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Norio Ogura (Head of FS Center)

The Field Science Center (FS Center), whose forebears are University Farms, University Forests and
Rolling Land Laboratory, was founded in April 2000. The Journal of Field Science is the FS Center's research
report and is composed of various papers contributed by persons interested in Field Science.

Field Science is a new and integrated scientific area that seeks to conserve and rehabilitate global and lo-
cal environments, solve food and resource problems, and establish a resource-recycling society, by using
various fields such as forests, farm lands and urban hills.

We much appreciate Dr. Paces, who contributed the paper in the first issue of this journal. We hope that

this journal develops into an international one, with many persons contributing excellent papers.
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[ERVERN ] &\ ) BRBEMIEIL [FASHRIEIC 2 5 |
TrLEEHZIN, HEMICDIEBELTVwL T E
XTHb, L2L, TNIEZOBREREDIZAD—
ET L 27\,
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[ERVER ] OB ORI =N R Z WL &, YWHED
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HARER T OWENGER % — IS BR T 2 72 Did )
BETNVERML, TORERAIZEIIH LIRS
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2. BRERO2%E

2.1 &I

PRVEM X5 Ty, WgEA Y v gidEr e b
WCESHMONTVLBREMETH L, TOHENE
A A=V THABMEICRE] 2k )ThbH,
I TRRGEWE O SRR MBIty
M AATHELBYEDO W, KEA F VIRERK
(pH, ¥ —x A4 F, & Z & 5| HEZEE) »%5.6LL
To 8- Ak - B SICHELX L X 5] BiH
i 1998) EFEVWTHY, HMFLVWDLILLDT
b pH5.6% L, HLBMELUTOpH Z/RTHD
LloTwh, TLERHHLETYH pH DA

gx2
7_Z;*

FEIC B, HMEOLPTS [pH (E—x2 A1 F)
5.6 FOM] & LTHILTH %,

L2L, ZREREOKLENL, 725725 HIZ
P72 3AD - EREZL T 5 RMAAARTH
5o

2.2 BERMREE

BEVETE & FHE 5 & o BRIEMEIX AR A R 2 T
Y, BBEI, EVORL T—, HAVITHBHEOT
YIUVDORRETHRRTIENOIE A, ZDLE
IR ke, SR L v REGEWE DR
NEWTITE, BUCHE S TR TV, 25D
NI SN0, MEERPMHERIC»Db S, Z
NHIEE HITHOEETD > TENENIRL T H A
DI TRAHFITHN, BRI HED LIS DR
LT %, ThaREH [EMHL] Lizbw)
(B 1991, 1999)

IS OFRIZEITF > THE S N H KIS
HHBWRE T 2755, &EMICIEH RIZR > TL %,
[P B o 72bDi%, HEICS & o THRR
FILE % 5 7% v (What goes up must come down. ) |
EVWIBEDEBY)THL, TOLE, BEFEIS
500 km~2, 000 km FLEE b BN 72V E T AHIZE T
LBIEINTUAE TS, COATF—ADLAT, Hi
BB L VI IZIINETE, R E VI IZIERE
TELDOT, KEHRBEOKRKFERLEFRZLLDH
%o

R EICR S 3 — A3 =2 H b —D
RIS 72 F T RIS Y, IR, Bk Lok
M2 22 bDTHbH, TDLHIT, KREBEL
TV h i EoYRoEREIZ, TARMN T (=78
VV) BKREDSIE L TR, WIS NS DEE
P &)

HEPEILAE ZEIC > TR > TRLDOTHEZ S LT
I LITET, WMPYOREOFEMIZHLAET
o F72, Bz L7zbAMNE & BT IARK, i
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DOHIZHILAET S0 ZOWRAEIT [HIZAZ VRN
Wl 2WZ2230T, EICET LB 5130
N-HIZR ST B ZOREKIE, BUEREWVWI S
ERSBELICSWRTIS, TOFERIZ-ED L
FHIZANTB &2,

D) —DODI—AFIKIZHE T /ZRETHE->TL 5
bDOTHbH, ExfEoTwhKIiERE, Kafich
BAKRICEHEITAAT, MRHELEE LTH RICEET
%o ZOKICHEELMEED 72 SAHETAATYS
EMAITR VIR Z R T DB B, I IIEERIEN
DHOERZYTOH b, ThEEkE L VI,

DX HIZ, KA DOHER DT R AR D 77 A
X, o THH-TYH, WLEIZRoTHRLDTH S
(1)

EC, 2H) LTH IR TERRIZ LR L
Belg /B R A BRI T 5. CHERED [HEMEAL]
L), RITAZTVREARR, WMIEATY M
HREDOEY, SO EZII LD LT 55D -
EEWCSM O 20BN NZ EFRENG, Ih
LOEBIIREANOH EICA> TELBROREIZL -
ThELETDHE, WOWELRD, BT R
Wi (pH OFEWE) TH72L SAKS L, MVl
HOW (pH OfKWVl) 2P L2 L &L LLED
WA EICADZ LIl D, WEBDO X = A LITE
W, b, WIEASHIEICHEE T 2O THM TR <
R L O#MPHE R Do 7272, KEALF D5
WY ERXAAZALIFIREL DT TS
Jo

OEoiRmM ik b 0T, T, kK, AW
e CERBIERICB U AW L RO AT
570 RN B E, ChANEEE RITTD
DT b, 7oz, HEARKOpHAMMETL, 7V

Emission Transport and Transformation = Deposition
AN :I 7
7N gas  aerosol
H,SO,
o HNO,
oxidation cloud water
SO,
NO,
7 ay . et
deposition deposition
emission
Effects— yy+ = ——
Pt H

sources receptors

soil, inland water, vegitation,
materials, human health, .....

X 1. Mok 05 1999)

IZTAAFUPEML, MWICEE RITT A=
ALTH5bo

b OEDR, BEIEEE SR DWHEN - F 7
TR, HHVIZRICHET ZMEDEEZ L 5T D
it Thb, MEEZIEEDILE, TOH O
HMThHY, ZOEWE L TORENBTH > T
b, BCHHELRYAETH L, EFRWNREER
ILEWORAEDORENZDOBITH Y, fiflk, HAHER
REDRINPY TR%L, TYrEZT B ERUID
WEL, SR LAWE LTEZIIL S, Kahog
FILEYOREIEIZHRTH D05, ThbH0EFLE
WORKHTOREEZEZ 5L, wliks, it
BIZL D EoARERICEAN S B O THRIED T
CBHEVIBDTH %,

2.3 EMMEEDHY

18724E, Robert Angus Smith 12204 Ll E 2D 72
Lg% £ &7z R¥F “Airand Rain” 2 L 72
(Smith, 1872), Z® 74T “acid rain” D% A
Wiz ZOFEHFEOHNEFIZS TV ) REULY: & A%k
HEEIZELZDRD LI BRDBOTH LA, BHROBSE
ML LTo [ERYER] & 272032 O TR OHf
ZElE Smith IZETWAH I & TEBL LI NS,

bodsd, M (acid) &M (rain) ZAMAGE
R DTS 72D1iE 7 5 ¥ 2@ M. Ducros T &
%o “acidrain” 2K )IS 3 5 7 7 ¥ A Gk, “pluie
acide"#ffio 727 4 MV ORL Z 184S IZTEL 72

(Ducros, 1845). 7272, Z®OHfseix [MYEN] &
LTRELBET DIV SR o 7,

B OBRMERBEICS L TELEZRELLDIZA
7 =TV OREHETH -7z, FHENEEI DL E
o 72D THESF O S, 0dén T, WILEEEERICH
T HEEKT, RY, REULFOHMAZREWICHDO
TEEDle AAYIFTATICAY VT =T %)
Bl L CREKILFZ B L, €07 — % % BN KA
b 4 v b 7 — 2 (European Air Chemistry Net-
work) OFF L GbE TI68EICHE L2 €D
LEOXHFIZ TRABLUOBKOEELE, K
BRI T 25208 (53 Nederbodens och
Luftens Forsurning - dess orsaker, Forlopp och
Verkan I Olika Miljoer, # iR : The Acidification of
Air and Precipitation and Its Consequences in the
Natural Environment) ] & # & 1L CTw 7z (Odén,
1968) 0 €O F—"7 — FIZKAB L OREAKD [Hk
b (acidification) | T& 1, WEELEZZTITR- T
T hoiz,
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2.4 BEMREWVWDIZER
[EYEM ] & Acid Rain & W9 3EFEDRTH 5 X
D7D, FRETIIZ OMEORBOWE ) L L b1
Wie 5 72 FBIA T & T72o Acid Precipitation (i
PEREAR) EM7ZTRBFLRE DI LEEoT2
b DTH b, Acid Deposition (FEMEILE) 1 ZH 1
LAEDFAAELFHFG Zm# L72d 0T, Acidification
(BREAL) (IO E TR T 5 & REEHHRME:
W 22 FERL TS, 72, Atmospheric
Deposition (KEHIZH HWEOH E~DiLAE) &
V) RBUIMRIZT TR T VBT % L0
Vol FFTF UM, SHITRBESRRELE
B, K& OH FIHEWE e S h, AR
HEAINDLZEZHMOZERBEVZ D, 51
Acidifying Deposition ([3g5i %] B/t & 5k
) EVIRELZEVHHEZF DN TEI TV 2,
[TRMER ] o TRl & TW] & wIHiETH
HoTwad I idaMAattr, EITHFhEM
T, oM EHIEd bAA—HDOANLDBLE
RO ERIIREV, UL, LSO
EHGZTTRL, BRIIBIT2EOEE 2%
R IR AR R PR DL TH B o
COEHITEZBE, BYENOBEILERN 20
RHPLETHY, T-MEOYNIILL (LD
MIRHADZENTED, LA > TN ONIZE
MR D B 2 L5, RN RS 0%
HEBEEPIRES N, # L WIRRRAMEBL O #E
DU REMEZ D TV 5,

3. XFE®

3.1 BMROFFEN LR
Ik _ETOMERR

FVERN O [ % BHAI\CBfF S % 720121, HiER
L TOWHENEEROHTEZ 2 ZHLETH S,

Rl & HECEIC B A, TR, AR, KR ERkA
WIEREIM ORBEERITERT 2 W OWEEH R, Kl
7o EOERALEN M AR X ) Al A O AR AT
WCHSRB SN A, 2oL I shzWwEIEkR
AP TOWRY, 1LY A4 7 VICAD, P
ik, (CFENEYWHEREZT S, Thooii
1, AL%RBARIEAHE ISR L TB Y, HERO ST
NG YA, BORER, RIGEORIRE XY 54
vk, RRONTFHEBIZOEELRIZTLTW
%o KA OZ OYEEHE I 112D 2 Wik Ak
DEMMIZEE L TRATA 7 Ve iz b,

Atmosph;‘a

Emission Deposition

Terrestrial
Ecosystem

M 2. REPOFA 7))V E EAERDOY A
7 N0 ik

b B2 B WKk AR 7 EERBEEER ORI ILAE
L7 KA OWEIZZOWERY, (L5, EWrm
PEICE ) ZORGUEFEMEEML, ERBR
ERET D, TN, LN, AWENICHE
MeZe SRR DSIRE ), WEOM LY A4 7 VITA-
<o,

WER FoWHIX, KA 7 VvEeEH BT A 70D
T B, AL, AN R 2 R A%
JTWENEREZ LTS (K2), 2OZO0WE
YA 7V EHE L THEMBERILZET A 7 Ve n9,
KRV A T EMEY A TV EDE CILEERE

CDEYMEALFE A F Ve EZ B E, Kado
IT7 Y NRHTANRRKEA»r O ENEET L L
X, R oWHEM, (AW EHEORKERTH
bo Tz, WEAOLREITTIE, PR EHEOA
BRIIBVWTRIZ L) D EOOHBMBE~D AT
Thbo

KRR LT HIEMITIRR L M FAERER E OB
MTHYH, RA»SWEPLAETHENTHLD, B
I, —R o, —HoEr6, Aok
M2z T, B EICHDTXTOYKRDEKHIZ
KA SWEP AT RN LD TH S,

AL VIWRIE, CoEREEELTOWER
BLHFTLIENTED, 2F 0, LHF ML
it TS T, KRARORH:E L EAERRORE
HIREMICHFEST 72008 (hhd) ThHhb,

CDEWMIERALFET A 2 iz L, ARIGEENC X
DI SN DL, ZrkGWENMDbLE, BHARD
YA ZIVICE (DFTAR) BHTL 5o FFICHEES G
Dok, fbABREtofHIC X 2 HGWE O RAA~DIK
e, T EIROFHICHE D WO EADBATTIE
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WIS A 2 VA~ND AR E G2 5D
559120 T05b, MEREOWEDOHKRRY A 2
ML, EERCHERE, AMIHEIIX2WEHD
BHHP R TE R, HREZYA 70, A
AL A 70V, 720 TIRHER oW 23 2
52 LI3TERV, ABIEBOEET TEOTYWHE
TR % % 2 5 OB LE L SNEEFEORET
Hbo

N2 BEWEOREZ D, S EANOLE L D
&, TR EYHERLSES A 2 VA0 EF) &
PRI A ENTE, WERLEOWEI A IV EEZ
5 NGB ZZB LA 7 Ve mik Ll T
137 672w,

3.2 KRft%
B E

TR IIR X KGR 0 BRI (NO.)
LA (SO AEhZERRA B TRILSh
THEKT %,

EFE W] = T2 M2 RE BT (1R
bl shehzh [l [l T8RRI hs,
BN ICBVTIE, ThoolEnicd MMk,
(] el "B OFxGARBRE» 2 SAMT
%o TOENT, BALRISIE, ZZROFEWGTTH
LMEICLVETTLE)ORKLZH A 0NA%
W

L2 L, M#iE SO.% NOZ ALY %13 & stk
BEl v, ZoFKide Faxdvs Y4 (OH
FIHI) &, DM O R A R K
GTHDo IO OBALIMIE LT 2 KEHO
SMI D22 TR Z D, b5 RIS T ) & BUG 12
Lo TP AERT 5, 72, AL IZEERL
WE AR EIFFITKITHETR TV, KAHIZITE
bk (HO0,) o+ V¥ (0) & EDKEWED
AL E L AAAES 5 O TKIEO R TORIE, M
BOBMZ & > TOERIEART %,
OH Z YA

OH 7 ¥V A VI KEADWMEIL ST 5753, KA
DEFEZACESO G35 A —/8—= 2 5 — 7221k
FHTHD, KEHEDOE NI D5 T H VDL,
R & LTI E WL NVIZH S, OH 28
KREALETIHERICEETH L 01F, TORIBHEDH
WwZke, 20TV ORISTOH 2SFAEZSHh, 20
REDRA L7z dTh b, OH DERK R EIZD
WTOILERIE B RTB & 72w (K 3),
KEAHIZH B A4V VIR &) Lo fd S g

3
0:+m {OCP)

03 N;, O,

CO.H;

o
CH, 2

0;, NO

H,0 OH HO,

0; CH;
No, hv\hvOH/ /4o,

H0—2— 5 H,0

HNO;

heterogeneous

X 3. OH 7% & OB bW B3 % F b2 50
(Levy, II, 1971)

heterogeneous

FTLBBEFVERT B, D& E KBGO
RICX DRI AL F—IREE GLEIRE) o
FRFOMERFO,(P) &, Zh I Db H L
F—REOEW, IEERIEE - O(D) 294K T %,
COO0(D) BERDTRMESTRELE RO
T (molecule, M) & 22T, OCP) 2% % 2,
AKATFERISLTAMHO OH 5 Y AN EERT 5o
COOHFVANEBZF Y ERIGL, XVt FIL
FY AN (HO,) LEBRFEHFIhb, EHIIIO
HO.[M-LAE#E &S 2 & #ibkFE (HO,) &i&K
DICERINS,

0:;+hv—=0(P) + 0. (A<1100 nm) 1)

—0('D) +0,(A<340 nm) (2)
oD) + M — 0OCP) + M (3)
o(b) + HO — 20H (4)
HO + O — HO, + O, (5)
HO, + HO. — HO, + O (6)

T/, 22T b LWEFEARIC Il 2w
7%, OH, HO.» 137> NO, NO.X CO, x% ¥ & &
GHALKFEZ XD A RS E N,

3.3 EZFRtYP _BLREOEL

3.3.1 SHERE

(1) NO.

SAHBUE TUd OH 25 NOL# 1L L, Bk 2s
ART 5o TSRS T OH 241§ % &
W BZRISETH 5.

NO, + OH — HNO; (7)

F72, BEAER LAV U HAEMIZH RS> Tn5b
EE, NOEZOF VU LNO;T VA%
BT B DT I HINENOE IZHMRIL 2%
(N.Os) EALZEEHTIZH Do & D N,OsIE K & K



B E 74—V FH A4 A2 (J5) 5

L CHRIC 2 B0 2K ) IR IS b AT
%o BEIENO:T VA NVHAEKLTH, NOs+hv—
NO:+0 L W) ML F 5z 2 T DT, TDRAN
Z AL K BIHRD R 5\

NO. + O; = NO; + O, (8)
NO;, + NO, 2 N.O; 9)
N.Os + H.O0 — 2 HNO; (10)
(2) SO,

SO.DWifr, DED L) L 3EFEORIE % #E %,
F 9 OH A% SOAZ A L HOSO A R 3 %, 2 h
WEHEE & OB LT HO & =W LIt (SO, % 4K
L, SO:dAK&EBUS L CTHBERICZ R %,

SO, + OH + M — HOSO. + M (11
HOSO, + O, — SO; + HO. (12)
SO; + H.O — H,SO, (13)

CO—HEORIEDH H, OH DT % Bk A
bo b BEVDT, EEROSHEEZ D, HH X
BEWwbNnd, OHA Y 2 2 @ RS & SO. &
OH @ 2 D512 L 7= AR TE 5, Th
#[SOy++--OH)F & o T 5% % % HOSO. A
T IUEROB R 128 T,

L2 L, SO.& OHA ML L 72 EITAEKT %
[SO.++-OH]* 1Z HOSOA R ENAFET HIRFE L D
BEVWIANTF-RBIHY)RTOZEANF—%
FoTwbd, ZORGHIANVF—ITL D[S,
OHI* 1%, 4D SO OHIWZR->TL T 9, 7295,
DL &S0, OH A D 2R DR FERME %
E, BEF L ORE K M E#H L) 25, [SOs
OHPICHZE L CZORGO T ANV F—Z Y
Fo TN, &% SO.0H # AWK 5.

M
SO. + OHZ[SOy: -+ OH]*—~HOSO. + M (14)

COM EDRIBHHEZE LT 5 DT, HOSO.
AERT 5 HEIRX (15) THHbsh b, KASKEMN
TIIMZ B ERD 2L TE, K IM]D BRI
BBHDTINE ks & 5,

d[HOSO.] /dr = ks?'[SO,] [OH] [M]

= ks [SO.] [OH] (ks = ks [M]) (15)

BOS (14) A3—HOWHEER XA H = XA Th oL b
BWRIRTH 5 OT, Wl A&EBHEE TR, K
(16) £ 7% %

d[H.SO.] /dt = ks [SO,] [OH] (16)

38 N&S

NO,H R (7) D X 912 OH TWAL T 5 H 5 NO,
& SO.DBMALEEIIRD L H IcFKEIN 5,

d[HNO:] /dt = kn[NO.][OH]

kv=1.2x 10 "cm’molecule 's™" (17)
d[H-SO.] /dt = ks [SO][OH]
ks=1.2x 10 “cm’molecule 's™! (18)

CCTEEZI L, RIDHEEEE LA NOD
itk SO.0METIRIGE) 2L THhD, E,
NO.& SO LgETHIEL TWE ET AL, &
NBIEOH IV ANMICEYVBILSND, TNHDK
DM IZ10153E 5 DT, AR B A OB 136
BOZNIDIBERENWT LR 5,

3.3.2 MR

KEHDH AHBKEA OBALER I X YKo
THBILEINA7-0121F, KO=ZDODAT v THLE
Thhbo WESOEBICEDLE, (1) Ko SO,
MBAKIZET S, (2) REPORAEwE (Ox &
L) BKRICE TS, (3) KopTInsHFRIG
T 5%,

COLEXDORINEEIZZDOISHEERE k &
THLEROXTEINS,

d[H.S0,] /dt = k [SO.(aq)][Ox (aq)] (19)

CIZT[ B TORETD % KA DHRE
P &, ZO5MKROBEMEEZRTAN) =2 H (X
4) LOETEING,

[SO,(aq)] = Hsoz Pso: (20)

[Ox (aq)] = Hox Pox (21)

d[H.SO4] /dt = k Hso: Pso: Hox Pox (22)

SO, & NOAZDWT Z OR % i o TR S % &
fili LT A7z

(1) SO.

SO.DN ) — B E Hso. & KA DIEEE Psoatd /I
SRMETIEZVOT, REPIZRISED S (A%
K) KIZHETFRT L (HH»R), KRBESE (P
AR WE DB WA T ORI UL A HE L, Fl 4
DAL E 2 i3 5 &, @BFRILKE (HO.)
LY (0) WRHRUSHEATE V. BERLK T KA
A VARG LS kv, FoF Y vidK
BYEIZE X WS REAREIZE V. RISIZRI O
RS, KEME, KREREDHR, “kHox Pox” T
HDHH, WEBILKEZEEF VI OBOMEIK X
Vo L7205 TR & 4V VXA OGS IZ B
WCEELRBILEWETH S,

IS AN = AL %% 2 HHIC, —BLE#E (SO,
MAKICHET 72 & EDLEDOFHMUDPUETDH 5. SO,
FCOLDBARICHEITRTVIWETHY, BT
SO, SO, H.0 13 2 BxREICiREEL, KEAF VL
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kg (mole liter ! atm-1)

108 —T

¢ HNO;
Very

soluble 10
gases

!

