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To assess the effects of groundwater humic substances on migration behavior of radionuclides underground environments, we
have to characterize humic substances (humic and fulvic acids) in groundwaters. This study reports characteristics of humic and
fulvic acids isolated with DEAE-cellulose resin from groundwaters at sedimentary rock (depth of ca. 160 m from the ground
surface) and granitic formation (ca. 180 m depth) in the Tono area, Gifu Prefecture, Japan. The Tono groundwater humic acids have
the nitrogen content of about 8%, 75% of molecular size above 10,000 Da and E4/E6 ratio ranging from 6.1 to 7.5. The percentage
of sedimentary groundwater humic acid with molecular size above 10,000 Da is 20% higher than that of granitic groundwater. On
the other hand, the Tono groundwater fulvic acids consist mainly of molecular size less than 5,000 Da (60-68 %) and exhibit similar
structural features. These results indicate that differences in features of groundwater humic acids from sedimentary rock and granitic
formations, may reflect the differences in sorption ability of groundwater humic acids during the transport of humic acids from
sedimentary rock to granitic formation. The similarity features for both groundwater fulvic acids are considered to be due to low

sorption of the groundfwater fulvic acids onto geologic media.
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WP ERE), 0 TIEORE A S nRfEiE) & +
AL R & W IR STV A (Fig. 1). Z OO H Tk
IZ=EIZ Na-HCO;'. Na-Ca-HCO; % A 7T/ I h[24], #
F D DEE 186~840 m DOHI T /KD HERFZIEE 1T
0.5~7.9 mg/l DIRFEEFTAIC B H[25]. JRIK TOHL FAKFEED
BEMECT, HEIRE O C-14 ZJET D Z Ik W BRFIS
5~84 mm/yr OFHEA FAE D HAILTWAH[26]. £z, HIF
RO LR ITLERS % BT 2 A MEEEE OWFSE[27, 28]
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HTFAKIIYLEIZH TR =V T b T LRy I —
TR 78K X O TR %E BREAKED 5V IER
FICRVESHRIRLR2T, T F a—TIC k0 KB
=Y VB TICHAT 8IELZFE O 7
DTHEE LT, MR K OERKEREE 1L, HEREE (KNA-6U) I
HMENOEIK 160 m(EBEFEITTHEN O R E 43.5~
46.0 m), 1E[ZA(KNA-6G) TlIHEE ) HIE S 180 m(biHE
NHOR X 50.5~100 mIZF%E Lz, BH L7z TRk
FRAAKIE Table 112" T, Wb 5 7 vh UMD pH %
RF Na-HCOs % A 7 OHI N KT, WA MRFREIX
0.08~0.1 mg C/1 & HRHIBDMDOR—Y o 7L TEIE
Nz R K25 TR E T - 7=

2.2 WTKEBEVEOSHERERAE
R KIZIETET 2 R E 1L, Miles et al. [29] & Dellis and
Moulin[18]D FIEIZHE» THBERFI L7z, Hi T KIZFEREA
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Fig.1 Geological map of the Tono area and location of groundwaters sampled from the borehole KNA-6.
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Table 1 Physico-chemical properties of the groundwater in Tono area.
Sample Depth pH DOC Abs.at EC (mS/cm) Type of Type of geologic
(GL.-m) (mgC/1) 280nm groundwater media
KNA-6U 160 9.6 0.11 0.003 0.185 Na-HCO, Sedimentary rock
KNA-6G 180 8.3 0.084 0.003 0.177 Na-HCO; Granitic formation

Abs.= absorbance.
EC=electric conductivity.

A A e & A T % diethylamionoethyl(DEAE)-t& /L 12 — &
BIEZFEOTZT T A3 cm x HS 30 cm)iZyit L, #
85 HHIMBIARICHY TR DIFHEWE 2 WAE S Wiz, 728,
KNA-6G TIL &V KREDOM TAREZ T 72D DEAE-E /L
0 —2fRIE30g, BT L0 1EY KRERY A X% Hi-.

