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Long-term changes in stream water quality and their influencing factors in forested small watersheds in the

northern Kanto region

)AL -2 - FHTE A3 - ke
Rieko Urakawa, Hiroto Toda, Yue Cao

[ZR] ALBI ST DFI40 D ARAR/ NRIRIZ F N T1992, 2007, 20224F DRI 3EISEHE L 7= K EFRES b &1, %
TAKEDEMEB L iER T L OB ER LI ST Lz, B A A4 (Ca¥, Mg?, K*, Na*) & SiOxR £ II304
BHZOEVIRT—ETH o7, BA A RE (Cl. NOy', SO4¥) 1F2022F IR T A b, KRRIRKOYGE L e
HEOWDINEDER EZZ biLlz, fRE L TRA I UVREICH L THA A U REN MR R 720, BERIEA A RE

(HCO3) 2 EF- U, pHM L& U7z, BiA A2 & SiOad &btk o ME OFEFEIC K- TRENIRICE 0 | Z ofmix
EE30EM —H LT, MEIEIZCI ENOSIREICH Bt B4 52 MALMRECISAELL RITH 72 0 VR E MBI &
NIZEEK & 2o T, KERSOs-SIEEITSOSREIZ B E 5 2 | REIVEM OIS BROEBNCEVERTRE LA Lz,
F 55t G Hiudek CIEE N OO Mk & [FIBEIZE LW ERMEIE R IC R Db CE 2, HA KUK ORI & 5 8 E 72

SEVERS A A DORHEIT K D RIRAK ORI LTV D & B R b,

F—U— R AR

LIXC®IZ

AARDAKIEHL D Z XA ArE L, A4

TG HHPESRE D Al L 70 2 /KB IR & R 9~ 27212,

BHREERIROULER DD, REIGRIZLY . &
MWARER O EIEER S BEL L. HRIRAKER LT D
ZENBEINTWD (72L& 2I3, Aber et al., 19897
Likens et al., 1996%; Nakahara et al., 2010* Sase et al.,
2019%) o FEES, F—1r v 3REK TIX1970~804
R RRGLRAER & T DIERAKDE LW ERE LA
& S U7z (Skjelkvile et al., 2005% Kothawala et al.,
20117; Eshleman et al., 20138; Driscoll et al., 2016%), —
7. DRENIRCKIZIEHET 5 KKILE O AN &% 1T
TWBIZH 00 57 (Duan et al., 2016'%), KEED
it K C R MEAR 1T i S 4L TV 22 V) (Ohte and
Tokuchi., 1999')), = Z & 1% HARDZRIROEE HFIRE
IWMRENZ L EZRLTEY, TOERKE L THEE
PERGA A [ vy 7 K(Ca?), ¥ 7 %2 7 A(Mg?h),
U7 AKY), F YT ANaY] BNEEICHE SR

VR i K

REbaE REZS ZEKY

TWAH 72 L HELL X LTV 5 (Ohte and Tokuchi.,
1999, FRARARERIC IS 5 B P g RE 23 FRfsey ©
oD E TN 27212, KO B SRR E

[Ca?", Mg?", K', Na', #{b#(Cl), FEIEE(NOy). fit
f2(SO4>). BRI 7 A F(Si0,2)] DE I 72 2B 1]
EHA L, SWEOREICHELY 52 DB E RFE
THMEND D,

AMFZEIE. AR T o AR AR/ N 30 TR
KOFAE 2TV, i EDOFERF O D, 199412) |
BLOYFEHEICB T 2 BRI REKkE=21
7' — 4 (Urakawaetal., 2012)Z iz, LA FD 2 5D
ARRE DR & 5 T
O BEFEMOFETAKE DZEA
@ KEIZEBEE 52 DK EZORMNRE(

2REFE

2.1 FRAEHh
A IRES R 2 0 T o0 SRR ORI

VRS I3 BE R (Urakawa et al., 2024 % HEg & o ¥ —FTs O 7= OICFHER LT H D TH D,

2T YT RRIGY T S —
3R TRZER B R 2 5l

Asia Center for Air Pollution Research
Institute of Agriculture, Tokyo University of Agriculture and Technology

R TR RFPaEA 28R United Graduate School of Agricultural Science, Tokyo University of