T [04 -
¢ CH;COOH

Moderately

¢ H,0,

soluble gases ¢ HCOOH
100
l ¢ HCl
Relatively
insoluble 2
gases 107
¢ NH;
¢ OH
10"
¢ SO,
1 —
¢ DMS
10! -9 H,S
[ ] C02

10“2 -9 03 and NOZ

¢ NO

1073 -8 05 and N
B 4. KREBORE & DILFRDO N ) —EH
(Hobbs, 2000)

SOBEAF > 2T 2P HICH L (2 OFHnE
WAL e 35 D TP L ALA I CIR) 23T &
%) OF NV, WL LR O KA L AR X
A% UHEER B 2 EDENIT L) FOSERERN
X, FORUGDMEEZ pH ICKE SHAFET 5,

SOz + HzO Z SOz * HzO (23)
SOz ° HzO Z HJr + HSO{ (24)
HSO,~ =2 H* + SOy (25)

CCCH L7 SO OEL bR w
R TAMAY IV Al T D 268 DL L ) EIRT
SAV) £ #H L 72 [SAV)] = [SO: - H.O] + [HSO;7]
+[SO ] &) BIFRIZ D 72 %o
BEREAKZEIC & BEBIERUS

WAL AKFEIC X 2EBAEKISE, SOV 9 b
HSO: L DIIEH S FE LT D X = X L THeAT

ERE
ki QO

HSO, + H.0. - S-O0H + H.O  (26)
kn O

0 k

SO0H + H™ — SO + 2H"  (27)

0

COXAH=ZXLhHHEERITRX(28) TEHENS
A, KFEA A VHPUSIZEE-3 % O T pH MK )5
AIEREEDK Z

d[SO#] /dt

= (ko ki [HSOs 1 [H.O0 [H']) / (ki + ko [H'])

= (8.3 x 10" [H,0:][SO: - H,0]) /(0.1+ [H'] (28)
I & BBAERS

TV X BBALBUG X SAV) D W ok F
Mo HHETT D 043 SAV) ZREMIZHEST 5D
THERIFZN (29) TREN, HEEEIIEMN A
THEEREZVDT, HEOFHHIZHBWTIX SO, +
H.O 75 OB LIdEfR X N5 Z & 2%\, Erickson
SOMEEBIFTHEL 1 k;35.9x100M s, ki;
3.1x10M s, ko3 2.2x10°M 7 's ™'
=d[SIV))/dt= (k [SO.H.0] + ki [HSO: ]+ k. [SOs* D [Os]

= (ko + kiKy/[H ]+ kK Ko/ [H P[SAV) ] [Os]
= (3.1x 10°[HSO; ]+ 2.2x 10°[SO# D[0s]  (29)

TV & BBALEIE SAV) DALz X b £
DEERBAE LR B, SAV) D L2 FE SO, + H:0,
HSO,, SO OFEEIAIE pH 1K X {KIFT %,
DI ERFEZDLEF I VIZEBIBIEEV pH T
ZOEEEIHE L TL %,

Hoffmann (1986) 2S#EM& L 724 v > & S(AV) D
Bt A J1 = A 5% HSO: O A I 2 W TmRd (X
5)o

(2) NO,

KE DOHAHRAL PO & - TWERAER§ % 0]
BRI E A E v,

FIKEEE AL L, GO ILER, BkE
FIIAKIEWS 505, AL IZH A% £100~
100053 D —FEEDBEME L A v, SEA YY) —
EMERDLIE-ZD T 5 IN0:;1.2x107°M
atm™, NO ; 1.93 x 10°M atm™}, SO, ; 1.3 M
atm ™'

NO.(g) =2 NO:(aq) (30)

NO(g) =2 NO (aq) (31)

KIZHE T 72 NO,, NO, ¥ 7% b H NO.(aq), NO
(a@) WK DV AT B o
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Ozone — S(I¥) Mechanism
Sulfite Pathway

|I(T Koz
HSO,~ HO0S0,~ S0~ + H +
° ‘o RUTAN
PRy s
—o—s™ + o0 0—s /o*
o/ ko2 o/ 0%
2e N
o, /o o
A N
0 o*/ o/ \o*/
-0 o* -0 o*
o N k23 \m/
-0——S w0 — _o_s\
0 0% k-23 /\ o*
0o——0%
-0
O, o* l
k
-0_>€/+> __2.‘_> I + 0=0*
/X\\ *) /!\ *
0 -0” |, 0
o o 0

B5. &V UK HEEA 4 v OBILA =X A
(Hoffmann, 1986)

2 NO,(aq) = N0, (aq) (32)

NO(ag) +NO.(aq) = N,0s(aq) (33)

INHo9H B, NO(ag), NO(ag gk & s L
fililk, WAL 9 o

2NO,(ag) +H,0() =2 2H" +NO;, +NO,”  (34)

NO(ag) +NO.(ag) +H.O() 22H" +2NO,” (35)

COEEORIN(34), (351X AHA4EE, HiAYEED
AR IE [NO.(aq)] @ 2 T & i EEAEINO, (aq) |
INO(ag)] CZENENKEFET B, DO —
RPN L e, KAHFDNO, NO DL
NUPEL BN EDR2RTHL 2 EIZ% D, KA
oA T UE [NO(ag) &, [NOs(aq)][NO(aq)]
/X, F72, NO.(aq) D#EBILKERF VI
X BMALD AT T H2DEFITE . TNHEERD
ERAHDOEKL EOWMTIE, iR, HHROA
BAZHEAT L W E IR TE 5,

3.3.3 T

KEHOREMREIEET A THLT v E=T L
DB KRYITH %

REH DA UG THRK L 72 BRI BiiE o = 7
T, WEBRIEH AOETHET 5o T2, AR
I7 T IVHEKED R IER L 72 ) KN TE
BLThH, KPR L TREHIEL UL, 213D
ITRYNRHTADELTRAHFICERSINS Z LIk
%o

XC, MR, LTRSS OHRES
nai bk#E (HCl, HEE) L7 vE=T7HRITT
TRVNVIROT VB A HE AR L, KROILFEFE
2 5o

NH;(g) + HNO;(g) = NHNOs(s) (36)

NH;(g) + HCl(g) = NH.CI(s) (37)

2NH;(g) + H.SO.(D<= (NH.).SO.(s) (38)

C DAL LR AR L, IRESE TS
NSRS OB BT 5, Lo L, ZOMHES
HREIIT VEZTAFICEIVRL L, MET V€
= ADOEEE NS & ZFOFArEHIEA (39) T
FENhb, 2ZTP(NH), P(HNO) IFKRAFD
NH:, HNO:D#JETd 5o a (NHNO;) & NHNO;
OIGEEARL, FROIEEIEE 1. 00 (unity) TH
%o O ORITBNFMICERE T2 &8
T&, N140)2kF 5,

K = P (NH) - P (HNO;) /a (NH.NOs) (39)

In K =118. 87 —24084/T — 6. 025 InT (40)

NH.Cl & (NH,).SO:DH; & 12D T [FAFRICK D
HIENTXL, TNFNOMEME FIZH 5 NH;
BEIXMUTOEBY) TH S NHNO;; 6.3 ppb,
NH.CI ; 9. 6 ppb, (NH,).SO. ; 2.1x 10 "ppb (25C)

COZEEFARRTICT vEZ TR ENRTH Z
DFRTBAAELTHET HDIFTIEI RN L,
7YV H T VEZTARLIEBHY S B
&, NSO EHITRAhTOT vV EST B
E2DHLTHELRRA VN TH S,

4. BKEFICHITHER

4.1 BEw 98

9, BTOb DR LLEZ L), BIlofLET
X, BRIEZHHME 2o hVHHOWE 2 UET
5o L22L, MBUEWEOEDLY TIX [KIZHETL
X, MEELCAKEAL Y HY, Faby) ZHH
FTAWHE] LFE 2 NT I, 72E L ITWEROWEE
KFEA T BT LA+ (REEA 4 ) IS
BELC, KEAFVERMT S,

HONO, - H* + NO; (41)
R 529 HNO &L HL 2, MiEEEZ 5D L
HONO, L HL AFHIEFETH D, TOHBbr) R
T, —~HAORH, —IZENBHENDO—T D
ZBALERL, BOZIENZ EERT, 2DLEH
WZETDHFDREAF V2 HRBLT, KFEAF
LFRDOBEA T VICHEEELCLE O WHEEEERE W
Do
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BRERICR L CHEED D b HifiEE (HNO.D % \»
1Z HONO) (A BEIC 2 R AL T\ 2 355 T H
Bo MWMERRIZRD & ) IZKFEA T v 2HT 5,

HONO =2 H' + NO, (42)

S THHRANOLKE, 2, (3Pl % &K LALLM
HINOEALY BB Z b &, ZOEALHH 5 HTH

HGoTWnWhLI LERT,

WA HAKFEA F v & LTSN 5 Did—#8
DKRFZFETTH Y, Y ITRAEDOBOILTH TN
CZDFEFHEAT Do TD XD ITHBITAKEAS *+ >~
E LTI TE ZKRERTFO—EE BT 5,
EEA L BERRDE L

WEAIKIZET B E W) 2 Eid, FOHTI9KD
FIEHPEZ D BOANTLENT AT L THDE, C
NPKHECDNDZBIRTHY “BITE” L)l
EORETHD D, WBRIIKITHETTKRES LV &
IR A & VRS 50 SNEARAE V) ZEDD
L7z, ST TARALZZREEZ “(aq)” TH
T

g & kD%, “HONO, & H,O" 1I2BWTIE, &K
R EE DS EEST, HONOAZZ D F F O TAAL
THONO.(aq) £ 25 &0 b, A4 VITEEL,
NENDOA F KM L7z H (ag) & NO;™ (aq) T
AT HIE) VBT RAVF—NICLETDH Do

WifiliE & K D%, “HONO & H.O" 2B\ CHfifiy
1% HONO (aq) DD D D & NO, (aq) DD b D
WGET L, TNIZTXRTH (ag) & NO, (aq) &
LCHAET S LD L —E1d HONO (aq) D TR
139 %%, HONO(aq) & NO, (aq) # b2kt
LTREREFENH L TH D,

T, TOBHOENZIEZIHLLIDTHA)
Mo WHERDIT ) ASHREE X D b BRI TFA— % <
Gl ll, ZTOMEEREICANS LHATE %,
GFRET ARG L TH LOWEZ R LD
DTHY, ZOMFERBAIBETICI VBRSNS,
MRk, BF2mdslomkD, BEKR
TEHEV A>TV BETOERTZHELFIEFE T
%o

KFEAA L LTHIBEN L KBRFOETH
FloRONTWLINEFIUE, ZOKEET %K
BARMMLUTKEAF Y E LTHEESETLEDY 2
NT&5B, 2F0, Bz, KFEAF L LTHIES
NBLKEERETIZERLT, “H- &Y o T-H)”
E#CE, H- RV OEFH) &) REaHeT
MEZOHIZH (aq) & LCHERET 5. BT25RD

DFEFHIZENTWL S &R0, KD IFEA
F B WBOLGEIIRD L HIZEL ZENT
&5,

H-ONO,+H.O0O — H'(aq) +NO; (aq) (43)

bL, H- KRV 0ETH) ofiaa hodé &
D470 LTS, ZOREETFZKREA 4
YELTHEESEAH L E, KAILTHI-RY T O
WCHEE DSR2, TAVF =D XTI
bo L7205 TEMOKFRT M S R0
T, ~BIEBOETARMEETBLIEI N AN
F—IZEIT R b, WIHROYE, KDL HIH
T 5

H-ONO +H,0—H - ONO (aq)

2 H+ (ag) +NO, (aq) (44)

B OM4A, H-ONOIZBWT, KEEFDOE
T 25| iR A MBFERFIEEFIT 1M, M2
AT 50 —77, WMROYE, H-ONO IZB
WC, BRFREFAERE, MEgIcEhzh 13,
KRERTOBTZ5]50k>TWb, TDXHITKE
AF L LTHRIBTE BKREFETFO5 -0k S
72, RO OME OENDHS, fifHE L WA O E LT
DHEEHE L Tnb,

B, WAERASKIZELT 72 & & HONO & NO,”
DOEEE pH ICHAFT 5o TAEEE O R B 2 LU T
DEHIZERL, ZOVPHEREZK L35 L [H']
[NO, ]/ [HONO] = K 253§ %,

HONO =2 H' + NO, K (45)

K 3EBTH %75 [HONO] & [NO, | DE A
X [H] 12, 2% Y pH IZHKAET 5. HONO JEOH]
X pHAMEL 513 EBIN$ 5, pH3. 15D & X
COEEIIFL I 1TH D, HEOLRNTDH “HRn
BB 3ol 11 &%% pH OfHIEL &5,

SRR, AR Z2 R (H.SO.), ¥l (HCD
LENH B,

HzSO4 - H" + HSO{ (46)
HSO, — H" + SO/ (47)
HCl — H' +ClI° (48)

F 72, BRICIEMBOITA, BALES %
(LI FAET 72 AR (H.SOs, 3 % i SO, - H:0,
LREE (H.COs HHWVIECO, - HO) ) DD Do

4.2 pH &l

HiEiC pH Z 331> TL % o 722% pH
KRB ROBEOREL R T ERNLRIFETDH 5,
pH IZEIMLEFHTOasEb D L) & T AHH
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5Srsen L ) BREINT-EBEEMLRIBETD 5,
EEHE SN D DIEZ o pH KIS 5 BAALFW
HETH 5. BULOILETIE pH IZBAALHN 2 8
ECEZREINTVEETH S, /2, pHEWVIY
HEE2DHObIilr s, TOHMNEZH HDLTRLED
BIAMIZF —CTH B (L7z23-> T [pHfE] &k
W) DI [REME] &) X)) RbDOTIEEEZ KL
ZEIZ% D). FHEMIIE pH IAKREAL F v O &
OWEE FHANBICER L2 D0THE, SHITK
K EORE KB TIIIHRITREICE SRR L 2
EWRTE 5,

pH = -log({H')) = -log([H']) (49)

CZT| e TIEPEATWA LR O ZhEh
WHELREYD S5 DT, pHONEOEICR T
WA DL, EBICHE SN EIKEA + v oifE
TWE%L, ZONBETHL720THD, 202D
HEZIE S A&, WIS SEWIEEE (Tvh Y
") FTOLREHAZHHbT I EVUEETH S,

4.3 [pHb5.6] EVWHEDES

MMM % %72 [pH5. 6L FTOW] & LTw 5
HbdHb, LL, »2EMEE L > THRENE EH
T 2DIEFFHAICATRETH D, HEEERTLH 5,
3, 2o [pH5.6] #ELLTAHAL),

HEHRWIZMATH - T, ThraREAHo iRL
W URBBAA) EVHIZHD, WL TERLZ
KERE S PEHICH D EMEL LI ZDL ZDRIR
WL BKREAFT ViREEZ pH THO DT &, MEMIC
pH5. 615D TH %,

RERIZLLT O X 9 I B BEICfREEL €, KFEA A
e T A, T2 TH, K, KIZE2STH &
EDZENETNAV) — BB LOFHE—, F o PE
BThHb,

CO:(g) 'H.O 2 CO.H.0 H=0.034molL™" (50)

CO,H.0 2 H +HCO, K =4.47x107 (51)

H'+HCO, 2 2H" +CO# K.,=4.68x107" (52)

CDIEMNITKEKRFEAL F >, KEEA * o~ & DAy
#HEZ b, TITKwlIKDA F U, [H][OH]
=Kw=1x10"TH 5%,

H+0H =2 HO K,=1x10" (53)
INSDOFHEORXD S U T OMBRTERE %,
[CO.  H.O] = H Pco- (54)
[HCOs ] = K, [CO. + H.O)/[H"]

= (K,/[H']) H Pco: (55)
[COs] = K, [HCO, /[H"]

= (K, K-/[H"]») H Pcos (56)

[H'][OH] = Ku (57)

F72, BRI EOHBEI LA 4 12X % B
EBEA I VX BEMAEFE L,

[H'] = [OH ] + [HCO; ] + [CO:] (58)

oK, (55, (66), (57) z AL,

[H'] =Kw/[H ']+ ((K/H'1+ (K, K/[H]%) HPco. (59)
B CTRD 3 RG22,

[H'F- (Kw+ HK, Pco,) [H'1-2HK, K.=0  (60)

WE Pcos; 360 ppm=3.6x10"atm & LT, 2 ®D
HREX2 g MY R ETH L H] =
2.345x10°molL™'& %2 W pHT & 5 b § & pH
5.63& 7% %,

F7:, TOpH5.6% KD [TRVEEE | o [HiE ]
EolznESOILBIRDDH 5,

Barett & Brodin (1955) & [A A ¥ T+ T4 T
DFERDOMRIERE] LT B X DO T, pH5.7%
REHFDOKIZOWTORPERE LA ED, L LTW
% o If one assumes that equilibrium is actually
reached at the observed mean pressure of CO., the
pH may be calculated from the known equilibrium
constants to be 5.7 at 25C. (F1li)

Since the samples are measured at room tempera-
ture, this value of 5. 7 may be regarded as the neu-
tral point for atmospheric water.

¥ 72, C.Junge 1ZZD19634FEDFEE, “Air Chem-
istry and Radioactivity” T, K& W o AL % #
RTVEZTEPHICHHROpH EEHE LTS

(Junge, 1963)o K& H o AL i 5 8 B % 300
ppm & L10CT® pH5.6% % Tw5b, 72721, i
BEI325CTidAR <, 10CTHLDOTHET 2 EHD
HEA% ) R s, WEINCOLXZOMELL TS
CiH=1.2mol L7, Ki=3.4x107, K.=3.2x
107", Kv=3.6x10""

B, TVEZTIZOWTIE, TYyEZTZTH
FIEL, MOBSOFEFEVEMEL, 7V E=
THAADWBEEN3 ugm O L &, Ko pH I pH
8.9& Junge IFFHM L7z, Wit CHEHEBIN I NS
LAV T v EZT bk pHICH LT WL
WSS 28R %252 5 Liafi L7z, 72, Thb
DRED BALRFL 7 VBT BEFE LT D L
&0 pH bR, pH7. 02TV 2%,

% 7z Charlson & Rodhe (1982) X, KKDW D
pH i /L &Mooy 1 7 ve, =7avynve LT
FIET BRI A A+ > DREL L UEKED D2 %
2L, pH4.5~5.6L D Y, THIZKKDOT ¥
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EBEZTRKBAN YT LA EEZEETHLEEIHITHN
pH%Z#ZZ2 T\wh,

4.4 BB, I|EELHIEL TpH

B & IAER D X 5 KIS TREA F &~ 2
THWETHY, HELIIKBIEFNYTLADLD
WKIZHBETTREA 4 > OH 2+ 2WETH
%o
COKFEAF v EKEEA F VAR L TRE AR
Tho BDIZF DU Y AL F v EREERAF VI
D, WERF b U A, NaNOZ M L 7z 0 & A%
DIRFEIZ T2 Do

HNO; — H'+ NO,” (61)
NaOH — Na"+ OH” (62)
H'+ OH — H.O (63)

HNO; + NaOH — Na'+ NO; + H.O  (64)
COZEEMBEVHIRELAKBILF Y 7AW
Y IEHASPRIBOG L, WEEF MU AL wHIE (%
A) BEELEEV), ZORAEKEAFTVH 1
& KA+ > OH 118 &2 %o
BRALETIZ b R WHEALIZ 2 5 TL & 57225,
MR, AL, RIS EH D & & ME L ) BALHE
FIThsd, Uiz T EXNEZEOEMTH -
eETHY, BIMLFoFETEKITL L, FAD
BMOWHEREZEVHMNTERLEZDDOTHS, LI
X, YRLEMEOPEEHA, eqL ' TRTZEITT
%o
K THEE—IEREDEEER

2T, Bk comELIEROMEEN %5535
7o, WRITHEEE LR, W I T v E=T LRI
HNT T HEND 4 ODILEWD D B IKIEWDO R,
H.SO,, HNO.;, NH;(NH; - H.0), CaCO;, H.0 %
BliZE 2, $TINHOWEIKICETIZL 0L

R L 72w,

T & REER

e & AR IT R CTH 5 DT RTIHREET
HSO, — 2H" + SO (65)
HNO;  — H" + NO; (66)
TUEZT

RAEHPICHFAET L AENRIERIT V€27
(NH,) THY, F¥AOETHET . 2OT VE
=T HKICET B EKELT v E=7 A (NHOH
HHWVIENH - HO) 2T 5 Ewbhsds, 2
NET Y EZT ARG FICMY PHENRTZD DT
HY NH; - O LKiLENL, TNAUKEEA 4+ >,
OH #WlML, 7= 24+ YNH %D

Koz Th b
NH3 + HZO 2 NH3 ° Hzo (67)
NH3 * HzO 2 1\TH4+ + OH7 (68)

KEEALT By A3EEERIC B S N A
T, §BOL & LRBRICHTANOELIZT TR ],
ERMANREZZEAS DY, KBRILT ¥ E=Z T A
(NH: - H:0) O THETLbDE, TVEZY
LA F 2 EKRBA F Y DILTHAET 2 D DA
o TWwWh, T Y EZT, NHAVKIZET 72
EENH-HODELD S NHIOEDIZ)HREH
WCRETHENETH b,

REEH IV T L

KEAHIZZ 7Oy Ve LTHET LAV 7 A1t
B ORI FEE S VT 7 L CaCOs kv ) DD
bo RBEBANTYTRNEIET AN T LA F v LR
A X VIIRBET Do IREEA & VBB OK L RUG L
T ko), KEEA F > & RMBKFEA + V12
HEST B0 MIKDIRIZE B IS DOFEEZRIRA + >
A K O L ZDOKERD pH AT T %o

CaCO; =2 Ca*" + COs (69)
CO#” + H.O < HCO, + OH” (70)
HCOs_ + HzO 2 COZ ¢ HzO + OH_ (71)

IhHm9HH L OH AS[H[OH | = Ky D il
RO LIZkEERT 50

H"+0H =2 HO (72)
DERZORTOHRRISTH 525, HRIEH
L OH ofTlRI Y, SO, NO, ZEDA F Vit
HFRIZD S DIZIZBEG LawnZ L IZ&AE D720,
B L IEE D AN

HANIERO Y& EHEOYEOM TR 20T,
BHEILD EH SN LITNIELVIT ) KDL, »
¥ HNO:DEFEA30 ueq L' TH 5 & Z 512, NH,
P LI0eqL WSz L&D T NH, - H,
O 10 uqe LA L, €O —E825NH, & OH ™12
% bo TOOH B EDXHIZHNOH» S DH &
11 TRIBLAKEDL %, HIIZAB 72X 9 I
NH: * H.O 2%10 ueq LTS 5 25, TNHDEH I
10pueqL '@ OH Z T 2 b TR, 0
— A OH 124 %, —#TH o> TH NH: - H.O 2
LIt ez OH IE H & s LIHE s, OH 7F
b, 293 5HEFNH-HOD A
OH ZE L, THAWME2SDOH &S T %,
CHOLTH L OH MHBE ST, lBDIEH
BT VBT XIDRBENHCLLT VEZTIIET
FRIEN, TUyE=ZTICLE0H OF Tt
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HZ b,

O RIS 1E30ueq L7 HNO; &£ 10 peq L'
NH:E DRIS E WS 2 &%), HNO:#EFE 1330 -
10=20ueqL'e b, TOLEH L OH BTN
ZN0ueqL HE SN0 T, H & OH, Zh
ZRoO%A 4 > NO,” & NH, A2 h 2110 geq L™
HZEIlhbB, DF DVIHMEA20 ueq L7FRD, Al
We7 v E=TOHRANZ L VAIRET Y E=7 4,
NHNO;2510 peeq LT HER L 72 & A B 2 ST E
%o

HNO; + NH; - H.O — NH.NO; (73)

R L72ERT v E= T IIRE T VBT D
AW THVEMIETHY), Ty EZTLHETHD
%o
B—IEEOHEEFROE LD

CZEFTOFLHELT, M7 Y EZT AR
AN A KICHEB LI &, ZOKEBHRIZE
T, EEEOVTNERTNEZ TRV,
BT T L

W7 v B AET VBT AL F v ERNEEA
T VICIREET Ao MRS S VIR ERDTEDOT F
DITHAET o —Ji, TVEZT LA F Tk
SELTC, KMLZ7 ¥E=7 NH, - HO (KR b
7 YE=7ALNHOH) & HZ#4AKL, BEzR
FTILICh D, D [HRT Y E= AITEEE
SSIEILOMEZ 0 S]] OBKETH 5,

NH.NO; — NH," + NO,” (74)

NH," + HHO =2 NH;-HO + H* (75)

O X TR 2 AKIZHENT & NOs A3 &
NEZOTNO, DT L EZMHRIELEVIANDDH L, 2
NEES 720w ETH S,

AR KISV T NOs 23 5 75, filifgiE <
3% SR TH %o NO, I IHEEA 4 >~ TH D, fif
Bh o bR A L DT %, ML, ZLTH
WT AT 2 EBbALKALAL TR SR,

HNO, (/) — H'+ NO, (fE&A +>)  (76)

NH.NO; (i) »NH, " + NO,™ (g1 + )  (77)
REEHILS T L

BBV v MAXERIEIE T H HKBBIL AV T A

(Ca(OH),) &, §9MEITH 2 i (H.CO:d 5\
12 CO. - H.O) ohdieEZLILNTE b,
COEAKICETBEE, AINVT T A CaldES%
BHMLTHNVY AL F v Ca b LTHIET 513
AWIANF—IRETH S L7zAh> T CaCO;
ARICET B EE, COMIH N YT LD 5

TE2WoTREEA + > COM 2, DEDXHIC
fHHEES %o

CaCO;, — Ca*" + CO# (78)

LTANCOSIBILIKE DB A EZLE Lk
ER7ZE ) ITREEKRFEA 4+ ¥ HCO DD Ji h3#
ETHDHDOT, K&K L, HCO, & OH % A %
T2t & ISR B & @ HCO, 1 CO, - HO
R BFHVBESIZEETH SO TRERZ CO, - HO
EOH ZAEWRT % KIs & %k %5, HCO, &
COS DWITNWZENTHMWERO & & & KIS
pH IZHEFT %o

COs# + HLO = HCO, + OH" (79)
HCO, + HLO =2 CO.,- H.0 + OH" (80)
WMEALFTIE, [RBA IV Dy 2 35RIEE & 59
PO RDHERDOTKIZE TS E [@] o> otk
BThHE_MEZRT] WO N, ToEEME
COZ DILEICL DD TH A, WV T LIE—E
Ca" & LTHBELCL E 9 &, HCO, % COs Db
FICE5T5 2 Lidkv,
BrUAINVy o 2MbEWTOMWMERA VYT A
CaSOFHRIEILDIKERAL 71 )V 3 7 2 & BRER O TR A
LB EZLIENTEDL, HWVI I AL F
LWMEEA * ¥ b ENEN DOV EEL DT, Ca*'
LSO IfREEL, T EoZbidEd, H' D
OH AWK L VO TZDOKRBEBIZIHETDH 5,
INA [5RER L IO I TH L] v 2
ETHbo