DEAE-E/L 1 — X IRICIRAE L 7- B E L NaOH ¥
TS 7=, WROpH % 1ICHHEL, 7 I vEsr
TR S, IHmOOBEC LD 7 3 Ul TLRBRE LY & Ay
L7z, D%, B L7-7 I B3I NaOH THERML,
HCl THOLEEZ AR S, 2 0ofEx 3 E#gV iR Lz
%, FEMHT B F = — 7 (Spectra/Pro Membrane HWCO
6000-8000)(Z A4L, Milli-Q /KT 2 [RIFEEjikiE LIS L7-.
7 VREEE S, XAD-8 #ilgE, B A v A IE(TEMEX
MP-50. 200-400 mesh)% T 7L RER A kSR L, EZ9m
FEHCERIC X 0 RRE L L. B o N TSRS I,
KNA-6U T 30241725 60.0 mg, KNA-6G TliE 244801 7> 5
99.5mg Tho7c. EIHMEITED D 7 VABEOFEIEIE,
KNA-6U T 75 %, KNA-6G T73%LIZIERILCTHH-T-.
Z DOEIEL, FEE KO T KIEHEYE BT 2 7 VR EE
DOFEE LIFIF—FH LTV D[]

2.3 BHEMEBEOHEE

FESRL L 72 R 10 mg %0 B D NaOH VRIS L,
0.1 M NaCIO & 10 ml Z N ZTH5H LIES 1B L7
Z D%, Milli-Q KT 100 ml {2 A 2T~ 7 U= (SR i
J£ 100 mg/l @ 0.01M NaClO,I&K). %D pH (X HCIO, &
NaOH A% C pH8 IZii% LakBHA & L7z, SR4b-FIHE A
N7 MV, ZRFTEIEANRT RV, BLOEEEERY A X
PR v~ b7 7 0 —OREICE, EEDEREZ 10
mg/l IZAER L 7= 0.01M NaClO, ¥&iE & #EHRR & L Cfli
L7z, 723, —EBO5HT Tl 100 mg/l DEH bAEH L7-.

2.4 SWAHE

T KSR B YR (A A 3R 0.01 M, pH7.9-8.1, J&
FEA I 10 mg/l)DEES- R A7 Vi, B2 U-3300
R L VHE L7z, REE 1 om OB IZH
BHAE R % AtL, Milli-Q 7K % 5t 2R 200~700 nm i %
A¥ ¥ LitgkL7-.

T KBRS E RO Z R TE AT FVIFER S
[30]DHFHEICHEVY, HIZL F-4500 #0643 6EEE 2 AvT
T4 M VEEE 400V, AV v MEEEIE, EtED S
nm, B R 200~500 nm, #YGHEE 250~550 nm O
JBREEZPE LTz, 2B, WET—Z 0% 7Y v 7

79

RN R, HOEERE S B 5nm TITo 7o, W E ik
B D FHRTHOE TR 1T 10 pg/l DOREE X = — R IRIE D FhiEd
W 345 nm/A G R 450 nm OHOETRE 2 10 Filgx =—
K=y MQSU)& L THIEL »7-.

TSR DFYARFEL 1.3~2.6 mg %K 500 mg D 2L A Y
TAZHEML, A TS TE LTV oS LIEA L THIE
HRELE L7z, RN ART bV ORE IR 5 E AW,
HASr S JIR-3505 7 — U =28 MRS 3 S ERHT L 0
1To 7z JE SN M FKIBRDE OWSLEIL 7 ~ LT A
7 BT K W IE L.

