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Ionic Concentrations and Loads of Rainwater on Forested Land
in a Suburban Area in the KANTO Region, Japan
— The Measurement Results of Rainwater at FFPRI in Tsukuba —

ITOH Yuko "*and KATO Masaki "

Abstract

Several characters of rainwater chemistry were investigated on forested land in a suburban area in the
KANTO region, Japan. Rainwater was collected at FFPRI in Tsukuba, Ibaraki prefecture from 1995 to
2000. The concentrations of bulk precipitation were generally in the order: NH,'>Na'>Ca’*>Mg*',
K*'and CI>>NO;” >SO,*. So, the mean concentrations of NO,™ and SO,* in this area were comparable
with those of affected areas by atmospheric pollution. Estimated annual deposition of NH,", NO;™ and
SO,* was 43.3, 32.4 and 25.6mmol m™?yr", respectively. High N deposition by precipitation was also
observed in this area. At the same time, the annual mean of inorganic nitrogen input (NH,-N+NO;-N)
was 10.6kg N ha''yr'. NH,-N composed 58% of inorganic nitrogen input and as such, NH,-N plays a
large role in N input at this study site.

Key words : rainwater, SO,”, NO;", NH,", suburban area

H B

B HRFE O 830 Ml (S AL D TEHIAR TORBK ORI A ST B 0ic, KRS IEHICH D 7R
AR AW FTAEN T, 1995457 B 20004 12 2> 1 CTHLUMH L 72 Bk R o a4y B2 & NH, ", NOy. SO D&
MEIZOWTRFT 21T o 7o, BRI ERE L 2K TP OB A 4 BEOFH 1%, NH,*>Nat>Ca?" >Mg?,
KrolEizE <, &A1 A X, Cl>NOy >SO DRI IRENEm o Tz, Fio, ARBLHIHLS OBEKF DONO, |
SOZDREIL, HHE CTHRA L RKERWEOREE ST T2 A TR S 7Bk oRE L IF
EFFLE T o7z, NH,*. NOy, SOZDEM AN RO FHMEITZNEh, 43.3, 32.4, 25.6mmol m?yr?
T, BKICEDERAMBLE N -T2, F72. 19954E 7 520004 0 i AE 22 £ (NH,-N+NO,-N) 0
Y)FEH AR E1210.6kg N halyr!Th o 7=, AEMHRIZIBWTix, NH-NOBEEREZE R O AR &ICHT
5 HGRITEE)TE8% &, BHROAME L TNH,-NO = HE 3 K & W 502 - 7=,

F—U—F: K, SO NOy, NH,*. #Biisrs

AT - FRl144£12H 208 Received Dec. 20, 2002 JF Rz B Ek1544H 18H  Accepted Apr. 18, 2003

* FRAGFRSPFIEIT L BR BEAF JUAE L T 305-8687 o IXTAADHEL
Department of Forest Site Environment, Forestry and Forest Products Research Institute (FFPRI), 1 Matsunosato, Tsukuba , Ibaraki
305-8687, Japan; e-mail : yuko106@ffpri.affrc.go.jp

1) ZARMIA A BFZE AT L B BEAF 42383, Department of Forest Site Environment, Forestry and Forest Products Research Institute (FFPRI)



150 ITOH Y. and KATO M.
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FAE T, 19704 1A 12 B B )7 CER I o e N
LD, 2L DANxDBIRCREE HIE % §F 2 7= 3 % 2%
LT 2EMICERERMTAEOR Y MAHhD b (K
B, 1997), BRMENORIK L 72 2B E %, kil
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MK R0 B AR CIE, BRI 0 38 3208k 2 22T Bl HL
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B, BAKOBIELOYL 5 —HFOEERNTH D EHEBR
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Fig.1. MKk O EREU

Location of sampling site.
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B L= 3kHTE e cpH (5 &z, HORIBA
D-13). EC (A4:%Mik, HORIBA ES-12) ZHIE L7,
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AL D SRR K BT 480mmiE E b e o e, E
72 1IH D B2H OEHNI T THEICH K ER D72 < B
FUH T D I R R AE R O 2R Lz,
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Variations in annual amounts of precipitation,
pH and EC values.