CaSO, — Ca*" + SO (81)
4.5 pAi

Reko pH IR LD NS V2, DF WL
KoM EMETHRES, BHITE2DIZZDONT
YALTKERTH ST, BEWEEZDDDIIRHST
WhHDbIFTIE RV, LA L, ShETHELLLERL
Lok aHICAND &, ARl L Mic
B o 72 E RIS TV BBIZOWTOHEEDS
T&b, TNRIEBORKILET— 5 2T % L
TIHFICHHREELZREL TIN5,

bobtd, EBOBKTIZOIFEZIET HHE
EHFEDOETHH > TWEDLITTIER WV, 2D
BT — 71T 5L X1ED ) —BEOELEILE
Thbo BN T — 5 2/, BT L &1
FHLWHBTAIEICLT, I TIRERY RS
BHRDLZ LTS,

9, pHIZMEHEDONT VA THRTF L LENVD
CEDPLROBBAHTL %,
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[H*] = [Acids] — [Bases] (82)

BT 2R TEZ b, 2 MO H.S0,, HNO,
BT 5 L AT, i3k NH(NH; - H.0), CaCO;
Bibotzb &, RE@DIERDLHIITHR b,

[H']= ((H.SO.] + [HNOs]) — (INH;] + [CaCOs]) (83)

i & LD HHIA D - T H RIS AHE 2 B RO
Rk o®EIL, T2 rome T D0
5, X(83) 13X (84) L FHIT 5,

[H']= (SO#7] + [NOs ] — (INH,'] + [Ca*']) (84)

CoXiZ [BIEOROWEE, §%b b sk
CoBOMOBEER [RNCHo2BoRE] &
[ Sbo i o®] ThEs] ZLEEL
TWwh,

EC, TZCTHmEERoOFMISINS OMRE
fioTEIRINDIPEZEZ DL, K (84) DFIFHIL
DIFIZxting %,

HE SN B HHBEOBOMRE @ [H]

AR OMROWEE @ (SO ] + [NOsT])

b o 72HAEOMREE ¢ (INH] + [Ca™'])
L72A%- T, M {H]+ (NH.']+ [Ca® D}/ (SO
+ [NO; ) = 1 23K %o

INPHHFHIFIOEDH B, FHI%ZOKEA 4+~
ELTHe» T 5 EIEG, 753 M EE fractional acid-
ity %2 5&, X@)VHELNZ D, &B (SO ]
+ [NOs ] & AJJEE M B input acidity & Wb i,
LT AITHLDLTZEDVDH b,

fractional acidity = [H')/ ([SO#7] + [NOs™])  (85)

K@ D5GF, H'] ORNBELEVFTEEZ S
EDPHTHY, WIESNLETHD, €T, 5tk
» (SO + [NOs ) (=Ai) % pH & E#HEILET
5 X912 T 5728, (nss-SOL ]+ [NOs]) o
BRoOMBERY, ZoOBELERT S [p] % [All
DHIHZ2F, KX 87) DEHIZpAl R EHET S,

pH = -log [H'] (86)

pAi = -log (SO 7] + [NO; ] (87)

pH % pAi L WKL Tim 3™ % & BEARILA D% 2
FNCENLEL T ENTE S, pAild pH &M
MhEThHb, COBRFEHML CEBOT—FD
FERTIISHT % &, BAILFOR B Z @RI S 2
ENTE, ZBOF—7 I LTH ERM R ILE,
MRS AU BB 72 %o

4.6 pHe

KREHDOT VBT HREAKIZHY 25 & pH
LAY "BMENEEMNSES” 2Lilhb, L
ML, HEIZHAET L LAY OERIZ X HIRIC

Zish, NHAZHEICE > TdEEE LTEHT
%o

NH," +20, — 2H' + NO; + H.O (87)
ChEEELT, BRSS9, HH0IEHE
M pHETHWVIREEZ pHe # EFKT Ho Z
CTCIRATD e l3HM% (effective) DETH %o
pHe = -log (H'] + 2[NH,"]) (88)
COFEIFTIBIINTLIREL2EZRELIEETD
D, pH &PFETHELT L LHIKEV, ZOInHE
bEBOKEKT — ¥ Oy, BRI 5 & ZIZHhX
%o

4.7 BRMRRE pH
INFTOERTHRUENMEICEIT S pH OFEFHE
ENMEPHL NI o/ BbN b, 22T, pH
EERVEMEE OB EZ I L O TB L,
Bz (Rl &£ 58, Bk
EWwH L pH] &2, [TIX, pHAWL DZ LR
PR ? ] kel 7259 72 LA pH ORI Z
NEFCTEENLETH AV pHBEH VRS E Vo
THERZWDITTIE v, LA L, pHIZEE &1
HDING Y ATRTHDOT, LG
ERENRIEEICIE R ) 2 v, TONAREBAL
RS2 EBUETH D, HOBTOREERHEE
FENSICLBKEAF v EFERMITHIG L Tl
WV, 2072, pHIZ#EYRIREEE R 2 74
WODTH5b,

pH 3 LIEHOM TR T 2 &2 DT, BREM
BICBWTIIRAN, RN REEEAZ LD T
X5, BYUWNMETIIREA»SOUE L2 T 5%
Z2HEE, pHEIEDLOTHMLZIRETH 5, Ml
BOKD pH R T3EKD pH IZE Ll HH 0o <
RN W EETH S,

LM, TERMEMIE [pHb5.6] LFOM] w9
ERTIIIN—TELVHELS &2,

(1) HMAEEHR ST, WmESNhb
KREHTHEE L72RIR, RO 5, LAY
B2HDRFICHAWE, IS TRAET HHtik
EDVREPOTHoIZVHITELTLE ). L
BT HMOPIIZELEICL LD TH 575,
pH 72 IHlibNCTL F ) LMED 5% & H 5
HHLTLEIRRICE S,

(2) LAHFROBEIEEN

pHIIKHEA F v OBREICHIET AHETHY), &
RREEOVOLDTH D, L, KEAF YOI
HEROWMEVER SN v, BREEEIHT 52



B E 74—V FH A4 A2 (J5) 13

FREL LD ICERTO LBDbNE, KEA

F IOV THRBREE LR EZFEL, B

L L BICFHITRETH S,

(3) KFEAFVIBRETHFMT 2 LBUETH
%o

M LMD &, BAROILFEERET L L&

& pH ZRFEA F VIBEICAH L Gk 5 2 &

VEEThH b, WA+ v, WAL v REDA T~

IR L ERMICEPEEOIIKATE 2 01 pH Tld %

{, KEAFVBETHS, pHEZDFETTRT

W HEEMN i I F v,

(4) KIKOW O pHI135.6% X XA DH 5 #iPHIC
H5o

pH 5. 61F KA H O R Lk #7217 % £ L 72 pH

Thhbo RIKIZIZKILADS D SO, HCl RiFHED S

B SN B HEALEWIC X AR 2 R O F8 LR

L&, WMo BEN T, W rooT rEZTRE

WHREMEOREELVWTWESE, ThEEEBT 5L

pH 4. 6f2E DKW= pH 6 FEDO % AT

ANEFIT G, pHS5. 613 BALIRFELZ T EZEEL

0 koo [HE] Lok, TOEFRL BRI

LTIE%R 6%\,

(5) pHHMMTHEMLEZWVWTpAIiE W L EIZL
THZbo

pAi =—-log (SO ] + [NO; ') TREFK SN 5 pAi

O [pH5.6] BRI THLMRETH Y,

KT THRBESELRETH 5, [pH IEHE &M

KOGV ATETY, TOMEERDELNEKL
T, [FLDICEAEH Y, ZIIHEINb
DHHIIEA RSB S 2ERLZLDTH b,
IO & 0 pH O L v ) Bl HHE L7
BETH 5,

6) THHTOTVEZY AL+ O LD EEL
T YRS TR TR E LTE A, kAL
2T VST LA G VIBAEWIC X BRI LY &
Wrh Tl LB INHS +20, > 2H" +
NO;™ + H:Oo L7223 TpHIZH DT pHe = -
log((H'] + 2[NH,"]) ##£%L, M{blafez ZEL
72EHIi S KRYITH %,

(7) pHOF—7 &l offifE, MEdksty b

T¥256CZ Lk,

BB DI T I B AR AV IR R USRI S
TWAB R (bulk samper) L WASkES & &
72T 572 D30 < BEAKIREBI R (wet-only sampler)
W ENDD, TNENTHABOREREL ) [FH
—DIETHERTHIENTE RV, T2, MHEY
B2SRL %2 LB OLENE 26N, ¥R pH D
243 %,

ZoEh, MHlEEr oz, pH Ol ek
O, WERKEORELT S pH IS8 % KT
FTHFTHS, FLMEIRIZLTY, ThHD)
EAES L, pHIZD E XD A F VIEEIZOWVWTY
o 7ZRRPHND L IZ B D,

(mo4)
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Critical Loads of Hazardous Trace Elements in Soil - Water System. ™'

T. Paces™, S. Corcimaru™, S. EMmanueL ™, Y. EReL*?, M. Novak ™, A. PLyusnin™,
A. VEron™® and S. Wickuam™’

Introduction

Terrestrial ecosystems may react adversely to
high anthropogenic inputs of heavy metals and
other trace elements (e.g. Cd, Pb, As). The hazard-
ous trace elements (HTE) are transported via at-
mosphere and with wide-spread application of fertil-
isers from anthropogenic sources to soil and water
recipients. It is therefore desirable to maintain such
an input of the trace elements to ecosystems, which
yields biologically available concentrations in soils
at levels not harmful to biota. The concentration of
HTE at which the ecosystem becomes endangered
1s called critical concentration. The anthropogenic in-
puts of HTE that maintain steady state concentra-
tions of HTE at the critical level, not yet harmful to
the ecosystem, are called critical loads. They are ex-
pressed in units of flux with respect to land surface,

2

e.g. in g.m™% yr'or kg. ha™'. yr™'. When the real
load is higher than the critical load, the soil-water
ecosystems are endangered. The difference be-
tween the critical and the real load is called an ex-
ceedance of the critical load . The time, when an initial
concentration of HTE in soil will reach the critical
concentration is called critical time.

The critical load concept has been developed for
dispersed sources of pollution such as atmospheric
pollution and agricultural inputs by fertilisation and
( Nilsson and
Grennfelt P., 1988, de Vries and Bakker, 1996, Paces,
1998) . The critical load of HTE can be calculated

application of other chemicals

from an inventory of inputs and outputs of the trace
component in terrestrial ecosystems. Such inven-
tory is called a mass balance or budget of HTE. The
box model of the budget is in Fig.1. The mass bal-
ance is usually monitored in small hydrological
catchments (0.5 to 5km*) representing land use
conditions prevailing in a larger region.

The pool of HTE in soil is related to its biologi-
cally available concentration. It is expressed in g.m >
or kg. ha™'. The biologically available concentration
is defined somewhat arbitrarily by a chosen analyti-
cal method. Soil is leached with an extract solution
(Jones, 1990) and the leached content of the metal
is considered to be biologically available. The ex-
tract solution can be a solution of 2M HNO:, an ace-
tic acid, ammonium chloride and ammonium fluo-
ride (Mehlich, 1978), solution of acetic and nitric
acid with ammonium nitrate and EDTA (Mehlich,
1984), extract solution according to Morgan and
Wolf (1982) and others (Lindsay and Norvell,
1978).

Mass balance of Pb and Cd was evaluated in two
small forest catchments in the Czech Republic. The
budget consists of measured and calculated input
and output fluxes of the metals per a unit area of
the catchment. The measured fluxes include input
by atmospheric deposition and output due to runoff
of ground and surface water. Calculated fluxes in-
clude input by chemical and mechanical weathering
of bedrock and output by mechanical erosion of soil

and stream sediments. We estimated the uptake of
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the metals by trees using tables of forest biomas
production and chemical data presented in litera-
ture (Bergkvist et al., 1989, Benes, 1994). The input
of the trace elements due to weathering was calcu-
lated from the weathering rate of bedrock using a
model of weathering developed by Paces (1985) .
Output due to mechanical erosion was evaluated ac-
cording to a model presented by Paces and
Pacesova (2001).

Theory

Accumulation or depletion of HTE in soil and
water is result of a mass balance between natural
and anthropogenic inputs and outputs (Fig.1). All
symbols used in this chapter are summarised in Ta-
ble 1. The mass balance of HTE is expressed by a

differential equation

dPi /dt = Fatm,i + Fagr,i + Fmewth,i + Fchewth,i -

Fup,i - Frun,i - Fmeerosiﬂn,i

where Pi is the soil pool of HTE i and F represents
flux of HTE 1.
If dP/dt<0, the HTE is depleted, if dP/dt>0, the

HTE accumulates and if dP/dt =0, the pool of the
HTE in soil is in a steady state.

The inputs do not depend on the size of the pool
and their annual values are considered to be con-
stant. The outputs are considered to be propor-
tional to the size of the available pool. Then, the rate

constants for the outputs are

kup,i = Fup,i /Pl
krun,i = Frun,i /Pi
= Fmeerosion, i /Pi

kmeerosion, i

After substitution to the mass balance equation, the

change in the pool is

dPi /dt = Fatm,i + Fagr,i + Fmewth,i + Fchewth,i -
(kupvi + krun,i + kmeerosion, i). Pi

The integral of the equation from an initial (pris-

tine) pool Poi at the initial time to is a time function
Pi = (Fi/ki) — [Fi/ki — Poilexp[— ki. (t = to)]
where

Fi = Fatm,i + Fagr,i + Fmewth,i + Fchewth,i

Atmospheric Agricultural
deposition input
Fatm Fue
\ Runoff
P Fout
Biological Soil
uptake <
Fup
c,p,hP,c Mechanical
_,., erosion
Fmeerosion
Chemical Mechanical
weathering weathering
of bedrock of bedrock
Fchswth Fmswth

o\

Wl

Weathering
of bedrock

Futn

Fig. 1. A mass balance models and compartments for storage of hazardous trace ele-
ments (HTE) in soils. The symbols in the figure are described in Tab. 1
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and o is density of soil, p is porosity of soil in percent of
in situ volume, and h is biologically active thickness
ki = kup,i + Kruni + Kmeerosion, i .
of soil.
The size of the pool Pi approaches a steady state

value Psteady,i when dPi/dc = 0

Calculation of critical load

The critical load is related to a critical concentra-

Psteady.i = Fi/ki ) .. .
tion of HTE. The critical concentration can be de-
Expressing the time function in term of the concen- fined in three ways.
tration of HTM (1) It can be represented by a steady state pool,
which has developed under pristine inputs
ci = (Fi/tk) — [Fi/tiki — colexp[ — kit — to) ] i
and outputs (before the pollution started),
and (2) it can be defined by a hygienic norm set for
. soils by a law of individual countries,

Csteady,i — Psteady, i/ii .. . . .

(3) the critical concentration is determined by
where an toxicological experiment.
The critical load of HTE is such an anthropogenic

¥ =10" 6. h(1-p/100) ) .
input (Fatmi *+ Fagri) critical that will never cause an

Table 1. List of symbols

Cyi Initial (pristine) Krmeerosion,i rate constant of mechanical
' concentration of a chemical erosion [yr']
element i in soil [g.kg]
c concentration of a chemical | F,; flux of the major element
element i in soil during time ' [kg.ha'.yr'], and trace element
[ekg'] [g-ha.yr']
by a transport mechanism x.
Coritcal ecologically critical Famgi input of the element by
concentration of a chemical atmospheric deposition
element i in soil [g.kg"]
P, pool of a chemical element i | Fyg; input of the element by the
in soil [g.ha'] application
of agrochemicals
Piieagy,i steady state pool of a ) input of the element by total
chemical element i in soil (chemical + mechanical)
[g.ha] weathering
P,; initial (pristine) pool of a Fup;i output of the element
chemical element i in soil by biological uptake
[gha']
Crocki concentration of a chemical | Fpy; output of the dissolved element
] element i in rock [g.kg] by the runoff of water
constant defined as Fchewth.i input of the element by
9 9 = 10%c.h (1-p/100) chemical weathering
[kg.ha™] (dissolution of bedrock)
p porosity of soil in percent of | Frewtn; input of the element by
in situ volume mechanical weathering
[dimensionless] (disintegration of bedrock)
o density of soil [kg.m”] Fneerosion;i output of the element i by
mechanical erosion in stream
h thickness of soil [m] Mo mechanical erosion of soil due
to runoff of stream water
[kg.ha' yr']
t time [yr] A total weathering of bedrock
[kg.ha'.yr']
t, initial time (beginning of Crock chemical weathering
pollution) [yr] (dissolution) of bedrock
[kg.ha'.yr']
Kup,i rate constant of biological M, . mechanical weathering of

uptake [yr'] bedrock [kg.ha.yr']

Krun.i rate constant of runoff [yr]
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overpass of the critical concentration in soil. It is cal-
culated from the integral of the mass balance equa-
tion for an assumption that ki and Fmewth,i + Fchewth, i

are constant natural values and t is infinite. Then
(Fatm,i + Fagr, i) critical = Ceritical,i £Ki — (Fmewth, i + Fehewth,i)

The exceedance of the critical load, EX is the differ-
ence between the real input from atmosphere and

from agricultural chemicals and the critical input
EXi = Fatm,i + Fagr,i - (Fatm,i + Fagr,i) critical

A dynamic property of critical load is a critical time,
teritical, When the critical concentration in soil is

reached.

— (1/ki) In [ (Fi — ki, ceriticar, i) / (Fi — tiki. co.i) ]

teritical, i =

Weathering and erosion flux is calculated from the
mass balance data on sodium and silicon according
to a method described by Paces (1985). The calcu-
lation involves following assumption and equations :
Assumption of a steady state for sodium and silicon

in soil
dena / dt = desi/dt = 0
Total weathering of bedrock is

Wrock = (Fmewth, Na T Fehewth, Na) /Crock,Na = (Fmewth, Si

+ Fchewth, Si) /Crock, Si
Mechanical erosion of soil is
Mol = Fmeerosion, Na/ CNa = Fmeerosion, si / CSi

Combining the above definitions with the mass bal-
ance equations for Na and Si, we express mechani-

cal erosion of soil, Msoil :

Msoil = {[ (Fatm, Na + Fagr, Na — Fup, Na — Frun, Na) /Cmck, Na]
— [(Fatm.si + Fagr.si — Fup.5i — Frun.si) /Crock sil } / [ (ena/

Crock,Na) — (€Si / Crock,Si) |

Total weathering of bedrock, Wrock, 1S calculated us-
ing the steady state mass balance equations for so-

dium or silica (i = Na and Si)

Fatm,i + Fagr,i + Fmewth,i + Fchewth,i - Fup,i - Frun,i

— Fmeerosion,i = 0

After rearrangement

Wrock =

Fagr, Na) /Crock, Na

(Fup, Na T Frun, Na T Fmeerosion, Na ™ Fatm, Na —

= (Fup,Si + Frun,Si + Fmeemsion, Si — Fatm,Si -

Fagr, Si) /Crock, Si

The flux of HTE due to weathering can be now cal-

culated using the model values of Wrock

Fwth,i = Wrock . Crock, i

Note that the assumption of the steady state for Na
and Si is not implied for other elements including
HTE. These elements can accumulate in soil (dci/dt
> 0) or can be depleted (dci/dt< 0).

The rate of chemical weathering (dissolution of
bedrock) is calculated from the mass balance of the
cations of the major rock forming oxides (SiO,,
AlO;, Na,0, K,0, CaO and MgO). The mass balance
includes atmospheric precipitation, fertilisation, bio-

logical uptake and runoff :

Crock = -3 (Fatm,i + Fagr,i - Fup,i - Frun,i) . (MOloxide i/
zi. Moli)

The sum includes all major elements except oxygen
in rock (Na, K, Ca, Mg, Si, Al), Moloxidei is molecular
mass of the oxide of the element i, zi is stoichiomet-
ric coefficient of the element in the oxide and Mol is
atomic mass of the element i.

The rate of mechanical weathering (disintegra-
tion) is calculated as the difference between total

weathering and chemical weathering
Mrock = Wrock — Crock

The weathering and erosion fluxes are calculated

according to following formulas :

Fchewth,i = Cmck . Crock, i

Fmewth,i = Mrock . Crock, i

Fmeerosion,i = Misoil . Ci

Now, we have obtained all the fluxes in the mass
balance equation. Therefore, we can evaluate the
time function of the HTE in soil and we can calcu-
late the critical load, its exceedance, and critical

time.
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Acquisition of data for the evaluation of critical
load of Pb and Cd

The atmospheric, agricultural, biological and hy-
drological fluxes of major elements (Na, K, Ca, Mg
and Si) have been monitored in several small repre-
sentative hydrological catchments in the Czech Re-
public since 1975. Bedrock and soils were sampled
once to determine concentrations of major ele-
ments. Physical characteristics of the soil (porosity,
density and the active depth) were estimated as
typical average values for the Czech forest brown
soils (Dystric Cambisols). The monitored data and
chemical analyses on major elements were used to
calculate the weathering rate of bedrock and me-
chanical erosion of the soil in the polluted (acidi-
fied) Jezeri catchment in the Krusne hory Moun-
tains and relatively clean Salacova Lhota catchment
in the Ceskomoravska vrchovina Upland (Czech
Republic). The geographical and hydrological char-
acteristics of the catchments and methods of moni-
toring are given in a paper by Paces (1985).

The atmospheric deposition, runoff of Cd and Pb
and concentrations of Cd and Pb in rock and soil
were measured during the project LIMPIT fi-
nanced by the European Union in 1999, 2000 and be-
ginning of 2001. Monthly sampling of throughfall in
both the catchments monitored the atmospheric
flux. The throughfall volume was measured in 27
collectors in the polluted Jezeri catchment and in 9
collectors in the less polluted Salacova Lhota catch-
ment. Runoff from the catchments was measured
continuously at terminal gauging stations. Runoff
was sampled monthly for chemical analysis.

The fluxes of the major elements and trace met-
als were calculated by multiplying their mean
monthly concentrations in water with the monthly-
accumulated throughfall and monthly runoff. Up-
take by trees (predominantly Picea abies and Fagus
silvatica) was estimated from data on biological up-
take given by Benes (1994) and Bergkvist et al.
(1989). No application of fertilisers was recorded in
the forest during the period of the LIMPIT monitor-
ing.

The monitored and calculated fluxes of Cd and

Pb are used to evaluate the critical load, exceed-
ance, and critical time of Pb and Cd in the two
catchments. The critical parameters are calculated
using the critical concentrations of Cd and Pb given

by the Czech hygienic norm for soils.
Results

Data on concentrations of chemical components
needed to evaluate critical load and related charac-
teristics in the less polluted Salacova Lhota catch-
ment and polluted Jezeri catchment are summa-
rised in tables 2 and 3.