BIERAEY A ARz o~ 77 A0MEEFTRERS
BUDHFIEE -T2, BB D5 TV A R K 258,
PEBRIR SRSy + & 50,000 DA APEkR 7 v~ hH T A(HSL
R AR GL-W530 @ BUKMER—F AR Y ~—7 )L & il
L7eh T4, 107 mme x 300 mm)Z L. BRI
pHS I[ZFHEE L 7= 0.01M |+ VU A HERAREEIAIF(0.01M Hifk T
MU U AEET)E W T KEREE SR 100 ul %
HEAL, WiE 1 ml/min THEL, DT EDFP AKX
4TRSS, 2Bk 280 nm DWW A RIE LT-. FILViEE
ra~ NH T AOSHSE AR T 2720, 1A X
EMADORY =F 17 Y 22—/ (Polymer Laboratories, Ltd.,
& 109~23,000 IEH¥ > b)), TV—FF AT
(Shigma 4, 4y 7 2,000,000), 7 & b (FlHisR, o1
& 58) K OV /X7 [Shigma £, 43 & 66,000(7 /L7 I
)& Gy T R 29,000 BRI EE SR ) & F O L BRBIER T 1~30
mg/l DYRLFEFTVIE U7 S ARHEREL 2 7 T MTIEA L, "2
TR D WVIFES- IR AR TR L7z, EREoflE
FMHTOH T AOERFEBVONLIT V=T FA KT
ORI LY 7.6 ml, 7T LADOEEFHERVO+VIZT
T hOBRHELY 230 ml Thotz. Fiz, FhEEE 320
nm/ HYGIER 430 nm CHEER O EREE O Y A XPERR
sua< I ALHEELEBR. BB, Z7u~v 7T A0
BIE T 1 3BHC D X K 2 [B T - 7=

U 2B T A A REE 0.0IM SRR L 72
NaClO, ¥IRIZH D L, JEAEW B IR 10 mg/l & 2\ % 100
mg/l, pH X 8 IZFRFE L7=. Z OEIRIL 450 nm D 7 ()L Z —
T L7=1%, 24 T4 X 100, 000 dalton (Da), 30,000
Da, 10,000 Da & 5,000 Da O [RANE#EEL— = » F(Millipore
HET L R T 7 U —CL)IZ & 0 EGAICIRAMNEE L.

W KIEREE D53 T A X53A1%, FRIMIER & Endik
B A YR v~ N7 T 7 4 —EHABEDETITo 7
[31]. &R IR S OBRAMIEIR I K - TP A1 X
S3IE LTo AR TR & HERRBR S 415 50,000 D 3BEREL A
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THHTLA~NEAL, 854280 nm TE=X D 7 L7z,
ENED TV A XIRE O v~ 7T AOEBEIE»S
BTV A RN EFHE Lz, £z, RINERRTORE D 7
0~ I NEOELSES YA X DI e~ 7T
AEDF#EI O~ N5 AEFEL, kRS L.

3 #R

3.1 FTERMAAK

WS T O KB L OERET O TKT I U8, 7
JVIREED TR IT Table 2 1R, REGRITT I VB
WZHARTIARBO R EL, KE, EFRERHITT I VB
DI BE. FRHIROH NK 7 I UV BROER G =IL 8%
LMD IR T I UBRIZEEARTH P EVE TH - 72,
F iz, HERE LR R O IR T 2 L ERO JSERM AT
E—ET D03, 7IVRERO FIIAC R O T KEENO )5
K 2 %EWVETH 5.

3.2 EHN-AIHARS b

BRIk o H T KR D ERAN- A A X7 bV
Fig. 2 \&/R LTz, FHFEEMIY & D WIZBEEWE D5y 17D
S HIER3]E LTV LTV D44, 280 nm {HiTic
2 — RZRRIH S FAE L, 30RO 1 CITHERE S P o Rk
(KNA-6U) 7 X VM IR Cd > 7. 4651 280 nm @
WG IE, KNA-6U 7 X fig> KNA-6G 7 /LR > KNA-6U
TIVREE> KNA-6G 7 2 VERDIETH » 7=, JEHHE DI
FEAVEE % 79" E4/E6 F1(465 nm & 665 nm DY EEE D )i,
7 IUET6.1~75, ZIVREETI1.6~12.1 ThH-o7=. =
DOFEFIZ, TNAREEIL T I VBRI~ TSR L OFREE DME
WZ EERBELTND.

3.3 ERTHARARY LI

B H s O ML N K E R E D IR AT B LD
PEREFT Fig. 3 1R LTz, HERUE TP oM Kk & e
OHTIK T I VEREEHZIZHARR 2 ©— 27 1358 b T, Jib
EHEMEEIC AT v 512 L - CHFRIICHN
THART MThotz. —J, HiEE R OFERE T oHh
TARZVRERIZREE R 300 nm/H# IR E 425 nm (27
0— R —7 BNRH Sz, BRI E 300 nm/H3 e R
425 nm O 7 VRO FARF AR T 89~113 QSU, 7 3

Table 2 Elemental composition of humic substances in
Tono groundwater.