Agriculture and Technology



M7 4=V K 2= T AFEM)RBILE L OEA
T, FRENHEEITHI0 ha, 450 haThH Y . &R
A TS kmE L CWD (K1) . 1~1+%%
ha?d>—A QI OF B3R O/Nikns . KA LI
11, BORICII26 DA F3THIAEST S (K1) , #t
L, FMABIIATRTAF -/ FATLHKTHD
DIZxE L, FMER TIIRARE LR E 2% - £
J F NIRRT DT D, HUE OFEHIL,
KRBT RTERR H A J8 ORY A - Rt (LT,
mASE) THHOICK L, BT EAEEMSS, 1E
R 34, BRE DO—FETH DRV 7 = )L A4
AT D, AW TITfER, Rk, MR E. %
B D HBMMEDO S HEAREIEZFHCEBE L, K
ATk CTHEAE O FEE (1983~ 1991412 28 Kk
FCARR0~330kgN/ha) 238 5 DIZHF L, FATIE
SRR 2 FEHE U 7= etk i 2 AATE L7V, 2 Ot oo it dsi ke
P& LC, ik, TR, RS X O &
BEH (CKFED, 1994'2) 12X W FFE LT,

22 BEHBERIBLUVKESH

K DERAKIT2022429 2 e b L7z, #kHE50
mLOAR Y 71 LU R M UIZERAK L, SRR KT,
pH., EC% R —% 7 LI E#H(D-210PC, Horiba) Tifll
TE LT BAKHSIE A~ — R 7 4 v THERRE L (K
2) . GPSTE# & Risk L 7o, sBHIER=ICR IR Y |
045 umD 7 4 LV HZ —TAHBLTI=DOL, ZEA 4
(Ca?", Mg*, K*. Na’, ClI'\ NOs, SO & A F 7
a~ |77 7 (Thermo Scientific Dionex ICS-110035 &
T*-2100, Thermo Scientific) T, Sii# /& % ICP-MS (7500
Series, Agilent Technologies) T/ 4T L 7=,

A EOFA & R —HE TERILE 117230, 154ERTD
KET =45 [19924 (KRHD5,1994") | 20074E] %
BOET, REFEEIZE b ) KEDOEZ KRG L
7o Elo FMRBRINZE T 2507 A EORET
— % (Urakawa et al., 20123 % ]\ T, SiO % [r< £ &
B4y [Ca, Mg, K, Na, Cl, N (NH4-N +NOs-N), SOs-
S D1988F b DFMKRTILE R EZF T LT,

I AE OBREHNTIX, BHEA A REEZERE
B, MuERE, MUEFERH, JREGERE. fRe. RN AR
fr, RRILEELZHHLSE L LT, PLS-RAEHTIE
(Partial Least Squares-Regression, #8347 fiz/» -3 [n])q)
EHWTEBRAKEB LN TORKFEELEE DT
—HITDWTHHT LT, BRI DR E ) IIARE
THH S+ % VIP4E % ( Variable Importance in
Projections) |2 & ¥ 414 L 7=, HEUEM OIREOFE
XL B (Tukey-HSDYE) THMT L7z, & TOH
5 IER (R Core Team, 2022'4)(2 X 0 S L 7=,

SRREEBE

3.1 BERIFEMOKEZEIE

B DO RFEA A PR EE IS K UNSI0 L 01992
TR 5200747, 20224 OFHBEIEAMR (M3) 13#ERT
B E TH Y (p<0.01), 19924 T i\ ki
2007, 202246 & < ARWIRIRIZERBUEIC 2 b B
PN E WD Koz, BEIVERIZHTZ 0 &tk
TEE ORIGERITZEL L TN b o Tz,
A A B LUSIOTB BTl 7 A v OEHFIC
MELTNDZ END, 2L OEEITX30EMICD
T2 VIZIEEALR 72— T, A A2 D200741%1:1
T A OIEFHT, 2022 DREIXL:1T A O NS

/ 12 i)
EMASL N
P cuss i e 4F
i ) S
“em f“;l ___________ 3 FM=A
iy el
[0 ol b W Kk
. e 1 SV /
wETA ’ M l-“. Iy - = _f
1 km F:rL’\---'\:I axy 0y o L7 \:/,.’/

