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Shallow groundwater samples were collected from 0 m to 45 m depth from surface in a borehole by multi-packer system.
Fluorescent characteristics of the dissolved organic materials were analyzed by three-dimensional fluorescence spectroscopy
without any pretreatments. The shallow groundwaters have fluorescent peaks of fulvic-like materials at an excitation wavelength of
285-325 nm and an emission wavelength of 400-425 nm. The organic carbon concentration of fulvic-like materials were estimated
for 0.01-0.13 mg/l on the basis of relationship between fluorescence intensity and organic carbon content of isolated groundwater
fulvic acid. The fulvic-like materials in groundwaters from sedimentary rock layers have 12 nm higher peak position on an
excitation wavelength than those of the granitic formation. These results indicate that fulvic-like materials is transported from
different sources to groundwaters in the granitic formation and/or their characteristics vary through the transport due to sorption.
The association of fulvic-like materials with uranium may occur in these groundwaters on the basis of a positive correlation in

concentrations between uranium and fulvic-like materials
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Fig. 1 Sampling location and geographical features of Kanamaru area in Yamagata prefecture, Japan

Table 1 Physico-chemical properties of groundwaters collected in a borehole Br3-3 from Kanamaru area in Yamagata Prefecture,

Japan
Depth pH EC Na* K" Ca* Mg* HCO5 Cr SO~
(m) (mS/m) (mg/l)
0.0-9.05 4.8 59 5.09 0.35 0.84 1.13 2.0 8.49 2.70
9.95-11.05 5.7 82 6.81 0.67 1.69 2.49 15.9 8.34 4.74
11.95-13.55 5.4 87 7.12 091 3.54 1.96 11.8 6.93 9.21
14.45-15.55 6.2 148 7.80 1.04 12.4 2.26 52.6 8.01 8.53
16.45-18.55 6.5 191 9.51 1.38 18.2 2.31 78.6 7.59 8.18
19.45-21.05 6.6 188 10.4 1.51 20.0 2.06 84.9 7.83 6.96
21.95-23.05 6.7 198 10.3 1.52 20.3 1.87 91.5 7.69 4.46
23.95-36.05 6.8 204 10.8 1.60 22.5 1.74 100 7.28 2.40
36.95-38.05 6.9 443 24.0 2.40 54.1 2.86 195 26.9 1.50
38.95-41.05 72 314 113 2.03 40.7 2.04 171 5.24 3.23
41.95-45.00 7.2 296 12.0 2.04 36.9 1.89 157 5.98 2.09
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Fig. 2 Lithoface and chemical components (SiO, and TOC) of a rock core sample collected from a borehole Br3-3 in

the Kanamaru area
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Table 2 Fluorescence peaks and its relative fluorescence intensity (RFI) of fulvic-like materials in the Kanamaru

groundwater samples.

Depth Peak position RFI

(m) Ex./Em. (QSU)

0.0- 9.05 325+5/41843 1.25+0.19
9.95-11.05 318+3/420 0.53£0.04
11.95-13.55 325+5/405+5 0.59+0.04
14.45-15.55 308+13/413+8 0.90+0.08
16.45-18.55 313+3/398+3 1.24+0.01
19.45-21.05 300+5/413+3 1.45+0.16
21.95-23.05 310 /425+3 1.67+0.18
23.95-36.05 305 /405 1.60+0.01
36.95-38.05 285+5/405 6.12+0.16
38.95-41.05 310+5/410 4.19+£0.06
41.95-45.00 283+3/405+5 2.72+0.10

The values of peak position and RFI indicate averaged value and error at duplicate measurements. No error bar indicates the

agreement of peak position. QSU= Quinine Sulfate Unit.
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Fig. 3 [Excitation emission matrix contour plots of the Kanamaru groundwaters. Contour intervals are 0.5 QSU. Arrows
indicate fluorescence peaks of fulvic-like and tyrosin-like materials
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Fig. 4 Fluorescence peak positions of fulvic-like
materials in groundwaters from sedimentary rock (e) and
granitic formation (o) of Kanamaru area

VX, AT OMMOBRE OFREHI R T L 8O ENE
FEEMICRE Sz, Z OBEESICIIRIIK D & 5Bk R
L7 7 VAR, 38 X OARHFSE & RIS B EEAE L 721K
D7 IVAREEA Y O Y — 7 BFRH[18-21] S LTV
L7120, BEH T K~ORBKOFEGNEZBND. —7H,
FEILARD 7 )V AR B (X b K 283325 nm,
VR 398425 nm & IR & THK 42 nm DO BB 4R
Lz, & ICHxPEEREN G, B HERTFET D
JE 36.95—38.05 m, 41.95—45.00 m DM T KEEHIEhE R
F723285nm, 283 nm &EHEEMIZHE S, 7 RERER
B OREOEBENP R I NS, F£72, Fig 4R LE
IOICENBENRZEL TCWDIEBIZOWVWTRS &, Hifis
BLOTERER KO 7 VRBEREHEY O v — 7 (i,
HERE OHUT KO H, FhE R T 10nm F2£ XV ®iEE
WIZRE IS TV ZERNbnd. 20X 577 VREREE
B ORI — 7 (LEOEWE, WREEHOE, D
F Y, TR ORRCBITREOEWZ LS b
DEEZBND. 7IVBOTAREOTEE, HH~OW
BWE, ZVESTF 7T 7 a UANERIRIICRE TS5 2 &
BE SN TV DH[22,23]. Artinger H[8]1%, HITFAKZ /LR

72

FRIT R FI2 72 21206V, BRI X 0 RN R
SINDHZ EEWMELTND.

