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Figure 1. Sampling locations of the coniferous trees from urban and rural areas on Kyushu Island, Japan.

WEODTITI Y a ALY, 1DI3%EY
IS K O i S N2 kAR (Water-Soluble
Sulfur : WSS) 757> 3y, &5 1DEFDHEY
IKFHT I D5 T b % MRk AS SRS (Organically
Bound Sulfur : OBS) 7773 32 Td %, mtl
I, REAREERPAREUR Z2, 2 RER T 105°C TEUH [
VIR Tz, RIS T OHERR R B A S sl
KM THER T EICHEL, YoV —3I)UT
20 Aw ¥ ay A LTk LTze ZNZNOkfEtR
100g & ROFIMFIC L LTz, ¥piadklz2 7%k
Fralkl c 288k 7 1:20) e &R Y TuL Y
BUR RVIT AN, BEREEIC X 0 1 R 8,
ADVANTEC 8+t )b a—Z 7 1 )V Z— (No.5B)
TENZAWTHILICKDIEENS A LRz
INTRWSSBXUOBS 757 varvb UTER
L7z,

OBS 727 a i, #lgdsd 105°CT—HHzs:
¥z, FO MR 8g 2 50mL &8 4 7RIV
AN, FN%k, Parr fEIESHEABEEEE (Oxygen

Bomb No.1121) ICHU 720 BUT 2 B, #E
O kFEK 2 ZEZAMK 10mL ZNA Tz, TD
HE P BERICBET 21 K EREL, BXMIC
BNEEBZ T LIcK 0 A T hORE EHEHRT
WRIE S BTz, T OBBEREIC X 0GR PR s
fEfifE & LTAEKL, THIMZ TOzZERKICHINE
AF 2 UTHAREINE NS, ZOXEESERICE
THUG Utg, SEEMIC AR U 7 RBEH A% E 11N
I 2T 5 EIC K DH L TRIE L7z, BAE
Wi, 717l KUCEENBEZ AR THREL, £
DWEHZE T OIMAZ TWIREKE & B 200mL
HIAC—A—IlEDBE LICKD, B4 V%
FERICEI LTz, S OMBERFZ# DR C LIc K
D, &S AHMNIE I BRI R 2 IR T & Tz, [HIIY
LU7edikiE ADVANTEC #H#t)la— 27 1 )L 2 —
(No.5C) THAitlL, ZOAEFZ 200mL ICFH%EE LT,
Z DR DK 20mL 7 20mL 45 XA 77 VI 57
L, DIONEX tt#l 14> 7~ 757 (2000
IS KBl A A VIREREICHE L 72, 58D DA TR



KHE, BEREGEEINZ pH & 2 ~ 3 ICHHE L2148,
5% (W/V) bV D WSR2 INZ % 2 &I X D
WA A > 2/ N U L UTAERS MBS S,
Ay R TL—FETIMBELT—HMETES T &I
KO Z AR EE Tee £ DL %Z ADVANTEC
AT ST 4 B —T2HWT A L TR
L, ZREKCHDICTES LI RICE RIS S B i,
V,0; — Si0, iEZ VT, i/ NY 7 L OB RIC
K OWiE 2 “gehisi e LCRIL, Zh7Zz OBS 7
F7varo s ElEc L Y,

—7, WSS 757 avicDOnTid, RINX
NizAizry b7 L— bt EThiEEgE L zE,
ADVANTEC # 8+t )b 1o — 237 & — (No.E)
1g & &I 50mL | A TV AN, FERICHZIE
THTz, TO%DEIEX, OBS 757> a vyDigh
LRILTH %,

WML A, MSS — 3 BaSO, (+ 3.5%) H»5
AU 7o TR R 2 R EEE L LT, VG R
(K LR B 70 it 8 SIRA10 7 W CHllE L7z 7
§MS i, EFXEHETH % Canion Diablo Troilite
(CDT) MHDTHHEELEE UTHE Lz, §¥S M
OIEHEfRZE (1 0) 13+ 0.2%TH 5, LUK, fBALE
D OBS HBXU WSS 757> ardsStizz
NFN §™Sops BE U 8 ¥Syes & EFR L THERERL
BRI B,