AR, A B DR F AR H A



72 NOJIINT Y FNRKREWND

B2 HAOETF (FM EA Q i)

fIE L CWA =D, 19924F (2 Ebils L C20074E X AR
JET, 20225 IITBEME T LTV Z E b

EMM BRI T OR

ENIIC L > TR EVHRINT, BA A

iR L EA A

NN Bl

Vg 3

DZE[(Ca®" + Mg + K" + Na")

—(CI'+NO5 + SO 2% Em_X—ATHIHT S & x.

ca™* conc (mmol, L")

CI conc (mmol, L"')

=1
wa
L

=1
P
L

=1
s

Ca>" conc in 1992 (mmol. L")
0.10

0.084

01

02

03

— I«"Ig2+
'4
_e 0124
=]
1= =
E
o 0.084
o
o
o
‘t\:n =
= 0.041
0.04 0.08 012

Mg>" conc in 1992 (mmol. L")

cr _|NOg
"
_DU 0.2
£ =
o = ]
[
g0 &M= hg
o &
& o) Q~
d ! ! ! 0.0 + +
004 0068 008 010 0.0 01 02
CI conc in 1992 (mmol, L™ NO, conc in 1992 (mmol, L")
X3 1992 FE DL

vyl BIZIEDEE & D72 0EA A%t L THiA
FUWBNZ ERNDND ([X4)
X9 %52007, 20224F DR A& I~ D & 1992—20224F-D
B = 1319922007 F-DHEZ DKIL.6fETH D Z & M
By 2022MFTIEMA A v L EA AU DEBPERK LT
WHZ Embnolz (K4) . 2k, aindokzA 4
VIREORHNRIKTEZKBL TS, A4 DN

T U ARERDTD

o é% \—\ 1992£¥5L

\Zf2A A2 T i HZHCOy 3 eItk

HUZHH ST % & #E22 S 41(Ohte et al., 1995'9),
20224EDpH L& (X5) (XHCOs I E D _EHBFHK T
bbHLEZ BN,

32 RRKEICREZEASERETORMELL

BFEA A YRR O PR 72 S5
KO R Wi 7028 %

CHEERIETE

(X6) ##H 5L, Ca?*, Mg?*, Na'

BLUSIOMEE Izt L CITHVE ., Clds L ONOs &
DWW TR ZE S 304ERIC T2 0

By 98R
R %El

ZRIFL T, K,
NEDLYRRE-HLE

SO42'

B IS
A

F-EH L THERY

(6 L THIEEF- oA
K1

AL ORSY AY/N

ST, —Ji. BTOERE AN CTlX, SO D
T EEZSENIT R L CIE KRR SO4-STEAE D LA K & /)
‘Of: (6) o

K71%, A A > ESIOUT DWW Tl b EH OE N
STEHIE TR L, BT (ONF O i R K,
O Vi 75% 42 A VAR, F EPS%@ F 0D i -
25%% A VAE, ONT O T« /M, B S e

0.047 g* & Na*

r::. 0.03 u rlj“ ]
S o m
£ £ o5
£
% 0.02- ot s o
S bord ¢ g 010
& A ’ +g
0.05
0,004/ ! . . . . | | |
000 001 002 003 0.04 005 010 015 020

S0, conc in 1992 (mmol, L™

K" conc in 1992 (mmol L")

Na” conc in 1992 (mmol_ L")

FHL, 2022 4[]

RS 2007 4E (GR) 2022 4E () D%
B 11 7 A 2y JRER, 2007 EERAR;

1 S0 SiO, &
7 204 L
a =)
E
ml 2 151
2 3
DN
w 104
' ]
004 008 012 016 10 15 20

Si0, conc in 1992 (mg L)



=2
mn
1

Cation-Anion &

>4

=]
.
I

&

=2
(%)
|

¢

Cation-Anion {mmol, L'1j

=2
=
1

D.IEI EI.I'I IZI.I2 D.I3 EI.I-i EI.I5
Cation-Anion in 1892 (mmoch'1)

