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B IREDOERE T HEICHE S 7z Cld. HEEWSMAEMIC LV 5 I, KE5H CO, & LT
RKUTR D03, —EITEBRINEERIC L D RUSRERA ) il & L7 AbERORIC L i AEER O 5
FHERENDWD D EHEWE~ LT D, AR LB E L, I o R 23 K & VRS DT 5k
LB, MEAFOBEEICXKY | ha IZESBHEDE~E L TN EEZX BN TV S (Kumada,
1987), JEHEME DAERR & Z D% OFIBTEZ Hb® T ERL) LD, EHEYEOERE Sy ($~40%;
Watanabe and Kuwatsuka, 1991) ®O\EDTHD 7 I VBOBA, BAOEAV (BAE) ICX-> TEHE
(LOBENF S NS (Kumada, 1987), LA LAARS, HHEHICHIT 2 BEEDRBAILE Do TRV
. TR O3 (T S SR B AR A B AT B B I HIIE & A S0,

BATETIE, ) ¥ —SOFREEEMAIHE Sh Db, MR T ERERO RS 7
VEPNRBELTWS, LD (2004) ZENOEZRERIIMICEE L, BAESCHEE/REL HETIX,
BEREALOEITBRROEITIC D D ERAE D Z LN TE D L EL, BMICHELSBEREE LTT ¥ by
%ﬁwtﬁ%%@&bﬂﬁ%ﬁﬁbto%@%%\@&%$9i7iy@m6“cﬁﬁﬁﬁﬁ5§@®
BN EOI, BAELOBMREMIT LI E 2 A, 582 BECIIEEI L -8 E CRAE O RBE 2
oTHY ., BEERRKKICARSE TITR 400 FEhroT- b HE SN,

AR TR, MERR L2V TELNZMRR, BAOLE TR LHEEEREL ., HAMICHIR
FCOMTHBEFRLICHEATELINEIDPEALNICTLIZLZHENE L BARKLIO AET
s T I UEE - AT LT, UC EREBAE L OBREMT L., . BAESEVT D
LR OV T I UBOBERELIERT 20, YC ERORR D 7 I UEBEEISICOVWT PC
CPMAS NMR |2 & % C fRfENT I L OUvT =7 AU ER (LR (RTO) 12 K 55675 & B AR AT
Z1T-72, RTO IX, FHEREZ BRI COIZE TRILT 2 0L TH S (Stock and Tse, 1983) . H&HF
BORHNLRFUNVE AFLUEEOBTRFIMEOBTRETERIN TV AHEITENME I NI L
(Ilsley et al., 1986) . MEEFHER TIL, TO—EBRARL TUNRF VVENERT D Z & THHENIE
FEV ARCEBURY INVKRUBEOFFRBB AR E LTHREEND, D7, RTO THLILZH
RARRMERIET DI & CRHOMALSFREEEZHET D Z LN AHETH D (Murata et al., 2001)
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2-1. 7 I VEBORBLL S H

LHEBRFERER (BnRERTRE) NOLREBKTICEBON T, A BHELZES 36 cm 25 FH~
5em$04 i (FBR A-1~A-4) TRELL., BFESRCRA. 2 mm OFFVICE L, HE 1.6 @ ZnCl IR %
WCHEER A BRE Le ORME - 5 1996), HHEEZ MK T2 BEIEE#, 1 mM H,S0, 2Bz T
BEtE L L, BOSHEIC L > C EBAEZ BT, BREER Lz, £HEANO "CBEEZ S VT ha Ul
I RAHTEE (Model 4130-AMS, HVEE) 1= & 0 & L=,

7 I VBORERIL. R A-1 £ A V. Ikeya and Watanabe (2003) 12 X 5 NAGOYA 7% (Kuwatsuka
etal. 1992) DOHFTIEIZ LMo TiTo 72, MMSELLTIORT - £EEHC 300 mL g C' 0EIATO0.1 M
NaOH % M %, Np A THR& %, 25°C T24 BERME L 5 LT 7 S » Wbt L, BEEEAI & L C NayS0,430
g U Bz T AyHE U, FRIEIC G & A 0.1 M NaOH % N2 TPEM L. Yeifil % il Hiic &
DETE, 3SMH,SO, TpH1.0 & L, 7IVEBEILESE, BETOIREDER DL, 7IVE
% Na,SO4 Z & e 0.1 M NaOH ICHHfiF S &, EOmBEL72, 5612, 0.1 MHCI-0.3 MHF (1:1)& /% T
25°C T4 BERIIR & 5§ HHEZR 3 EfT» TRE L TV A EHM 2 IRE L, B CHE%. WS
L CTHRAR 2 /7,

7 2 UEROD 4y T Kawasaki et al. (2008) 2R L TIFo7, 7 X VEEMKREEI % 10 mg L' NaCl 25
2 0.01 M NaOH (Z¥AfiE L (4gL")., 7 b &M 200mg L' 127225 L S ## LooM%, 4°C T—
BeghiE L. LA ARSI (LT 20P £ 35), BOSBEC K> THREZEIL L, EERICEFREL A
300. 400, 500, 600, 700, 800mgL’' L7223 X5 7t M HIBRMA ., FEEOERIEIZ X TLEZEI L

(30P~80P) , 800 mg L' TH bR L2V HE 4y (80S) & &de 8 W4y %157, &4y iZ 8D 0.01 M NaOH
IR L, PRIk, WEZE L, I SICBMAKZM CRELZET2EZHEVRLTTE b 2BE
L7z, RWT 0.1 M NaOH IZFEAE L. 3 M HpSO, 2% CHhBE &8, Lol LEa sk, it
BB N2 CRL BT 2BIEE R VIR Z & T Lok, SRR L7,

