Folt. Lo T—MMEKThHD &l L. B
R E OEEEIL 0 m BEThoT7-.

REEB EHE

BT, BRAREE 28 EEFC (HHE DDK,
CM-21P), Kif% 7 /=2 — /L HEEEZC, pH 2%y 7
T AN (G R, WAK-pH JHIEHPH 5.0 ~ 9.5 B LW
WAK-BCG Jll {E#ilf 3.6 ~ 6.2) TZHNZEHHEE LT

S O L BRI (https:/maps.gsi.

gojp) MHEIM L7z, MEFFBUTA W RENE, MRS EHERMBUT Linimo PRTH 5.

Table 1 Type of water environment, north latitude, east longitude, altitude and human activities in each sampling
station in this study. Values of latitude, longitude and altitude were cited from GSI map (https:/maps.gsi.go.
ip).

Sampling stations Type North latitude East longtitude Altitude Geology Human

degree degree (m) activities

Umetsubo-cho Spring water 35°06"05 137°09"25 58 Sand and gravel Large

Yakusa Headwater of stream  35°10"30 137°06"13 128  Sand and gravel Small

Umetsubo Station™ Infitration water 35°06"02 137°09"45 37  Sand and gravel Large

Mukaiyama Spring water 35°07"25 137°09"11 61  Sand and gravel = Small

Touji-Shiryoukan Minami Station** Headwater of stream  35°10"44 137°06"04 138 Sand and gravel  Small

Aidumamegawa River Headwater of stream  35°07"08 137°08"39 74 Sand and gravel Large

Mount Rokushosan Spring water 35°03"33 137°17"06 421 Granite Small

*Umetsubo Station of the Nagoya Railroad Company (Meitetsu)
**Touji-Shiryoukan (Aichi Prefectural Ceramic Museum) Minami Station of the Linimo (Aichi Rapid Transit Company)
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1 AR OAE. MOF X, 1 MEEERT, 2 K, 3 MEPEER, 4 i, 5 FRREERMERTER, 6 EE LI, 7
NETIIZZNEI R L TW5. Aikan Line (X8 nER IR E4E, Mikawa Line & Toyota Line (344 &7 BE#kE =il & B R,
Linimo (3E M HEEGE CTh 5. MEEEHT & N EEO {51 Google Earth 725 2017 47 H 24 HIZHUG L7-.

Fig. 1 Location of sampling stations. Each number show 1 Umetsubo-cho, 2 Yakusa, 3 Umetsubo Station, 4 Mukaiyama,
5 Touji-Shiryoukan Minami Station, 6 Aidumamegawa River and 7 Mount Rokushosan, respectively. Aikan Line
is Aichi Loop Line, Mikawa and Toyota Line are Nagoya Railroad and Linimo is Aichi Rapid Transit. Pictures of
Umetsubo-cho and Yakusa were taken from Google Earth in 24 July 2017.
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X2 FHEHSOGE. A HEEEET (2017455 A 22 A), B HERERTOEKEERT (2017 45 H 22 A),C J\E (2017
F3H10A), D NEOBRKEH (201743 H 10 H), E MEEFER (201745 7 29 H), F FREERHE
FAEY (20174E5 H 29 H), G #&FELJI (201643 A28 H), H NPTl (20174£1 A 7 H).
Fig. 2 Photographs of sampling stations. A. Umetsubo-cho (22 May 2017), B. Sampling site of Umetsubo-cho
(22 May 2017), C. Yakusa (10 March 2017), D. Sampling site of Yakusa (10 March 2017), E. Umetsubo
Station (29 May 2017), F. Touji-Shiryoukan Minami Station (29 May 2017), G. Aidumamegawa River
(28 March 2016), H. Mount Rokushosan (7 January 2017).
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DHFFHET, NERTTITR) W EE 2 I (2014) OF %
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AL, AR CEEZRE L (AAEG TSRO
WAL . HFEHEIL, 7o E=w Ak (NH, -N),
HgEEREsE R (NO, -N), mEcfE=# (NO, -N), Y
VEEREY v (PO, -P), EElig (Si0,) ZARAR- Bl (2014)
2> THIE L7z,