19954 7> 5 200045 (2 £ B L 7= 4 F K 30k o pH O i 1
3.88~6.220HiH Td » 7=, 19974F, 19984, 19994F D
SEEHPHIZS L 0 & o T2, — 7. 20004F D 4E ¥ pH
13464 L IRVETH 572, T, 2FKREOECHEIZ0.4
~17.8mSm* D #Hi P T dH o 7=, 1996 4E D 4 )l 1T
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A S 3 ) TL9954F 5> 5 20004F (2 2215 ¢, 1%
AR IZERE L 72 K OSER)A AV REIZBWNT, g
A2 O EIT, NH,*>Nat>Ca?*, H >Mg**, K*DJH
@< NH BB A A DR30% % H iz, A4
D#AIE, CI>NO,>SO2 DIEIZHEEAE L . CIAE
A F 2 DKI45% & E 7z (Table 1),

19954 7 & 20004 (S B S AL 72 BEAK R O BB A A
> (Na*, NH,*, Ca**, Mg, K*) & 8z A 4> (Cl,
NO;, SO) IREEDFEEEDOLEE) % Fig. 3. 4IZ77,
A KB O Nat 8 £ 132.6~1525.1 u molL ' D #i B <
H o7z, NatigJE o8 V% E 1T fx KAHE 2% 44.8 1 molL!

(19984) . #x/IMEA321.3 1 molL! (20004E) Th o 7=,
4 MK BB O NH,* #8 FE 135.5~1039.4 1 molL o i
TdH 7=, NH, i E OF S 13 5 KAE A353.2 2 molL?

(19964F) . #/IME A326.1 w molL? (1999, 20004F) T
oz, EREAKFEF O Ca?t ¥ 130.0~805.9 12 molL
DA THdH 72, CaZ* I fif O F Y E 1L R REA23.5 1
molL? (19954E) . #/IMEZ37.5 w molL! (1997, 19984F)
Tdh - T, ERAKGE P OMg? £ 130.0~205.7 1 molL™!
DT > 72, Mg R E OFEMEIT R RKMER7.4 1
molL? (19954F) , /M 2%4.1 w molL? (20004E) T
o7, AREKFRENF OK R E120.0~368.6 1 molL 1o
B Cdo7n, KB oI35 B 237.9 1 molL?

(19974) . f/IMEA32.8 p molL? (20004E) TH -7z,
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Variations in annual mean concentrations of
Na*, NH,*, Ca’*, Mg?" and K* in bulk precipitation.
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Variations in annual mean concentarions of
CI', NO, and SO,*. Ing bulk precipitation.
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41 BEWEBIUBEICHEORE LATERE

1) BPEME B X OBt E OB E
ABHMHRICB T AR E . BETICE 2 2EBEED
KT — % Th DM R E = wHA (1993~1997
ELOBRET) OfFR, BLO, HiERANTERI SR
KT —H OFERO L EIT -7 (Table 1), BREETICX

Table 1. &£ EH A2

ITOH Y. and KATO M.

% B ME R 88 = AT IR, 19934E~19974E IR\ T,
BT, R AT sk, 3 R Mk & T 42 [E 48 6 P C M
I, ZNbOPFAEREROLHMEIL, BEARDOIFHEICE
TOREVHMEEZ X N D, RENHEO/KEIL, B
PERIR S AR O S OTFEHE (B L., BRI
R =AML AE DA TH D) L LT,
NO,. NH,*OHEENE <, Nat, ClOREEIXE»- 72,
itxﬁwﬁrﬁﬁﬁﬁf&oto$QMﬂﬁ®@*
¢@ﬁﬁm . R RR KR B S RFAE O S IC B
ﬁﬁﬁ&%@%éﬁ9&<\#@ﬁﬁﬁ%ﬁ%w

k%i%i@éo

Fo. BR (1999) 1%, ABLRHLE &R U B E H g
DEFERAN T, 19894 ~ 1996412 35 W T MKk o BLH %
Totz, BIEAT > B IZEL»5K20% o OF
HIRICALE L, % BTG B RI705 v o R Hig
IATE L TW5, FEITCE S - Bk opH, ECE
T O F BB, B OHE T TBIH S Bk o
MWICICECT 2 CH 0 . HEUEHIE THRA L KaiE T
WEREFIC LY FEITE Tk Shizzot ans,
Fio, HEROHTCHFBITIZ SO TR S 2Bk
FONO, . SOFIREE & . ARBLHHE DO ZIL D OIRET
BRI Th o 7=, A TICE £ DNH, . NO; . SO,>
ORFEIL, BARBEICLDLOLUSMT, NEREAENR
MEDEDONRENEENTWD (HEHES, 2000), AH
B L, FEET L FRRICRA R TH D L H D
FEREDIZIER U TH 0 | ARBLHIHL R O BEAK B 53 I8 E D3R
T D BB %2 - HIK DMK & RIRED/E L 72570
X, BT CHRAE Lo E RO B b & R &
THRKIGYE D, RELRIHLG 2 &, BIRHIE OH)
A IS 2> THE), JEEiL. K ONH,*
NO,. SOZEICHMVEEBL X LEZLND,