The calculated fluxes together with measured at-
mospheric and hydrologic fluxes, the critical loads,
present exceedance of the critical loads and the
critical times are summarised in tables 4 and 5. The
monitoring of the two catchments yields data on
major geochemical fluxes of Pb and Cd represent-

ing the typical forest ecosystem in central Europe

Table 2. Average chemical data used for critical load
calculation in the Salacova Lhota catchment

Rock Soil
p — porosity % 40
o - density kg.m> 1520
h — thickness of biologically 0.3
active soil m
Conversion factor 9 kgha™ 273.6x 10°
% by weight | % by weight
Na,O 223 0.42
X,0 422 1.53
CaO 1.25 0.22
MgO 248 0.50
SiO, 60.34 58.81
ALOs 17.85 7.99
gkg' gkg'
cd 0.9x 10° 0.30x 10°
Pb 20x 10” 76 x 10°

Table 3. Average chemical data used for critical load
calculation in the Jezeri catchment

Rock Soil
p - porosity % 40
o - density kg.m™ 1520
h - thickness of biologically 0.3
active soil m
conversion factor 9, kg.ha 273.6x 10°
% by weight | % by weight
Na,O 2.47 0.47
K,O 4.07 2.12
CaO 1.26 0.12
MgO 0.56 0.58
SiO, 75.42 48.54
ALO; 14.24 10.77
gkg’ gkg”
cd 04x107 1.3x 107
Pb 12x 10° 168 x 10°
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Table 4. Critical load of Cd and Pb and related data

in the Salacova Lhota catchment

Table 6. Proportion of individual fluxes expressed in
percents of total input and output

Wrock kg.ha".yr'l 482
Crock kg.ha”.yr’I 76
Miock_kg.halyr! 406
Cd Pb
Crock - CONcentration in rock 09x10° 20x 107
gkg'
Co - present concentration in 03x10° 76 x 10
soil gkg
Ceritical — Czech hygienic norm 04x107 80x 107
-l
gkg
Measured flux g.ha™.yr!
Fup 0.5 8
Fatm 0.73 14
Fas 0 0
Frun 0.1 3.7
Calculated flux g.ha™.yr!
Fehewth 0.07 1.5
Frmewth 0.37 8
F meerosion 0.13 34
Rate constants of output_yr’
| Kup_ 6.1x 107 3.8x10°
Koun 1.6x10* 1.8x 10°
Kmeerosion 1.6 x 10" 1.6x 10"
Critical load calculation
Csteady g/kg in soil 0.46x10° | 40.5x10°
Critical load (Fatm,i + Fagr,i)critical 0.6 38
ghalyr!
Exceedance ghalyr! 0.1 -24
Critical time yr 1088 -490

Table 5. Critical load of Cd, Cu and Pb and related
data in the Jezeri catchment

Wrok kghalyr! 1580
Crock kg.ha‘l.yr‘1 251
Mo kghalyr” 1329
Cd Pb
Crock - CONcentration in rock, 04x10° 12x 107
gkg'!
¢, - present concentration in 13x10° 168x 107
soil gkg!
Ceritical — Czech hygienic norm 04x107 80x 107
1

gkg
Measured flux gha .yr’

| Fup 1.3 13
Fatm 0.97 25

[ Fae 0 0
Frun 3.8 9.8
Calculated flux ghalyr!
F chewth 0.10 3.0
Frewth 0.53 16
Fmeerosion 3.01 389
Rate constants of output yr'

| kup 3.7x 10" 2.8x 10°
Krun 1.1x10° 2.1x10°
Kueerosion 8.5x 10° 8.5x 10°
Critical load calculation
Csteady 2/kg in soil 26x10° 1.8x 107
Critical load (Fam,i + Fagr,i)critical 1.9 177
gha'lyr!
Exceedance g.ha™.yr! -0.9 -152
Critical time yr 871 988

under the stress of environmental acidification. Fi-
nally, we have calculated the proportion of individ-
ual inputs and outputs and expressed them in per-

centage of total input and output of the metals in ta-

[ cd ] P [ cd T pPo |
Salacova Lhota catchment
Fatm 62.6 65.5 |Fuyp 65.6 18
|Fagr 0.0 0.0 Frun 17.0 8
Fchewth 5.9 54 Freerosion 17.4 74
Frewth 31.5 29.1
sum 100.0 100.0  [sum 100.0 100.0
Jezeri catchment
Fatm 60.6 572 |[Fyp 16.0 32
Fagr 0.0 0.0 Frun 47.0 24
Fehewth 6.3 6.8 Fineerosion 37.0 94.5
Frnewth 33.1 36.0
sum 100.0 100.0 |sum 100.0 100.0
ble 6.

Discussion and conclusions

Measured and calculated fluxes and critical pa-
rameters represent a situation in forested country-
side in central Europe. The weathering and erosion
rates in the Salacova Lhota catchment are charac-
teristic of the weathering of biotitic sillimanitic
gneiss of the Moldanubicum in the Bohemian mas-
sif. The weathering and erosion rates in the Jezeri
catchment relate to biotite - muscovite gneiss of the
Krusne hory Mountains. Table 6 indicates that the
individual inputs of Cd and Pb are in similar propor-
tions in both the catchments. The input due to at-
mospheric precipitation (about 64% of total input)
predominates, followed by the input due to me-
chanical weathering (about 30%). Chemical weath-
ering of bedrock does supply less than 6% of the
metals in soil. On the other hand, individual output
fluxes of Cd and Pb exhibit very different propor-

tions. The mechanical erosion is the major output

mg/kg Cd Soil, Salacova Lhota

0.50
Steady state
| .

0.45

0.40 ‘Cd norm

0.35

0.30

Critical time
0.25 Y : : . .
0 1000 2000 3000 4000 5000

Time yr

Fig.2. Predicted trend of Cd concentration in soil of
the Salacova Lhota catchment
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Pb Soil, Salacova Lhota
mg/kg
20

@~ Pb norm

50

Steady state :>

30

0 5000 10000 15000
Time yr

Fig. 3. Predicted trend of Pb concentration in soil of
the Salacova Lhota catchment

mechanism for Pb (74 and 94%) while the output
due to runoff of water is very small (below 2 and 8
%) . Cadmium is more soluble so that it is removed
from soil by leaching and uptake by plants. Uptake
by trees dominates in the healthy forest ecosystem
in the Salacova Lhota catchment (66%). Runoff
dominates as the output of Cd from the Jezeri
catchment, where the trees have been damaged by
acid atmospheric deposition (47%).

The present mass balance between inputs and
outputs will cause future changes in the content of
Cd and Pb in local soils. The trends are illustrated
on figures 2 to 5. The tables 4 and 5 and figures 2 to
5 indicate that soils in the less polluted Salacova
Lhota catchment and in the polluted Jezeri catch-
ment have different critical loads, different exceed-
ances of the load and different trends and critical
times of Cd and Pb pollution.

Cadmium is below the critical level in the soils of
the Salacova Lhota catchment but it is slowly in-
creasing. The model predicts that the critical con-
centration will be reached after 1088 years. Lead in
soil of the Salacova Lhota catchment is below the
Czech soil norm (80 mg. kg™') and due to mechani-
cal erosion its content in soil will decrease. The cal-
culated negative critical time has no real meaning.
It is just a projection of the curve to the critical con-
centration in the past. Both Cd and Pb in the soils of
the polluted Jezeri catchment exceed their critical
concentrations. This is due to high atmospheric in-

puts of these metals before ore mining and ore

smelting in the region stopped and usage of leaded
gasoline sharply decreased during the last ten
years. The highest atmospheric deposition of lead
reached in average 570 g. ha 'yr™' between 1965 to
1992 (Vile er al., 2000). The deposition sharply de-
creased after 1992 due to economic changes in cen-
tral Europe (fall of Communist system). The high
deposition of Cd accompanied an intensive coal
burning and ore smelting in the industrial region
where the Jezeri catchment is situated. The present
mass balance indicates that the content of the met-
als in soils will very slowly decrease. Cadmium will
decrease to its critical soil concentration after 871
years and Pb will reach its critical concentration af-
ter 988 years. The decrease of the content of Cd and
Pb in the soils is caused mainly by mechanical ero-
sion of surface layer of soil polluted by historical
high atmospheric deposition of the metals. The ex-
ceedance of present atmospheric input over the

critical load of Cd and Pb is negative or about zero

mo/kg Pb Soil, Jezeri
200
160 N\
Pb norm
80 1
40
e Steady state
Critical time LF
0
0 1000 2000 3000 4000 5000
Time yr

Fig. 4. Predicted trend of Cd concentration in soil of
the Jezeri catchment

Cd Soil, Jezeri
mg/kg

1.40
1.20 \\
1.00 \
0.80 \

0.60

Cd norm \

0.40 \

Critical time
0.20 T

Steady state
I -
»

0 500 1000 1500 2000 2500 3000
Time yr

Fig.5. Predicted trend of Pb concentration in soil of
the Jezeri catchment
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in all the cases. The exceedance would be, however,
positive if the output due to mechanical erosion is
reduced. At present, the metal pollution of the soil is
transferred to running water in a form of sus-
pended particles and bed load.

The model is too simple to represent exactly the
behaviour of the real forest ecosystem. However, it
can serve as an indication of trends that control the

mass balance of HTE in soils.
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Basic Physical Properties and Shielding Effectiveness of Paper-
and Aluminum-Blended Particleboard against Electromagnetic Wave.™

Koji Havasar*?, Hirofumi INoUE*?, Masaharu Onmr*?,
Kiyoharu Fukupa*’, and Hiroshi ToMINAGA **

We produced paper- and aluminum-blended particleboards and investigated the influences of the kind of
binder and mixture ratio on strength and dimensional stability. We also measured the shielding effectiveness
of aluminum-blended (laminated) particleboard against electromagnetic wave.

Relationships between modulus of rupture (MOR) and mixture ratio of paper- and aluminum-blended par-
ticleboard depended on the kind of binder. Thickness swelling (TS) and water absorption (WA) were the
same as described for MOR. For example, in the case of urea resin adhesives, the MOR of the paper-blended
particleboard decreased with increasing paper content. For phenolic resin adhesives, the MOR of the paper-
blended particleboard did not depend on paper content.

The shielding effectiveness of the aluminum chip-blended particleboard against electromagnetic wave in-
creased with increasing aluminum content. For the aluminum-laminated particleboard, the shielding effec-
tiveness against electromagnetic wave increased more than the aluminum chip-blended particleboard. This
clarified that the shielding effectiveness against electromagnetic wave was achieved by laminating alone.

Keywords : particleboard, aluminum, bending strength, dimensional stability, electromagnetic wave
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1. ##

il

BV A 7V EORHEY) A4 7 VIEORE T
PR, BIFRIEFHAH SN H 5 BEBEM
SONEBERERMIAR— FHF v 7RBEHF v 7L
LCHAH SN TV S, —J, BEHREDTIZX
DEEHEDL ShTWwb, TORKNE LT, KEBEEY
HIZERE, 79 AF v 7EHEORYRAL T
HIEBEITONS,

TR, R OSE AL RIAEKEINS X
I, AR PICILE T2 EEESERL T
%o LHL—HTIE, BREOWEREIC X D ERIE
ey MEE ZoTWD (JEAR 1995),

INHEERE LT, RUFETIIAREREYD O
FIfZMEL, MBLUOTVI=Zwaz8 e LT
BAZELNR—=F 4 7 VR—F28EL, ZORA
RO A O TRERE R TE R EMEIC S 2 5
HBIZOWTHE 2 1To720 TLTTVI= T A%
BASEL =T 4 7 VK= FIZB LTI, EEE
Y= F GER) RO SIZOWTHRET L 72,

2. RBIGE

2.1 HEEEDEK

=T 4 ZVKR— FHfEEAE LT, 29 7THIRE
HAE# (UF, BIIR=E @ 46.0%, #5129 cP), K
DR VI VY gy — A4 VYT h— FREHE
# (PVAc, BHIE= © 41.3%, 5P © 822¢P), 7 =
J = REEE AR (PF, BHR=E 1 49.4%, HiEE .
158 cP) O =FiH % H\ 72,

UF & PF #HRREAE#ANIMIZE R 8 & L7zo PVACI
X, FEENTHEM L7 PVAc TV IV Y 3 VR
AN, AV T A= MEEW-M Vv o (7
3) WAL TRE L 2B, A1V 74— Mt
e LC, MDI100 (HAFRY > L ¥ A4t#) %
w7z,

2.2 IN—=T 1 7IER—-FNBE

221 HTBESLIUOTEREHEABRA /N

T 1 7IVER— KOS

RS —F 4 7 VOMMIX, ¥ 77 AT 7 —
(Pseudotsuga menziesii Franco) , A% (Cryptomeria
japonica D.Don), 7 % < 7 (Pinus densiflora S. &
Z.) THY, N=F 14 7 VER—= FEEEREICH 72
MeRloMBEICL VBfELEZ 7z, Bl L, UF B
EHWIGAERY 75 A 77—, PVAcLZ#H Wiz
BEIAF, PEEIEEZHELAEEY 77 A

Tr—LTARYDOREFy TEZFNENMAL
72 BREIS=F 4 2 V% 550 TEHIL, 2
mesh 7*5 5 mesh D DS —F 1 7 )V & & KFEL
3VREPEITIE L TR — FREICH W,
AWFFETIE, RERFEMICRAET LR ME LT,
MM (KO EHK, E20.089 mm, FFE6S.1
g/m’) BLO7TNVI=w2a (JEX0.05mm, LIF,
TR LML) RV, TNHERERAS TN
T4 7 NVEKR=F (BYWEA—=T 4 7 VE=F) %
BE L7 ATy 7BIOT VI F v 7L, i
30X3mm & L, W)oK o4l
WX LT5, 10, 15, 20%& %5 X9 I L 72,
F 728 L 728 =T 1 7 VR — FOFE:13300 X 150
X7mm, HEEEH%EE0.65g/cm’, HIEEAIRHRS
YDk Ulzo JEMEGMHE, BUETEE150C (UF #k,
PF 8 IE) B £ 0°160C (PVAc-D), #1I &£ )
1.96 MPa, 2tJ©:WEf10% (UF 8§ E, PF #HIR) B
L U135 (PVAcD & L7,
2.2.2 BHEY-IKNHRF@MAN—T 17
K— K O8LE
INEBRAT v 7 UhRIEEHEIRAY % FOR
N—=F47)VE L, 55\WH5mesh 25 9 mesh
DB DIS—T 4 7V % FZIKEHK 3 %\ TEE L Tr3—
T4 7 VA= FRGEIZHW 2, #EAHNT LAY Rk
AR — F ok & Ffk, UF#IE, PVAcI, PF
IR % v 72,
HATBROZ L e dss, B Y — NV FRIROW
fFFIETER V. ZD720, ThVIZRASEN—
T AT NVER— FOHE BRI — v FR)FREFAmH
R—F& L7z, TOMHE, ik, BAE (EAM
IRERICHTL2EREHG), BIOS—T4 70
EOBAIRRES % Table. 1127R T, F8EL -
IN—=F 4 7 VA= FiE, F#:300%150 x4 mm, H
RV 0. 65 g/cm’, BESEFRI0%TH Y, +
i S 3 2L E IR EE150C  (UF 8B, PF IR © 3
) BXU160C (PVAcI D4, #WFE K EH

Table 1. Type, size, mixture ratio, and composite state of
aluminum products.

Type Size Mixture ratio Composite state

Chip 30X3X0.05mm

0, 5, 10, 15, 20% Blend

Wire Imm¢ . 10mm length 0, 5, 10, 15, 20% Blend

Powder Smaller than 83mesh 0, 5, 10, 15, 20% Blend

Sheet  300X150X0.05mm Laminate (face)

Foil 300X 150X 0.01mm Laminate (face)

Mesh 300X 150mm (14mesh) Laminate (core)
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measuring shielding
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Spectrum analyzer

J X-Y plotter

—

a. System chart

b. Apparatus for measuring
shielding effectiveness.

(a) Sending antenna
(b) Specimen
(c) Receiving antenna

Fig. 1. Outline of apparatus for measuring shielding effectiveness.

1.96 MPa, #&JEIR 102 (UF 8, PF#&IR) B
U135 (PVAcCD & L7z,

2.3 N—F 1 7IVKR— K OB

2.3.1 HFRERRS LVRKE S BERHKER
Wik L72R— M2 D EEE (25C) T#
ARET, WITREB X OWKE S kR L
7o BRBRJTERIZ JIS A 590812 BLE S 7z i skER B
S OWEKE & B B #5528, BBk o~
1, 130x30x7mm (1 1 & BR), 20x20X7 mm
(WK S aRE) & Lize WokE S ke
X, oKy bV NEER RN EAT L TE
@2 BB L CTHW 2. F2W0KE SR 2 e L
72t FIODORERIC OV TR S HIE L7,
AR, PRI ICOVTIIZMSLNETS ~9
Fr, WoKE SBEICOWTIZ4 /e Lz,

2.3.2 EBELEY —IV FiEERER

iR SRR 3 & O KIE & R Rk & Rk, B
& L7oAR— ek S CREICt L 72, Fig. 112
BRI Y — v FYEREEHIISEE 2 7R 37, $iEIE, AN
78I N - TFIA4% R3361B, 7 KN F A b
L8 o —)V FMEFliZF (TR 17301 A, [FFEE) |
XY 7uv ¥ (R9833, H. B T-4H#) 12X b Mk
a5 (Fig.1-a)o ZOEIL, WEBAIHET S
BELELBRVEADAXRY VO, 5 Wid 2
T O RERARZ B 2 [ZWEL, AR AT Lo
W X D RO Y — v YRS T X 5,
HRERAAZ130%130mm IS L, ¥ —)V F#
FHUigR OB T v T FELZRBT v T FEOBERE
ICHEH S, R— FOEBBE S — v FERE e L
7z (Fig.1-b)o ZBMWEILX, BRALBRIIOVT
1TV, SRR EAEIPE % 10 MHz~1000 MHz & L 72,

3. BRBLUZE

3.1 HFRRE

Fig. 212, #F v TRAX—=T 14 7 VK= F (DL
T, PaR—F&UEd) Ofiiifis (MOR) %7K,
MAIAM LD BHERY S AV S W7z, RAFED
FL BRDICHEVEIINTR S IIN S b L Bbh 5,
LA L COMmAEEICENT- DI, UF IS
FEHWCTHEEINPaR—F (Pa/UF) AT
o720 PVACT RIEAFNC L ) 8k S 7z Pa R —
K (Pa/PVAc]) &, #F v 7REAR-F LD D
MR S AT L7228, OB AR L Tw
o 7z. PF BRHEEH % Hvi7z Pa R — K (Pa/
PF) IZ2oW T3, MORARIZITE A LKL T,
fisod 2 FREO Pa R— F LD b HVIITMRS 2R L
720 ZThUE, PF#REAHNTREEICEN TV S

45
40 |
35

< 30

o

=25 F

o
o 20
=

——Pa, UF
5 | O-Pa/PVAc-I
10} |-A—Pa PF

0 1 1 1 1 1
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Paper content (%)

Fig. 2. Relationship between MOR and paper content
of the paper-blended particleboard.

Note : Pa: paper-blended particleboard, UF : urea resin ad-
hesives, PF : phenol resin adhesives, PV Ac-I : polyvi-
nyl acetate emulsion-isocyanate compounds. Verti-
cal bars show standard deviation.
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Fig. 3. Relationships between MOR and aluminum
content of the aluminum chip-blended particle-
board.

Note : Al: aluminum-blended particleboard.
Other symbols as in Fig. 2.
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DYty, AT Y VA7 7 AN={RRAFI0% TRKIZ
Y, ZTOR, RS HIRKICERD LW HiE
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PVAcI #A&K OMREZ T ICH8H T 5 2 L AR
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INEBZ L EMITRSIIMET L, FICEAR0%
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MAEPLOFABELZIENE LS RS 1993),
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Fig. 4. Effects of paper content on thickness swelling (TS) and water absorp-
tion (WA) of the paper-blended particleboard.

Note : Symbols as in Fig. 2.
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Article

Demographic genetics of Siebold's beech (Fagus crenata) populations
on the Tanzawa Mountains, Kanagawa, central Honshu, Japan. L.
Genetic substructuring among plots and size classes™'

Kohei TAKENAKA**?, Keiko KiTAMURA*, Kengo FuruBayasut®?, and Shoichi Kawano***

Fagus crenata (Siebold’s beech) is one of the major climax tree species in cool-temperate deciduous forests
of Japan, and possesses a long life span, often exceeding ca. 250 years. On the west Tanzawa Mountains in
Kanagawa Prefecture, typical beech forest stands of the Pacific type have developed, but rapid deterioration
of beech populations by many biotic and abiotic factors in this area has been noted in recent years. In the
present study, we have thus critically analyzed the demographic-genetic structures and changes in the
beech populations in Tanzawa, with the main emphasis on the following two aspects: i) genetic substruc-
turing among isolated local populations in Tanzawa, and ii) genetic differentiation among different size
classes within local populations. Five transects were established as study plots. Tree locations of each sam-
pling plot were first recorded, and then size measurements and leaf samplings were made for all the beech
individuals including seedlings, juveniles, and mature trees for each study plot. Thirteen allozyme loci with
53 alleles in 11 enzyme systems were used as genetic markers. Size class distributions and genetic compo-
nents were different among the different study sites. Genetic diversities were high in the center of the beech
forests, but low at the forest edge and in isolated populations. Wright’s F -statistics revealed genetic differen-
tiation among the size classes. The genetic structures of each study population were obviously affected by
the size class structures of each population. Significant Fir was observed in the isolated and fragmented
populations and also in the topographically complex subdivided populations. The patterns of genetic differ-
entiation among the plots and size classes seemed to be affected by the degree of regeneration success of
beech seedlings. The unique patterns of genetic substructuring found in the local populations with overlap-
ping generations were also discussed in view of conservation biology.

Keywords : Fagus crenata, allozyme, conservation biology, demographic genetics, size class structure

1996 ; Kawano and Kitamura, 1997 ; Kitamura et al .,

1. INTRODUCTION . .
1997 a, b, 1998, 2000, 2001 in press). In particular,

Recent progress in demographic genetics has
proved that spatio-temporal genetic substructuring
of plant populations is very complex, and this new
approach is useful for analyzing the mechanisms of

population differentiation (Hamrick and Nason,

woody plant species have long life spans, often ex-
ceeding several hundred years, and thus consisting
of overlapping generations. Reflecting such back-
grounds, we can expect to find complex patterns of

demographic-genetic differentiation in the popula-
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tions of woody species.

Siebold’s beech (Fagus crenata BLUME) is a major
tree species of the northern hardwood deciduous
forests in Japan. This species is monoecious and
wind-pollinated, and is also well known to exhibit a
typical mast-flowering and fruiting (e. g. Maeda,
1988) . The geographical range of Siebold’s beech
extends from southern Hokkaido, with its northern-
most limit in the Kuromatsunai depression on the
Oshima Peninsula, to the Japan Sea side of north-
ern, central and south-western Honshu, and further
to the scattered mountains on the Pacific coast of
Honshu, Shikoku, and Kyushu (Miyawaki, 1967 ; Ki-
tamura and Murata, 1979). This species is also well
known to have a sharp geocline in leaf size (Hagi-
wara, 1977) and rich genetic variations within its
geographical range (Hashizume and Sugimoto,
1980 ; Nagano and Nasu, 1991 ; Nagata et al ., 1991 ;
Kitamura er al ., 1992,1997 a, b ; Takahashi et al .,
1994, 2000 ; Kawano and Kitamura, 1997 ; Tomaru et
al ., 1997, 1998 ; Koike et al ., 1998 ; Ohkawa er al .,
1998).

Abnormal withering of a large number of beech
trees has been reported from the Tanzawa Moun-
tains since the 1980°s, especially along the ridges,
which is now considered to be due to air pollution
(Koeji and Suzuki, 1993 ; Maruta and Usui, 1997 ;
Hirano, 1998). Their symptoms show strong effects
of air pollutant deposition via fog and dew droplets
absorbing gaseous sulfur and nitrogen dioxides car-
ried by wind from the Keihin industrial zone and
Tokyo Metropolitan areas over the past number of
years. It is surprising to find that fog and dew drop-
lets are highly acidic, often attaining pH 2 to 4
(Hosono et al., 1994 ; Igawa, 1999 ; Igawa et al ., 1997,
1998).

Such an extraordinary rapid withering of mature
trees in the forest stands may cause not only frag-
mentation and isolation of specific tree populations,
but also decomposition of forest communities as a
whole. Neither seedlings nor juveniles may be able
to regenerate successfully in the Tanzawa popula-
tions under such circumstances. In the present
study, we have conducted a detailed analysis to

shed light upon the changes in the demographic-ge-

netic substructuring of the local beech populations
in Tanzawa from the viewpoint of conservation biol-
ogy (Hanski and Gilpin, 1997 ; Niemela, 2001).

Over the last couple of decades, a number of stud-
ies on the genetic structures of natural plant popu-
lations have been conducted (e. g., Hamrick and Na-
son, 1996 ; Ouborg et al., 1999 ; Wang and Szmidt,
2001). Most of these studies, however, were on the
genetic variations within and among populations,
and/or genetic differentiation of local populations
and subpopulations in relation to their mating sys-
tems. For long-lived woody plant populations, it is
important to analyze the genetic structures of
populations in terms of specio-temporal context cov-
ering overlapping generations (Kawano, 1975 ; Al-
varez - Buylla and Garay, 1994 ; Kitamura and
Kawano, 1996 ; Kawano and Kitamura, 1997 ; Kita-
mura et al., 1997 b, 2000, 2001 in press; Li et al.,
2001).