RREER

MIRALHIEIE

F 2 \THFEERT, 3 3 IZJ\EHT, £ 412F OfoHEo
FRAAE 2R Uiz, MREEERT & J\ELRT CI13 17 Bl ofE R %
AWTERE R R AT BN T 2 &, BEXUREEN
7784052 B L 102811059 mS m !, KIS 15.8+4.66
P& ON13.0+5.95°C, pH 23 6.1+£0.2 3 & 106.2+0.3,
WD 24243 B L N0.4204 B, @GEN6.7E4.05

x2

FO35E24 ETHoTe. WA T 5 &, pH X
W6, EESREN 0.04RETHLD, EHHH 14
il U CHBIEORENZEMICHERF SN TS Z R
Dol —hHT, MOBEICIIARRENS LR,
HEPFRT I\ RN R CERBEE N B L2 3% <,
BAFREDOWEE A AL NELEENTVWD Z Enbno
7. AKIRIIHEEERT O SESE AN ERTIZ R 3 CRI< 72 o
W, ZHIZOWTIERIR E OBMRTHR 5. WL -
EREND FL D & NERTOKIIHEEITIZ S, #Y &5 R
WORIBEETHDL Z Enbhd. oA TIE, HEEE
BRE EFELNMN 10 ~20 mS m ' D &\ B KA 3,
pH TREDOHMEDOKETEH D Z ERbhrolz. W
pH 5 FfE CEetES SR <, ANHETILITES (6, 7H) &
(LA OKEBEN2CE/NSL, BRAREEN
RN TR Z & BRI Th o 72

4 3 1%, MgbEmT ooy E & )\ ERT o)) 1 W7 A L2
O ABKBELZIMZT-FHETH S, WHR s bk
KEICFH L7222 R LT\ 5. HEERET O3 H o
Bl & B R 75 1E, 37.3225.3 Lhour ' TH Y, AL
FETHIE S - AR O 7641 Lhour ' (IR - 455,
2014) OB LZFFSTHo7-. X 41%, HEEEAT &\ FHT
DOKIRIZ, FERZEDT-E T A MO S BT OFER
BEMZIZZFHE A TH D, mluS e bz, IERIRIC
FFH L2 bz Lz, KBORE & RIEOEIX, M
myC17°C, NERTTI9CTHY, ZhDLIFHETOHE

LR TTHERFIT ORI T 2 WML AR RO IER R, WK E, CEIESHK (L& 0.3 um O T AfHE SR

) ZRVWCTHIEL, BAIIETHD. WEED 1L, EEWEDO ImgL ' 277,

Table 2 Physical and chemical indicators in a spring water at Umetsubo-cho, Toyota, Aichi, Japan.

Date Weather Time E.C. W.T. pH Turbidity™ Color™* Discharge
mSm ' C mgL™' mgL™' Lhour '
28 March 2016 fine 8:30 7.65 12.5 6.0 0.36 3.07 10.9
22 April 2016 fine 8:30 7.24 17.1 6.3 0.33 5.76 32.4
23 May 2016 fine 7:10 7.14 17.0 6.3 0.45 4.15 38.8
21 June 2016 fine 16:39 7.20 18.9 6.0 0.50 8.35 110.8
30 June 2016 cloud 8:25 7.38 19.8 6.2 0.48 6.01 37.2
22 July 2016 cloud 7:30 7.64 22.0 6.8 1.39 12.71 14.0
8 August 2016 fine 8:00 9.20 24.0 6.3 8.41 18.39 21.2
28 September 2016 cloud 7:20 8.10 20.9 6.0 1.49 10.65 40.4
23 October 2016 fine 7:00 8.21 17.4 6.3 0.61 4.50 24.4
17 November 2016 fine 7:20 8.06 12.6 6.3 1.69 5.01 63.2
19 December 2016 fine 7:50 7.86 10.1 5.8 1.97 3.64 72.0
27 January 2017 fine 8:20 8.16 7.4 6.0 17.47 7.98 11.6
21 February 2017 fine 16:45 7.89 9.1 6.0 0.80 3.14 36.0
9 March 2017 fine 10:45 7.86 12.6 6.0 2.77 3.64 37.2
25 April 2017 fine 17:36 7.07 14.2 6.0 0.88 4.75 20.4
22 May 2017 fine 7:40 7.75 16.6 6.3 1.09 6.94 44.0
18 June 2017 cloud 17:05 7.90 17.0 6.0 0.71 5.53 20.4

*Turbidity measured using raw water.
**Water color measured using filtered water (pore size 0.3um).
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Table 3 Physical and chemical indicators in a headwater of stream at Yakusa, Toyota, Aichi, Japan.

