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Precipitation chemistry of the Japanese forest area during the rainy season
— Distributions and changes in precipitation chemistry during the 1990s —

TAKAHASHI Masamichi " * , KATO Masaki " and ISHIZUKA Kazuhiro?

Abstract

The Forestry Agency of Japan conducted a program to monitor forest damage caused by acid rain
and air pollution from the year 1990 to 1999. In this monitoring program, bulk precipitation was collected
during the middle ten days of the rainy season throughout Japan to analyze chemical constituents. The
mean pH of the precipitation was acidic and was rising slightly. Electric conductivity was highest in 1994,
when the lowest precipitation was recorded during the 1990s, and then decreased gradually. Most of the
elements also had the highest concentrations in 1994. There are significant correlations between most
element concentrations. The concentrations of NH,", nss-Ca>", NO;’, and nss-SO,” gradually decreased
from 1994 to 1998. The NO; / nss-SO,” ratio was also decreasing, which suggests that contribution of
nitrate to precipitation acidity was increasing. The loads of these elements were mostly dependent on
the amount of precipitation rather than the concentrations. The geographical distributions of the amount
of precipitation were usually high in western Japan and low in northern Honshu and Hokkaido Islands.
However, the distributions of element concentrations in the precipitation changed year by year. Acidic
precipitation was widely found in the mountainous area. The area with high concentrations of NH,". NO;’,
and nss-SO,” in the precipitation, originating from anthropogenic gaseous pollution, exhibited similar
distribution patterns with several ten-thousands km” or larger. However, high concentrations of sea salt
elements like Na" and C1” were limited in the coastal areas.
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ERD 10 FERHOELFEHZ D T &, 2) BRI O
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7272 L. ZRENORMNEA A Vil (mg/L) TH. 2)
D BECGEHEAE) & FBHIE LIz EC 7% 3) zUc & D gL,
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Bholz, 7B kY H IENO, & SO, LIEOMHBER
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fEKE &SR REDEE DT

6 H FAIIHER T D MR AN IS4 5 7z
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(Fig. 4), BASMD 5 HALREBIE PAREDOIKETH > 72
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DAEEL TV (Figl2 ~ 14), 7272 L. NO, Afii&
D534 lE NH,' %2 nss-SO,> & O AMOHREgicgEd L
T2\ ED RS (1994, 1995, 1999 72 &), —7,
NH," * nss-SO,”> 1 im bk T & @il E O A 2Ky k
PNCHE L Tz, Na™ (Fig.15) & CI (X&) O
B IR RIS T A AN D O . FkED DR
Mo lltiEEDIREN TE mOWARDED 5Nz, K
(X&) P nss-Ca™ (Fig.16) 1% & £ & KR oD HhpT
MPRET B LI LT\,

B

MK DEZED
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KR o T2 BEKD pH IZDITHTIEH B D L5
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EC &R S 1 i o 7o DY, T DELIE EC I3 R4
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% Na'"®Cl & 1994 FEH 5 1997 £ & T NHEMANIC H
%o TOD&, T OB HICKEKE DL > LR
DEWNIC KB ATHEMIZH B0, BKEDIFIEE U 1993,
1996, 1998 % LL#g L 7z4& 5. NO; 9 nss- SO, 13 1%
TLTWze oo N/SHMNSHIEIT 2 &, Rt
DIREM KGRI TR R Uz, BRI PEERIAK
FOEZZY VI TEH T ORHIOD nss- SO, DPLLHK
RN/S HOBEMMRETNTWVWA DT (REHEBBIEW
T RS2, 2004 ; Narita et al., 2001). < O 2
EEEDTholz L Hic N5,

BRI L TR, ZOZ I ERIAM ORE/KEICF
WARTEL Tz HERVHIA & 130 2 Bk DRk D42
A KEVDHEEMEIE RV SR oz, AR
WA TEE X OBKENEETHEDT, SHDKS
L EEOE= 21 VTR EZ & o TAMEDFEL
B idamd 2 DY TRy, TN EoERmE T
bz,