T D B DR A A

The average ionic concentarations of precipitation at various sites.

E2 S AT FIW A D) TR
Site This study JEA3 YORII URAWA
R U [#] 1995-2000 1993-1997 1989-1996 1989-1996
Survey period
BRI 15 Ny 1P 0D F v I
Collector type Bulk Wet-only Bulk Bulk
e
Concentaration (z mol L)
NH,* 35.9 17.9
Na* 31.6 77.6
Ca’* 13.1 6.5
nss-Ca®* 12.4 4.9
Mg?* 5.4 9.6
K* 5.4 5.2
Cr 53.8 94.1 21.2 20.6
NO; 26.6 14.4 28.1 32.1
S0,* 21.0 19.3 17.2 24.4
nss-SO,% 19.1 14.6
PH 4.9 4.8 4.5 4.5
AR K &
Annual precipitation volume (mm yr!) 1239 1493 1444 1426
QIR MER XTSRS A BT (1999)
Japan Environment Agency Acid Deposition Survey Phase-1II
bR (1999)
Sakio (1999)
MO SR 228537, 2003
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ERVERN T 58 = kiR A (1993~19974F, BREE/T) O
A EOEEESME R+ s &) 1. SO~
>NH, " >NO, DIETE 2o 725, ARAFZEDOFE R IINH,*
>NO, >SO 2 DNEIZZ < o7z (Table 2), ARHFF L
P R 6 3R B = R CIE B KRB O E T IEN B 5,
AR DAL R B AR 0 518 CHERER L 7Bt o T H
Do — . BEMERRREE S RERE CIE. Bk R AR o
HECWIEILE BRI L, FEREAKIEDRLMEILAE & BB
L7, WUHSTERRLERS, A TRV %
TERI L 72 Bk R O R IR BRI, Bk RN ok 3R 5 = R A
THRWFE TR L 723808 QRrE -+t Ko< 2
LM MAH D (Howard s, 1994), k- T, FAkick s
BMBELORL D EEZLND, ABRMSIZEIT S
NH,* o> & fiff & 13 8 ML 7R k3R 25 =Wl A& 0 1 i 0 1.67
. NO;y OBAMRITILIEOME /R L, BRIEHR XTSRS =
WHEOLHEL Y £ ko, —FH. SOLFDATT
BT RS R EOE 083D Z R L,
PERX R SR EOFEBHME L Y b7 o iz, Zhuid,
SOF DM EHRENEFRE Ch o foiz, FRBEKRE
DY 72 WABRN S BT, SO,2 B R B AN BRI [
REKMEOFEHEL v bl rolEZE2 N5,
UL L7223 & FEUMEE PR Rl oy 0 SO F 8 ff i 13 AL He
REBBIERE = RAEOFRHAR BENRRE CTh o7,
ABRIH SIS N T, BEITABERICE S & Eh 53
HWHEDSO X AN RIX., REOEHNRHTH o7,

Table 2. %A A > DA AR &
The average ionic loads at each sites.

BRI R N HEIWMA
Site This study JEA3
R I ) 1995-2000 1993-1997
Survey period
BT 1B v W + R
Collector type Bulk Wet+Dry
I=Piins
Load (mmol m?yr?)
NH,* 50.2 30.1
Na* 47.2 149.0
Ca?* 16.4 17.1
nss-Ca?* 15.4 13.9
Mg?* 7.7 18.6
K* 7.8 11.3
Cr 78.1 178.1
NOy 36.6 27.2
S0, 29.5 35.7
nss-SO,* 26.6 26.7

a) ERPERNHREE A BREET(1999)
Japanese Environment Agency Acid Deposition Survey
Phase-1III
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Annual amounts of inorganic N (NO;+NH,*) in
bulk precipitation.
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