Date Weather Time E.C. W.T. pH Turbidity™  Color™™  Cross sectional
mSm ' C mgL™' mgL™ area cm’
25 March 2016 fine 8:50 2.42 7.4 6.2 0.22 1.06 no data
22 April 2016 fine 9:15 3.46 13.5 6.3 0.22 3.77 no data
23 May 2016 fine 7:55 2.74 14.2 6.3 0.08 2.86 no data
23 June 2016 rain 8:12 2.38 17.8 5.9 1.75 12.19 483.0
24 June 2016 cloud 8:00 2.33 17.0 5.9 0.25 3.78 373.0
22 July 2016 cloud 8:15 2.71 19.8 6.0 0.10 3.59 238.0
9 August 2016 fine 8:12 2.64 22.0 6.0 0.19 3.76 225.0
29 September 2016 rain 7:25 4.47 21.3 6.5 0.95 4.23 554.0
25 October 2016 cloud 7:15 2.61 13.4 6.3 0.28 2.75 no data
17 November 2016 fine 8:15 2.77 10.0 6.3 0.40 2.75 340.0
16 December 2016 snow 8:00 2.21 7.5 5.6 0.15 2.32 752.0
27 January 2017 fine 9:00 2.53 3.6 6.3 0.18 1.66 470.0
22 February 2017 fine 7:30 2.58 3.1 6.3 0.18 1.87 480.0
10 March 2017 fine 8:45 2.44 5.6 6.0 0.15 1.95 563.0
27 April 2017 cloud 7:37 3.68 12.3 6.5 0.21 3.05 355.0
22 May 2017 fine 8:30 2.52 15.8 6.5 0.43 4.27 220.0
20 June 2017 fine 7:20 3.33 16.2 6.5 0.16 3.53 194.0

*Turbidity measured using raw water.
“*Water color measured using filtered water (pore size 0.3 um).

F4 hOFEH AT 2 WECFREEORER . WEIXEKE, AEZTABAK (FLFR 0.3 um OF T AfHEA )
ZRAOWTHEL, BIZETHL. BEEDO 1 ER, EEHEO 1mg L' 277,
Table 4 Physical and chemical indicators at other sampling stations.

Date Weather Time E.C. W.T. pH Turbidity Color™*
mSm™' C mg L™ mg L™
Umetsubo Station
6 August 2012 fine 17:25 13.11 24.1 6.5 0.66 0.77
9 March 2017 fine 10:50 13.47 10.0 6.5 0.21 0.67
25 April 2017 fine 17:48 12.30 12.8 6.5 no data no data
29 May 2017 fine 9:07 12.66 17.1 7.0 0.27 1.14
18 June 2017 cloud 16:55 12.81 18.7 7.3 0.48 1.35
Mukaiyama
16 April 2017 fine 10:00 5.08 12.0 5.0 0.31 0.29
28 April 2017 fine 9:30 6.62 11.8 5.2 0.82 0.40
Touji-Shiryoukan Minami Station
25 March 2016 fine 9:57 5.03 8.4 6.3 0.39 0.65
16 April 2017 fine 12:51 5.11 15.9 6.3 0.46 3.11
29 May 2017 fine 10:15 5.92 15.9 6.5 0.35 3.06
Aidumamegawa River
28 April 2016 fine 10:10 24.70 13.5 7.0 1.16 2.57
16 April 2017 fine 16:20 16.02 16.3 7.0 1.74 6.32
Mount Rokushosan
26 June 2016 fine 14:10 3.44 13.3 6.3 0.13 0.30
7 January 2017 fine 12:40 3.44 11.7 6.8 0.28 0.19
3 June 2017 fine 14:10 3.45 12.9 6.3 0.82 0.04

“Turbidity measured using raw water.
**Water color measured using filtered water (pore size 0.3 um).
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3 MERERT O R, \EORGEWRTmALRS L OB 1O B EKREOFEHZE. BBKEIZREIT O web site 7>
b R .