AE RS OFIFL B O T KGURHERE 36.95~38.05 m)IZ
i, VR 225 n/HEOEIE R 300 nm, b K 275 nny/
HOEH 300 nm IZ S BFHET I BOF e v AIHYTLE
— 7 B S N7 (Fig. 3). AAR—V v 7 a7Elcix, 7
NT 7 H VLT 4 CROBAAIEER LTS, ZORIEA
O LEREFHNLUTHE L LA, K E 225 nm/d
YR 285 nm & L IE R 260 nm/2O G R 285 nm (A E
RE— 7 BB SN, VI (LB A B — 7 DT
AR5 T2 e h, BIEAlOFHIXEMTEERE
WEIEEBZ DR, F2, ERAEINER EZDO T OB
JE 38.95~41.04 m OHITFAKIZIE, FilIR 280 nm/H36H
£ 330nm ([ E— 27 BB & (Fig. 3). U, U
N7 7 VEREBICRA L b D EE 2D Z L BRHKS.

3.2 ZIUREERERYDOEXN B NAREDHRE S
Table 3 121X, 7 /VRBEEERY ORFREZHBE T2
728, B 320 nm, BGHEE 430 nm TO 7L REEEE
) DR EERE L AW DORE L RV 15 5 EE
T BOTF s AR (R 280 nm, G R
300 nm) DX HATREDORERL L L bicE Lbiz. TR
FRRRAHEM OAR OB SRS 1T IR B & OFRBMEANHE S h
TWB[12,24]. FD7=, 7VARBKEG RN OB TR
X, TVARBRREEHOTER, 2FVRELZKW LT
WHEBEZ DI ENTED., RBR, BH[4]CHE LK
TR HUIR D HERE S T /K2 B 3 BERE U 72 7 )V AR D fR 3R
G & & R HOETRE (R R 320 nm, #OEHE K 430 nm)
& OBER B Y FEHIX M T KD 7 )V AR R ) O A 1
IRFIRE & AR - 72/ %, 0.01—0.13mg/l TH-7-.
Fig. 5 \ZITM TR DEAFR G DS E A~ LTz, HTF
KO pH IZERSFD pH 5 > BRI O pH 7 £ Thr~ (TN L
Tz, HERA A REITRE 36mE TIHIZE—EDME
ThHY, EEFNEFTEVEZ R L. —JF, T hU
T A A PR FEIXVREE ST U TR 2 SN B ) & R
L, fEREBIN B # CIXER A 4 L ERRICEVWVEEZ R L



Vol.15 No.2 B =0 7 I I T 2 # N KA A O SO R

Table 3 Relative fluorescence intensity (RFI) of fulvic-like materials (Ex.320 nm/ Em.430 nm) and tyrosin-like materials
(Ex.270 nm /Em.295 nm) in the Kanamaru groundwaters

Depth RFI(QSU)
(m) Ex.320/Em.430 Ex.270/Em.295
0.0-9.05 1.05+0.02 2.7+0.6
9.95-11.05 0.40+0.02 2.0£0.6
11.95-13.55 0.34+0.13 17.4+1.3
14.45-15.55 0.66+0.20 7.2+0.8
16.45-18.55 0.87+0.20 4.0+1.5
19.45-21.05 1.16+0.03 1.9+1.4
21.95-23.05 1.07+0.14 2.5+0.4
23.95-36.05 1.24+0.08 1.8+0.6
36.95-38.05 4.24+0.03 54.2+1.5
38.95-41.05 3.57+0.07 3.4+1.0
41.95-45.00 1.68+0.14 44.9+0.5
pH a’ (mg/) Na " (mg/) RFI at Ex.320/Em.430
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Fig. 5 Vertical profiles of pH, CI', Na* and relative fluorescence intensity (RFI) of groundwaters in a borehole Br3-3 at
Kanamaru area
RFI at an excitation of 320 nm and an emission of 430 nm corresponds to fulvic-like materials.
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Table 4 Relative fluorescence intensity (RFI) of fulvic-like materials in groundwaters (GW) from the Kanemaru and Tono area

Area Lithoface Depth RFI
(m) (QSUL)

Kanamaru GW Soil+ sedimentary rock (Sandstone*) 0.00- 9.05 1.25 (1)
Sedimentary(Sandstone*) 9.95-11.05 0.53 (1)

Sedimentary(Sandstone™**) 11.95-21.05 1.0+£04 %)

Granitic formation*** 21.95-45.00 25+1.2 4

Tono GW***%* Sedimentary rock (Sandstone) 11.5 (1)
(Tuff, Conglomerate) 205+ 1.0 2)

Granitic formation 2.6 1)

Values in parentheses represent number of samples.
*Sandstone with pebbles.

**Coarse grained arkose sandstone.

***Except for the fracture zone at 36.95-38.05 m.
****Nagao and Iwatsuki [14].
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Fig. 6 Vertical distributions of U, fulvic-like materials
(RFI at Ex. 320 nm/ Em. 430 nm), HCO;, CI, SO,”, Si
and Ti of groundwaters in a borehole Br3-3 at Kanamaru
area
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