0,
Site Type of (Wt%)
humics C H N O
HA 46.4 6.9 8.7 38.0
KNA-6U FA 47.8 5.6 0.6 46.0
HA 46.7 6.9 8.4 38.0
KNA-6G FA 50.1 5.6 0.5 43.8

HA = humic acid. FA = fulvic acid.
The oxygen content was estimated by the subtraction from total
minus the sum of elements such as C+H-+N.
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Fig. 2 UV-VIS spectra of Tono groundwater humic (HA)

and fulvic acids (FA) in a 0.01M NaClO, solution at pHS.
The humus concentration is 10 mg/I.

VRIS 46~70 QSU & ZILAREED T8 1.3~2.5 & <, B
ALHEFE Y72 ) OFNMERNE N EBNbD. 207 I U
& 7V ARBE OB LR EE O KU NERIE, T hE o1
RO T KRB OMAEFER(2, 34] & FJE L2V,

3.4 =) IEBRFHNARI ML

RO 2 FEEEOM TR T I I, 1FIER U A
N7 MVERL, 6 DORINAE S /- (Fig. 4). 1650
em™ (TFHFFER D C=C M#EiEEh, 1520 cm™ OWILIET I K
O N-H OZEAEBICHET 5. 1230 em™ D55 RILHR I
TINVARF T IVEED C-O MiEREIC L 5. F72, 1060 cm™
DRI, ZHERED OH [MAFIRENC L AWINAE 2 Hivb.
SRR OH TR 7 VARERE, HITFKT I VR L TR
DAY MVER LT, K7 VARBRIZIE, B RFY
JLID C-O HHERENC B35 2 BRI 28 1720 cm™ £+
WIS, HARFIVED C-O WiEHETE &L OEAETICH
et HURILAS 1210 cm™ ITHRH Sz, 2R S OFER S,
HTKOZ VR, MESRE & OO A B x
ONDANREIIVENT I VIR THEEBEL TS
ZEMPND. Eio, HEHUKOMT KT I gL 7R
BEDARIN AT FUIZR G 1650 em™ & 1720 em™ @
Y —7 ORHIE, o T KBS E[18] K O LAY
BBV THHE ST 5.

3.5 A XHI/ AT IS LA
3.5.1 &5BRHEIRPAT RIS L

KB E D7 a~ 77 AE Fig. 51T L. 28
PEFHARE(7.7 mDICRHE SN D B —27 OF 31X, HERUE B
HOMTAKZ I VBEOFNIERERFROM TR I 8
WCHARTRI 2 5@ <, F A X 50,000 Da(H 5 A DHER:
RASFEAED T I VBROBEIENL N L Z R LT
5. 2FAICKREEND =203, HREEBT O T KT
I U CIRFEIATE 8.8 ml, fERAE T OHI KT I VEET
8.6 ml LIERIEDHT NIV 5314 XDOKE L GHHD
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BANENZ ERbND. —JF, KT I UERICIT RS
BFE92 ml £ 9.5 mliC 2 SO — 7 RS, WEFD
MIC7 I VBRIZEREENTRO e h o T,
3.5.2 BARHIDOTLIFLA

fEfa B O T KEEDEOE R 7 v~ ~ 7T
A Fig. 6 IR L7z, 7 I VBRI 9.2ml & 9.6 ml i, v
AERIZ92ml & 9.5 ml L1022 mliZ B — 27 3k S vz,
2BEAOE—ILEIXT I VEEO TN 0.1 ml <R S,
WED 2 ZFEOE— I TEK O — 7 N R > T
W, ke, TVRBO 7 -~ N7 T AOEBENT 2 R
DFIEHARTI2MBREN &1T, HTFAT I VERICH
NTHTARZ VARBEOEERE N L 2R LTS, [FH
BEOBMRIT L, YY), WIKk7 2 Uik e 7V REEICD
WTHE STV 534, 36].

