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Seasonal changes in the concentrations and depositions of dissolved
substances in precipitation observed in a forest region located
in an inland Tohoku district

AIZAWA Shuhei "*, OKAMOTO Toru " and IKEDA Shigeto *

Abstract

We observed seasonal changes in the concentrations of dissolved substances in precipitation at an
open area in a forest region in an inland Tohoku district. The amount of deposition brought by
precipitation except NO; was smaller to national averages. The amount of Na and Cl was small in
particular. We consider that the experimental site is located in a clean area, however the concentration
of NH, and NO; was higher than other clean areas. The concentration of Na and Cl originating in sea-
salt carried by strong seasonal winds was high from December to January, while the concentration of
nss-Ca was high from March to April. It appears that the high concentration of nss-Ca was caused by
eolian dust (Kosa) from mainland China. These findings indicate that substances carried from the Sea
of Japan or mainland China had reached the experimental site. Concentrations of nss-SO, and NO; were
also high during the same period for the nss-Ca. This suggests that the acidic loads such as SO, and
NO; were long-range loads that had been transported from mainland China and had extended to the
experimental site in the inland Tohoku district.

Key words : acid rain, precipitation, deposition, Tohoku district, seasonal wind, nss-SO,, nss-Ca

2 B

AL 5T N FEER O ZRAR I AL E T 2 B E I B W TR K ZBERI L, BHERREEZE LT,
HREBHICBIT 2BKICE 2WEAREIT, WEICH KT 5Nak L OCIO AR & 2E YY) LV IEF IS/
<, NaB L OCIA DB s OATTE S REEH XV /NS W ORE N o2 NO;D AT &L 4
E R EFETH o7z, RBHITIEH IR ET 5 B2 o558, NHIE XLONO,O A &IZE L
TIEfth o EF IR L W K& R Th o7z, HBHICE T 2BKP OBRTFRSEE X, 12~1 i34
ZHIROEEIC X DB KEONaB L OCHEE D LANRO b, 3~4FICITEMOFELRoND
nss-Calg £ D EFANRO BT, ZTAUHIE, H AR E KRS o R O ot X 425 %8 535K B
CHIEELTWD Z &R LTWD, BEAT Onss-SO,. NOJEEEN = & OWE & AR 153 2 @

R4t - FA155E2A4H  Received Feb. 4, 2003 FRaZ B PRk154E7H17H  Accepted July. 17, 2003
* PR A AFIRAT L HIBRBEAFJEAEIE T 305-8687 > IETHAADHE 1
Department of Forest Site Environment, Forestry and Forest Products Research Institute (FFPRI), 1 Matsunosato, Tsukuba, Ibaraki
305-8687, Japan; e-mail : aizawa@ffpri.affrc.go.jp
1) ZRMBRAWFZEFT S IBR B2 BF 48681, Department of Forest Site Environment, Forestry and Forest Products Research Institute (FFPRI)
2) B A IFZEFTHALZFT  Tohoku Research Center, Forestry and Forest Products Research Institute (FFPRI)

| Bulletin of FFPRI, Vol.2, No.3, 2003



158 AIZAWA S. et al.

RB DIV, MR & RAR ISR bk &

TWAAREMN R ST,

LM E DA AN ERIC AL E T 2 MBI R A

F—U—F: BAEE. B BTH., e )7 8, nss-SO,. nss-Ca

1 i@Eewic
MKIZB O TEERE TORBERERE A< BENLOH
52 e SN TLLE (Abrahamsen s, 1977, Oden,
1976, Tamm >, 1977. Whittaker &, 1974). A AKIZE
WTHBEMRE TMIZ L kA REENBRSI TN
(rN, 1995, 47, 1986, EE o, 1991), BAMERET
WX B EE TRT D700, BET2IZILHELT
% < ORI X o CTARETHEKDEEMEE & FETF RS R
WCOWTOEME=XV 7 MThbn Tz (EED,
1991, J5, 1997, #r/N, 1995, M, 1995), % DfEH,
BARIZEWTHECRIE A CBEARREBEM L LTV D Z &R
HorcEa&nTnsd (rN, 1995, 4%, 1986), L2
LINSOE=4 Y > 7 HEMSITE 0% O JE I i
N, FMBICB T 2REMSITD R0, BT
T L B IR~ DEE L 2EICTRT 5O+ 7%
F—ZRELNTND EITWVWNATW, FRAR S ST
TIX19904F 2> & Fe EAF 28 TEMEN ST =4V v 7k
H—RAT—a U] ERB L. 2EOSMERIC BT
DEEARDOBEME L RER T REDOE=4 ) v 7 & i L
T&E o, AMTEHHEILHTARERICBIT DKL DE
HIMA~OWEAMOEREEZP LT 720, HBERE
TR A Y L R AREREEE =4 U v 7 OFER
Mo, db Lo B Z < NTARIZ I T 2 BEK ORI 7
D NZREKRPITE £ N DR OFHRERIZ OV TH
ET 5, £, BETEOMEIZ LV BRI TIXLSE
WZKFERS E A B D IEMEEMEOSOREN EH 35 2
ERBELNIERTWAHOT (BUH S, 1995, #9,
1995) . HALHL ST W ERER D HRARHET 123 1T D 2 DRI
DUVNTHRGEET 2,