Fig. 3 Seasonal changes in flow rate at Umetsubo, cross sectional area of stream at Yakusa and daily

rainfall at Toyota City. Data of rainfall were taken from the web site of Japan Meteorological Agency.

4 MERERT &\ EOKIR IS K OB H T O EEA KR OFHA L. EPEERIRL, K570 web site (http//www.
data.jma.go.jp/gmd/risk/obsdl/index.php) 7> H&H-EREHWTIHER 25T 7 AMOFELHE L THH

L7z,
Fig. 4 Seasonal changes in water temperature at Umetsubo and Yakusa, and weekly average air
temperature at Toyota City. Weekly average air temperature was calculated using data of Toyota

Meteorological Station obtained from the web site of Japan Meteorological Agency (http:/www.data.
jma.go.jp/gmd/risk/obsdl/index.php).



IR G ACHR

=5 KFEHSICKIT DIEGEARRIE.
Table 5 Dissolved oxygen concentrations at each
sampling station.

Date Dissolved Oxygen
mgO, L' %

Umetsubo-cho

25 April 2017 8.4 82.6

22 May 2017 7.8 80.7

18 June 2017 7.6 80.9

Yakusa

27 April 2017 9.8 94.3

22 May 2017 9.3 95.4

20 June 2017 8.8 92.0

Umetsubo Station

25 April 2017 8.7 82.5

29 May 2017 7.5 78.8

18 June 2017 6.0 65.6

Mukaiyama

28 April 2017 9.5 89.8

Touji-Shiryoukan Minami Station

29 May 2017 8.5 88.4

Mount Rokushosan

3 June 2017 9.6 97.5

KinB G S 7z 10°C (Bl - 2585, 2014) DB K% 2
fBEChsd. NEMIJFEH THATOE L L TOLIETT
DEICRIRO R L Z T 503, MR XA L F U< 5B
HAOTHEL TWAIZHBEb LT REREICR ST
5. FIR U@ 0, MEEERT OB B/ NS WD b,
RIROEEL LV ZT D EEZLND.
WAFIE T, JRE 6.8~ 9.6 mgO, L', fF1/E 65.6
~97.5% O TH Y, TOHS TEICH/RERE X
Ronfenolz (F5). AENTOBHAKE, RE 1.8 ~ 4.3
mgO, L™, SR 20 ~ 40% D0 o BREE Th -
2. ZHUTBH L CW A B EE T, s iR
ST, O RKMPRE LIS WEREXRETH 5 &
HeE SN TS (BFIR - 455, 2014). ARWFEOFAH
SUCHE, B LTS RA & il 2 IREEES & IR 2 BR
&, MEERT &AL RDEERE, AT ILEAE Rl o KEEA T
DERSTHFNLBHLTEY, Wb KK HF
WCRB LT WERETHS &b d.

REIE

F 6 \THERERT, & 7 ICJVEHT, 3R 8IZF DR D
PR R AR L, dEEEESR (NO, -N) IE, 13F
ETORETHRLT S Z ERHFR T, HEEEIT &\
BT C UL 17 [8] O #E 5 2 O TP & AR YR 25 % 5
THE, Troe=vaiEEH (NH, -N) 78 25.8+28.1
BLU102+96 ugN L', mERIEZEHE (NO, -N) 2

940.6+276.9 B L 1*24.1+98 ugN L™', U »EegEY o
(PO, -P) 2 3.3%358 L2220 ugP L', FERE
(Si0,) 73 9.7+0.7 B L1 8.6+1.6 mgSiO, L' ThH-7=.
EHRITMEERTCE <, HBRIBZEE R CTIL 40 5 b DR A
DR, ZO—FHT, U EgEY v & ERREIZIE
BEREITR SN -T2, oM T, HEEEERTE
FLVREOWGNENT &, EFEL)ITERRLEN
BT &, RFTILCERREEDN @V 2 & D FFHE T -
7.