3. BREER

3.1 BIAEHOWMEREL 5*SE

BRSO OBS & WSSEEZK 212 /RT, #B
B A 85 K 4E dig O OBS # 1%, 1920 £ R D
63 ug+g 'MHIRAICHEAL T 1980 - AHTHIC
170 pug-g 'ORKMHZRT L, ZTDOHRDIMNIC
WAL TV B, FEESHTE A F AT mD OBS JE
&, HLWEROEWEZERLS &, 1970 FHTHHO
48 pgeg 'M5 1990 FRFAD 72 pg g X T
EZDRWEDIXEDEIF/NE WV, it / FHEAR
EO OBS IRE1E, 98 pugg 'N"H 136 ugg '
XTOHPMCH B, TOREIFEHHBAF LRI
TeMHICH O, IFHEHAFICHER L TRV iE

ZRLTW5, —J, TNHETORBIAKRERD WSS
IBEE, WINE OBS EEX DM TR, T O
RiZ, BARERHD WSS 75 7 > a »O2disi (OBS
7503 WSS T I UTa O IKxd
BEGENIDNED /NN EERLTVS, EHIL,
WENOBIARFERE IR E B LWERD OBS & WSS
R RS NMEmZ R L TV, THUEEW
PREZ RS IEREORACERN L TWS EHEZ D
Nna,

250 ¢ . . . . , , ,

B
200 :_VUrban Japanese cedar ® O
I Urban Hinoki cypress A A
[ Rural Japanese cedar ® [u]

150 - —
100 [

50 f

Sulfur concentration (¢ g g ")

1920 1930 1940 1950 1960 1970 1980 1990 2000
Year

Figure 2. Half-decade changes in the WSS and OBS concentrations

of the urban Japanese cedar, urban Hinoki cypress and

rural Japanese cedar.
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Table 1 Sulfur isotopic ratios of the urban Japanese cedar, urban
Hinoki cypress and rural Japanese cedar.

Urban Japanese cedar ~ Urban Hinoki cypress ~ Rural Japanese cedar

Age(year) 634Swss(%ﬂ ) 53480115(%0 ) 534swss(%0 ) 53‘Srms(%° ) (5345\&'55(%0 ) 53‘Srms(%0 )

1925-1929 10.9

1930-1934 8.5 10.6

1935-1939 71 9.7

1940-1944 7.1 9.8

1945-1949 9.6

1950-1954 6.2 8.9 6.2

1955-1959 5.5 7.7 5.0 4.2 3.0
1960-1964 4.5 6.0 2.2 3.1 4.4 2.6
1965-1969 3.5 3.6 2.0 1.2 2.7 2.2
1970-1974 3.2 2.3 0.5 — 0.9 2.0
1975-1979 3.7 2.0 2.0 0.8 2.6 1.7
1980-1984 3.4 2.0 2.8 2.4 4.1 2.1
1985-1989 2.6 4.3 3.1 5.0 1.4
1990-1994 3.2 3.1 4.1 3.6 4.0 1.4
1995-1997 5.8 3.7 7.0 3.4 2.1
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Figure 3. Comparison of the &3S values of tree rings with past atmospheric sulfur concentrations and with those of their sources. (a) Half-decade

changes in the 6S values of the urban Japanese cedar, urban Hinoki cypress and rural Japanese cedar. Rings before 1924, 1949 and 1954,

respectively, are core samples. (b) Recent & **S values of atmospheric SO, (average value by 24 measurements) **, and of SO,

>~ in bulk

precipitation (24 measurements) >*, and of SO,>~ in soil (9 measurements) ' collected in Fukuoka, and of various sulfur sources '”"?°, (c)
Annual changes in atmospheric sulfur oxide concentrations at monitoring stations in Fukuoka from 1966 onwards and Kitakyushu from