The purpose of this paper is to report the results
of demographic-genetic analyses on the Siebold's
beech populations in the west Tanzawa Mountains,
focusing on the effects of the population fragmenta-
tion and isolation due to various external factors, in-
cluding air pollution. A strong predation pressure
by sika deer (Cervus nippon) is another factor in
forest deterioration in the west Tanzawa Moun-
tains, and thus we need to pay special attention to

such biotic interactions as well.

2. MATERIALS AND METHODS

2.1 Study species

Siebold’s beech is one of the representative de-
ciduous broad-leaved trees in the cool-temperate cli-
max forests in Japan (Ohwi, 1965), and is known to
form two contrasting forest community types (Mi-
yawaki, 1967). One occurs on the Japan Sea side of
Hokkaido and Honshu, and normally forms large
populations (although extremely fragmented and
isolated populations are also known along the Japan
Sea coast of Honshu : Ohkawa et al., 1998 ; Kawano
et al., unpubl. obs.), while the other scatters as small
to medium-sized isolated populations in the mon-

tane zone of the Pacific side. The communities on
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the Japan Sea side are mainly dominated by Fagus
crenata, coexisting with Acer mono, Fraxinus sieboldi-
ana, Tilia japonica, Quercus crispula, Acanthopanax
sciadophylloides, Kalopanax pictus, and Magnolia hy-
poleuca, whereas those on the Pacific side are domi-
nated by Fagus crenata and F. japonica, often mixed
with several other deciduous hardwoods and coni-
fers, such as Carpinus spp., Acer spp., Querucus cris-
pula, Tilia japonica, Zelkova serrata, Kalopamax pictus,
Abies firma, A. homolepis, and Tsuga sieboldii (Konta,
1991).

2.2 Study site

The Tanzawa Mountains are located at the bor-
der of Kanagawa and Yamanashi Prefectures on
the Pacific side of Honshu (Fig.1). Most areas of
the woodlands below the altitude of 800 m above
sea level (Ohno and Ozeki, 1997 a) are dominated
by artificial Japanese Red Cedar (Cryptomeria japon-
ica) and Hinoki Cypress (Chamaecyparis obtusa)

plantations maintained for the past 100 years. Tsuga
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sieboldii stands and Fagus crenata—F. japonica mixed
stands cover the montane zone at the altitudes of
800—1200m. Above 1200m in altitude, Siebold’s
beech is dominant in the deciduous forests (Ohno
and Ozeki, 1997 a), with Fraxinus lanuginosa, Acer
amoenum, Cornus kousa, Meliosma myriantha, Tilia ja-
ponica, Clethara barvinervis, Styrax japonica, Alnus hir-
suta, Magnolia hypoleuca, and Carpinus cordata also
being found. Beech forests on the Tanzawa Moun-
tains accompany dwarf bamboos in the underlayer
of the forests (Sasa hayatae in the higher elevation
sites, but Sasamorpha borealis at the lower eleva-
tion) . Sasamorpha borealis is a characteristic compo-
nent of beech forests on the Pacific side (Miyawaki,
1967), as well in the Tanzawa Mountains. Beech for-
ests are often scattered on gentle slopes and/or flat

ridges on the Tanzawa Mountains.

2.3 Study plots
Five study plots were established in the west

Tanzawa Mountains (Fig.1). Profiles of each study

H r
o Mt. Kanyudo ~ _»
Yamanashi Pref. .A '%Mt' Ohmuroyama_
t :
,.AMt. Mishoutai * M ngtake
:: . )A Mt. Hinokibora.mal:l.l ‘-" -._:Mt...Tzzawasan
‘:" Mt. Komotsurushig” * - Mt. Azegamaru . . ) ” _f O
H BOTMIDTOP 4 ¢ Dodaira
: - K
ioes . Itadorinokashira (ITA) & Mt.
.'ﬁ Ohtananokashira (OTA) A "}"f)hgatake
« T e A,." Ceases
" Kanagawa Pref. Mt. Nabewarisan
' d
A Mt. Mikuniyama
-~ S ® ~ Prefectural boundaries
Shizuoka Pref- ® [ sesceccsceces Ridge lines I l
0 4 8km
Fig. 1. Study plots in the west Tanzawa Mountains, Kanagawa Prefecture.
Table 1. Profiles of each study plot.
Study Location Altitude Plot size  Plot shape Number of Individual
plot (m) (ha) (mxm) individuals density (/ha)
TOP The top of Mt. Hinokiboramaru 1,600 0.25 100x25 39 156.0
Mt. Hinoki _ . . . .
MID | '1O%! Middle of Higashisawa ridge 1,200—1,400  3.67 * 195 53.1
oramaru
BOT Bottom of Higashisawa ridge 1,000 0.56 70%80 40 71.4
ITA The top of Itadorinokashira 1,196 2.40 200%x120 138 57.5
OTA The top of Ohtananokashira 1,268 0.64 80%80 84 131.3

*A total of eight 50x50m , one 15xX40m, 25%25.5m, 50X70m, 50x120m and 70x100m quadrats.
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plot are summarized in Table 1. The plot TOP is
near the top of Mt. Hinokiboramaru. It is located in
the midst of one of the most damaged parts of
beech forests on the Tanzawa Mountains, where
many individuals are badly damaged due to air pol-
lution (Koeji and Suzuki, 1993 ; Hosono et al., 1994 ;
Maruta and Usui, 1997 ; Igawa et al., 1997, 1998 ;
Hirano, 1998 ; Igawa, 1999). Dwarf bamboos on the
forest floor are sparse because of feeding pressure
by sika deer, so that they have been replaced by
other herbaceous species, such as Veratrum album,
Ligularia dentata, and Aconitum spp., which contain
alkaloids and some other toxic substances, and are
thus disliked by deer (Appendix Ia).

The plot MID is located halfway down the Hi-
gashisawa ridge, which stretches from the top to
the bottom of Mt. Hinokiboramaru. Beech forests in
MID are formed on the complex topography of the
Higashisawa ridge with steep ridges and valleys.
The plot BOT is located at the bottom of the Hi-
gashisawa ridge. In the plot BOT, Siebold’s beech
and Japanese beech (F. japonica) coexist together
with the same cover degree. This plot is regarded
to be located at the edge of beech distribution on
the Higashisawa ridge. Beech forests in MID and
BOT on Higashisawa ridge accompany dense dwarf
bamboo thickets in the forest understory (Sasa hay-
atae and Sasamorpha borealis above and below ca.
1, 300 m in altitude, respectively) (Appendix Ib,c).

The plots ITA and OTA are neighboring popula-
tions of the Higashisawa ridge (Fig.1). The plot
ITA is located on the top of Itadorinokashira, a peak
on the ridge that continues to Mt. Hinokiboramaru.
It is a fragmented population scattered on the flat
peak and dwarf bamboo on the forest floor is sparse
(Appendix Id). OTA is located on the top of Oh-
tananokashira (Appendix Ie). This is an isolated
population on the edge of the west Tanzawa Moun-
tains. Dwarf bamboo density on the forest floor
changes drastically in this plot.

According to the plant sociology, TOP is classi-
fied into the Miricacalio — Fagetum retrogressive
phase, MID and ITA into Corno—Fagerum crenatae,
BOT into Fagerum crenato—japonicae (Ohno and
Ozeki, 1997 b), and OTA is a Styrax obassia—Fagus

japonica community (Miyawaki, 1977).

Leaf sampling, mapping location and size meas-
urement (diameter at breast height [DBH] or di-
ameter at ground height [DGH]) of all 496 individu-
als that occur within these plots were made in May
1998 at TOP, August 1998 at ITA and OTA, Au-
gust 1998 and August 1999 at MID, and August
2000 at BOT. Collected leaves were brought into
the laboratory under low temperature conditions on
ice, and then stored at — 80T in the deep-freezer

until the enzymes were extracted.

2.4 Allozyme analyses

One hundred milligrams of leaf tissue from each
individual plant was ground to a powder with liquid
nitrogen and homogenized with 1.5ml extract
buffer made up of 0. 1 M Tris-HCI (pH 7.5) , 25% (v
/v) glycerol, 1% (v/v) Tween 80, 10 mM DTT,
1% (v/v) 2-mercaptoethanol and 70 mg/ml poly-
vinylpolypyrolidone (Shiraishi, 1988). The homo-
genates were centrifuged at 20, 000 X g for 20 min-
utes at 4 C. Fifteen microliters of the resulting su-
pernatant was used for electrophoresis for each en-
zyme. Polyacrylamide vertical slab gel electropho-
resis was conducted according to the methods of
Davis (1964) and Orstein (1964). Seven percent
running gel and 3 % spacer gel were used. Electro-
phoresis was carried out at 4 C, 12.3 mA/cm® for
150 minutes. The procedures used in detection of
diaphorase (DIA) followed those of Richardson et
al. (1986). The method of gel staining for aconitase
(ACO) and isocitrate dehydrogenase (IDH) fol-
lowed that of Soltis and Soltis (1989). Enzymatic
assays for alanin aminopeptidase (AAP), aspartate
aminotranferase (AAT), amylase (AMY), fuma-
rase (FUM), leucine aminopeptidase (LAP), phos-
phogluco isomerase (PGI), phosphoglucomutase
(PGM) and 6—phosphogluconate dehydrogenase (6
PG) followed those of Shiraishi (1988).

Thirteen putative loci were scored for all the indi-
viduals. The interpretations of zymograms were
based on the quaternary structure of each enzyme
(Weeden and Wendel, 1989). According to the zy-
mograms, individual phenotypes were interpreted

into genotypes.
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Table 2. Size class discrimination and each number of individuals.

Size class TOP MID BOT ITA OTA
Class 0 DGH Y<1cm 0 1 0 41 14
1 1<DBH ?<20cm 6 39 27 23 19
2 20<DBH <40cm 13 61 6 19 27
3 40=<DBH <60cm 11 59 4 21 14
4 60<DBH <80cm 7 32 3 17 9
5 80cm=DBH 2 3 0 17 1

Y Diameter at ground height
? Diameter at breast height

2.5 Dataanalyses
2.5.1 Allozyme variability among plots and
size classes

All the individuals were divided into six size
classes based on their diameters (Table 2 ). Multi-
locus genotypes (MLG) of individuals were deter-
mined based on the combination of 13 polymorphic
loci. The number of MLG per individual (unique-
ness index), genotype frequencies, allele frequen-
cies, mean observed heterozygosity (Ho) and ex-
pected heterozygosity (He) were calculated for

each polymorphic locus, plot and size class.

2.5.2 Genetic differentiation among plots and
size classes

Weir and Cockerham’s (1984 ) estimates of
Wright’s (1951) F-statistics (Fir, Fst, and Fis) were
used to characterize the overall genetic subdivision.
The extent of inbreeding in all the populations com-
bined (Fir) was partitioned into inbreeding due to
non-random mating in each subpopulation (Frs) and
inbreeding due to the correlation among alleles
caused by their occurrence in the same subpopula-
tion (Fs7). The relationship among Fir, Fst, and Fis
is: (1 —=Fmr) = (1 —Fsr) (1 —FIs).

Calculations were made among size classes and/

or plots using FSTAT (Goudet, 2000). The signifi-
cances of Fir, Fst, and Fis per locus and overall loci
were tested against the null hypotheses, namely Fsr
is not greater than zero, and Fir or Fis does not de-
viate from zero, obtained by 1, 300—7, 800 permuta-
tions. Whether or not there is a significant genetic
differentiation among plots or size classes is as-

sessed by Fst being significantly greater than zero.

3. RESULTS

3.1 Allozyme variability among plots

Thirteen loci (Fig.2 ; Aap 2, Aat 1, Aat 3, Amy 2,
Aco, Dia, Fum, Idh, Lap, Pgi, Pgm 1, Pgm 2, 6 pg) with
a total of 53 alleles were scored in 11 enzyme Ssys-
tems. All of them were revealed to be polymorphic
within plots except for Aco in BOT and OTA, and
Pgm 1 in TOP and ITA (Appendix II and III).

The number of individuals, number of MLG and
uniqueness indices for each plot are shown in Fig.3.
Uniqueness index was 1.0 in TOP, high in MID and
BOT, while those in ITA and OTA were low.

The values of He and Ho are shown in Table 3.
The expected heterozygosity (He) dropped gradu-
ally from TOP, MID to BOT, and appeared to be
small in ITA and OTA. Both He and Ho were ob-

Table 3. Expected heterozygosity* (He) and observed heterozygosity (Ho) for each locus and plot.

Aap2  Aatl Aat3 Aco Amy2 Dia Fum Idh Lap Pei Pgml  Pgm2 6pg average
He TOP .026 213 129 .026 543 .235 .487 .165 .640 372 .000 .289 .165 .253
MID 126 137 178 .025 321 145 .449 .168 742 .253 .057 421 .045 .236
BOT .050 .184 .050 .000 .283 .025 .500 .240 .696 391 .025 .433 .025 .223
ITA .084 .050 .085 .022 .309 112 .448 .190 .679 .220 .000 .342 .043 .199
OTA .036 .206 .072 .000 .293 .024 .456 104 717 .294 .025 .198 .024 .188
Ho TOP .026 231 135 .026 447 .205 .385 179 .256 333 .000 .282 179 .207
MID 123 .133 179 .026 277 128 A77 174 .408 .262 .037 .297 .046 197
BOT .050 .200 .050 .000 .275 .025 .550 275 .436 .350 .025 625 .025 222
ITA .087 .051 .080 .022 .246 .116 457 .168 .404 .188 .000 .341 .043 .169
OTA .037 .183 .074 .000 .220 .024 476 .110 .256 .309 .000 .195 .024 .147

*Calculated by FSTAT
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Fig. 3. Number of individuals, number of MLG and
uniqueness index for each plot.

served to be lowest in OTA.

3.2 Genetic differentiation among plots

Wright’s F -statistics for each locus within or
among plots are shown in Table 4. All of the values,
Fit, Fst and Fis, for the overall loci showed signifi-
cant positive values except for Frs in BOT. All of
these values were also significantly positive in Lap,
which was exceedingly polymorphic. Other signifi-
cant positive values were observed in Fir for Amy 2
and Pgm 1, Fst for Aat 3, Dia, Pgm 2 and 6 pg, and
Fis among plots for Amy 2, Dia and Pgm 1.

3.3 Genetic variations among size classes
3.3.1 Size class structures, number of MLG
and uniqueness index

The number of individuals, number of MLG and

uniqueness indices for each size class and plot are
shown in Fig.4. No and only one individual was
found in class 0 (DGH=1 cm) in TOP and MID, re-
spectively (Table 2). The size class distribution
showed a peak in class 2 (20=<DBH<40 cm) in
TOP, MID and OTA. Except for ITA, the size class
structures did not show a typical L-shape distribu-
tion, as expected in the size class distribution of a
sexually regenerated population. The uniqueness
indices were almost parallel except for OTA, where
it gradually increased as the size class became
large.

3.3.2 Differences in number of genotypes, al-
leles, and homozygote and heterozygote
frequencies among size classes
Differences in genetic variation among six differ-
ent size classes were calculated for a number of
each genotype and allele, and homozygote and het-
erozygote frequencies of each locus for each size
class (Figs.5 a-m). There were several genotypes
unique to specific size classes. Those in size class 4
and/or 5 were : Pgm 2—dd, Pgi—ff, Pgm 2—dd in
class 4 in TOP ; Lap-ab, Aap 2—ee, Pgm 1 —dd in
class 4,in MID ; Pgi-be, bf,in class 4in BOT ; Aap 2
—cd, Lap—df, Pgi—ad, ee in class 4, and Aat 3—bc, Pgi
—cd in class 5in ITA.

The alleles unique to size classes 4 and/or 5 were
Pgm 2—d in class 4 in TOP, Aap 2—c¢ and Lap—a in
class 4 and Lap—c in class 5 in ITA.

Table 4. Wright’s F-statistics for each locus and plot.

Frs Frp For
locus TOP MID BOT ITA OTA total
Aap2 .000 .025 -.006 -.038 -.008 .005 .012 .008
Aatl -.082 .024 -.085 -.014 11 .016 .030 .014
Aat3 -.047 -.006 .000 .058 -.027 .003 .013 .010 *
Aco .000 -.010 - -.005 -.006 -.007 .000
Amy2 176 .138 .027 .203 .250 .168 * 179 * .013
Dia 126 116 .000 -.039 -.006 .069 * .082 014 *
Fum .209 -.062 -.099 -.018 -.043 -.028 -.029 -.002
Idh -.086 -.038 -.147 117 -.052 -.007 -.006 .002
Lap .600 * 460 * 374 * .398 * .643 * 478 * 496 * .035 *
Pg1 .105 -.036 .106 142 -.049 .033 .042 .009
Pem1 - .352 .000 1.000 421 * 423 * .004
Pegm2 .023 .294 -.444 .003 .014 .099 .116 .019 *
6pg -.086 -.017 .000 ~.019 -.006 -.035 ~.012 .022 *
Over all loci 184 * 165 * .006 145 * 221 * 157 * 170 * .016 *

*Test of significance by 1300 permutations for F-statistics; p<0.05.
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(Tables 4 and 5 a-e). Fst for the overall loci showed o L I II|I . IIII \IIII
significant values at MID. R . N | d |

F -statistics values for several loci were observed

to be significantly positive. That is, Fs7 in MID, and

Fis for the total size classes in all plots and for each os 012345 012345 012345 012345 012345
size class 0—2 in OTA for Lap ; and Fir, Fst and FIs ToP MID BOT ITA OTA
for the total and each size class 2—4 in MID for Pgm Fig. 6. Inbreeding coefficient (Fis) for each size class.
] *Significantly different from zero ; p<0. 05.

) ) The numbers correspond to size class.
The values of Fis for each size class are illus-

trated in Fig.6. Positive significant values were ob-
served In class 2—4 in MID, and class 0 and 2 in
OTA.
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Table 5 a. Wright’s F-statistics for each locus among or within size class. (TOP)

Fis Fop Fgr
size class 0 1 2 3 4 5 total
locus

Aap2 - - - - 011 .028 017
Aatl -.053 -.021 =111 -.091 - .009 .026 018
Aat3 .000 -.100 .000 - - -.011 -.010 .001
Aco - - .000 - - .021 -.006 -.028
Amy2 211 024 061 217 1.000 169 A77 010
Dia - .024 -.026 .500 - 135 124 -.012
Fum 412 .065 310 .368 .000 242 199 -.057
Idh .000 .000 .000 -.200 .000 =111 -.078 030
Lap 487 644 469 .750 .000 568 * 608 * .093
Poi -.053 -.103 .208 429 .000 .033 .042 .009
Pgm1 - - - -— -— 134 .096 -.043
Pgm2 .000 -.143 -111 647 -1.000 010 .027 .017
bpg -——— =200  -053 — — -128 -074 049
Over all loci .206 095 144 .366 143 178 * .186 * 010

*Test of significance by 1300 permutations for F-statistics; p<0.05.

Table 5 b. Wright’s F-statistics for each locus among or within size class. (MID)

Fis Fir Fop
size class 0 1 2 3 4 5 total

locus
Aap2 - -.062 -.075 -.028 .659 - .030 023 -.007
Aatl - -.048 -.055 .249 -.022 - 015 027 012
Aat3 - -.061 134 -.052 -.060 -.333 -.012 -.004 .007
Aco - .000 -.008 .000 .000 - .001 -.015 -.016
Amy2 - 182 143 165 .083 .000 141 136 -.006
Dia - .303 016 -018 181 -— 116 116 .000
Fum -— -.080 -.057 -.100 .058 -.333 -.062 -.063 .000
Idh - -.101 .061 -.084 -.069 - -.029 -.041 -012
Lap -— 339 A1 419 472 -.200 278 * 299 * .028 *
Pgi -— .000 -.008 -012 -.033 -— -.012 -.018 -.006
Pgm1 -— .254 629 * .380 * 467 * - 454 * 462 * 015
Pgm2 - -.043 -.053 -.004 -.088 .000 -.035 ~-.036 .000
6pg —— - 493 -.004 .363 - .346 353 * 011
Over all loci - 102 182 * 149 * 230 ¥ -.200 161 * 167 * 007 *

*Test of significance by 1300 permutations for F-statistics; p<0.05.
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Table 5 c. Wright’s F-statistics for each locus among or within size class. (BOT)
FIS FIT FST
size class 0 1 2 3 4 5 total
locus
Aap2 - .000 - .000 - -.013 -.003 .009
Aatl -.200 -.054 - .000 .000 -.089 -.083 .006
Aat3 - - - .000 - -.231 155 314
Aco - -— - —-—= -—
Amy2 .000 197 -.053 -.200 .000 .069 .002 -.072
Dia - .000 - - -— .045 -.027 -.075
Fum 571 .009 -.250 -.500 -1.000 -.071 -116 -.042
Idh -.200 -.100 .000 -.200 .000 -130 -.157 -.024
Lap -.059 431 750 -.059 600 394 * .363 -.052
Pgi -.125 -.063 .250 000 AN 012 151 141
Pgml - .000 - - - .045 -.027 -.075
Pgm2 -.200 -419 -.667 .000 -1.000 -.461 -435 .018
6pg - - .000 - —= -.024 .013 .037
Over all loci -012 .055 .075 -.129 -.116 .006 .007 .001
*Test of significance by 1300 permutations for F-statistics; p<0.05.
Table 5 d. Wright’s F-statistics for each locus among or within size class. (ITA)
Fig Fp Fgp
size class 0 1 2 3 4 5 total
locus
Aap2 -.026 -.023 -.029 .000 -.043 .000 -.027 -.041 -.014
Aatl -.006 .000 -.051 -— -— -— -.030 -.011 019
Aat3 - -.011 -.029 316 -.043 -.016 .055 .058 .004
Aco — .000 - .000 -—= .000 -.003 -.005 -.002
Amy2 .286 193 333 121 -.191 614 .208 202 -.007
Dia -.026 -.054 -014 -.026 -.016 -.043 -.035 -.040 -.005
Fum 149 -.004 -.261 .070 -.028 -.333 -.022 -.017 .004
Idh 326 -.128 151 -.053 - -.067 109 118 010
Lap 347 334 .383 477 481 349 388 * 400 * 019
Pgi -.072 150 -.096 435 480 -.016 147 141 -.007
Pgml — — -— o — —
Pgm2 .080 365 -.241 .060 -.391 .158 .000 .004 .004
6pg -.053 - - .000 - - -.036 -.015 .020
Over all loci 178 139 .054 217 .083 138 141 * 146 * .006
*Test of significance by 1300 permutations for F"statistics; p<0.05.
Table 5 e. Wright’s F-statistics for each locus among or within size class. (OTA)
Fis Fip Fgop
size class 0 1 2 3 4 5 total
locus
Aap2 -.043 .000 - -—= -—= -—= -.026 -.004 022
Aatl .000 -.038 .160 .204 172 - .096 114 .020
Aat3 .000 -.059 - -.020 - - -.030 -.026 .004
Aco i — i —— e —
Amy2 .647 -.038 .302 .328 .059 — .240 252 .016
Dia - .000 .000 - - - .015 -.012 -.027
Fum -.043 -.025 =171 161 .059 — -.024 -.048 -.023
Idh .000 .000 -.064 .000 .000 - -.082 -.044 .035
Lap 789 * 630 * 632 * .595 .706 - 649 * 641 * -.022
Pgi -.152 193 -.071 =111 -.067 - -.040 -.051 -.010
Pgm1 -— - 1.000 - - -—= 1.000 1.000 -.049
Pgm2 .647 -125 -.068 -.083 -.067 - .041 .007 ~-.036
6pg - .000 .000 - - - 015 -012 -.027
Over all loci 323 * 187 229 * 239 240 - 228 * 220 * -.010

*Test of significance by 1300 permutations for F-statistics; p<0.05.
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4. DISCUSSION

4.1 Allozyme variability and differentiation

among plots

Expected heterozygosity had the highest value in
TOP, and gradually dropped along MID, BOT, and
showed lower values in ITA and OTA. The unique-
ness index was 1.0 in TOP, which means every in-
dividual has a different MLG to each other. The
uniqueness index was also high in MID and BOT,
while those in ITA and OTA were relatively low.
The plots TOP, MID and BOT had a small number
of seedlings (zero, one and four, respectively). It
was reported that in the beech populations of the
Ogawa Forest Preserve, Ibaraki Prefecture, many
of the beech seedlings shared the same MLG as
each other (Kitamura et al., 1997 a). Thus, the
uniqueness index must be discussed in relation to
size class structures. The uniqueness indices were
relatively low in size class 0 and 2 in ITA ; whereas
those in OTA gradually increased as size class be-
came larger, although the values were lower than
those of other plots except for size class 5. This
shows that genotypic variations are relatively low
in OTA, regardless of differences among size class
structures in the other plots.