3.6 DESFHAXADHIOT TS LOREY
R KB D4 T A X5, FRIMER & &
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4 572[30]. WIEL7=Z v~ k2 F AL Fig. 7R LT,
WA S ERAE O TR I v/ a~ N7 T A
BT S E, TP A X5000 DabllTorsu~ 737
LD 3 ODE—INEIXIZIET—E Lz LrL, A
2 30,000~5,000 Da ®7 B~ k7T LD —7 (EITIE
A DF A 0.1 ml < Bt S 4, RSB TR X
IZHRTEO YA IRRENZ L EZRBL TS, 5
F% A X original(450 nm)~30,000 Da ® 7 7 7 > 3 . Tl
WA T /K7 2 VIR CIE 7.7 ml & 8.4 ml, fERETEF
OHTFAKZ I VEETIE 7.7 ml & 85 mliIZE—7 BAH S
iz, LLEoRERIL, HEEE L EREER ot kT
IUBOREER S YA A E DRI L ZR LT
AV

HITFARZVREBOEEE, Tk 9731 X 5,000
Da RiifiClZ 92ml & 95 ml i —7 3t Shr. =77
L, {EEEBHROHTAKZ VREOLT-H A X 5,000 Da
HRIMD 9.2 ml D ¥ — 7 BRENHERIA IR TEL, 207
T aryOEERENI EERLTVS.
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Fig. 3 Contour plots of EEM spectra of the Tono groundwater HA and FA from sedimentary rock (KNA-6U) and granitic
formation (KNA-6G). The intervals of contours are 7 QSU for the KNA-6U HA, 4 QSU for the KNA-6G HA, and 6 QSU for
the KNA-6U and 6G FAs. Arrows indicate the fluorescence maxima. The concentration of HA and FA is 10 mg/l in 0.01M

NaClO, at pH8.0-8.4.
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Fig. 4 Infrared diffuse reflectance spectra for the Tono
groundwater humic and fulvic acids.

3.7 9FYA XN

U HieE o H R K JEARE VL D4y YA A453A7 13 Fig. 812
U, BT D 0B A XX, WA T o Tk
7 2 VBB T 450 nm~100,000 Da & 5,000 Da LT, FER#A
B O TR T T BT 100,000~30,000 Da & 5,000 Da
PIFT, WINOESH 26~29%DIFEEIEG Th - 7.
—J5, #F /K 7 /L AREE Tl 5,000 Da BL T O 43 A 60~68%
LT IV AR T XV T O TV A XH 530S il
LTz,

4
4.1 RRMEOMTKEIENEO T
BRI O H KB E ORI E A S NCT 570
(2, oM T KERYE & OLERREIT o 7. BE
WO T KERME OITFEL & 2 E TICHE Sz it
TOKBRIME Dt % Fig. 9 (237, B Huls o> 1 F /K
7 X VW, 7 OVREESLIZ Mo HIUE O MR K SRR AR L b
T O/C R+t & HIC R &, Fz, HIhKk7I v
B2 N/C JR+HelE 0.04~0.16 & K& < AH L, FHsk
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Fig. 5 Chromatograms of humic and fulvic acids in the Tono
groundwaters from sedimentary rock (KNA-6U) and granitic
formation (KNA-6G). The concentration of humic and fulvic acids
is 10 mg/l or 100 mg/ in a 0.01M NaClO, solution at pHS. The
humic substances were detected at 280 nm. The void volume (V0)
and total effective column volume (V0+Vi) of the GPC column were
7.6 ml and 23.0 ml, respectively.
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Fig. 6 Chromatograms of humic and fulvic acids in the
Tono groundwaters from granitic formation (KNA-6G).
The concentration of humic and fulvic acids is 10 mg/l in a
0.01M NaClOy solution at pH8. The humic substances were
detected at an excitation wavelength of 320 nm and an
emission wavelength of 430 nm.
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Fig. 8 Molecular size distribution of humic (HA) and
fulvic acids (FA) from Tono groundwaters at sedimentary
rock (KNA-6U) and granitic formation (KNA-6G) in 0.01M
NaClQ, at pH8.0-8.8.
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