X5 1%, MEPERT (BA) & J\NEEM] (5B) \ZH1) HIEAF
e R (DIN) CffEeREZER (NO, -N) REOF
HiZ b CThd 5. MEPER] CIRE A HERE AR 22 S8 O K43 23 FY
BREECHEL TV D Z Edbh ot ZEIZLIZEIC
WAL, AT SIS Ch o7, \EHRTT
X, B EREEE RO BREDHEEBIET, o7 v
FE=ULEBTHo . FEAGITEHNIIHML, &8I
BFTDEOICRADD, REMENZD, BB
RS Il LTz, BERE S SE T OB 1O K
TUE, 1976 4~ 1977 O FRAEZE FE IR FE )3 7028602
pgN L' T, ZFHEZE, ENCE < AWK 72 D1
MZzsLU7e (FHE - /A, 1978). MIZH R #RAL % R
X DK T, 1986 4F~ 1988 4F oD il it fE 42 35 1 J&E /3
7784+540 ugN L' T, FEHIZLIIEITEL, KIZEND
fiHa 27~ LT 72 (Kato and Ogura, 1992). HHIE)>
(2006) 1%, EERIBH OABEHOERICRE SN
87K T 2002 4E~ 2004 4R IZ 0T THENRAEZE KL FE D
ALz, RO BRI, REDS BRI MR T
Bz, TAUIRERIZ L o THH EOMH & IR 23 Hy
TIZRET A Z ENFAE Sz, RS, BH-
M3 (1996) THHRE SN TWS. — i TREFOFEK
TUX, 2009 4~ 2011 E D R EE B 28 R LA 11718
pgN L' CEEHEITAM TIXienho iz (B - K55,
2014). WHERREZE R, MM L DWIPhiE & v o7z
LB L 2 NE 2, P TRkE <EH
THEEZLND NEEED, 1995). £, KFEiEn
(1997) 1%, 199549 H 16 H~ 17 FICHTF TR A B
IR O FEEEREZE SRR E OB B A R~ 7. R E
WA LT 220, ORIV MRS Ze o7z, 2
DIRRIE, FERIC X - TR S fu7z fafins N T E A3 A
Uiz EHEE SN, 20 X 5 IS KRCIRTESEE O il
BEROFHAAR —WICHMRT 52 L IXHETH
% . FEEELOARIICONWTITAS B OFERE L L
W

X 61%, VU EfEY > (PO, -P) #BEOEFHET
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=6 EEMHEPEIT OIS D RBERE ORERF. RPOND. 1L, KREOZOBRHTE NP7 L ERLT
W5, IEIHmEREREZ R (DIN) IREE, 7 oE=0U LRBER, IMREBRER L HBEERIREOM TH 5.
Table 6 Nutrient concentrations in a spring water at Umetsubo-cho, Toyota, Aichi, Japan. N.D. shows Not Detected.

Date NH, -N NO, -N NO, -N DIN* PO/ -P Si0,
pg L' pg L' pg L' pg L' ng L7 mg L'
28 March 2016 8.1 N.D. 926.0 934.1 1.4 9.1
22 April 2016 11.0 N.D. 867.4 878.4 1.4 8.8
23 May 2016 10.9 N.D. 1122.2 1133.1 1.0 8.4
21 June 2016 54.2 N.D. 878.9 933.1 3.1 9.3
30 June 2016 16.6 N.D. 862.4 879.0 0.9 9.8
22 July 2016 3.5 N.D. 453.2 456.7 0.9 10.5
8 August 2016 74.6 1.5 657.4 733.5 14.9 11.1
28 September 2016 105.7 N.D. 519.5 625.2 1.3 10.4
23 October 2016 28.5 N.D. 1014.1 1042.6 2.8 10.0
17 November 2016 21.6 N.D. 972.2 993.8 5.5 9.8
19 December 2016 8.7 N.D. 1494.4 1503.1 4.1 9.4
27 January 2017 25.8 N.D. 1324.9 1350.7 1.2 8.9
21 February 2017 3.9 N.D. 1230.4 1234.3 1.2 10.0
9 March 2017 7.5 N.D. 1216.8 1224.3 1.9 9.8
25 April 2017 16.4 N.D. 916.8 933.2 7.0 9.7
22 May 2017 35.2 N.D. 795.2 830.4 2.6 9.1
18 June 2017 6.2 N.D. 738.5 744.7 4.1 10.7

*Dissolved Inorganic Nitrogen (NH,"-N + NO, -N + NO, -N).