Ohkawa et al. (1998) reported that fragmented
and isolated small lowland beech populations in
Toyama on the Japan Sea side of Honshu had con-
spicuously lower genetic variability compared to
large continuous montane populations of Tateyma.
Physical distances might strictly limit the gene flow
among/between beech individuals and populations,
and thus the extent of the gene flow within or be-
tween populations, and the resultant genetic drift
may play significant roles in determining the levels
of genetic variability and degrees of differentiation
among populations. Beech is monoecious, and a typi-
cal anemochore. According to our recent analysis
on the gene dispersal from mother trees with differ-
ent genotypes, a sharp decline of gene flow occurs
within a range of at most 10 to 25 m in the case of
American beech (Fagus grandifolia) populations
(Kitamura et al., unpubl. data and in prep.). The

pollen dispersal range within the woodland is thus

rather limited. A somewhat similar situation might
be the case in Siebold beech too.

A significant positive value of Fst indicates vari-
ous levels of differentiation among plots reflecting
spatial subdivisions in the west Tanzawa Moun-
tains (Table 4). Differences of genetic parameters,
such as He, Ho, and uniqueness indices among differ-
ent plots in the west Tanzawa Mountains might
also reflect the locations and population size of each
plot, from the midst to the edge (TOP-MID-BOT)
along the Higashisawa ridge, and to fragmented
and/or to isolated patch populations (ITA and
OTA).

In the Tanzawa Mountains, many beech trees
have been damaged, mainly by air pollution, since
the 1980’s, especially along the ridges (Koeji and
Suzuki, 1993 ; Maruta and Usui, 1997 ; Hirano, 1998 ;
Hosono et al ., 1994 ; Igawa, 1999 ; Igawa et al ., 1997,
1998). Fragmentation and isolation of beech popula-
tions due to rapid withering of mature beech trees
have also been taking place in the populations de-
veloped on the ridges near peaks and slopes with
steep valleys. We could expect a rapid loss of ge-
netic diversity within or among local populations,
just as was found in the fragmented and isolated
beech populations on the Toyama plain (Ohkawa et
al ., 1998), because effective gene flow among ma-
ture individuals will decline sharply due to the sud-
den death of mature trees within a patch population

or subpopulation.

4.2 Genetic differentiation within plots

The values of Fir for TOP, MID, ITA and OTA
were significantly positive (Tables 5 a-e). Impor-
tant factors that cause Fir to deviate greater than
zero are an indication of non-random mating, such
as inbreeding and assortative mating, parental in-
breeding, the Wahlund effect by population subdivi-
sion, homozygote preferring selection and random
genetic drift (Nei, 1987). Each significant positive
value of Fir might be due to; 1) random genetic
drift by loosing many individuals rapidly since the
1980’s in TOP due to air pollution, 2) further popu-
lation subdivisions based on topography in MID, 3)

inbreeding among a limited number of mature trees
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and limited gene flow from neighboring populations
by fragmentation and isolation in ITA and OTA, re-
spectively.

The values of Fis for size class 2—4 in MID and
class 0 and 2 in OTA were significantly positive
(Fig.6). These size classes must contain consider-
ably aged individuals because beech is long-lived,
often attaining ca. 250 years old. Previous research
on the beech forests on the Japan Sea side reports
that it takes ca. 90 years on an average for a beech
tree to reach 20 cm in DBH (size class 2 ranges 20—
40 cm) (Asano, 1983). Growth of the trees also de-
pends on the site-specific environment where each
individual is established. Taking into account the
significant positive values of Fis for size class 2—4, it
can be assumed that the plots MID and OTA have
been influenced by population subdivisions and
population fragmentation over a relatively long pe-

riod of time.

4.3 Genetic heterogeneity among size classes
and its conservation through regeneration of
beech forests

Beech populations are normally composed of ex-

ceedingly complex overlapping generations, which
have been maintained by past repeated reproduc-
tive events. Genetic components of mother trees di-
rectly affect the genetic substructuring of seedlings.
Such aspects have been shown in a series of our re-
cent demographic genetic analysis on the American
beech populations (Kitamura er al., 2000, 2001, and
unpubl. obs. and in prep.). In reproductive events
related to the mast-fruiting every several years, the
genetic components of mother trees may change by
the death of old individuals and by recruitment of
young individuals reaching the reproductive stage.
And it can also be assumed that environmental
changes may cause the levels of genetic heteroge-
neity among different generations. Significantly
positive Fsr among different size classes was ob-
served in MID (Table 5 b), indicating the presence
of genetic heterogeneity among different size
classes. Heterogeneity among size classes is due to
differences in allele frequency, including rare geno-

types with rare alleles in specific size classes (Figs.

5). The amount of genetic diversity revealed in the
present study, existing in each size class heteroge-
neously, indicates the total level of genetic diversity
included in the local beech populations on the Tan-
zawa Mountains.

Kitamura eral. (1997 a) reported that, based on
the number of unique MLG found in the seedling
populations, there is no doubt that newly borne
seedlings are contributing, by an increasing degree,
to the total genetic diversity of local populations.
Dense seedling covers are normally present in the
surroundings of specific mother trees, showing an
exceedingly high level of genetic heterogeneity in
the seedling stage.

In Tanzawa populations, the number of individu-
als in size class 0 were, however, exceedingly low
in TOP, MID and BOT (zero in 0. 25 ha, 0.27 ha™!
and 7.14 ha™!, respectively ), while those in ITA
and OTA were even lower (21.88 ha™' and 17.08
ha™', respectively), compared to the number of
seedlings and/or juveniles in previous studies (Shi-
mano and Okitsu, 1993, 1994 ; Maruta and Kamitani,
1996 ; Ninomiya, unpubl. data). Furthermore, as
noted previously, the number of mother trees has
been reducing rapidly due to air pollution since the
1980°s on the ridges near peaks. Even without air
pollution, however, old trees will eventually be
eliminated from the populations by natural death.
Furthermore, seedlings will not be able to establish
well in these plots due to the rapid decrease of
mother trees. Without inheritance of alleles specific
to the presently existing mother trees to the next
generations, the possibility is very high that these
rare alleles will disappear from certain populations
by genetic drift or stochastic events over the next
several decades.

The most important factors that affect regenera-
tion of a beech forest are supply of ample seeds and
the environmental conditions of the established site.
Most of the individuals in size class 0 in ITA and
OTA (25 and 14, respectively) were four years old
in 1998 and those in MID and BOT were younger
than seven years old in 1999 and 2000, when the
samplings were made, respectively. There was

mast-fruiting in 1993 in various places throughout
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Japan (Sato, 1999), including the Tanzawa Moun-
tains (Nakagawa eral., 1994).

It is well known that beech exhibits a typical
mast-flowering and fruiting, and makes a large
number of seed banks and seedlings, while many of
them cannot survive for more than 10 years within
dense dwarf bamboo thickets, mainly because of
light shortage on the forest floor (Maeda, 1988) .
And thus, regeneration of beech populations follows
gap dynamics (Nakashizuka, 1987 ; Yamamoto,
1989, Yamamoto and Nishimura, 1999). Mecha-
nisms and effects of synchronous death or shrink-
ing of dwarf bamboos, which are thought to be a
trigger for regeneration of beech stands, have been
focused on in recent studies on the relationships not
only with synchronous flowering every several dec-
ades, but also herbivory pressure by deer, freezing
temperatures and avalanches during the winter,
geomorphic disturbances, changes in behavior of
seed predaceous animals and interspecific competi-
tion after synchronous death of ecological conge-
ners, and so forth.

Regeneration dynamics have also been studied in
beech forests on the Pacific side. Shimano and
Okitsu (1993) reported that the density of juveniles
(less than two meters in height) was 345 ha™!
Mt. Mito in Okutama, Tokyo Prefecture, and this is
exceedingly low compared to that of beech forests
on the Japan Sea side. Shimano and Okitsu (1994)

further reported that the number of beech juveniles

on

(smaller than 10 cm in DBH) was very small in
beech forests on the Pacific side, including Mt.
Kanyudo, which is located in the west Tanzawa
Mountains (Fig.1), while on the Japan Sea side of
Honshu, the number of beech juveniles was higher
than that of other canopy tree species. They con-
cluded that other tree species would replace beech,
because they regenerate constantly with a large
number of juveniles, whereas beech has only a
small number of juveniles, although large-stemmed
beech trees may have remained in the forests at the
study sites on the Pacific side, but this is inexplica-
ble simply in terms of the predominant existence of
dwarf bamboos on the forest floor.

Censuses of beech seedling establishment were

also conducted in 1994 on Mt. Mikuniyama (Maruta
and Kamitani, 1996), which is located near the Tan-
zawa Mountains (Fig.1). It was concluded that
there are enough established seedlings (11 m~? in
November 1994) and no fatal disturbance factor ;
however, juveniles older than two years old might
not be able to survive because of the light shortage
on the forest floor despite the lack of dwarf bam-
boos. Maruta and Kamitani (1996) inferred from
their census and previous studies that fatal factors
for survival of beech seedlings are damage by ani-
mal and insect predation on the Pacific side,
whereas those on the Japan Sea side are damage
primarily by fungi. They also pointed out the neces-
sity of further studies in various types of beech for-
ests in relation to snowfall, dwarf bamboo and deer.

Mast-fruiting occurred in 1996, and censuses of
seedling and juvenile survival have been done over
the five years from 1997 in Dodaira, the east Tan-
zawa Mountains (Fig.1), where dwarf bamboo
thickets have also been reduced in cover over the
last couple of decades. There are two study sites in-
side and outside of a vegetation protection fence
against deer. The number of seedlings and juveniles
resulting from mast-fruiting in 1996 reduced from
17,405 ha™! in June 1997 to 4,030 ha™! in July 2001
(23.15% of survival) inside and 1, 308 ha™' in Octo-
ber 1998 to 48 ha™'in July 2001 (3.67% of survival
since October 1998) outside of the fence, respec-
tively (Ninomiya, unpubl. data). The extent of
seedling and juvenile deaths was explained as being
due to various causes : about 20 percent by insect
predation and 25 percent due to a delay or lack of
leaf development ; however, the true reasons for
most of the seedling deaths are not apparent at pre-
sent. Furthermore, feeding by deer was not ob-
served despite the fact that there is a considerable
difference in seedling and juvenile density between
inside and outside of the protection fence. It seems
that soil erosion also damages seedling and juvenile
establishment on slopes without vegetation (Ni-
nomiya, pers. comm.).

Small numbers of juveniles in MID and BOT,
where all of them occurred along the trail passes

where dwarf bamboos are sparse (Appendix Ic),
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might be due to the existence of dwarf bamboos, al-
though no individual in class 0 was found in TOP
despite the lack of dwarf bamboos. To conserve the
rare alleles specific to mature size classes through
regeneration, we need to detect and remove distur-
bance factors for the seedling and juvenile estab-
lishment in relation to complex environmental fac-
tors specific to each plot, such as dwarf bamboos,
desiccation, predation pressure by mammals and in-
sects, soil erosion, artificial disturbance, air pollution
and global warming, and to protect them until they
recruit the next reproductive individuals ; how-
ever, it takes at least 40—100 years for stabilization
of established individuals (Yonebayashi, 1996), al-
though we have to be careful not to introduce ex-
cessive manipulation against natural environmental
constraints.

It is also important to clarify how differences in
size class structure, i.e., according to the number of
seedlings and juveniles, affect the maintenance of
genetic diversity. There are two hypotheses: one is
that the present genetic diversities in each plot in
the west Tanzawa Mountains have been formed
through regeneration with a large number of seed-
lings and juveniles, although only a limited number
of seedlings and juveniles is present today. Another
is that those were originally formed through regen-
eration with a small number of seedlings and juve-
niles. To answer this question, we must await fur-
ther critical analyses.

For conservation of genetic diversity, spatial as
well as temporal heterogeneity must be maintained
within the local populations. Within these local
beech populations in the west Tanzawa Mountains,
there still occurs a rich spatial heterogeneity in ge-
netic diversities. Localization of genetic diversity
and patterns of spatial genetic differentiation will
be discussed in a following paper (Takenaka et al.,

in preparation).
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Appendix Ta. Study plot at the top of Mt. Hinokibo-
ramaru (TOP).

Appendix Ib. Study plot at the middle of the Higash-
isawa ridge (MID).

Appendix Ic. Study plot at the bottom of theHigashi-
sawa ridge (BOT).

Appendix Id. Study plot at the top of Itadorinoka-
shira (ITA).

¥

Y ad

Appendix Ie. Study plot at the top of Ohtananoka-
shira (OTA).



Demographic genetics of beech populations on Tanzawa Mts. I (TAKENAKA et al.)

AppendixII. Genotype frequencies for each plot.

Plot TOP MID BOT ITA OTA Plot TOP MID BOT ITA OTA
Number of individuals 39 195 40 138 84
locus genotype locus genotype
Aap2 ad - 0005 - - - Lap aa - - - - 0012
bd - 0005 0.025 - 0024 ab - 0005 - - -
cd - 0015 - 0007 - bb 0.385 0.139 0.225 0.212 0.268
dd 0.974 0.872 0.950 0.913 0.963 be 0.026 - 0.025 0029 -
de 0.026 0.097 0.025 0.080 0.012 bd 0.128 0.027 0.125 0.066 0.073
ee - 0005 - - - be 0.077 0.075 0.150 0.212 0.061
bf 0.026 0.021 - - 0012
Aatl aa - 0005 - - - cc - 0.075 0025 0.066 0.049
ac 0.103 0.072 0.175 0.022 0.061 cd - 0032 - 0015 -
be 0.128 0.010 0.025 - 0012 ce - 0064 - 0.044 0024
bd - - - - 0012 dd 0.205 0.096 0.150 0.051 0.244
be - - - - 0024 de - 0.112 0.125 0.029 0.085
cc 0.769 0.862 0.800 0.949 0.817 df - 0.021 - 0007 -
cd - 0.005 - 0.007 0.024 ee 0.154 0.257 0.150 0.263 0.171
ce - 0046 - 0.022 0.049 bid - 0032 - - -
Aat3 ac 0026 0.026 - 0029 -
ad - - - 0007 - Pgi ab - 0005 - - -
bb - 0.005 - - - ac - - 0.025 - -
be - 0.051 - 0.007 0.012 ad - 0.010 0.125 0.007 -
cc 0.821 0.769 0.475 0.920 0.915 bb - - - 0.007 0.012
cd - 0087 - 0.036 0.061 bd 0.205 0.062 0.050 0.101 0.183
ce 0.103 0005 0.025 - - be 0.026 - 0.025 0022 -
bf 0.026 0.010 - - -
Aco ab - - - 0014 - cd - - - 0007 -
bb 0.974 0974 1.000 0.971 1.000 dd 0.641 0.738 0.625 0.797 0.671
be 0026 0.026 - 0.007 - de 0.051 0.087 0.075 0.036 0.073
df 0.026 0.087 0.050 0.014 0.049
Amy2 cc 0.077 0.051 0.025 0.043 0.061 ee 0.026 - 0.025 0007 -
cd 0.051 0.010 - - -
ce 0.308 0.241 0.225 0.196 0.171
dd 0.051 - - 0014 - Pegm1 bb 1.000 0.933 0.975 1.000 0.976
de 0.077 0.026 0.050 0.051 0.049 be - 0010 - - -
ee 0.410 0.672 0.700 0.696 0.720 bd - 0026 0025 - -
cc - 0005 - - -
Dia bb - 0010 - - - dd - 0005 - - 0012
be 0.103 0.077 - 0.058 0.024
bd 0.051 0.005 - - -
cc 0.795 0.862 0.975 0.884 0.976 Pem2 aa - 0005 - - -
cd 0.051 0046 - 0043 - ac - 0026 - 0022 -
ce - - 0025 0014 - ae - - - 0007 -
bb - 0010 - - -
Fum aa 0.205 0.092 0.125 0.109 0.110 be - 0.021 - - -
ab 0.385 0.467 0.525 0.457 0.476 be - 0010 - - -
ac - 0005 0025 - - cc 0.692 0595 0.375 0.623 0.793
bb 0410 0.431 0.325 0.435 0415 cd - 0.041 - - 0012
be - 0005 - - - ce 0.282 0.195 0.625 0.312 0.183
dd 0.026 0005 - 0007 -
Idh aa - 0005 - 0022 - de - 0005 - - -
ab 0.179 0.174 0.275 0.167 0.110 ee - 0.087 - 0.029 0.012
bb 0.821 0.821 0.725 0.804 0.890
Aat3 ac 0.026 0026 - 0029 -
6pg ab 0.179 0.010 0.025 - 0.024 ad - - - 0007 -
bb 0.821 0.954 0.975 0.957 0.976 bb - 0005 - - -
be - 0036 - 0043 - be - 0.051 - 0.007 0.012
cc 0.821 0.769 0.475 0.920 0.915
cd - 0.087 - 0.036 0.061
ce 0.103 0.005 0.025 - -
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AppendixI. Allele frequencies for each plot.

Mt. Hinokiboramaru

Higashisawa ridge
Plot TOP MID BOT ITA OTA
Number of individuals 39 195 40 138 84
locus allele
Aap2 a - 0.003 - - -
b - 0.003 0.013 - 0.012
c - 0.008 - 0.004 -
d 0.987 0.933 0.975 0.957 0.982
e 0.013 0.054 0.013 0.040 0.006
Aatl a 0.051 0.041 0.088 0.011 0.030
b 0.064 0.005 0.013 - 0.024
c 0.885 0.928 0.900 0.975 0.890
d - 0.003 - 0.004 0.018
e - 0.023 - 0.011 0.037
Aat3 a 0.013 0.013 - 0.018 -
b - 0.031 - 0.004 0.006
c 0.885 0.854 0.488 0.957 0.951
d - 0.044 - 0.022 0.030
e 0.051 0.003 0.013 - -
Aco a - - - 0.007 -
b 0.987 0.987 1.000 0.982 1.000
c 0.013 0.013 - 0.004 -
Amy2 c 0.256 0.177 0.138 0.141 0.146
d 0.115 0.018 0.025 0.040 0.024
e 0.603 0.805 0.838 0.819 0.829
a - - - - -
Dia b 0.077 0.051 - 0.029 0.012
c 0.872 0.923 0.988 0.942 0.988
d 0.051 0.026 - 0.022 -
e - - 0.013 0.007 -
Fum a 0.397 0.328 0.400 0.337 0.348
b 0.603 0.667 0.588 0.663 0.652
c - 0.005 0.013 - -
Idh a 0.090 0.092 0.138 0.105 0.055
b 0.910 0.908 0.863 0.888 0.945
Lap a - 0.003 - - 0.012
b 0.513 0.195 0.375 0.365 0.341
c 0.013 0.121 0.038 0.112 0.061
d 0.269 0.185 0.275 0.108 0.323
e 0.192 0.385 0.288 0.408 0.256
f 0.013 0.072 - 0.007 0.006
Pgi a - 0.008 0.075 0.004 -
b 0.128 0.038 0.038 0.069 0.104
c - - 0.013 0.004 -
d 0.782 0.862 0.775 0.880 0.823
e 0.064 0.044 0.075 0.036 0.037
f 0.026 0.049 0.025 0.007 0.024
Pgm1 b 1.000 0.951 0.988 1.000 0.976
c - 0.010 - - -
d - 0.018 0.013 - 0.012
Pgm2 a - 0.018 - 0014 -
b - 0.026 - - -
c 0.833 0.736 0.688 0.790 0.890
d 0.026 0.028 - 0.007 0.006
e 0.141 0.192 0313 0.188 0.104
6pg a 0.090 0.005 0013 - 0012
b 0.910 0.977 0.988 0.978 0.988
c - 0.018 - 0.022 -
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Chemical Species in Aerosol at the Summit of Mt. Fuji
during July 5-12, 1999*'

Kentaro Murakamr™ *?, Hiroto Yonekura ™ **? Tetsuo Yosuikawa*?, Yukiko Dokrya™?,
Kazuhiko Havasur®, Yosuke Sawa ™, Yasuhito Icarasur** and Yukitomo TsuTtsumr™**

Atmospheric chemistry research campaigns lasting one or two weeks have been performed at Mt. Fuji
weather station (3776m a.s.l.) every summer since 1997. During these campaigns, aerosols, precipitation
and fog samples are collected. Chemical species in aerosol and precipitation samples are determined using
ionchromatography, low background y spectrometry, etc. Trace gases (CO, H., NOx, NOy, HCI, H:O. and
MHP) have been measured, as well as Os, which has been continuously observed since 1992 using a Dasibi
type UV spectrophotometer. This report focuses on the chemical species in aerosol collected using low vol-
ume air samplers every 4hours at the summit and at Tarobo (1300m a.s.l. on the ESE slope) during the 1999
campaign. The concentrations of SO/, NH," and NO; in aerosol at the summit were lower than those at
Tarobo and other sites at lower elevations. The temporal changes of their concentrations at the summit ap-
peared to be generally independent from those at Tarobo. However, during periods of very low wind speed,
the concentration of SO,*” at the summit was relatively high. This corresponded with similar high concentra-
tions at Tarobo, thus some uplift of polluted air mass from a lower elevation was also suspected as a source
of the high SO/ in the aerosol of the summit. In addition, the concentration of SO.*” in the aerosol, as well as
the concentration of ozone at the summit, was high when continental air was passing the summit and low

when marine air was passing.

The summit of Mt. Fuji (3776m asl.) is thought

to be in the free troposphere most of the time

1. Introduction

throughout the year due to its shape (Tsutsumi et
al ., 1994) . In addition, electricity, shelter and other

utilities for field observation are available at the Mt.

Free troposphere, involving 70% of the global air
in weight, is still one of the frontiers of atmospheric
chemistry. Because the free troposphere is very dif-
ficult to approach, most sample collection is per- Fuji weather station at the summit.

formed by airplane observations. Therefore, sam- The collection of samples at such a place involves

pling has been limited to comparatively favorable
meteorological conditions when airplanes can fly.
Mountains higher than 3000m are other candidates
for sampling free troposphere sites. However, the
accompanying boundary layers, even though small,

should be considered in selecting sampling sites.

overcoming many difficulties, including high wind
speed which causes precipitation to come from
every direction, not only from the upper side, as
well as frequent thunder. Since 1990, some of the
authors have collected precipitation samples at the
summit (Dokiya et al., 1993, Maruta et al., 1993) and
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aerosol samples (Tsuboi ef al ., 1994, Sekino et al .,
1997). In these reports, the concentrations of chemi-
cal species in precipitation and aerosol at the sum-
mit were generally very low in comparison with
those obtained at a lower elevation. Tsutsumi ez al.
(1994) has been measuring ozone concentrations
since 1992.

Based on this preliminary work, summer re-
search campaigns lasting from 10 days to 2 weeks
of intensive observation were begun in 1997 (Tsu-
tsumi et al., 1998 and 2000, Dokiya et al ., 1999 and
2001, Hayashi er al., 2001). During the 1999 cam-
paign, the observation period was again carried out
during early summer, the late Baiu season, in order
to confirm the 1998 results when no clear termina-
tion of the Baiu season had been seen. (The Baiu
season is Japan's rainy season, occurring every June
and July throughout the Japanese islands excluding
Hokkaido. It is caused by and influenced by the
strength and relative balance of the Okhotsk high
and North Pacific high air pressures.) In addition,
an on-site determination of peroxides using liquid
chromatography was performed to obtain the first
continuous observation data on H:0. and MHP in

the free troposphere anywhere in East Asia. Com-

paratively higher concentrations of these hydroper-
oxides, as compared with other mountainous areas
such as Nikko, were found with unique diurnal con-
centration changes, the details of which are re-
ported elsewhere (Yonekura et al., personal com-

munication).
2. Experimental

The 99 summer campaign on atmospheric chem-
istry at the summit of Mt Fuji was performed dur-
ing July 5-12, 1999 ; late Baiu season. An outline of
campaigns is summarized in Table 1. Aerosols and
gas samples are introduced through inlets of long
Teflon tubes set on the roof of a cottage attached to
the weather station. Exceptions are the high vol-
ume air sampler, the precipitation sampler and the
fog sampler. Sampling operations are conducted in
the room underneath.