B4 BiA A RBELEl A riRBEDE
[(Ca" + Mg + K + Na®) — (CI' + NO3 + SO4>)]
1992 FFIZ%F7 5 2007 FE(FR). 2022 () D BfR

B 11 T4 2 JRAR, 2007 AEERRR, TR, 2022

HE[R]JFHR

RY) TERRLELDOTH D, B DOHEXZICE
FABEEOEMENZ. TA77y b (F—0th
EREICB T D REBUER OREZEIZ OV T L E LR
EEITV, ABEKES% THBEENHALNDGAIT R
AT INT 7y hEAE) RBRBTchFE—THD
Z LMD, FBERICHTZ D BB REEEEHN N
Ll Mbmnd, HWEZEOBEEX, BWEIZRBT
AR (KAW) =fthE > sy 7 oL A=
WA (FAR) o7, MUFHARETH, FMAR
IWAFME AR LY HIEBENE N> T-EHRK & LTk

pH
L
! ®
=
" m
T =
[=% 6 o
my
51 @
5 6 7
pH in 1992
X5 1992 4E® pH IZx7 % 2007 4F(7R)2022
F(F) D REFR
B 11 T A 2 ARER, 2007 SRR R,
2022 4E AR

IROFEENRE 2 O D, KIKIZEE LT 5 &
DOEIEMRGA A 2 BILIc L 325 Z &6
MM EH T % (Koshikawa et al., 2016'), % 72FMK
B O—EFOFIR TIX HEONOy W EFrED & | 2k
K T EE D oA 3452 STV 2 ()T 5,2009'7)
UEDZ Ehn FMARBIEFMEARIT, A A4
DORFETR & L THSE & KINIK DO FF 5 FEA 72 % vl hE
WD D, 4%, A MrrF U LRERNMAEFIH
L 7= Tk (Nakano et al., 2001'8)%5 (2 L 0 HEIANERS A 4
¥ DREPFERTETE~ DU & M3 2 MEDR B D

Ca2+ Mg2+ K+ Na+

1{ e—e—o— & WE 1 . & W= oA e A A s 1 e—e—o—r o E
2{ B—B—8——8 gk 2 : :. T 29 @ S e @ hE 21 B—E—&——3 fEE
E3 A At A W | 3 A—A—Aeh gm0 mE | 0| AA—AA R
“34- -------- A EE 49 bbb (g 4 o jEE 4 LAl B
g o N Twe e 5*:::X:,1Mﬁ 5 mE—e o M| s B—e sl
6 A—A—A @ FF 64 ”\. — 51 . % FH 6] A—A—A @ x5
Mo A gw | v A 74 mE | 7 A g

1992 2007 2022 all 1992 2007 2022 all

cr Si0o,

11 : : """" g fE 19 11 et 1 &—&—& & #hE
21 @ @ #hE 2 24 E3 24 B—8 8 o sk
el | il i el
“34- -------- A 185 47 41 b R Uy (S A fEE
gol =8 e xn | s 51 hE | 5 B—W—m——E
6] A—=A—A "B it 6 6 . [ R Y N W— T
71 & T 71 A mR 71 A

1992 2007 2022 all 1992 2007 2022 a

1992 2007 2022  all 1992 2007 2022 all

Bl6 &KfEA A REICHELY MTTHEROEHZE(
PLS-R (2 X 2587 S (VIP) 2N 38 B 2 it Rt 2 3 R T B



Z0:[ e g [ T | gae
£ X £ | a R A
E A xx* X g0 )| X € poz{ aa X
§o02] ° _l s a A € X
= = . X X
o A © AA = x
€ a A € 0084 X g 0.02 A - ‘ L h
§ § X X § BAB
goil @ 8 _..'. § 0.011
&m + ‘t‘m 0.04 A
© ! ‘ ‘ ‘ = . | | 0.00 ‘ ! ) ]
a) a a) N a ) ) N 2 2 al N
& & & B & & &F D & & &
@ r\!_K 2N .@ «\\\ N = ’\‘k P A=
B & AL & o &
L5 S £ v & N S
0.25
3 Na Xy x 5 1 sio, v X
g 0201 £ Y
E T2 S HRARE
c A X X -_% - X
S 015 A .q- o a a AB A v B - 1992
E a3 A y s |a B 2007
om0y 3 - S * B3 2022
8 i & 107 L
+£ 0.05 @
a 2 DD P a) al W
& R AR A o5 P &
i sl
o Y £ &)& &)& el 2 &;&"3’

