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Abstract:

"C concentrations were measured for needle leaves from pine trees growing
several locations on the Higashiyama campus of Nagoya University, in the east suburbs
of Nagoya city, Aichi prefecture, central Japan, to investigate the local Suess effect of
diluting *C concentration in the atmosphere by *C-free CO, exhausted in combustion
of fossil fuel, in particular, that from motor vehicles in Nagoya city.

Pine needles formed in the previcus year were collected in early spring before
the formation of any new-year needles. The pine-needle samples collected from the
campus were rinsed with acetone and distilled water using a supersonic cleaner and
processed chemically by an acid-alkali-acid treatment to get rid of fats and oils as well
as other pollutions contaminating the sample surface, and finally dried in an electric
oven. A part of the samples were combusted to produce CO; and the produced CO; was
changed to graphite for '“C measurements with an AMS '“C system at Nagoya
University. The measured *C concentration was given in the ratio of sample *C/**C to
that of standard. For both sample and standard, isotopic fractionation was corrected. In
addition, the decrease of '*C concentration by radioactive decay for the sample from the
year of collection to the year of '“C measurement, and that for the standard from

AD1950 to the year of '*C measurement, were corrected.
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The following results were obtained in the present experiment: (1) C
concentrations were lower for the needles grown along the road with heavy traffic by
about 1-2.5% than those grown at other places in the campus. This is caused by the
local dilution of atmospheric “CO; by “C-free CO, exhausted from motor vehicles. (2)
the values of 'C concentration in average for the needles grown in the Higashiyama
Campus were lower by 6.2% and 7.4% in 2005 and 2008, respectively, compared to an
average value of 1.081+0.016 for the plants grown in the rather clean atmosphere
almost free from artificial CO; at the Tibetian Plateau at the altitude of 5000m above the
mean sea level. (3) “C concentrations of the needle samples grown at the Higashiyama
campus in 2008 is lower than those grown in 2005. This suggests that the Suess effect is
getting larger in the Nagoya city area by about 1% in 2008 than in 2005.

Key words: atmospheric CO,, 14C concentration, Suess effect, fossil fuel, pine needle

F—U—F: KRF_ZBLRE, “CRE, v=—ABR, (LARE, niE

1. ELaic

B RSRE (MC) EMRAEICHA S 5 BIERM A YC i, FHREREETH
A, KBZRADLLHIRIZERED B R X —0OBEWERITFEHRS, HERAKEERT S
SR, MEREOREFELEH R LU TEGEZEIL, ERINW-ZRFHRE HITER
RERBZ LTERIGOBERIERT 5. B=Rf ¥ —FHR L KKPOR T L Oz
OEFNERE LICRT (UME1972). T 9 Liki+ER, BRGRRBICBWTIRMIC
ERENETHFY, KEFEERICEETIERORFHLIUGLTYC BERSH
5. R lem® Hi W EH2EO UCBELNS L ENB.

—%, ETRBICLS U OREPARBRICL 5 AkFBOBBERAINTEBNT
BROCPETHELNDS. RRENTZ ) LEEERERIITONS L AR I RE
FHRRKFCIESY, ENORRIFOERFFHEEFEREEZEZ LT, REFiCT e
BEREND. T2, BFRSFEBRIEEAHECERVE, KTFARRCBVTS “C s
AREh, SELERBCREFCHRHENS. Thb 2 ATRED C LHT 5. 1950
FERBEPD 1960 HEOHBDIZMHT T, RkVAEIC L ZERAREFICL Y AKEN
TEEBEBRAEE SN, Zhicf-oTREDO "C BATHICELNL. BILB0OB%
LV RAETEF ) aZRBEICELTEY, RBEATL “C BEREhTWS
(Nakamura et al.1994) .
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X1 KIZERNICBITS, Bx/LX—