2 Rl Hk
B T oAb, b b (L P oo S A L BT IS AL E T D
19654FEMER DO B T~ N THNOBHZEH (L3950
Sy, HERR141F516%y . K E780m) 128\ TREK 2 BRI
L7 (Fig. 1), RERHUIREN O i) 5 5920kmiEn
AL U, BEBICIZ AR, T, KEREOLVE

FIIAEAEE T, EEA T8 D IR 1L % 1% & A THI8km,

[E & 455 52 2> 5 13#06km, i b iT WD FIRETE D 51X
HBkmD BN & o 7o, JHFEO LHFIHEREZ. HFko
PN M T o 2 BB IS BRAE L, B 5
Beb I WECE HEE TI3K400m (FEE S 0 BIRFT S
13#9100m) DEEEN H o 7,

MERET T 0 230em E 72 1321lem D v — 2 XV HHF
B CRAIE LCINEICRBR L., BEHMTOR
4BecmD AR Y FarB LRV EEH W THHIE LTIRS

FEICERI L 72, BRI L 72 3RHE, BRBR & e L7214 .
— @& HWTCEC, pHEBIE L., &Y O— i Z &K (No.
5A) T L CLC TR L, BT A VIREZSHTL

. EOLAIXRIR TR L% o8 Lz, pHIZA Z
ZEMIFEIT LY, ECIZECRHC L v JI7%E L 7=, Na, K,
Ca. Mgife e 125 W #3412 L v . NH,. Cl. NO,. PO,.
SOREIFA A v 7o~ MEIZEVHIE L, BRI
19944 2B L, BE bk T 5728, ARG TIX1995
FEPB2001FFE TOREREZ S LI 2 272 >72, Ca
BILOSOFEATICEBEIZEENDIAA A THDT-
B, B o Cak L OSO B M D Ry & IEHEE M O
BTy T THRAT U 7e, BEAK R RLAR I B 9 2 BEfE 0 #
(B, 1997, BRI S, 1995) & AR, BE/K A oONa
MR RRTH Y | BEAKIZIRA LT O A 4 VIRE L
RO DOLFEETHD EMWE L., KK ONajl i
BRSO A A REL CEA D, 1995) %W
TR TECats L OVEHEESO, B E 2 FH5H L, JIEE & ifF
WSy D 75 % JEHEYE PECa (nss-Ca) 3 £ OFEHEIE SO,
(nss-SO,) #WE L L7,

MK DIRTFRR Gy DIWTRERIZ DN TIX, U U fiRA A v
FREREREDCT VES YA T BRSNS,
BOHESLEHOBRAREDa L ZFIR—arRnboT-
LEZXONDIOER_ LI, /-, FAIE LT, 14
NTUARS0% L EFT N T GE b EA LT,

Experimental site

Matsu River

Mt. Iwate
A

Ou Mountajins

Kitakami Mqutains

Fig. 1. RABRHONLE
Location of the experimental site




Seasonal changes in the concentrations and depositions of dissolved substances in precipitation observed in a forest region located in an 159
inland Tohoku district

3 MR

1) BLAHE OREKE - pH - EC - BIFRARE D¥Y

L FHARE

Table 112199547 520014 £ TOEFOFRFKER
LUK DpH, EC, BT OEGFA AV REE R LT,
WAFA A PRI ER IR ORE K B L 0 INE 8 LR
Wiz, -, BN OMEEEE K TSR L,
Table 21T MK IZ & 2 & FEDER A 4 o A& & B
M OEHEZ R Lz,