L3t D EIK AR 50 R FE DR

S ORER LTI OTER R 2K 5, REA
DIHFBEIC KD & NOADFE L LGS & 15T R KA
i (T, BRI, LN, % E) Tld nss-
SO, NO;y. NH, 7& & OB I E my BRiEES
T 1k R OR SR AR 2%, 2004), HESEOE= 2V U JIC K
% &, 1990 “EAR D19 pH & 4.56 (HiPH 4.23 ~ 4.76)
TdHH. NH,. NOy BX U SO,” D FHHEER. Th
FN42.1ueq/ L, 31.5ueq/ LB X T 479 ueq/L TH
o 7z (Narita et al. 2000), T4 5 D@D FEICLE
N5 &, Wtz e Uz 6 AOREE (fidefE) & pH
W49 & &<, NH, 13 16.1 ueq/L (0.29 mg /L), NOy
& 14.0 ueq/L (0.87mg /L), SO, & 28.1 ueq/L (1.35
mg/L) &hix b {EW (Appendix), —f%IC DR
WD TREMENERD D B0 BREEE R SR
23,2004), TEHEMEZEZTREHEICERS & Lo
FEIK AR I E EMNITTER D X 5 Th B, 272U, HHHD
i 7 & AUTZ T i & FH BRI & o LE#E Tl nss-SO,”
®NO;. NH, vk mIid KA, WM THAE LR
YE D ELOHFI X TRIR - L L TV 2 T & hRM
ENTVD GREABIER SRR, 2004), XEHIT
3L E DREIKB T D AE R 0 S GRYNE DL D %2 18
RIEREE
F&EK B D6

M TOETEZ 2V > ZI3 EIAR OB R & 13w R,
REHIR TRk —FICHEL TE D, Ltz 5Dk
KA EDEICHH LTV EhZEF L -HERT
—R2LWVWAB, TOBMNCKS L. BKKADIEED
WBEBERZ DD, H 5 IRE ORI T LEEAELL L 2R
DEFERND B b d, ZTOHFIX, B ZI1E 1992
D NO;” D H AL LR 5® 1996 4 D Na" D S M w8 D
Bl X S5 IR (305 km®) OHER, 1991 F£D
nss- SO, OITEE LT 1993 4D NH,” O 5 #idt

[Bulletin of FFPRI, Vol.4, No.1, 2005

HAUFHNS D TD X 5 ITE T 1000km F2E D LI
DI GENH -5z, KT NH, ® NO,. SO, % ED
GRS LR ADHETH D, otk H2
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H AT K > THARPTDRKKANOILEL KB
DANDHFEHORENEZZ bR TWVWa, il 21,
SO, & O NO IFHRANDIBEMEDE <, SO, DML L
LT 5T SN TS A (Seinfeld and Pandis,
1998), 4 EE NO; £ D SO DT MWIEL 34T % &
SixfEmIE R e NEh o, £ NH, X TELZT TR
CHERIRFK SR EICHKT 5 EEEFEE £ < (Murano
et al., 1995), WREHTE SIEEORKMEHIME NS T
ENnH B EWVS (Babaetal, 2001 ; Hi% « hni% , 2003 ;
5 ,2003), LA L NH,” & SO, NO, #EEIZHW,
ICHHBIA E < (Table D, 2N 5 EF UK S Ko fizR
L7ce TIN5 3307 & & B O R E It —5 L
TBO., ZThBLIEN28DEEZIEND, TDXD
12 SO, *® NO,. NH; 7 & D 7 ZIRTE AW E L < N
ICBILE L, HEHED S BN 7z Lt D FRFRIC & Bk o
SO/ ®NO;. NH," & LTIAL B LTV A ERELR
FTENTET

—Ji. Na' > Cl 72 & OUgHE R Y O = 1 7 sl 13
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FEAUFE R ORGATIFRIE PN EEZ BN D,
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: Changes in the distribution of nss-Ca®" concentrations in the
bulk precipitation during the 10-day monitoring period in late
June of the 1990s.

CRAR—DITHE L)

BRSBTS 55 4 % 1 5, 2005]



Precipitation chemistry of the Japanese forest area during the rainy season
— Distributions and changes in precipitation chemistry during the 1990s —

of

v 28

nss-Ca2t mg/L

m <0.1
0.1~0.35
W =03

o !

Fig. 10 fE&

[Bulletin of FFPRI, Vol.4, No.1, 2005

25



26

TAKAHASHI M. et al.

1994

o’

F1g 11 6 7 ) 10 HIHDORKHID Na” Ji214 7041 O 422 8)
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