VL, Brans VLR A Ar— FORRLL<H FHR L RRFORT & OKKG

5 EEOK T 2D 2R, HRLTWS X157
CHHIT O, £ OLEEEEECRDLLIZDOTRAZ Y. (/J‘EEI (1972) L:J: Z))

REENOEFERIZ L 5 KEH CO, D CBEDREEHO—F %K 2121 (Ff
(&> 1987 : Nakamura et al 1987). K&t / X OFEH, WEIA A L OFEHLOEE L
FEDDHPSTEREIZONT YCBEZRET S Z LIk Y, B0 Z@RFED “C
BEZRDEZLOTH L. LFEROMFE KRR O ZBLRED “CREL, K20k
RIEL B 2T~ & E %2 TR\ (Hua and Barbetti 2004). [X 2 OfitdhD 5 HAEM[D AMC
i, RO YCIRE OEHEGIHIREN L OThE, & HIEEYIH “C B TR LT 1000
SRELSZLO (RO (1) R) THB. AMC A 1000%D & 1%, Rkto “CEE
PEREGI YCIRED 25 TH 5 2 L 2B T 5. A Ofthng, AP C B % 1.000
LIz X 0REO MCBEETRT. 2.000 OEIE, B UC A SEES e R
D2fETHDZ & arRd. 1962 ik, RREAN TRIE L ERERI TN,
1963 FEITIIK Y BOFKFEEIC L P IEEh, THLBRIIHE T COZERNBEFIC
il 1964 ED UCREDO Y —271%, BEBENTELRZ “C D% BFHBICET
L= Th 5. 1964 ELIRE, xHREAD “CIlk, ¥EE O BLREBELZHBIZEL Y KR
FROHHESNEBITL THED LN TEE (R2OBEIA ALD UC BEEZSR). 2
ITCHEETLINEZ &L, BEROERBHN, FITKY OELAOR LN RIS
2L ThD. #-T, 2D YCBREDEY—7 DKRE 813, HR THEERR TbILE
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BRI E LT, MOBERFEEZ TS, RRBABREBRMEEII %L, BEL
ke IBENRIIENS. LELERL, ERSBBINHIED 1955-1970 F£0
BliCiX, RETZBLRFEO “CIEITIT, BEKRTFESH S (Hua and Barbetti 2004) .
—77, 1970 €EEH A B 2000 £EI2 i T O UC BB O BB KEIZ VW T, K11
RENBUCREOE® NF —VIIEHRAR T u— L bDLELZTRW. Thbh,
TaEEAE L 1C BERIZIE X — DR In 2T T,

— 4T, EXEGUBEOLAEREEAOBERIZLY, KEF TBERFD "CRE
BAREINTE R, TR Suess 1R & T 5 (Suess 1955). [kl oERiIc L v,
ARFIEZEBERBLBRE IS T& e, KEFOZEBLIRFEORES 1850 FHRIC
S LAY, 1950 FLRBRIZRBIZEBIEALTHELE-TnAZ ik k{mbh
TV % (Etheridge et al 1996).

—O—Kiso-hinoki tree
—&—pine needle
—a— Sponge from Ryukyu Is. (alive)
—a— Sponge from Ryukyu Is. (dead)
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BETHZHEL TS (X2 ; Nakamura et al 1990). AF TiX, 2005 4 L 112008
FERERENTREO "CBELZEB LT, BEDTPLHEILF v o RANOROEER
Frizk 2 “"CEBEDEN 2 E2HRETS.

2. E§
2. 1 AHBERZFHELUFY U RNANRBREOCRR

X3 AHBRERILFY L /IRANORERBHEERM & & #HHE S
PoEoMLlX, TA4Y TR ¥ —DEMEREHEDOMNBE R,

BEHE1 R1OBRBEBES 4BORERBZER L ZNAEY RELEEAO—FAR
LZEHBERZERIUF Y U 2RANIZT, 2005 FICERINT-RIEE 20063 A1z, £

2008 FIZR S NT-AREES 2009 45 5 HICER L=, A2 3I1Tmd. ZD%N
MIEDOEEL, 1983, 1988, 1989 L, HFEFE THEMICIToTEY, FIHFOBEX
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Nakamura et al (1990) {2345 STV 5. 2006, 2009 EOFRBHEERM A S, “hETO
HREISITHEER L TV S, SOROBEIC b D FHFRRER W/ MOREEIVERDY,
TIGRAF o7 Ry JICANERSBILE LB, BRLUEABER, "CREDTHOHK
B E ) BRTE T, -20°C THEEFELE.

2. 2 REWAML YcHE

ENTHOREHNZOWT, BENOREL 10 AWML, KEAKTRIGEER LD
ENFIEHAWVT 2cm OESICUIMF L. ABKEAVWCEBTRESR LELDE, T
FUrEREHWTEERES LEDE, —B7 B UTHRE LS. BE, BEHks
Lidbl, BEAZHVCTRIEERL, 20#%12, "CERAIED D ORE DILFL
BELAMRICLT, 12 SEER, 12 fiEkibh U v AKEK, 12 SEkis Ay
TIERGES L, £0%, REKTERELHERB L.