&1 SHA\EITO/NIT)OPEHHIZ
LARLTWD. RAFIERREE %
b5

Table 7 Nutrient concentrations in a headwater of stream at Yakusa, Toyota, Aichi, Japan. N.D. shows Not Detected.

BUDREBEBEEONTERES. PO ND. I, KEEOLDORILTEroicZ
(DIN) #RJE1L, 7 E=U LREHR, HEREERE L OMBREERREZOTT

Date NH, -N NO, -N NO, -N DIN* PO, -P Si0,
pg L7 ug L7 ug L7 ng L7 ug L7 mg L™
25 March 2016 0.2 N.D. 12.7 12.9 0.7 7.0
22 April 2016 9.4 N.D. 20.4 29.8 1.4 5.7
23 May 2016 13.2 N.D. 45.5 58.7 2.5 7.9
23 June 2016 25.5 N.D. 38.5 64.0 0.2 7.0
24 June 2016 16.7 N.D. 16.2 32.9 2.0 7.6
22 July 2016 31.5 N.D. 38.8 70.3 0.2 9.6
9 August 2016 7.0 N.D. 27.2 34.2 0.2 10.6
29 September 2016 22.2 N.D. 20.7 42.9 1.3 7.0
25 October 2016 8.4 N.D. 16.9 25.3 2.8 10.2
17 November 2016 3.2 N.D. 14.4 17.6 2.6 10.9
16 December 2016 0.0 N.D. 8.6 8.6 5.5 7.7
27 January 2017 10.4 N.D. 27.2 37.6 2.6 9.0
22 February 2017 0.7 N.D. 27.7 28.4 1.2 9.8
10 March 2017 0.0 N.D. 26.6 26.6 6.2 9.5
27 April 2017 17.2 N.D. 21.7 38.9 0.4 7.1
22 May 2017 2.2 N.D. 25.0 27.2 6.2 9.5
20 June 2017 6.2 N.D. 21.7 27.9 1.9 10.0

*Dissolved Inorganic Nitrogen (NH,'-N + NO, -N + NO, —-N).
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£ 8 fhoMEHSICEHIT A RERIBEOHERSS. BHPOND. IE, KRBEOLORINTE Lol A RLTWVA.
Wrmpgez R (DIN) REEL, 7 E=v ABEHR, HHBEERLS LOMBREERREOMTH 5.
Table 8 Nutrient concentrations at other sampling stations. N.D. shows Not Detected.

Date NH,"-N NO, -N NO, -N DIN* PO’ P Si0,
ug L7 ug L7 ug L7 ug L7 ug L7 mg L'

Umetsubo Station
6 August 2012 10.6 0.5 798.7 809.8 57.4 11.2
9 March 2017 2.7 N.D. 1192.5 1195.2 41.7 11.6
29 May 2017 22.2 N.D. 733.1 755.3 49.0 9.7
18 June 2017 9.6 N.D. 870.9 880.5 56.2 10.8
Mukaiyama
16 April 2017 1.5 N.D. 29.3 30.8 0.4 5.4
28 April 2017 5.5 N.D. 10.4 15.9 1.9 5.6
Touji-Shiryoukan Minami Station
25 March 2016 17.1 N.D. 36.6 53.7 6.5 5.1
16 April 2017 21.2 N.D. 43.4 64.6 2.6 5.7
29 May 2017 2.2 N.D. 35.8 38.0 3.3 6.5
Aidumamegawa River
28 April 2016 9.6 N.D. 887.1 896.7 5.8 3.1
16 April 2017 73.9 4.5 876.3 954.7 4.8 3.1
Mount Rokushosan
26 June 2016 1.9 N.D. 352.9 354.8 3.5 15.0
7 January 2017 9.6 N.D. 323.4 333.0 7.0 15.8
3 June 2017 10.4 N.D. 363.1 363.5 1.9 15.7
*Dissolved Inorganic Nitrogen (NH,"-N + NO, -N + NO, —-N).