1959 onwards 2?2,

1950 FEREIAN 5 1990 FEZ IO ITF TOLE) I
S+ 1.6%TH D, Fi T OMAZE L T LK
WMEZR LTV,

ZTNTNDRARD 5 HFiisn T & D §™Sops H &
8 M Syss HZLLEST 2 &, EHIANEHFRLGH D GE
Do JEESTHTEBAF D § **Syss fHIE § *Spps fHK DT
NOERTEEHONDITH LT, 1960 FALIATOHARH
HAF LY/ FD 5 SyesfHld 6™ Sops & D EAKL
ZNLEIEE < > TWa, FYITED §*Sops fHIE
8 ¥ Syes TAK DA+ 3.5% MK 755 T EMHEENT
W5, TSP EE U T2 A A > i ok
R, THIKIETVART A Uik EOHELEYIN & AH

9 B FE DM EFRNFENAARN RITER L T 5 & & X
ENTWVS Y9 WHAF L e/ F0 1960 4
FRLLRTD 6 *Sops i & 6 *Syss THDBIRIE, Wi5HI &
FEZDWERICH D, TOTEEWSSTT 7T
VIVBIARFEREZBE L TWwWA T E, I5bL, B
NEBZRDBEICEES BNV EEZRLT NS,
DEDZ XD, §¥Sops DRI DONTLLRICE
"9 %,

3.2 BAEHRDSMS ELATRHRERLER
RECHR B FE A IR R IR & A\ Zsite i &I 70 Hi
NI EnEhERO SYS ERT (K



3b), HBHTEAF D § *SHHDZEIE, FEGARKH
i R AEJEDRD =DDOWIH T L Tz &kic
HEMNMTER L TWD EEZEN S, TOHM LI,
(1) 1940 FARLLAT, (11) 1950 XA 5 1970 4E1K,
BXO (1D 1980 FERLUETH 5, TNEDZALIF
Wit / FOELETERKRTH %,

T & ALMTHIC B B KA PR e L i s
&, GIHEERE EEICENTN 1972 4F, 1969 4F
FTERL, ZTO%, 1968 F0DKKIEHW; 1D
FifTOFE R, Z OB WD Uiz (K30,
ROEFHINE LR, HHHOXFLe / F0
8 Sops MMM RERATH & LI T DB e W L Vi D
Wi esicenznA L, Bl LBV Tl
RO AR EDAAICE LIRS, ThE
ND §*Sops HMRUNMEZRLTVB T ETH 5,
BIARERRD § ' Sops HOWAMEINE, FNH TR
KA F LD S S HICKkiFLTWS T &
RIS DEFLTH 5, HHEHOAF L /FD
8 MSops THDIAMENIE, KEPRREFEEIED §*'S
ENENED B RV ENEZb Lz LI L,
Z OFREFITREO 7 < R KIS il & ke
NARFRETH 5, T DMWMEIE, 1950 FRLL
ICHESS GRS S ) Sl A S Nz Gl &
DSMSEERT VI HRRICKDFHAT L AT
&% 90 1950 FE E 1960 4ERD HAR DR
REICHENT, MAINAIOHEE =D
ENED 6 S i R g KEO N AR A K&
K E N, ZO/E, A SYSHHZRT D
AN Z OARICHEIM Uz, M TICBNT, B
IC & D EIRE NS MBS 5 A\ AR SO
HOEIGHEERIN LU 7272512, BARETRD 6 *Sops
EFFERC A Z R LTIz e EA B NS,

WHHAF L S FD §¥Sops I H 5 N5 )
HDENE, MEOUERICERNLTVEEHEZD
N5, HH%EL, KxPhistE byEE N wE@em e
NN ETEIRESEEZ72DTHS (K 3c),
KRR B LY O MR B IS R U TR AR i oD
§¥Sops AWK 5 ERENTEILL T WD T LI, Hit
LA RIC HIBRMD SR E TICHE T2 DI