7 A A B RO SO REDORMZN (ME TXS)
BT N7 7 Xy MIBBUECRENSAEEICER S Z L2 T (p<0.05, £ HE L Tukey-HSD test)

[Fl— OHUE X5y T, 1992, 2007, 20224 O 2 £
WCHBEN R P T=Z E0s (1) | HEAE KL
JR D BACIZ K 0 SN A A v 3% E W G
SINTWVDHZ ENRHLNTR ST,

Cl'iB L ONOs IREVIRMANTIR T L (K3) | A
OHFER 72 Al B % RIT T BN & L CIdhiEns
BIREH72 (K6) » 2Dz, CIENOTIZ DWW
¥R LIz ECIREODEMZLEA S & (K8) |
Cl', NOs & HIZ AN TAR+HifIE X T19924 5> 520224
2T TEGRAR N9~ 2 A 232 B 7z, FMRAR (LN
DD /NG TIX 1983~ 199 14F | Wiifoi A | 42 SE 4
THFR20~330kgN ha'! & DR T2, JEED
BT ENPK = 20:10:10Tdh b . KidHifkn UV o A
(KChE LTHRA SN TWEZH, CIH10%REES £
NTWD, ZOZ ENDH19924EDCIE L TUNOy D
RETRENRREZ 2 b b, BEOK T 615
LU ERRGE U 72200745 (C 8152 S U7 FLaR i s O R EE
. SEARE R OCIE L UNOs O HIEEIE (/)1 5,
2007"%;20097) ICEKX T 2D &5 2 vz, N LA+
MEPCIZ20224R 113 O i 36 X & IR L TR B DMK
T L7, NOyJED1992—2007, 1992—2022f# 7> B

FRIZNNT YRR KRE DT (K3) DIE. MEEMO
BEZIIDbDEEZONT,
1K SO T BE D304 D2 & FMOR A L CTELH

. a cr
- 010
s
E
£ oos
= a A
S b A
[ud
£ 008 .+ * B X
@
e y
8 ous ﬁ =’
5 =
- a NO,
|
é,
E%? “ ] HRENE
£ b AB | B ES 1902
£ X ER 2007
@ 011 X X B3 2022
8
g =

0.01

< b
& 8
,&’f\k
}.

B8 ClisLUNOsREDOEMZN (i CTX5)
BTNV 77Xy MIBIUECTRENFEICRE e
% H & 7 (p<0.05, % HELHE Tukey-HSD test)



= -
S . 3
o 161 e 008 ©
el £
2] \ no o | £
3 12 \ . 0.06 &

o . o
® o e . g

L £ w

81 o = 0.04
#{E o m %
R 09RO A 2
S 44 = Looz BK
= o
=
1990 2000 2010 2020
3
Ehvk m JIoE —

X9 FMARAIIZEIT D S0-SEMILE B DRE
B L IRFEKSOLSBE (PO E, =5
— NN — [ IEHEFZE) OKHE)

LTCTWARRILEDIISSEN D DEER 2 EHIA T,

K& LK E OBRE B Lz (K9) . EN
DO s HE X 19904F LLFE Jk A8 18] T & - 72 3 (Seto et
al., 20022%), K[#h> b OBERE KXY O FE AN X
0 . SO4-STEAE 1F 20004 X ICHE 2 2l 2 72
(Duan et al., 2016'%; Kurokawa et al., 20132!; Bgia4y,
2019%%; Ohizumi et al., 2016%) , Z OMEFENIFEE RO
WFZes Gtk CH R CTH 0 . BIBERRIGRIC L D
SO4-SILAEF D ¥— 7 232005 B TV 5 (XK9)
TRIEK DSOLRIE L, Z DSOs-STEFE D LB -
TR LTz, BARAYIZIE, 19924F £ 2007481, EWN
PEH DD & KEED S DFRAIEIMDBEI D H >, SOs-
STLA BN HLERIMERE S LT\ 7o o, TR SO
REOHEEREITIR N>, L, 2005
LA D RETEAE A (T SOZ IR 1320224F (2
FAEBIETLE (9 . BLEDZ Enn | BifiK
D SO P 1T KK BREE DAL/ L THUKIC G
THEWZRD, Lol WRFEGHlsIc A %k
K 5 ()15, 2007') X, B2A A28z L v
SO Wk 35 % 7~3(Tanikawa et al., 2009%%), = DFFPEN
SOZF DIRFF L IRIHIEEA S| Z i Z 72, WEDOK
KIGY ORI R ETMO T2 DIT1E, Atk bk
IR RIRKEDE=4 Y VT RLETH D,