Aerosol samples, precipitation, and fog were also
collected at the Tarobo refuge hut in the same man-
ner, as well as continuous determination of surface
ozone using UV spectrometry. The hut, built at
1300m a.s.l. on the ESE slope, belongs to the Mt.
Fuji weather station.

The detailed collection methods and analytical

Table 1. Outline of Mt. Fuji Summer Campaign ’99

Methods and

sampling Analytical methods and
species analysed

GC, CO and H:
LC, H20z2 and MHP

Ionchromatography,
S04?,Cl',NOs,NH4*,Na*,
Ca2+ Mg2+ K+

intervals

Summit

Gases

3 UV spectrometer, continuous  Os

CO GC, continuous

Peroxides Mist chamber, 4 hours

Aerosol

Bulk Low volume air sampler, 4
hours

Be-7

High volume air sampler, 4

hours

Size distribution

Low background gamma
spectrometry, Be-7
Ionchromatography,
S04%,Cl',NOs’,NH4* Na*,
Ca2+,Mg2+,K+

optical particle counter

Individual a handmade impacter EDX, Si, S, K, Ca
Precipitation plastic sampler, one day Ionchromatography,
S042,Cl',NOs ,NH4* Na*,
Fog passive sampler(Usui Co) Ca?* Mg?t K+
Gas UV spectrometer, continuous
03
Aerosols Low volume air sampler, 4 Ionchromatography,
Bulk hours : S5042,C1',NOs ,NH4*,Na*,

Precipitation plastic sampler,

one day

Caz*‘,Mg?*,K*

Fog hand made passive sampler
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procedures are as follows : Aerosol (1) Aerosol was
collected on a Nuclepore filter, at 12 1/min with a
low volume air sampler, changing filters every 4
hours. The filters were kept in cold storage and
brought back to the laboratory where they were
soaked in distilled water for extraction and used for
ionchromatography. (2) Aerosol was collected on a
quartz fiber filter with a high volume air sampler at
1000 1/min, changing filters every 4hours. The fil-
ters were packed in a small plastic container for the
determination of “Be using low background gamma
spectrometry.

Trace Gas : Concentrations of surface ozone were

measured continuously using UV spectrometry.
3. Results and Discussion

3.1 Meteorological conditions during the cam-

paign
The meteorological conditions (temperature, so-
lar radiataion, humidity, wind speed and wind direc-
tion) at the summit of Mt. Fuji during the campaign
(July 6-11) are shown in Fig.1 a, b, ¢, d and e. Even

57

though the Baiu front stayed around the Japanese
islands during the campaign, not much rain oc-
curred except for the first half day and the last two
days. A cold air mass from the northwest passed
the summit, resulting in a light snow on July 6.
From July 7, the wind direction was northeast and
wind speed was 2-8m/s, resulting in relatively calm
conditions at the summit. These conditions contin-
ued up until late morning of July 10, when wind
speed became very low and the air mass apparently
changed to that from the Pacific Ocean. It was later
announced that the Baiu season of this year ended
on July 23. However, the weather condition was
generally fine, presumably because of the strong
Okhotsk high, with some occasional cyclonic condi-
tions affecting the summit.

3.2 Concentrations of chemical species in the

aerosol at the summit and Tarobo

Concentrations of chemical species at the summit
of Mt. Fuji are known to be generally very low com-
pared with those obtained at lower elevations
(Tsuboi et al., 1994, Sekino et al., 1997) . During this
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10 ’
s
0
5L
b) o7 ; ! Solar radiation ; ;
e
22 J\_\ -/
0 i j j i
c) 100  Relative humidity
gs0f ' ‘
0 1 1 i 1
d) 12 -
2 8t
g,
0
e ) 360 - EA : + . Lo+ + , - + o+ .
H i H H ++ i
270 - LY #+ | Wind direction | o
Sigo | i i * ;
90 i *y + + : + mi*ﬂ fragres
0 *4‘_.+'§+++W++# + HHTP“ HW++§“++ ++H+TVM+H+W++W+¢+(_ ++'H’H+*+ =+ i - o+ +
(=3 (=3 <
S = S = 3 S = S =4 8
1999 7/6 77 778 79 7/10 7/11

Fig.1. Meteorological conditions at the summit of Mt. Fuji (July 611,
1999) ; a. temperature, b. solar radiation, c. relative humidity, d. wind

speed and e. wind direction
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Table 2. Mean concentrations of chemical
species in aerosol at Mt. Fuji

concentration aerosol
neq/m’ so,”  NH, NOy”
Summit
July, 1999 5.3 9.3 5.3
Tuly, 1998 3.7 10.9 1.6
Aug, 1997 4.4 55 0.14
Tarobo
July, 1999 252 438 102
July, 1998 - - -
Aug, 1997 405 42.1 0.67
Fuchu* 1282  256.1 163.2
FM Tama Hills* 136.1 - 53.2

* Matsumoto & Ogura, 1992

campaign, a comparison was made between the
aerosols collected simultaneously at the summit and
at Tarobo. Mean concentrations of chemical species
in this campaign period are summarized in Table 2
and Fig.2. Mean concentrations obtained during the
1997 and 1998 summer campaigns are also shown in
the figure, as well as those at Fuchu and Field Mu-
seum Tama Hills (F. M. Tama Hills) for examples
of lower elevations. These sites are located in sub-
urbs within the Tokyo Metropolitan area where
some of the authors maintain study fields (Matsu-
moto and Ogura, 1992). The broken line shows the
concentration ranges of these species obtained in
the free troposphere of the European Alps (Fuzzi
and Wagenbach, 1997).

As shown in the figures, the concentrations of sul-
fate, nitrate and ammonium ions in the aerosol col-
lected at the summit of Mt. Fuji were very low com-
pared with those obtained at Tarobo, Fuchu, and F.
M. Tama Hills, Hachioji. They also are within the
concentration ranges of these species in aerosols ob-
tained in the European Alps (Fuzzi, S. and Wagen-
bach, 1997). Vertical distribution of particulate sul-
fate in atmosphere over the continents obtained by
airplane observations are shown in a textbook
(Warneck, 1988) with values of 0. 1~1 ugS/m 3 at
2000~3000 m, which is also within a concentration
range similar to the European Alps.

This data indicates that concentrations of these
chemical species were very low at the summit of

Mt. Fuji, which can be considered as representative

neq/m3

300 NH,

neg/m’

neq/m3

*
0 o ]
& & ¢ & & 4 =
i A = = ° 2 s*=
2 ) s £ s
o <] 2 g
3 S &~
/7] = 7] w2 =

Fig.2. Mean concentration of SO, NH," and NO; at
the summit and Tarobo of Mt. Fuji; a. SO/, b.
NH,1+, C. NO{

* Matsumoto & Ogura, 1992

------ concentration range in the free troposphrer
of the European Alps (Fuzzi & Wagenbach,
1997)

of these chemical species in the free troposphere.
3.3 Concentration changes of sulfate, ammo-
nium and nitrate in the aerosol at the summit
of Mt. Fuji, in comparison with those at Tar-
obo.
The results for concentrations of sulfate, ammo-
nium and nitrate in the aerosol samples of every 4

hours are plotted in Fig.3, a (summit) and b (Tar-
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Fig.3. Concentrations of SO/, NH," and NO;, at the
summit and Tarobo of Mt. Fuji; a. Summit, b
Tarobo

obo) . Periodical concentration changes of sulfate
and ammonium ions showed fairly similar trends at
each sampling site, except for the first day (July
6) at the summit, but these trends are not similar
for the two sampling sites. The concentration of ni-
trate was very low and almost constant at the sum-
mit except for the first day. However, at Tarobo,
the concentration of nitrate was higher and showed
a similar concentration trend as sulfate and ammo-
nium ions.

When the concentration changes of sulfate and
ammonium ions at both sampling sites are com-
pared in detail, the high concentration peak of these
species around noon on July 7 and July 10 at the
summit coincided with their peaks at Tarobo. They
also coincided with the weak wind speed at the
summit , indicating a possibility of an event
whereby polluted air from a lower elevation was
lifted up by the valley wind. However, concentra-
tion data from other sampling sites of lower eleva-
tion at different directions would be needed for
more detailed analysis.

3.4 Ozone concentration at the summit and

Tarobo

Surface ozone concentration at the summit is
known to be a good index of air mass inventory
(Tsutsumi et al., 1994 and 1998). The concentra-
tions of surface ozone at the summit and Tarobo
during the campaign are shown in Figs.4 a (sum-
mit) and b (Tarobo). It is apparent that the con-

a) 80
Summit
60 ——
>
£ 40 /
20
0
b) 8o
Tarobo

1999  7/6 71 7/8 719 7/10 711

Fig.4. Concentration of surface ozone at the summit
and at Tarobo of Mt. Fuji; a. Summit, b. Tarobo

centration of ozone at the summit was higher than
that at Tarobo throughout the observation period,
corroborated by former observations (Tsutsumi et
al ., 1998) . No typical diurnal pattern, high in day-
time with a maximum peak in afternoon and low at
night, is seen at the summit or even at Tarobo dur-
ing July 9 to11.

The concentration of ozone at the summit was
around 20 ppbv on July 5 (data on July 5 are not
shown in the figure). It gradually increased to 40
ppbv around noon on July 6, but then no data was
obtained until noon on July 7 due to instrumental
trouble. In the afternoon of July 7, when the humid-
ity decreased and the wind direction shifted to
northeast, the concentration of ozone increased to
80 ppbv during early morning on July 8. After that,
it decreased to 40—50 ppbv and was constant one
and a half days, then increased to 60—70 ppbv dur-
ing the night of July 9. This higher concentration
continued until the night of July 10 when it sud-
denly decreased with the entrance of a wet air
mass, after which it was as low as 20 ppbv on July
11. As previously reported, background concentra-
tion of ozone at the summit was estimated to be
around 50 ppbv from the specific relation with "Be,

a cosmogenic radio-isotope (Tsutsumi ez al., 1998).
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Therefore, the higher concentration of ozone ob-
served during early morning on July 8 and July 10
are thought to be caused from an air mass of high
ozone concentration over the Continent, and the
lower concentration on the last day of the observa-
tion due to a marine air mass.

Since the concentration of surface ozone is gener-
ally high at the summit, oxidative chemical reac-
tions might be expected. However, concentration
changes of chemical species in the aerosols and
trace gases such as H,O, appeared to be more un-
der the influence of the movement of air masses
than the chemical reactions on site because of high
wind speed, low temperature and low pollutant con-
centrations (Yonekura, personal communication).

On the other hand, at Tarobo, the concentration
of surface ozone was around 20 ppbv during the
night of July 6, increased to 50 ppbv in the after-
noon of July 7, decreased to around 20 ppbv in the
early morning on July 8, then increased to 60 ppbv
followed by a decrease to 20 ppbv with no further

increases afterward. It decreased to as low as 10

ppbv in the early morning of July 11. The reason for
these high ozone concentrations at Tarobo has not
been clarified yet, however, some transport of pol-
luted air mass from the Tomei highway and/or
Gotenba City 30 km downwards is suspected. In
any case, it was apparent that the major air masses
at Tarobo were different from those at the summit.

3.5 Back trajectory analysis

Isentropic backward trajectory analysis was con-
ducted using global P level analysis data provided
by Japan Meteorological Agency (JMA). The pro-
cedure for calculation was the same as that re-
ported by Tsutsumi e al. (2000). As illustrated in
Fig.5, the air mass at the summit of Mt. Fuji came
mostly from the northwest and northeast, in other
words, from the Asian Continent during July 7-10.
At midnight on July 10, a marine air mass from the
south entered, coinciding with the decrease in O;
concentration.

When the marine air mass reached the summit,
the concentrations of sulfate and ammonium ions in

the aerosol at the summit decreased. Even at Tar-
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Fig.5. Backward trajectories at the summit of Mt. Fuji (4 days backward), start-
ing point is 1:9:00 JST, July 5, 1999, 2:15 : 00, July 5, 3:21:00, July 5, 4:3:
00, July 6,5:9:00, July 6,6:15:00, July 6, 7:21:00, July 6,8:3:00, July 7, 9:9:
00, July 7,10:15:00, July 7,11:21:00, July 7, 12:3:00, July 8, 13:9:00, July 8,
14:15:00, July 8,15:21:00, July 8,16:3:00, July 9, 17:9:00, July 9, 18:15:00,
July 9,19:21:00, July 9, 20:3:00, July 10, 21:9:00, July 10, 22:15:00, July 10,
23:21:00, July 10, 24:3:00, July 11, 25:9:00, July 11, 26:15:00, July 11, 27:

21:00, July 11.
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obo, the concentrations of these species and the sur-
face ozone lessened at the same time, presumably

showing a large scale influence of marine air mass.
4. Conclusion

Intensive observations of atmospheric chemistry
at the summit and Tarobo were performed during
July 6-11, 1999 (Summer campaign ’99), a late
Baiu season. The concentrations of chemical species
in aerosol were measured every 4 hours at the two
sampling sites for one week. From the data analy-
ses with meteorological conditions and other sam-
ples such as ozone, the following points can be sum-
marized as the characteristics of Mt. Fuji aerosol.

1. The concentrations of sulfate, ammonium and
nitrate were much lower at the summit than at
Tarobo and other sites of lower elevation.

2. The concentrations of sulfate and ammonium
showed similar temporal change at both sites
but that of nitrate did not at the summit.

3. The concentration of surface ozone at the sum-
mit, which showed a clear reverse correlation
with relative humidity, has been supposed to be
a good index of the movement of air mass.
When the ozone concentration was high, the
summit was generally within the influence of
Continental air.

The summit of Mt. Fuji is mostly in free tropo-
sphere throughout the year, which will provide in-
formation on long range transport of chemical spe-
cies. It has proved to be a very promising site for
the continuous observation of air chemistry of the
free troposphere. However, these observations are
limited to the summer season at present due to se-
vere meteorological conditions at other times of the
year. More information on other seasons is neces-

sary for future studies.
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Acetylation and Liquefaction of Miscanthus sinensis ™'

Kiyoharu Fukupa*? Kazuko Konpou™*?, Masahiro OuMr** and Hiroshi ToMINAGA **

Wood is liquefied by a reaction with phenol under high temperature and high pressure. This method of

liquefaction was applied to Miscanthus sinensis to develop a new use for it. However, Miscanthus sinensis was

more difficult liquefy than wood, so acetylated Miscanthus sinensis was used as a sample for liquefaction. The

degree of liquefaction increased with increasing degree of acetylation. As an application of this study, foam

was prepared from the liquefied Miscanthus sinensis.

keywords : Miscanthus sinensis, liquefaction, acetylation
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Table 1. Allocation of experimental factors in the L 8

orthogonal table
No. Reaction Ratio® Reaction Moisture Liquefacient
Temperature Time  content reagent
() (hr) (%)
1, 9 100 1:5 1 0 Phenol
2,10 100 1:10 2 20 1, 4 -Dioxan
3,11 150 1:5 1 20 1, 4-Dioxan
4,12 150 1:10 2 Phenol
5,13 200 1:5 2 1, 4 —Dioxan
6,14 200 1:10 1 20 Phenol
7,15 230 1:5 2 20 Phenol
8,16 230 1:10 1 0 1, 4 -Dioxan

* Ratio of mass of M. sinensis to liquefacient reagent
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Fig. 1. X-ray diffractograms of M. sinensis before (A)
and after (B) the finely grinding with a ball mill.
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Table 2. Analysis of variance concerning the effect of
various experimental factors on the rate of

liquefacient

Factor S.S. d. f. m.s. F
Temperature 278.21 3 92.74 71.34%*
Time 60.41 1 60.41 46.47%*
Ratio @ 48.06 1 48.06  36.99**

Moisture content 0.13 1 0.13 0.1

Liquefacient reagent 0 1 0
Error 9.13 7 1.3
Total 395.9 14

a) see Table 1
** statistically significant at the 99% level
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Fig. 2. Relationship between the ratio of liquefaction of

M. sinensis and various experimental conditions.
*see Table 1.
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Fig. 3. IR spectra of M.sinensis before (A) and after (B)
acetylation.
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Fig. 4. Relationship between the degree of acetylation
and the ratio of liquefaction
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Fig.5. Foam prepared from the liquefied sample
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HEBRLRF 74—V FIa—Y 724 (FM) 128133
BIAREBRI O (1990 - 2001)

e B

Trees observed in University Forests of TUAT in 1990 and in 2001 *'
Shigeru KuwABARA **

Trees in University Forests of TUAT were investigated in 1990 and in 2001 to determine if they were
ready for the collection and the conservation of forest gene resources. A table including all tree species and
their populations (nil, a few or many) was made, and 295 types of trees (247 species, 5 subspecies, 34 variety
and 9 forma) were recorded.

keywords : tree species, subspecies, variety, forma, fauna
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F1. BIRHSREERE (19902001, 0 4 - =% - + %5
TA—=IVFIa—TTA
¥4 Mm% R FoA O ERID B
[SPERMATOPHYTA #&FHE#]
[GYMNOSPERMAE #R-F#E#]
Pinaceae <V
Abies firma 3 ot ot ot Aot
A. homolepis 7T HUES +—>+ +—-+ 00 +—+
Larix kaempferi H T +>4+ 4+—>+ =0 +—+
Picea torano N E R +—>+ (—>x (0—>(0) =—=
Pinus densiflora TR +—>+ +o+ +o+ o+
Tsuga sieboldii I + >+ +o+ 0—=0 +—+
Taxodiaceae A FRE
Cryptomeria japonica AF +—>+ +—+ ++ ++
C. japonica f. caespitoca ALVAF +—=0 x=—=0 0—0 0—0
Cupressaceae v *E
Chamaecyparis obtusa | +oat tot Fot >t
C. pisifera VA +>+ ++ o+ ()
Cephalotaxaceae £ X HYF
Cephalotaxus harringtonia . et =0 0—0 +—+ =—+
Taxaceae £ F 4K}
Torreya nucifera X +t—=0 0—0 =—0 0—0
[ANGIOSPERMAE #FH&#]
[DICOTYLEDONEAE X FEAE#]
[CHOLIPETALAE B57E5E]
Juglandaceae 7V I E
Juglans mandshurica var. sachalinensis F =73 +o+ +o+ +o+ o+
Pterocarya rhoifolia WRVE/ADIZN 0—+0 +—+ 0—0 +—+
Salicaceae v ¥R
Populus sieboldii Y<F+rI v +—>(0) 0=+ +—00 +—o=+
Salix bakko Ny avx ;¥ t—>+ +—2+ =0 +—+
S. chaenomeloides TNV TFYFF 0—=0 0—0 =—0 0—0
S. gracilistyla FAXYFF +—=>0 0—0 +—+ 0—0
S. integra 4 2a3)x¥FF +=0 +—+ +—=0 +—0
S. kinuyanagi FXYFF 00 0—0 =—0 0—0
S. sachalinensis * ) ITXFF +>0 4>+ 00 +—0
S. serissaefolia ITXAYFF 0—0 =*=—0 0—0 0—0
S. shiraii VIALNFFE 0—-0 0—0 0—0 +—=
S. subfragilis FFXFF 0—-0 0—0 =—0 0—0
S. vulpina FYAYFF +—>0 *=—>0 0—0 0—0
Betulaceae VAVt
Alnus firma Yoy 7Y +>+ +—-+ 0>+ +—+
A. hirsuta XN ) F +ot o+ (>0 +—+
A. japonica NV F 0—=0 0—0 +—+ 0—0
Betula ermanii Yl UoN t—a+ +—2+ (0—-0 +—+
B. grossa ER/AVIS VAR +o4+ +—2+ 0—0 +—+
B. maximowicziana T F A H N +—=+ +—=+ =0 +—+
B. platyphylla var. japonica VT N +—>+ +—=+ (=0 +—+
B. schmidtii F ) F VI U +o4+ +o+ o+ + 4
Carpinus cordata YN +—=+ +—>+ (=0 +—+
C. japonica VA aal +—=+ +—=+ +oE +—t
C. laxiflora THIYT +—>+ +o+ +o+ o+
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i) Tl % TA4=NVFIa—=YTA
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C. tschonoskii A X5 Yt 4+t 4t 4+

Corylus sieboldiana VAV ZAR Lt 4+t 4t 4t

Ostrya japonica Ty 0—+0 0—0 0—0 +—+
Fagaceae 7+ F

Castanea crenata Z71) + o+ ot ot o+

Castanopsis siebojdii ATTA 0—0 0—0 +—+ 0—0

C. cuspidata f. lanceolata RINAYIA 0—=0 0—0 +—=* 0—0

Fagus crenata 7% +—>(0) +—+ 00 +—+

F. japonica 4 X7F +>+ +—o+ +—>(0 +—+

Quercus acutissima 7 XF 0—+0 0—-0 +—=+ 0—0

0. glauca TIhY 0—-0 0—0 +—+ 0—0

Q. mongolica ssp. crispula IAFT t—=+ +—=>+ 020 +-—->+

Q. myrsinifolia YIHhY 0—0 0—0 +—+ 0—0

Q. salicina vZvuany 0—0 0—0 +—+ 0—0

Q. serrata at g +o+ o+ o+ ot
Ulmaceae =L #

Celtis jessoensis VT ) ¥ +—>(0) =0 0—0 ==—0

C. sinensis var. japonica T/ ¥ 0—+0 0—0 =*=—+ (0—=*

Ulmus davidiana var. japonica VAY) 2= +—a>+ (0 ==—=0 0—0

U. laciniata treav 0—0 +—+ 0—0 =—0

Zelkova serrata X +—=+ +ot +ot + o+
Moraceae 7 R

Broussonetia kazinoki exXawy +o>+t +o(0) +—o+ +o+

Ficus nipponica L 5EHh AT 0—+0 0—0 +—+ 0—0

Morus bombycis <77 +—=+ +o+ o+ o
Urticaceae 145 7 YF

Boehmeria spicata ar7hy +—>() 4+ +—0 +o=+
Santalaceae Yy 2z ¥ Uk

Buckleya lanceolata VA/SAYS +>0 4+—20 0—0 +—=
Loranthaceae RENIE Y S8

Viscum album var. coloratum Y RYF ++ ++ o+ o+
Magnoliaceae Er L UF

Magnolia obovata RF 7 F ot tot Fat >t
Schisandraceae < 7R

Schisandra repanda <7 +o+ +o+ +o+ +o+
Lauraceae VOVEY:"

Lindera glauca <INy +—>0 0—0 =*—+ +—

L. obtusiloba 5 avoNA +—>+ +—+ +—+  F++

L. praecox TTIFx v +—+ +ot+ to ot

L. sericea var. glabrata I~ uEY +—=0) =0 0—0 =*—0

L. umbellata Va2l +—=+ +—>4+ 00 +—+

L. umbellata var. membranacea FTANNruxry +>0) =0 0—=0 =—0

Machilus thunbergii y7 7% 0—0 0—0 *=—0 0—0

Neolitsea sericea PAE A +—=0 0—0 +—+ 0—0
Trochodendraceae Y= 7 V<

Trochodendron aralioides f. longifolium FANI XTI 0—+0 ==+ (0—0 =*—=
Eupteleaceae AR S