HRIRERTSR, KA 2 HBE U T 121 it es 72 1R
T 2 DICRERRFIAKFZE L THHD0E LR,
&L, KREFRERD §¥S fHMME & A LZ1L
LW SIE, BARERD §*Sops & [AREICZ1L
LEWRSTTH B, TODT RIS DAL, JE
BHIEBAF D 8§ ¥Sops MHIC R BN B, JEEBHIER D
PRI B S RIREIRTE I TH O NI
Aoz, ZORE, JEETTEAF D §*Sops
IEN LR LTV BETTH S, M 1 O
TEBAFOHAELFAMKTH S & BbN D, I+ 10%0
E—E LT §MS fllE, KR&KPMERERICIZEAL
ZleiaholzC & ZRLTWVWS, TDT X, C
O, ANZEENIZHS MK > /i, £
O3 N G KRR TH > 7 & 2R LT
W,
FEEBHTRICIE N AREREIE T VICE b 5T,
ZDAFD §*Sops HEIFEHEBAF & &/ FDMHIC
PR U TR G+ 2%0). T OFERIE, #HE &
JEERTHE & TR RREIRIE N DD BT LIck> T
T E %, JEEHEHAF DM § ¥ Sops 1, +
21%0 & FiL 8 S 2 /R 3 RIREFR DWgR D EF 5-HV/ )N
TN EICHSMTERL TV, HE%RL, 0D
FEER TS X HIBRAIC NFERICAIE L TV 272 Th
% o JEHBTTTEAF D §*Sopg HDIEM IR ZEH) (+ 1.6%0)
&, EH O §*S Mz R g Hilom R MBI L T
OTIEEL, BHEO §™S xR KRELJHERHE D
TEPEYEAS BT g 2 i m OB G DRI
LTV EIGERLTWS EEZ 515 7,
§¥Sops TEDZAL DA & 1X IR D, FBHHAF
Lt/ F0 0OBS I 1950 FENRATHALE SO LA
W RL TS (X 2), MYNCX DA 4> &L
TEWMENEMEORBAE, Y ATA Y, AFF
=, aTrAViEEOGRICHIAE N, B
WG TN AF A E L TEADND T EDNME TN
T3 Y, WHBAFEL L/ FOE OBS i x
AT 2 HHOD 1 DIciE, OBS 757> aic /)
RFFUDNZTENTOVEAEEEDNDHZ L TH S,
TEEL, COMEH, KEDOANARFERREAHS
MHFEEN T NS TH %,



HIRINC BT, AR E O KA D
LSNP LTS (K3, ThICKLT,
AT &/ F0D §Sops fHIX, 1940 FEAXEIA
AT B SN+ 10%IC R > TV B DTl <L,
I+ 3.5%lIVMEZ /R LTz XX TH S, ¥ 3b IR
LTWaBEDIC, ki TERILL 7o KR g ke,
TREE R iR A A >, THEHOKIAEREE A A > D
S MS X, ZNZFN— 1.6%0, + 6.8%035 KT+ 4.4%0
THO W VINE+ 10%& DRV, FHTHA
FOEREH LWFERD §Sops 1S, L HEHKIANE
Wil A 4 > OfISEWEZER L, e R&Hh @&k
T & Kk FYIhRRE A > OFRIEZ R L TV,
DT LIF, AW THEIC LA Z T
TEMSIKEMERB A A > & UTRIREIRLT
Wiz bk, ZOmEIEKKHRE O MES XU
MBI EE6ENIEZRBLTWES, £
Dizs, WMMIC B 2 BARERD §*Sops HIE,
+ 10%0 &k D ARVl Z 7R 3 FEAEED B RIS &
NTZMRED SUS HICHS MKF L TWVBH EEZ S
N3,

WAL, ARV §*SHHZRT DO EIRDIAE %
HEE L TWD, 1 DOFAERIE, 1950 FEARLIR#E <
FHBBECH %o K& B LD A D §¥S I,
FRRBEDERTEBIC 38U B RAEJR & U TR R
W EZRLTWVWS, &9 1 DO AR,
7 IV KBEN S HANDHH (FICHBEA 4 >) O
EHEXTH 5, Thiud7 ¥ 7 i BV TAK
HHIC U & N B N AR O 207s N & bvg h
LOEMAIC LD BT25END, TOHEIE, 1980
EARLURE, RBRERIRAT 2 20, (L0 7 B XU
ﬁ%“ﬁw”“m””%mwf§<®mh%m$b
BN T3, mWhiTHIE S Nz K& SE
SUSEELZFDAT EDELKD, KL XITIT
KEED B D+ 10%0 &k O AKMEZ /R I iREE A A > e