EHR LRI %, M 6mg 20 B LENAAICdH 2 0RE{L#I% 500mg & Lo /A
5 ARBREICHED, BEEHECHI L TH I ARBRERNOER2E2RELE. KIZ
ARTGAEE - —TCELLTHLEY, BREBLUBCEHDOA ST TFAELE
K[UFC0TCITME L TREEBEEL, MR ENIRFBEET - BILRFBICER .
HZEE A2 AVT, EFRSh e 2R RFE 208 - KR L, SonRmiEc L5k
REBELETC_BERFEER ST 774 VEEATZ. ARLEY 774 PETLI=ZD A
BWORBRNF —ICHREER L TEEORTRAB THESF77 74 bE—F v bafE
L, TORFERMEHER MC/C,Bc/Cl) 27 o F hu U iR EESFTEE L
FAWCTHE L.

RBFENMERBRLEORRIL, SEJERFESAVLATWEY, T2 CiE, Btk
RFERREOEHMHBRE (FERE 1950 FOEECEBEL LT, (“C/Cupisse T
ENB) CXHTAHEDER (HR), HBWVE, QR TCEREINIFEELTLERTRIA
3% (Mook and van der Plicht 1999). 728, ZOEIZ, FrFhery2HAVWTHRELE
PC/MC R AWVT, BREBIRUHERERD UC/C it oW TURE RS 2B ORMEZ 1T -
7= (Mook and van der Plicht 1999) .

R= (14C/ 12C)sample, cor/ (14C / 12C)AD195 0,00 —m==m===m——=mmm== )
A™C (%) = [ R— 1.0] x 1000 )

I, BWFED lcorr] 13, REOFMAEDBOMERBINTWHWAZ LETRT. i,
BEREHZOWVW T, BEZERL TS “CHERZEEBT S To, “C O
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Bz X 5mEME L.

£1 AHBRERLUX ¥ RRAEFTLIROENC LT CRE

[

£ B 2005 FAEFL 2008 FEF

4

# fr [ 8¥C | "C conc. Laboode # | 8°C | **C conc, Labcode # | MBERBURAT, = A |

#F | (%) | RinEgl) (NUTA2-) | (%) | RinEq.l) (NUTAZ2-)

1 RIC BEHIF

2 275 | 1.02140.0037 | 12515 -29.1 | 1.0009+0.0038 | 14681 ERIE 1 EREXE

3 256 | 1.0177+0.0036 | 12517 EREEZHFEHOK

3 -29.1 | 1.00610.0038 | 14636 STE FHEHESH

4 289 | 1.0175+0.0037 | 12518 T 2R85B E T s
HERR

5 256 | 1.0152+0.0037 | 12519 -29.2 | 1.0040£0.0038 | 14682 BETT T FTF AR

6 264 | 1.020010.0036 | 12520 -27.6 | 1.0042:0.0038 | 14687 87 Z A=f5eEodt

7 BEEEE, BhTHR

8 -29.0 | 1.0003+0.0036 | 12521 -26.0 | 0.9966+0.0035 | 14880 ZRERARER

9 29.5 | 1.0169+0.0037 | 12522 -26.9 | 1.0138+0.0036 | 14881 RBETSFOVFEH

10 282 | 1.0178+0.0037 | 12523 ]

10 -28.4 | 1.0085+0.0035 | 14882 T8 1 AR Bk

11 28.0 | 1.0015:0.0036 | 12525 A REERE

TE -28.4 | 1.00920.0036 | 14883 FREAER A2 2 BART

12 276 | 1.0105+0.0037 | 12526 -29.5 | 1.0124:0.0036 | 14884 B R aE w

13 2302 | 1.0291+0.0033 | 13392 -28.4 | 1.0077+0.0038 | 14683 T2t 6 B A ARE

14 -28.1 | 0.9799+0.0035 | 14885 250 D ZEZE

15 -30.1 | 1.0191+0.0026 | 13603 -28.6 | 1.0030+0.0036 | 14887 )| e A B R

) BETEFIL, B3k 5.

3. HIERREB ISR
REOEBHA, 6 PCops, "C B, EBRERELZR1LICTT. T, B0 C
BEZHEL T4 EUES 27T,

3. 1 AFHHICLS "CREED

M4 iTmREns L 5T, 2005 FICERENRED “"CRER, 2H0L0T,
OMBED MC BEICHBR L TELIEY. Fhil, W 2%BETHS. 02813,
ZEBRERIUX Y AR T2EBER L - TREY BERIEOZGEEITZ V. X
YA HIMICHBEN LI SN 7 “BIRBREEGRICI VREICRYIAENRS.
HoT, 2HMERLDORERRET ABICEHESNERFEILX, HAPEOHRN A &K
OF v Fh—Ry (FHCHENSRFIE, REEESHLTHLAESCEVERREII LT
LTWAEDEENTWEIRTO C R THFERAE TR TEY, FHETE “C
BEERVED, “CHBER (Rbhi) RELLTT Yy FI—RU LEHINDE) »
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LHERENS COBELBE STV BARFZBLRETH L, “CREMEL 12
5. KRFZERERBOBEMNGL, 1960 F£2>5 1980 FIZH) T 310ppm A>5 340ppm i
WML TWa, T7bh, Lsppm, £ TH Y, £OBEIE, 1.5ppm/340ppm=0.001 & 0.1%
BETHS. —FH, BEROIKEEL ENPADEF RlUx v "ANT) LLb5E
3 1%-25%DFThdh b5 b, bABEEED —#{bREOHIGIHOERE T
Suess ZRBHAMMIZKE S R TR LB 3.