BT B D 4ERKEIX, 1246~2050mm o #i JH
TE@ L, FH1E1685mmTH - 7=,

MK OpHIF4.5~5.0% 7~ L, BLAIEIRK o T4.7

EHITL2mSm TH o 72,

Bk H DI P 23 @ WIS TE R oy DTSR & 2 ORI
H F A 2 TiENan21.1 g mol L', NH,7313.6 1 mol L,
Ca’38.4 y mol L' (nss-Caid7.5molLY) THY, 7=
72 CiXC1A324.9 u mol L, SO,7323.3 1 mol L™ (nss-SO,
1320.7 p mol L) . NO;2312.4 u mol L1 CdH - 7=,

FeKIZ X D AM BB R E REAERRS O & 2 DY
A L, 7 F A4 TIiENas336.0mmol.m?, NH,»%
22.7mmolm?, Ca’314.2mmol.m? (nss-Cal312.7mmol.m?)
Th Y, 7 =74 TiECl2342.0mmol.m?, SO,%339.2mmol m?

(nss-S0O, (3 34.9mmol.m?) . NO;7%20.9mmol.m? T & -
7o

ThH o7, ECIF0.9~1.5mSm* % R L. BHHIMOME

Table 1. BUBRHIIC 513 2 WA B £ K OpH - EC - BHrA 4 2 IIE D T
Annual precipitation and mean annual pH, EC and concentrations of dissolved ions in precipitation at the
experimental site
Annual
Year precipitation pH EC Concentration of dissolved ions x mol L!
mm year mSm? H* Na* NH,* K* Ca’* Mg?* ClI' NO; SO,> nss-Ca®" nss-SO*
1995 1773.3 4.47 150 32.0 28.9 - 4.2 10.5 6.2 29.3 13.6  27.2 9.3 23.7
1996 1246.1 446 1.41 35.1 29.2 16.4 59 11.0 6.8 34.1 154 284 9.7 249
1997 1690.2 474 0.96 18.3 189 159 48 7.3 3.9 29.9 128 14.0 6.5 11.7
1998 2050.4 4.70 1.00 19.5 18.7 9.1 4.4 4.8 7.2 20.9 10.0 18.9 3.9 16.7
1999 1607.4 5.01 0.93 10.8 184 109 2.8 5.9 5.8 21.9 10.1 17.7 5.1 15.5
2000 1901.7 475 116 174 157 148 29 7.7 3.8 18.5 12.7  26.9 7.0 25.0
2001 1524.8 4.67 146 17.8 226 16.1 2.4 138 6.1 23.5 13.5 319 12.8 29.2
The weighted average by
annual precipitation 1684.8 468 119 21.1 214 136 3.9 8.4 5.7 249 124 233 7.5 20.7

7272 LNH* O F — # (319954F4 H LLRT R O 72, 19954F O EEMEILFHFE T, BEAK RIS X 2 INE L AE I 1219964F LARE 2 45
NH,* in 1995 was not calculated because of the lack of data.
The weighted average for NH,” was estimated from the data from 1996 on.

Table 2. FBRHIIC I 1T DBEKIC K DA A v OFM AR &
Annual deposition by precipitation at the experimental site
Year Annual deposition of dissolved ions mmol.m™
H* Na* NH,* K* Ca*t  Mg?*t Cr NOy S0,%2  nss-Ca®* nss-SO,>

1995 56.8 51.3 - 7.5 18.7 11.0 52.0 24.1 48.2 16.4 42.0
1996 43.7 36.3 20.5 7.3 13.7 8.5 42.5 19.1 35.4 12.1 31.0
1997 30.9 32.0 26.8 8.2 12.4 6.5 50.6 21.7 23.6 11.0 19.8
1998 40.0 38.4 18.6 9.1 9.8 14.7 42.9 20.5 38.8 8.1 34.2
1999 17.4 29.6 17.6 4.5 9.4 9.4 35.3 16.2 28.5 8.1 24.9
2000 33.1 29.9 28.1 5.5 14.7 7.3 35.2 24.2 51.1 13.4 47.5
2001 27.1 34.5 24.6 3.7 21.1 9.3 35.8 20.6 48.7 19.6 44.5

Average 35.6 36.0 22.7 6.5 14.2 9.5 42.0 20.9 39.2 12.7 34.9

7272 ULNH, O 7 — & [X19954F4 H LA KRB D 7= 8, 19954 O F [ A faf EILFH R T, FHMHEIT1L19964F LUK % i
NH,* in 1995 was not calculated because of the lack of data.
The average for NH,* was estimated from the data from 1996 on.
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