BETRYIHICEEN TV AT e ZRL TV, TD
72, HEMNCBWTEHHEHAF L /FICA 5N
% §¥Sops ililE, TNHDFERDME A FICKBEL
TWVWAHEEZDBNS,

DLEORERED, BIARFHED §*S MIFHEDK

SR LD EZH S NI KM L TS T &
Munotee TOT X, ¥ixd §MSlizRTH
EEDFEAET BB IC BV T, BASERD §*S E
WV K DR FE L2 [ 9 B T2 O H M7 A5 1R
(chronological proxy) /%5 E/RLTWS, BIA
D §*'Sops HIE, JEHY IR KGR E TG RDJH
K72k 5 BEGERZRIcT eI E NS,

4. HiEF

MR UN KRR BE AW ERT), il
TIG, REXMEER L (AR, uEmEERA) 1«
FRARFAR & SUS EIE TREBMERICZDEL
Too HIHKEERR, SRMAEIR (DL, JUNKY:
KB, KiGEBEE CUNKET AV
F—=Thatr2—) ICEKREFEEECHEZ
TeT2 & F Ueo JUNKA AR R PR & B i 55 RIS
Y27 oI EBEOL, B0 SRT—%
e THt W72 & % L7z, D.B.O'Niell, R.A.Culp,
J.E.Noakes ##% (L L, ¥ a—I 7 KERNAIGH
ot 2—) IKFAERECHE 2z LL
BICXHERIETREBMEEICEZDE LTz, TTIKH
IO THREHEZRLET,

5. BEXM

(1) Krouse, H. R.; Grinenko, V. A. in Stable
isotopes: Natural and Anthropogenic Sulfur
in the Environment, SCOPE 43; John Wiley
and Sons: New York, 1991.

(2) Krouse, H. R. Sulfur isotope abundances
elucidate uptake of atmospheric sulfur
emissions by vegetation. Nature 1977, 265,
45-46.

(3) Case, J. W.; Krouse, H. R. Variations in
sulphur content and stable sulphur isotope
composition of vegetation near a SO2 source
at Fox Creek, Alberta, Canada. Oecologia
1980, 44, 248-257.

(4) Mekhtiyeva, V. L.; Gavrilov, E. Y.; Pankina, R.

G. Sulfur isotopic composition in land plants.



Geokhimiya 1976, 11, 1755-1759.

(5) Yang, W.; Spencer, R. J.; Krouse, H. R. Stable
sulfur isotope hydrogeochemical studies using
desert shrubs and tree rings, Death Valley,
California, USA. Geochim. Cosmochim. Acta
1996, 60, 3015-3022.

(6) Epstein, S.; Yapp, C. J. Isotope tree
thermometers. Nature 1977, 266, 477-478.

(7) Gray, J.; Thompson, P. Climatic information
from 180/160 analysis of cellulose, lignin and
whole wood from tree rings. Nature 1978, 271,
93-94.

(8) Yapp, C. J.; Epstein, S. Climatic significance
of the hydrogen isotope ratios in tree cellulose.
Nature 1982, 297, 636-639.

(9) Leavitt, S. W.; Long, A. Seasonal stable-
carbon isotope variability in tree rings:
possible paleoenvironmental signals. Chem.
Geol. 1991, 87, 59-70.

(10) Feng, X.; Epstein, S. Climatic implications
of an 8000 year hydrogen isotope time series
from bristlecone pine trees. Science 1994, 265,
1079-1081.

(11) Francey, R. J.; Farquhar, G. D. An
explanation of 13C/12C variations in tree
rings. Nature 1982, 297, 28-31.

(12) Sakata, M.; Suzuki, K. Evaluating Possible
Causes for the Decline of Japanese Fir (Abies
firma) Forests Based on § 13C Records of
Annual Growth Rings. Environ. Sci. Technol.
2000, **, 373-376.

(13) Kawamura, H.; Tawaki, S.; Matsuoka, N.;
Nagano, T.; Momoshima, N.; Osaki, S.;
Maeda, Y. Sulfur isotopic dynamics in the
atmosphere-plant-soil system on the islands of
Kyushu and Okinawa, Japan. Chikyukagaku
(Geochemistry) 2002, 36, 127-135.