4.F ¢
BB RN O370 FM/ NIk IZ BV T304E 2 72

BIRFAKEOWE S LM L. KEORME(L, W
1 HOHBRE 72 547 1 B 5 2 2 Wbk A

BLOZOEMN BT RE Uiz, SRR A
A2 & SO R T30 MIZIZEB R 72 o 72 DI
L. A A4 T RKEREE O 2O R Ok
M E bR TIREME T L, A A4 kE
KT DA A DOAREEH D 72D ICHCO i JE
N EFLEEEHRB, 2022F 23R K DOpHA F
L7, mEI0FEM, HARTIIRCKIZIEET 2K
RIG Y2 B Loy, a0k LK o ki X %
BE IR MRS A A ORI KV R TR
bR TNDZ EBNbhote, — T, EMAS
& FMERIES kmiE & LB TR0 A3, B
2 OEFRCMAG AR 23 B 7p B ATREME DS R IR S
Tzo SH%IIGA A U iaiEE S HICHAE L. Ak
O FIEHE 23 B SR 2o 72 o TR BE T 5
NEIDEFML TS BERH 5,

5. 55

R TRFPFMR A I - BEOR O BRI B 0 J7 %«
i, KXKEE=%V v ZICRHICHZ0 T
NN TN D, BRETREDO =40 E2 S oy
TIOT KRRIGY 5 o # — DFBERE S AT
KERE ORI - ST H T ni, 79
TRKIGYA s 2 — O AE TS A R
B S VTR CER~OF SR 2 Wiz iZn
7o AW SR IXIESCHF 98 4% Jih 4 . JSPS B} F &
JP19K06138., 35 K ONA & M ERK B8 55 2 40F 98 AT O [RIr
KRB F IR IEF R OB K 2 2 1 TEi S h iz,
IR L THEEERT D,

6.5 F STHR

1) Urakawa R, Toda H, Cao Y (2024): Long - term
changes in stream water chemistry in small forested
watersheds in the northern Kanto region. Ecological
Research, pp.l - 13. https://doi.org/10.1111/1440-
1703.12460

2) Aber J, Nadelhoffer K, Steudler P, Melillo J (1989):
Nitrogen Saturation in Northern Forest Ecosystems.
Bioscience, 39, pp.378-386

3) Likens GE, Driscoll CT, Buso DC (1996): Long-Term
Effects of Acid Rain: Response and Recovery of a
Forest Ecosystem. Science, 272, pp.244-246.

4) Nakahara O, Takahashi M, Sase H, et al (2010): Soil



and stream water acidification in a forested
catchment in central Japan. Biogeochemistry, 97,
pp.141-158

5) Sase H, Takahashi M, Matsuda K, et al (2019):
Response of river water chemistry to changing
atmospheric environment and sulfur dynamics in a
forested catchment in central Japan. Biogeochemistry,
142, pp.357-374

6) Skjelkvale BL, Stoddard JL, Jeffries DS, et al (2005):
Regional scale evidence for improvements in surface
water  chemistry  1990-2001.
Pollution, 137, pp.165-176

7) Kothawala DN, Watmough SA, Futter MN, et al (2011):
Stream Nitrate Responds Rapidly to Decreasing
Nitrate Deposition. Ecosystems, 14, 274-286

8) Eshleman KN, Sabo RD, Kline KM (2013): Surface
Water Quality Is Improving due to Declining

Environmental

Atmospheric N Deposition. Environmental Science
and Technology, 47, pp.12193—-12200

9) Driscoll CT, Driscoll KM, Fakhraei H, Civerolo K
(2016): Long-term temporal trends and spatial
patterns in the acid-base chemistry of lakes in the
Adirondack region of New York in response to
decreases in acidic deposition. Atmospheric
Environment, 146, pp.5—14

10) Duan L, Yu Q, Zhang Q, et al (2016): Acid deposition
in Asia: Emissions, deposition, and ecosystem effects.
Atmospheric Environment, 146, pp.55—69