WE (AR o' 'CRE WE (24N O ‘CRE
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3| m— - sl ]
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8¢ —a— 4 12t 2.5% ——— -
1 e 2% B A m :
14 8 -
18 - —a— . 15 L = |
| m ZAmwE+>z02005) | 16 | ® sxmwsy>riz(zo08) |

17 Lo PRI o e e

12 PR T T ST [N TSN T T AN T ST A T S SR |

5970 6.980 0990 1.000 1.010 1.026' '1‘.030 0970 0980 0990 1.000 1.010 1.020 1.030
14, 14 2 14 ,12 T4 R=("c/"?c) /(Mc/ e
cag (R=("‘c/"’0)_s("'c/%0), 0 RE R-(TC/0/CT 70 1450

AD1950
B4 2005 SEICTER ENTRED C B X5 2008 EIZHR EN-REED C

fF, ABBENZ U —rREXBFETIREHE LT, 7y MEREOES 5000m
IZAEET D S ~v2 AW (286N, 904E) FilZHlic Lt L, ZZTCORRP_BLRFE
D “C WEIT, 2006 FEHBRENTEHO “CBELAVCIHET S &, 5A0RED
R EDOFEHMHE L 1 EERZEIT 1.08120.016 & 2> TR, ZOMEEX, KETHOREIIZAHL
B34 HBRERLUF ¥ U NRACTHRENCRIED "CRE L BT 2 LH6—T%
B < Suess ZIRDOEER /NI ERbh D, Thid, HBPERERICEIT 2 BN 2%
HOBENPLRBETE D (FAIZD 2009).

3. 2 Y"CREOREZEE

LT BRFRIUF ¥ LR RARITT 2005 LEITBR SN RIED UC BREEIZSWT, %
IZ Suess IRDOKZ 2 HORK (F 1D Nos, 11) BT, "CREDEHEZRD S
& 1.0185+0.0048 L B HNB. RABRIC, 2008 SR SN BED “CBEIZOWT,
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B2 Suess BIRDOKE V2 HOREL (F1DNos, 14) 20T, “CREDEHERD
% & 1.0070+0.0041 L7225, ZOEFEDES RERENS, 3EMD “CBEOFY
MREEARS L, 00115200063 L7420, IEHTHRI%EE "CREXSEEZ > TS
T EBbrB. I, LARBHERO ZEBIRBHKRHIC L B Suess ZIROBEEI L
ELHRABILEBTES.

HUF % R RARABORRIRILLAADZE, ZAHBEORRL, AEZEIRED,
REKRFERICEIE, MFT~BE LTV XTThHD. BB LRITHRB I RTIT
2725, ZBLRFEOCERELRRTHD. o T, HEREMAK TR Suess ZIED
BEREBALNS L EDN A, EEMICAREREEC L5 ZBLRERIEORE
DRI Y= REKZSVWT, EEN5 ZBREOCEEOREERLEBAIL T,
AEBRERIUF Y o RANOEN LB TE Z EERFT L.

4. ¥&»

A EBRFREILF ¥ S ANOFE I T 2005 36 L 102008 FIZTERE S Lo a3
DUCBEICONT, AHBERZERBEREGHE L & —0NEREESTFHER N
THELE. TOHER, BLTOZ LBHLMNERoT. (1) F¥ r RANOREATH
B0 S bGICBEEOR K DRSSO EET & HE LT, CHEBES 1-2.5% B = & 28,
MRS, ZOBEE, EOoRSVRACE IR A REHEREO —BLRFICRET
BrEZEZOLN5S. Q) HUF ¥ R ANTEEFT LERED “C BEIE, HEMSICETR
BHRBEIC X 2 “B{LRFBHUHBOBEOD RN V- REQIIEENE _BLRFEE
& Lo “C BB LT, 2005 ££T 6.2%, 2008 £ T T4%E NI LR S
N3, 2 HBROXKITBERIC Suess FRBFEVZ & 8B, (3) 2005 F£4 5 2008 £
~& 3 FEORERBIZLD, Suess RITH 1%RBERE S RoTNS.
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