(14) Yanagisawa, F.; Sakai, H. Preparation of SO2

for sulfur isotope ratio measurements by the

thermal decomposition of BaS04-V205-Si02
mixtures. Anal. Chem. 1983, 55, 985-987.

(15) Sakai, H.; Matsubaya, O. Shin-Jikken Kagaku
Kouza: Uchu chikyu Kagaku, 10; Maruzen:
Tokyo, 1976.

(16) Rennenberg, H. The fate of excess sulfur in
higher plant. Ann. Rev. Plant Physiol. 1984,
35, 121-153.

(17) Rees, C. E.; Jenkins, W. J.; Monster, J. The
sulfur isotopic composition of ocean water
sulphate. Geochim. Cosmochim. Acta 1978,
42, 377-381.

(18) Thode, H. G.; Monster, J. Sulfur isotope
abundance and genetic relations of oil
accumulations in Middle East basins. Am.
Assoc. Petrol. Geologists Bull. 1970, 54,
627-637.

(19) Maruyama, T.; Ohizumi, T.; Taneoka,
Y.; Minami, N.; Fukuzaki, N.; Mukai, H.;
Murano, K.; Kusakabe, M. Sulfur Isotopic
Ratios of Coals and Oils Used in China and
Japan. J. Chem. Soc. Jpn. 2000, 45-51.

(20) Ohizumi, T.; Fukuzaki, N.; Moriyama, N.;
Urushiyama, Y.; Kusakabe, M. Source of
Sulfur in the Atmospheric Deposits in View
of Sulfur Isotopic Variations-A Case Study in
Niigata Prefecture, Japan. J. Chem. Soc. Jpn.
1991, 675-681.

(21) Fukuoka Prefecture. Environmental White
Paper: The Environment of Fukuoka
Prefecture; Fukuoka Prefecture: Fukuoka,
1971.

(22) Fukuoka Prefecture. Environmental White
Paper: The Environment of Fukuoka
Prefecture; Fukuoka Prefecture: Fukuoka,
2003.

(23) Ministry of Economy, Trade and Industry.
Mineral Resources and Petroleum Products

Statistics; 2005.



(24) Kawamura, H.; Tawaki, S.; Matsuoka, N.;

Nagano, T.; Momoshima, N.; Osaki, S.;
Maeda, Y. Sulfur isotopic compositions and
source identification of atmospheric sulfur
dioxide, sulfate in aerosols and in bulk
precipitation collected over Kyushu Island,
Japan. Chikyukagaku (Geochemistry) 2002,
36, 23-33.

(25) Mukai, H.; Tanaka, A.; Fujii, T.; Nakao, M.

Lead isotope ratios of airborne particulate
matter as tracers of long-range transport of
air pollutants around Japan. J. Geophys. Res.
1994, 99, 3717-3726.

(26) Mori, A.; Utsunomiya, A.; Uno, I.; Wakamatsu,

S.; Ohara, T. Analysis of aerosol concentration
variation and high concentration episodes
observed in the northern Kyushu area. J. Jpn.

Atmos. Environ. 1997, 32, 73-89.

(27) Mukai, H.; Ambe, Y.; Shibata, K. Long-
term variation of chemical composition of
atmospheric aerosol on the Oki Islands in
the sea of Japan. Atmos. Environ. 1990, 24,
1379-1390.

(28) Ohizumi, T.; Fukuzaki, N.; Kusakabe, M.
Sulfur isotopic view on the sources of sulfur in
atmospheric fallout along the coast of the sea
of Japan. Atmos. Environ. 1997, 31, 1339-1*'8.

(29) Kitamura, M.; Sugiyama, M.; Ohhashi,
T.; Nakai, N. An estimation of the origin
of sulfate ion in rain water in view of
sulfur isotopic variations. Chikyukagaku
(Geochemistry) 1993, 27, 109-118.

(30) Nagamine, K.; Seki, K.; Maeda, K.; Yoshioka,
K.; Ikebe, Y. Origin of sulfur and nitrogen
oxides in acid precipitation at Nagoya and
Matsue. Chikyukagaku (Geochemaistry) 1997,
31, 235-243.