11) Ohte N, Tokuchi N (1999): Geographical variation of
the acid buffering of vegetated catchments: Factors

leaching. Global
Biogeochemical Cycles, 13, pp.969-996

12) KREGER, EREAME, Y5578 (1994): Rk
IINEIKIBIZ 1T 2 BRI KA T RE EIR D5
B OHARRFREE, 76, pp.383-392

13) Urakawa R, Toda H, Haibara K, Aiba Y (2012): Long-
term hydrochemical monitoring in an Oyasan

determining the bicarbonate

Experimental Forest Watershed comprised of two
small forested watersheds of Japanese cedar and
Japanese cypress. Ecological Research, 27, pp.245—
245
14) R Core Team (2022): R: A Language and
Statistical

Foundation for Statistical

Environment  for Computing . R

Computing, Vienna,
Austria, https://www.R-project.org/

15) Ohte N, Tokuchi N, Suzuki M (1995): Biogeochemical
Influences on the Determination of Water Chemistry
in a Temperate Forest Basin: Factors Determining the
pH value. Water Resources Research, 31, pp.2823—
2834

16) Koshikawa MK, Watanabe M, Shin K-C, et al (2016):

Using isotopes to determine the contribution of
volcanic ash to Sr and Ca in stream waters and plants
in a granite watershed, Mt. Tsukuba, central Japan.
Environmental Earth Science, 75, article number 501

17) WNBE T, FREAN, LS, £
(2009): A - b/ FARERGTEUC I 1T S KUK £
HOREA A L WAERFED NOy O R BN H I K
ETRE H AR TR, 91, pp.184-191

18) Nakano T, Yokoo Y, Yamanaka M (2001): Strontium
isotope constraint on the provenance of basic cations
in soil water and stream water in the Kawakami
volcanic watershed, central Japan. Hydrological
Process, 15, pp.1859—-1875

19) )IALE 7, FHEBA, £REARE (2007): &
AL L7z A% - v/ F ADH/NRIRICEIT D T
J& £ NOs AT K 2 EHRMHO BRI R, H
ARERPREE, 89, pp.190-199

20) Seto S, Nakamura A, Noguchi I, et al (2002): Annual
and seasonal trends in chemical composition of

1989-1998.
Atmospheric Environment, 36, pp.3505-3517

21) Kurokawa J, Ohara T, Morikawa T, et al (2013):
Emissions of air pollutants and greenhouse gases

precipitation in Japan during

over Asian regions during 2000-2008: Regional
Emission inventory in Asia (REAS) version 2.
Atmospheric Chemistry and Physics, 13, pp.11019-
11058

22) BRELA (2019): BEERKGY: - MAEREN T =
ZU 7 HEE (P 25~29 )

23) Ohizumi T, Take N, Inomata Y, et al (2016): Long-
term variation of the source of sulfate deposition in a
leeward area of Asian continent in view of sulfur
isotopic composition. Atmospheric Environment,
140, pp.42-51

24) Tanikawa T, Takahashi M, Imaya A, Ishizuka K
(2009): Highly accumulated sulfur constituents and
their mineralogical relationships in Andisols from
central Japan. Geoderma, 151, pp.42—49

7.Summary

Based on water quality surveys conducted over
approximately 30 years from 1991 to 2022 in about 40
forested small watersheds in the northern Kanto region,
long-term fluctuations in stream water quality and the
factors for individual elements were elucidated. The
concentrations of alkaline cations (Ca?", Mg?*, K*, Na*)

and SiO; in stream water remained relatively constant



during the 30-year period, while decreases in the
concentrations of anions (CI,, NO;s-, SO4*) were
observed in 2022, attributed to improvements in
atmospheric environment and reduced fertilization
effects. As a result of the excess of total cations
compared to total anions, bicarbonate ion (HCOs3")
concentration increased, leading to an increase in pH.
Among environmental characteristics of watershed,
geology consistently exerted significant influences on
the spatial distribution of alkaline cations and SiO»
concentrations  throughout the 30-year period.
Fertilization significantly affected CI° and NOs3”
concentrations, becoming a factor leading to high
concentrations observed in fertilized watersheds for
over 15 years (1992 to 2007). Atmospheric SO4-S
deposition influenced SO4> concentrations, causing
fluctuations in stream concentrations along with
changes in deposition amounts across the 30-year
period. Although the study area has experienced
significant acid deposition, it was suggested that stream
water acidification has been avoided due to the
abundant supply of alkaline cations from weathering of

bedrock and volcanic ash.