Euptelea polyandra THHT T o+t £t
Cercidiphyllaceae A

Cercidiphyllum japonicum VA4 ++ 4+o+ (>0 +—+
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Ranunculaceae * VR IR
Clematis apiifolia ENE AV )Y +—=+ +—=+ +ox ot
C. apiifolia var. biternata aKRy A ) +—=+ +—o+ +—ox >+
C. japonica NV a™w A +>4+ 4>+ 0—0 +—+
C. stans VAR AV +—+ +—-+ 0—=0 +—+
C. terniflora tr=vvy o+ At Aot ot
Berberidaceae X FE
Berberis thunbergii A ¥ +o4+ +o+ >+ +—+
Lardizabalaceae 77 R
Akebia quinata 7Y +—ox +o+ +ox o
A. trifoliata IUNTITE +o+ +—o+ o+ Aot
Menispermaceae 57 IR
Cocculus orbiculatus THFIITTY +at ot ot st
Actinidiaceae <% % CE
Actinidia arguta 1% a4 +o+ 4+o+ >+ o+
A. polygama LA fo+ A+t 00
Theaceae Y NEFE
Camellia japonica R EAVIAE S +—>0 0—0 +—+ 0—0
Eurya japonica =R 0—+0 0—0 +—+ 0—0
Stewartia pseudo—camellia FINF +—=+ +—=+ +o+ +o+
Hamamelidaceae < Y7 F
Hamamelis japonica B4 +—=+ +o4+ +—o+ +o+
Saxifragaceae 2% Ty R
Deutzia crenata yAES ot ot ot ot
D. crenata f. candidissima TuUNnNFYIZIYF +—>0) 0—0 +—* 0—0
D. gracilis | RyAVE S +>+ +—o+ +o+ +—+
D. scabra SOIZAVAAS 0—-0 0—0 0—0 +—+
D. uniflora IS SAVE 3 0—+0 0—0 0—0 +—+
Hydrangea hirta a7 I A +—=+ o+ o+ A+t
H. involucrata y 7 I A ot ot ot o+
H. paniculata VAR AAS +—+ +—t+ +o ettt
H. petiolaris IYNT THA 0—-0 +—=0 0—0 +—+
H. scandens A 0—-0 0—0 0—0 +—+
H. serrata =7 IVHA +>+ +—o+ +o+ +—+
Philadelphus satsumi INA B F +50 4+—>+ 020 +—+
Ribes sinanense A7) 0—+0 0—0 0—0 =—=
Schizophragma hydrangeoides A ITHT 3 +—o+ 44+ =t +o+
Rosaceae INT R}
Chaenomeles japonica Ve 0—+0 0—0 ==—x 0—0
Kerria japonica Y=7F +o4+ +o+ o+ A4
Malus toringo Z3 ot ot >t >t
M. toringe var. zumi FF X3 +—*x (0—=0 0—0 +—+
Pourthiae villosa var. laevis A=A +—>4+ +—o4+ +o+ +o+
Prunus apetala Far IV r S +o+ 4+t (>0 +—=+
P. buergeriana 4 X7 5 0—-0 +—+ +—>+ +—>+
P. grayana AV A T e I
P. jamasakura Y%7 t—t+ ot S+ttt
P. maximowiczii Nl 0—+0 0—0 0—0 +—=
P. pendula {. ascendens IR~ 0—=0 0—0 0—0 +—+
P. verecunda AAINT T +—=+ +—-+ 0—0 +—+
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Pyrus pyrifolia Y<Fv +—>() x>0 *=—0 *=—0
Rosa luciae TAIAINT +—>0 0—0 +—=* 0—0
R. multiflora I ANT +=+ +—>+ o+ ot
Rubus crataegifolius Vardiiv =1 +—=+ +o+ +—ot  + >+
R. hirsutus Vv ival=) 0—=0 0—=0 0—0 +—+
R. illecebrosus INTG A FT 0—=0 0—0 +—+ 0—0
R. mesogaeus raAfF3 +—>(0) +—0 0—0 0—0
R. microphyllus — A FT +—>+ +—+ ++ ++
R. palmatus var. coptophyllus EITVAFTT +o+ +o4+ +o+ + o+
R. parvifolius FovuaALFa +o+ +—>+ ot ot
R. phoenicolasius IVHIAFT +=>+ +—=+ 0—=0 +—-+
Sorbus alnifolia TAXFT +—>+ +o+ Fot  + o+
S. alnifolia var. submollis FIVETAFF Y +—=+ 0—0 0—0 0—0
S. commixta FTFA<EK +t—=0 =0 0—0 0—0
S. commixta var. rufo—ferruginea NS FHT R 0—+0 0—0 0—0 =+=—+
S. gracilis FrRIFFAFER +=20 +—+ 00 +—+
S. japonica v7yu/) ¥ e i
Spiraea japonica VEVS +50 +—o*+ ot ot
S. nipponica ATTEDT 0—-0 0—0 0—0 +—=
Stephanandra incisa aTA 7Y F +—=+ +o+ +—=+ +—+
Leguminosae ~ A%}
Albizia julibrissin NS +a>t +ot Fat 4t
Caesalpinia decapetala var. japonica TV ANT 0—=0 0—0 +—+ 0—0
Cladrastis platycarpa A 0—=0 +—+ 0—0 0—0
C. sikokiana 2 ¥ 0—-0 0—0 0—0 +—>+
Indigofera pseudotinctoria a<y ¥ +—=(0) 0—0 ==—* 0—0
Lespedeza bicolor T NF +5(0 4+—o+ +o+ +o+
L. buergeri FNF +—=+ +—=0 +—+ +—+
L. crytobotrya SQ.ZaYA% +>+ 0>+ 00—+ 00—z
L. homoloba V7 UNFE +—=+ +—o+ +—o+ o+
Maackia amurensis SSp. buergeri A XLV a +—=+ +—=+ 0—0 0—0
Pueraria lobata 7 R ot 4+t 4ot 4+
Wisteria floribunda 7 ot tot Fat >t
Euphorbiaceae b ¥ A TR
Mallotus japonicus ThHAH T 0—0 0—0 +—+ +-—+
Sapium japonicum I F +>+ 00 +—+ +—o+
Rutaceae IR
Orixa japonica a9 ) 4ot 4t
Phellodendron amurense I ot et 4t 4+t
Skimmia japonica NSV TN 0—+0 0—0 +—+ 0—0
Zanthoxylum ailanthoides HIAF v ay +t—=(0 00—+ =0 =*=—0
Z. piperitum Hriav +o+ +—=+ o+ 4
Z. piperitum f. brevispinosum Y=7H%75%¥ gy +—-+ +—-+x 0—0 00—
Z. schinifolium A XFrvay +—=0 +—=0 +—-+ +—+
Simaroubaceae = FF}
Picrasma quassioides —HhF 0—0 0—0 0—0 +—+
Anacardiaceae A7
Rhus ambigua VE AN +>0 +—0 0—0 +—+
R. javanica X7 +o+ o+ o+ ot

R. trichocarpa Y~y o>t +ot Fat >t



FRETRZ FM IZBIT A BAREFIRD (FE) 73
i) Tl % TA4=NVFIa—=YTA
e m % R FoAR O ERILD B
Aceraceae 71 TR}
Acer argutum VA WNAY +—=(0) +—+ 0—0 ==—0
A. capillipes RY I H T 0—-0 0—0 0—0 =—0
A. carpinifolium F Y F +—o+ +>+ +>(0 +—o+
A. cissifolium IVFHILF +o+ o+ 00 o+
A. crataegifolium v HhF +—=+ +o+ +—o+  + >+
A. diabolicum HhIHITT +—>0 +—>4+ 0—0 +—o+
A. distylum |SRNVIAY /) +20 +—+ 00 +—+
A. japonicum NG F T HITT +—>+ +—->+ 0—0 +—+
A. micranthum b R N e +—=0 +—-+ 0—0 +—+
A. nikoense AT F +—=+ +—-+ 00 +—+
A. palmatum fOaNnNEIY +—-+ +o+ o+
A. palmatum var. amoenum TEAFEIY +>+ 4o+ +o+ ++
A. palmatum var. matumurae Y<EIY +—a>+ +—o+ o>+ F+—o+
A. pictum ssp. marmoratum f. connivens ULy Ay HIT +—=+ +—=+ +—-0 +—+
A. pictum SSp. marmoratum IyaAghILT 0—+ 00—+ +—>+ 00—+
A. pictum sSp. ambiguum F=A%x +o+ +o+ +o(0 F—+
A. rufinerve YN LT +—2+ +—o+ +o+ +o+
A. shirasawanum FFATXRXAL T 0—0 0—x 0—0 =—=
A. sieboldianum LIXAALTY +>4+ 424+ 0—0 +—+
A. tenuifolium vFvFIHITT +—=0 +—+ 0—0 +—+
Hippocastanaceae NF 2 FF
Aesculus turbinata rNF % +>0 4+—+ 00 +—+
Sabiaceae 777X
Meliosma myriantha TITx +—+ =+ ot ot
M. tenuis N e PAVANY/ 0—=0 0—=0 0—=0 +—+
Aquifoliaceae TF ) FR
Ilex crenata A XI7 0—0 0—0 +—+ 0—0
I. geniculata TI) Y IAERF +—>+ >+ 0—0 0—0
I. macropoda T AN +o4+ +o+ o+ A4
I. macropoda f. pseudomacropoda TFYT AN +ot Fot ot 4
I pedunculosa vadg 0—+0 0—0 ==—=x 0—0
1. serrata Y AERNFE 0=0 0—=0 ==+ 0—0
Celastraceae =3 F ¥R
Celastrus flagellaris AT AT *+=>0 0—-0 0—0 =—=
C. orbiculatus VIV AENF +—=+ +—o+ +—+ +o+
C. orbiculatus var. strigillosus FZU NI RAERF +—+ +—o+ +—o+ +o*
Euonymus alatus —EF o>t +ot 4+t 4+t
E. alatus {. ciliatodentatus o g B +—>+ 44+ —Et o+
E. fortunei <P F +>0 +—20 +—0 +—+
E. macropterus Loy Yo 0—+0 0—=0 0—0 +—>+
E. oxyphyllus V)N o+ At FoE ot
E. sieboldianus <13 ot ot ot ot
E. sieboldianus var. sanguineus AV N At N 0—-0 £=—=0 0—-0 0—0
Staphyleaceae NVARAVE
Euscaphis japonica o I 0—0 0—0 +—+ 0—0
Staphylea bumalda NZAVAAS +—=+ +—-2+ =0 +—-+
Rhamnaceae sy AE REFR
Berchemia racemosa Vasdadvato +—=+ +o+ Fo+ + ot
Hovenia dulcis rURFY +5() +—o+ +—o+ o+t
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Rhamnus japonica var. decipiens a7 XAERNF 0—0 0—0 =—x 0—0
Vitaceae 7 N
Ampelopsis glandulosa var. heterophylla J TR ++ +o+ +o+ ot
Parthenocissus tricuspidata V4 +—=>(0) =0 +—->+ o=
Vitis coignetiae Y~<~7 K7 +—>+t 4o+ 00 +—+
V. ficifolia TEXNV +—=>0 0—0 +—=0 0—0
V. flexuosa AN A +—o+ +o+ +o+ o+
Tiliaceae v XF
Tilia japonica DA +—>+ +ox (>0 +—o=
T. maximowicziana FFNKYA T 2 +—=0) =0 0—0 0—0
Thymelaeaceae VrFav s
Daphue pseudomezereum var. koreana FavkrFr=7X 0—-0 0—0 0—0 +—=
Elaeagnaceae 7 IR
Elaeagnus glabra YWVT 3 0—+0 0—0 +—+ 0—0
E. multiflora > 73 0—+0 0—0 =x=—+x (00—
E. nikoensis v avFvr3 +—=0 0—0 0—0 0—0
E. umbellata Tx 73 >0 0—0 =—=*= +—+
Flacourtiaceae 44 F1)F
Idesia polycarpa 4 4FY 0—-0 0—0 +—0 0—0
Stachyuraceae * 7Tk
Stachyurus praecox E A2 ot et 4t et
Alangiaceae AN "
Alangium platanifolium var. trilobum v1)Jx +—>+ +o+ o+ o+
Cornaceae N8
Aucuba japonica T A 0—-0 0—0 +—+ 0—0
Benthamidia japonica Y RYT Y Lt 4+t ot 4t
Cornus controversa IXF +ot +ot A+t Ft
C. macrophylla s ) IXF +—=+ +—=+ +o+ ot
Helwingia japonica INFA T E +—=+ +—2+ +—=+ +—o+
Araliaceae v a1 ¥R}
Aralia elata 55 )% e T e e e
A. elata var. canescens AT 0—=0 +—4+ +—+ 0—0
Eleutherococcus sciadophylloides aTYTTI +—>+ +—4+ =0 +—+
E. spinosus 7 a¥ +>+ +—o+ +—o+ >+
Evodiopanax innovans yh )R +o+ +o4+ =+ +o+
Hedera rhombea ¥R +>0 +—o+ o4+ 4
Kalopanax septemlobus N F) +—=+ +-o+ +—=+ +o+
[SYMPETALAE &#TEFE]
Clethraceae UEERyAvA 8
Clethra barvinervis Jaws +at et ot st
Ericaceae v UE
Enkianthus campanulatus AU N AN +—>+ +—-+ 00 +—+
E. cernus var. matsudae FFT YT 0—+0 0—0 0—0 +—+
E. subsessilis TTIIIY +—o+ ot o+ ot
Lyonia ovalifolia var. elliptica rTF +—>+ +—+ +—o+ +—+
Menziesia pentandra 235Uy 0—+0 0—-0 0—0 +—+
Pieris japonica 7Ty 0—+0 0—0 0—0 +—+
Rhododendron keiskei ehry Y 0—-0 0—0 0—0 +—+
R. obtusum var. kaempferi Y~y y +>+ +o+ Fo+ + o+
R. pentaphyllum var. nikoense TAXTF +—=+ +—+ 0—0 0—0
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R. quinquefolium TITYVY +—>+ +—+ 0—0 0—0

R. semibarbatum INA I Y ot 4ot 4+t 4t

R. tschonoskii XYY +—+ 0—0 0—0 +—+

R. wadanum by ITTIUNYIY +o4+ +o+ o+ Ao+

Tripetaleia paniculata LAYV ot ot ot ot

Vaccinium hirtum var. pubescens TR F +—>+ +—->+ 020 +—+

V. oldhamii FUNE + 2+ o+ ot >+

V. smallii var. glabrum A/ F 0—0 0—0 +—+ 0—0
Myrsinaceae Y7 avy VR

Ardisia japonica Y 7awy +—>0) (00— +—+ (0—0
Ebenaceae EAES

Diospyros kaki var. sylvestris Y F +—=0) +—=0 +—+ 0—0

D. lotus AT F +—>+ o+ (=0 +—+
Styracaceae e A ¥ 58

Pterostyrax hispidus FFNT YIS +—=+ +—-+ 0—0 +—+

Styrax japonicus s A +—>+ +—+ +o+ +—o+

S. obassia NG YRS +ot+ ot ko ot

S. shiraianus AN T VRY +—>+ +—+ 0—-0 0—0
Symplocaceae A ) FF

Symplocos sawafutagi Y7y ¥ +—o+ +o+ +o+ o+
Oleaceae E7 A F

Fraxinus lanuginosa TxYE e T T S e

F. longicuspis YY M7 A5 E +o+ +—+ 00 o+

F. spaethiana AT 0= +—+ 020 +—+

Ligustrum obtusifolium ARy I F + o+ +t+ ot o+

L. tschonoskii IV RS +() o+ (=0 +—=+

Osmanthus heterophyllus vAfIF 0—0 0—0 +—+ 0—0
Apocynaceae FavFr bR

Trachelospermum asiaticum FA BB AT +>(0) =0 +—+ =+
Asclepiadaceae B H A EF

Marsdenia tomentosa *Vag v 0—+0 0—-0 +—=+ 0—0
Rubiaceae RS

Paederia scandens R AV Fod ot ot
Verbenaceae 7= Ik

Callicarpa japonica ASHYFTFT +ot+ ot A+t st

C. mollis YT ATHF +—>0 00— +—+ 00

Clerodendrum trichotomum 7Y +oat+ ot ot ot
Solanaceae F 2 F}

Lycium chinense 7 a 0—=0 0—0 +—=x 0—0
Buddlejaceae ALY "

Buddleja japonica TV F tot ot ot Aot
Caprifoliaceae AA N AT FE

Abelia spathulata YV IINR T F +—=+ +o+ +ot+ +o+

A. tetrasepala /A Sy Ve S +—+ +—-4+ 0—0 +—-+

Lonicera gracilipes YO TARN T T +—>0 +—-+ +—o+ +-o+

L. gracilipes var. glandulosa IV TA RN T Z 0—0 x=—0 ==—0 ==—0

L. japonica AL T X +o+ tot ot ot

Sambucus racemosa SSp. sieboldiana —7Jra +—+ +—-+ +—-+ +—o+

Viburnum dilatatum H< A3 ot ot ot o+

V. erosum var. punctatum N H< A 0—=0 0—0 0—0 +—+
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V. furcatum FAARX T F +—>+ +—+ (>0 +—=
V. phlebotrichum Fhagawy i +>+ +o+ o+ >+
V. plicatom var. tomentosum Y7r< +—=+ +—=+ =20 +—+
V. urceolatum var. procumbens NS/ =0 +—+ 0—>0 +—+
V. wrightii IYTATAI +o+ ot Aot ot
Weigela decora = FyUF +—2+ +—-+ 00— +—o+
W. maximowiczii FNF X 0—=0 0—0 0—0 +—+
Compositae * 7 F
Pertya glabrescens FHIN) AR F +—>4+ +o4+ +o+ +o+
P. scandens IR F 0—-0 0—0 +—+ 0—0
[MONOCOTYLEDONEAE EiFEi4EY]
Liliaceae ) R
Smilax biflora var. trinervula HFI< X 0—+0 0—-0 0—0 =—+
S. china HFIV M)A NS +—=+ +o+ +o+ +o+
S. sieboldii XY<h a2y e T e
Gramineae Yt
Pleioblastus chino T A A +—=+ +—-2+ +—=+ 00
Pseudosasa japonica X ¥ 0—=0 =+=—0 +—+ 0—0
Sasa nipponica I oy +—=+ +—=+ (0—=0 +—+

Sasamorpha borealis ARXY 00—+ +—>+ (0—0 +—+
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—Hubbard Brook Experimental Forest D#f4~*'—

AT

Introduction of Hubbard Brook Experimental Forest, New Hampshire, USA*!
Hiroto Topa*?

This report outlines the studies in the Hubbard Brook Experimental Forest (HBEF) in the northeastern
US. Studies in HBEF are characterized by the long-term ecological monitoring of the nutrient circulation in
the forested small watersheds, nutrient dynamics of forest ecosystem using a sandbox experiment, and rela-
tionships between bird populations and their forest environment. The Hubbard Brook Research Foundation
has managed these research projects since 1993.

Keywords : Experimental forest, Forest ecosystems, Long-term monitoring

KEILHIICHSH 7 4 =V KL =~ A - & % —d Hubbard Brook Experimental Forest (HBEF) (2
BT W7 2 #0950 HBEF IZBI1F 20805 EUE, RIARE=Y ) 7O TH Y, Hikh
W BT 2 WEIEBR, WHEREZ W HEREBROESEE, BLXUOHMKE L) I IREE BEBED
Btz EoRENB I b Twb, B, 20X 9 % HBEF TOFRAMZEIE, 19934125k & M7z Hub-

bard Brook Research Foundation {2 & o THib T 5,
X—7— K [ AR, BRAERER, RlE=%1) 7
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Fon, FERICELOERB TSN TW 5, %
B R OBEZE X, [Pattern of Processes in a Forested
Ecosystem | (Borman and Likens, 1979) % [Bio-
geochemistry of a Forested Ecosystem, 2nd edi-
tion| (Likens and Borman, 1995) 2 & 6T
BY, BEEIHRIN TS, FHIE, 200147 A
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L k) EFYLERIC New Hampshire N White LR 23
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Hampshire /1 37. K%, Dartmouth K2%%, Yale K%

*I' Received Sept. 7, 2001 ; Accepted Oct. 30, 2001

2 FRUE TOREEEE AR Y 25 A58 T183-8509H RUHRHF d1 i 3 KT 3-5-8 : Department of Ecoregion Sci-
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iy YA
LR g R R LE7E L
Fig. 1. In front of Hubbard Brook USDA Forest Serv-
ice headquarters.
Cooperators meeting place for Hubbard Brook
Ecosystem Study.
USDA : United States Department of Agricul-
ture

= gl

Hubbard Brook
Experimental Forest

ire M
Vermont i New Hampshire Ji

Fig. 2. Location of Hubbard Brook Experimental For-
est

7% &) RWIEFTIEA Y Tk <, New York N7 K%
(Syracuse, New York) 7 &5 ey wir s
ZH Y, InH%E L OWEE - MfRIC X > THF
7 - HEOWRLE LTI TW A,

ALY F O19554:1E, T A ) A ARERBA
(United States Department of Agriculture
(USDA)) #H#k )8 » New England #3812 B 1T 5 i
WAEBODOMEMIETHD > 720 19634 L D
Dartmouth K% & USDA #FM G233 [F T, FHEk/N
MIRE H T BRAEERND NI X BB 2R
- TH 70y bRB SNz, 5HT
&, 40% 8k 2 A ALK OWFZEH A HBEF I28B 1) 5 4
RBEMNTZE (Hubbard Brook Ecosystem Study) 12
%M LT3 (Fig.3)o

DED XS %7 4 — v FFFEE, B R R4
(National Science Foundation) & USDA # # & 2>
LEEEMZ 21T T2y, EFEIE, BBOMED
KETH b TS, HBEF IZB1F 5 #4104
7l L COREB X OKBARROIR L EH, &
WNCIELARENE=F ) Y 7L ZORE - BB
g% B & LT, 19934 12 Hubbard Brook Re-
search Foundation (HBRF) 7233E% FI & & L T
iz ansz (Fig.4)o £OFHEBIEIL, 20004E KD
I TR $ 565, 00012 L ATV %,

i

THe
HuesarD
BROCK
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STUDY

Fig. 3. The brochure of the Hubbard Brook Ecosystem
study
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Fig.4. Annual report of Hubbard Brook Research
Foundation of 2000

3. EEMRETORR

20014E » HBEF Wf7e & Cli&, 2 HIZE - TH

&, 8D Session (Aquatic Ecosystems, For-

est Ecology, Terrestrial Ecosystems, Nitrogen Proc-
esses, Sandbox, Birds, Bugs and Genes 7 &) % j#
LC4DER LRV G S Nize T b d HBEF
DTA4—=NVEHFA VX -y y—L L TORME
—OWEziE, RMARE=%Y) V7O TH
Ay
BMAERRICBIT 2K RAMETY) LiFtit
HRKDOBIWIZ X 2WENXOE=F ) ¥ 713,
HBEF TH g b RUIMIZIE ) AN ZZ ST
%o HBEF (3 H.[ % i 11 5 Hubbard Brook & % @
0L EH B LR ENTEY, LmDHH 9
DDFMNFIINAKEZ WD 720D — T D%exlT 5
nNTwb (Fig.2). 7z, 24 chlks (BER
o) ZWELTBY, Ih6OFTARLREKIZ
BT AL WE (TR R EEA YY) A30Hr
ENTWD, 195508 St W R%T— 5 2
LT, 4 H % T1,5008 DR - AL 2 FE &
LTWbe 2O&) HRINCES 7— ¥ FEITHR
THINTHY, HELFFOEEL VR D, FH

OWER T T— Y ORI EZ E0 L7z, “Along
term record of ice cover for Mirror Lake - continu-
ation of the trend” X “The long-term temporal
trends and spatial pattern in the concentration and
speciation of aluminum in drainage waters” 7 &,
FRUT— 5 O%EM»H 5D T HEZL, “Poten-
tial tools for monitoring environmental stress in for-
ests: detection of stress in trees using physiological
changes as indicators,” “Good and bad years of for-
est growth” % “Elevated nitrogen inputs to the
Northeastern U. S.: impacts on air, terrestrial and
aquatic resources” 7 EFER I Nz,

FERSIEA D T% L, 1970~19904E DT — 7 &
TS, —# U O it 7 [Acid Rain Revisited ] 7%
20014E 125847 (AR HBRFIZ X D) &h, K&
FLEBOYGET 2 REL T b (Fig.5) . ShIOBF
F24 T, “A retrospective analysis of the response
of soil and stream chemistry at the HBEF to atmos-
pheric emission controls from the 1970 to 1990,
Amendments of the clean air act” 2315 & 11 72,
Z 111X, Boston Globe % New York Times & \» -
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