5. HMEEEHT T 2016 4F 8 A TG 1 Z &V ME DS ] H a7z AEESDEE

ik, AfERFEE(LE RNETZ LT & otz
MEEFRT O @ M, AN ] L 7 HRE O fE THE Ak
FoltRICA N, BED LR LWL Z &b (£
22, THRICLI2VHENNELOREL Bbhb.
HEEERT & R CIIE AR E RIRENRE SRR DITH
b 6T, U UmgiEY VREICIIRES REVRR LR
V. A ER e Bl gL, EFH - A (1978), Ogura and
Morikawa (1985) TH#IEINTWD. WTIhd, A
MIEE 2 & O A FIC X - T hl I fe %2 35 32 )i 2% 7000
pgN L' OFmBEZRLTYH, U UBIEY T 10
~20 ugP L' THY, HRRTIE) VEXRZ LT
LR THDLZ ENHERTED.

71X, EHfE (Si0,) BIEOFHE(THD. HEFEAT
IR EIIC o TEL 22D, A md - TR
7pofz. NERNI/NACE L E Y KL, FEIZE(L
ATl o 7o, BT OEEREIRE O FEIZ{b 2 X
3DMEKEEXIEEE D &, BEAKEN DIV N
ESU, BEAKEDNZORFCIREEAME N 9 28 A3 Fi A B
nNn. DFY, HEEEEERVERICE D AR ME
ALTWD EHfETx % (BEIZD, 1992 5 REIZD,
2009) .
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8 1%, FMAEHAOBELZELL pH L OB TH
5. BRI E LG T pH 23 < 72 5 IEO/EA A
Roi, FBENMEECMIZHEN, ARNEEIOZEN K
U I L 7 MERRBRCE E ) TR ISR < e o 7.
—7T, ANENEBIOREN NS WEHBT LI b A =2
VR AT LN D INFERUH L R E BHE FE R

T, BRAEEIISmSm ' kWK<, pHIX6.5LL
ToOBEEBRMETH-72. LnLans, HAKEORENS

NTEITEE) D RN & W &Il U 72 M ERRT I, TR o7
BEaar L.

X9 1%, WiFMMREZESR (DIN) JBEL Y Vg Y v
(PO, -P) BELOBFRTHD. FHEMMT, EF
LU AL IRV ERT, [A) L, B R R R
(NP-low group), &8 < U U AMERWHEEERT, &3
Z, ANPril (N-high P-low group), BIXONEHEL Y
UM EBITEWHEEEER (NP-high group) @ 3 22432
iz, FROERTREIE, BXUREE & pH OB
TERHANE T d > TR TO ARITEE OR8N, %R
FEICHREIC RN TWD Z & ThD. K, HITAK,
KTBE SN D @OV AR SRR, — RV
ATEHERR B DORIIE & W o 72 ARIEENC & - TZHENR
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5 MEFEET (A) &N\E (B) ICh1T 2R FEHKIE=% (@DIN) Lz (ONO, -N) JREOFHL L.
Fig. 5 Seasonal changes in concentrations of dissolved inorganic nitrogen (@DIN) and nitrate nitrogen
(ONO, -N) at Umetsubo-cho (A) and Yakusa (B).
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6 fiEEFET (@) A (O) ICk1D ) VEREY v (PO, —P) DAL,
Fig. 6 Seasonal changes in concentrations of phosphate phosphorus (PO, —P) at Umetsubo-cho (@) and
Yakusa (O).

K7 HEEFRT (@) L\E (O) TR DE®E (Si0,) RIEDFHIZ/L.
Fig. 7 Seasonal changes in concentrations of silica (SiO,) at Umetsubo-cho (@) and Yakusa (O).
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8 TERUAEE L pH & OBIfR.
Fig. 8 Relationships between electric conductivity and pH values at each sampling station.