2-2. 7 I UBEDLHT

BAEOREIZEL LT, log(di0/dsno) (0.1 M NaOH |[ZVEfE S W77 2 B 400 nm & 600 nm D W HEEE
DO R EAE, UV-Vis 2227 MLOEE ZRT) & Agoo/C (R LEEHED 1 mg CmL™" & 72 Y ® 600 nm
) ZRDT, log(Aaoo/AsoolFIEDMEVME E | Agoo/C IHERE VT EBEEITE,

MCBEZ, 0T e U INEBERSITEHC L D EIE L,

PC CPMAS NMR 227 huid, BEARFUEHH RS L% & JEOL Alpha 300 2 W CHRIE L7z, ¥
FNET XL C (0~45ppm), O-7 /LF /L C (45~110 ppm), F5&HE C (110~160 ppm), H /LR =/
C (160~190 ppm) B L. A= T4 A4 RV RIZRTHMEEIT-o 12, &Y 7 FIVEE It
THEY T FIVOMIBRENS £ CIZxtT 5% C EfEEROMHExHE &% H H L 7= (Watanabe and Fujitake,
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2008).,

RTO B L O RARM D &b keya et al. (2007) (T L7z28-7= (M4 - JE30 2007), AER&IZLA
T@EUT%6:7DE%WAZM;TfF:FUw2mﬂm3mLK7iﬂ%Bm&thwm%\
BACLVT =0 L - nKF#) 1 mg ZMZ THERL, 25°C T4 FFREEE L, RS EIER L, KAEDOHR
ZEIL LT, DCM THed L7, BERE Lz, i L7 B Y = F Lz —F L2 M THi s,
TS AZ ALY AF T 28 EE 3 ET o 7o, = — 7 VR Z &b, Bk, KBk, Bz
PrEL, EEZHE L, ROTHEIEEL LT/ FTTHVBAT L EZMZ, DCMIZEMRE L, LLTFO
FHECHAIn~< b 7T 74— (GC) %177z : MH#R, FID; 4 7 A, Ultra ALLOY -5 (R E 30mx W
££250 pum x 7 A )L LEE 0.25 um; Frontier Lab) ; 7 7 A4 —7 iR, #IHIEEE 50°C— HF-1& 10°C min™

— IR EE 300°C (20 %)),
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Inabu humic acids obtained by fractional precipitation. logiA oo/ dso0)
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Table1 '“C age of Inabu humic acids

and their subfractions

ROy 7 L VBB LOEE SO CHERER 1ITRT, Fraction HC age (vBP)

KT 7 I VB C A 495631 yBP 11, A HIEA Y Unfractionated  4956+3]
humic acids

(4170428 yBP) & Eb_THI 700 FE & o 72, [RIER DI 20P 3368432
I¥ Wang and Chang (2001). Agnelli etal. (2002) (=X - T 30P 5431132
40P 500331
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: - _ . 70p 3363430
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Fig. 3. Representative °C CPMAS NMR

Fig. 4. Relationships between proportions of C
functional groups in total C and e age for the
subfractions of Inabu humic acids. Correlation
coefficients in regression analysis were: -0.808* for
alkyl C, -0.324 for O-alkyl C, 0.917** for aromatic C,
and 0.417 for carbonyl C.

spectra of the subfractions of Inabu humic

acids.
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2d % 20P, 50P, 80P DMIEREE /R LTZ, T/AF/LC (33, 38 ppm), O-7/LF /L C (55~57. 71,
102~104 ppm) . HFEHKE C (129 ppm). HIAR =)L C (170 ppm) D 7 FNWiE, BFHEC. HAR=L
COAE= 7% A KUK (195, 236 ppm) & & BIZRESSTDANT MATRD LI, EDH OB
V7 MIBLL T\, —H BV 7T AOHEMREIZIIN T ER 2 2L 3 F0ENED b,

- 13C CPMAS NMR 227 kb & 0 &8s C OB R L R T UC AR & OBIR 2T LI-kR (1
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Relationship between '“C age and structural properties of humic substances in a brown forest soil was
investigated using humic acids prepared from the lower layer soil of A, horizon in a Inabu broad-leaved
forest (Aichi, Japan). Humic acids were fractionated into 8 sub-fractions by fractional precipitation with 0.01
M NaOH—acetone solutions. Degree of humification estimated from two variables, Agy/C (absorbance at
600 nm per mg C mL!in 0.1 M NaOH) and log(A400/A4e00) (the ratio of absorbance at 400 nm to that at 600
nm in logarhizumic scale), was greater in a fraction precipitated at a lower acetone mixing ratio. There were
significant correlations between *C age and the two variables expressing degree of humification. The slopes
of regression lines between '“C age and Agoe/C and log(A400/As00) suggested the rate increasing degree of
humification in the Inabu brown forest soil was much smaller than those in ando soils estimated in our
previous study. Composition of C functional groups in the sub-fractions of Inabu humic acids were
investigated using ">C cross polarization/magic angle spinning nuclear magnetic resonance spectroscopy.
The proportions of aromatic C and alkyl C in total C showed positive and negative correlations, respectively,
to '*C age, suggesting preferential loss of aliphatic components in humic acids in soil. Composition of
polynuclear aromatic skeletons in humic acids was investigated by analyzing products upon ruthenium
tetraoxide oxidation (RTO). Eight kinds of benzenepolycarboxylic acids (BPCAs) with two to six carboxyl
groups, derived possibly from polynuclear aromatic structures: naphthalene to coronene, and seven kinds of
BPCAs with additional side chains were obtained. Yields of BPCAs especially those with a larger number of
carboxyl groups correlated positively to '“C age. The composition of BPCAs indicated that the aromatic

components in humic acids with larger degrees of condensation were more refractory in soil.