9 WfFMEREIEZESR (DIN) #EL U UERREY v (PO, -P) I & ORIR.
Fig. 9 Relationships between dissolved inorganic nitrogen (DIN) and phosphate phosphorus (PO, —P)
concentrations at each sampling station.
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10 EEfR (Si0,) WREE & infriEfkrEsEsR (DIN) JREE & OBIfR.
Fig. 10 Relationships between silica (SiO,) and dissolved inorganic nitrogen (DIN) concentrations at each

sampling station.

A IR TH D (HH - /a8, 1978 ; Ogura and
Morikawa, 1985 ; Kato and Ogura, 1992 ; 0 H E 7>,
2006 ; BFE, 2010). L7223~ T, AREBEIORENE
RN WARHTIL A PR, HEbPlT, HEREER, &Lz
FKIIAMEDIC L > TARSN TS EEXBND.
410 1%, EERE (Si0,) WM & VA{riEpknesR (DIN)
RELOBBETHSH. ERRIL, HEORELZMZIT,
B R HUIB OIFERLCIRIT TRV iRE A2 7~ 7. Bl 21T,
ANEA (2001) 1%, J\EHTOFA MU BT D 3 m
VA T 0> 4 W1 O YFEEES CEERRIR B 2 I L, JBkAE
Rl e HS 2 3 5 3 RIJITCIE, %) SRR 208 20.2+
3.3 ~27.1t3.9 mgSiO, L' TH A DITx L, BE D
JII T 11.04+1.0 mgSi0, L' EIRWEBETH AL Z L &
RN L7, S BICHRRIE, T /KO C o REfH
IZE > THIRENETD. Wels et al. (1991) (%, #s
TS 3 AR T 5 &, EEEEIRE T HE & Ok RE
WCHETDHEHEL TS, LEN-T, KOEBENE
WV CIE, EERRIREEMR LIC W I EAHEII SN D
(R HIEN, 1992). Z D LD REBOFEEEET D &,
AE RS OB O SETIL & BRO 72 SR S, A Bl o e 1
HizkW\WTit, AMIEBIORETERMNAMN S LRITH
HERICKECH-T2EB 26N, F0, NE, [k
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GRMERER, [ALOKEE, ZOHIKOKED BKIRRE
ZRLTHDHDTHAS .

#HoO#

ZERAAROAPUZ OV T TEICHZ T TS o Bl
BATORMBEIFEK, AFEOLV ELDIThZY, 5%
N2 T2 2 [N TS i S R P S HE R DR AR 5 %
Tt & ST RAE NBFZERT O [ e dh 1 IR < O T2
L4, RBFROZITICIE, BHAmseahshe:, R
7% C (156K00993 RFZEARE#E, BFRiE KAR) O3 %
7.

Summary

The spring water from which the groundwater is
discharged is the beginning of the inland water
environment. Therefore, in order to understand the
current state of the regional inland water
environment, it is indispensable to obtain the
discharge and water quality information of the spring

water and the headwater. In this study, seasonal
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changes of water quality were investigated 17 times
from March 2016 to June 2017 in the spring water at
Umetsubo-cho and the headwater at Yakusa of Toyota
City to obtain the information of natural history on
the inland water in the Tokai region. Mean values*+
SD of each parameter were that electric conductivity
was 7.78£0.52 at Umetsubo-cho and 2.81+0.59 mS
m ' at Yakusa, water temperature was 15.8+4.66 and
13.05.95°C , pH was 6.1£0.2 and 6.2+0.3, turbidity
was 2.47£4.3 and 0.470.4 degree, water color was 6.7
+4.0 and 3.5+2.4 degree, NH,—N was 25.8+28.1 and
10.249.6 ugN L', NO, -N was 940.6+276.9 and 24.1
+9.8 ugN L™, PO,” -Pwas 3.3+3.5 and 2.2+2.0 ugP
L', and SiO, was 9.7+0.7 and 8.6+1.6 mgSiO, L,
respectively. The spring water at Umetsubo-cho was
strongly influenced by human activities, the electric
conductivity was 3 times and the nitrate nitrogen was
40 times higher than the headwater at Yakusa. On
the other hand, the water quality at Yakusa was

showing to indicate the state of nature in this area.

Key words: spring water, headwater of stream, water

quality, seasonal change
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