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Abstract: Humic and fulvic acids present in soil of different depth were extracted and their
characteristics were analyzed as a basic study to evaluate the effect of humic substances on the behaviour
of radioactive elements deposited on soil. Molecular size distribution of the humic and fulvic acids was
measured by stirred cell ultrafiltration technique and the structural informations were obtained from their

UV-Vis,, IR and synchronous fluorescence (SyF) spectral analysis. Main molecular size ranges of the soil
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humic and fulvic acids were 30~100 kDa (46~56%) and 10~30 kDa (33 ~43%) respectively, and
their overall molecular sizes were found to became smaller with increasing the soil depth.
Absorptivities measured at 280 nm in the UV-Visible spectra of humic acids were 1.4~1.5 times
higher than those of fulvic acids, and increased with increasing the soil depth. SyF spectral data
showed two distinct peak components having maximum peak positions of 428 nm (type I) and 498 nm
(type II) for the soil humic and fulvic acids. From the analysis of the peak components, it was found
that humic molecules are mainly made up of aromatic compounds corresponding to longer wavelength
(type II), and the molecular components increased with increasing the soil depth. Analysis of IR
spectral data indicated that the humic molecules contain a higher relative concentration of carboxylic
groups than those of fulvic molecules, and the carboxylic group contents are seen to increase as the

soil depth increase.

Key words : humic and fulvic acids, soil depth, molecular size distribution, spectroscopic analysis

1. 2 AES L ol E(1998)= Tl EF T PAM
B9 75 B dFe VA= AAE 2AE 4
AeA] gt dilee G A4 B EA o I, B frlEde] WAM B BEY HH M
o A A7) AAEIE FRe dZFa Ay o 03 Az 4 wEnk Aot a3y =29
1986 A2 X HAL AlDE A3 2L 4 AN AREE EY 5182 A4 2 WA B2
o MAMIEA] 7] Fog WEHAL' WS I o A% EF 71540 vX= JFg dig o]
Foll} A7H A I 2 dAs AHe] FA 7h w g BEg Aol
oA WA EZo| U] Fog ¥EE 714l B2 2k (humic substances) S S48 F3|2H4 o)A
Atk "7 Fo= UEE Mls Bde A7) 4 AR AP 12 BREAM EY FoA 7P
A HES A AFH- G olFoN 2E YA o 2 WA= EY f7|Eolth Ak {4}
25 s, A% () 2 EREF 5994 59 3 AAL 71 AR BEE Brd EFEEA
7717} 71 3% (long-lived radionuclides)5-2 & 7] FE&H A9 pHYl W &3l=o] wet 22t FEAt
A 9 (fallou) 024 BAA AEHY 1 (humic acid: HA), E492F(fulvic acid: FA) 2 F%l
o W2 Walsd, AEE 2 73’ 53, EF (humin)© 2 EFHG’ 42+ _COOH, phenolic-OH,
2 u7] o2 UEE A 9 gixFl 214 alcoholic-OH % -NH,, -SH 52| 24715 7} thd
Zo]t, Bk A2 (deposition)® WA EZLS A& 324 (polyelectrolyte) © 2 A 34 o] Lo ta =
S 5% T EY FUIEY §2 € EY FoA < W8S 7M1 7HEAY ol2wBAY AEdhe
o] o3 WETHS Falo] A7zl AAHA R4 Fo Z2o=g FAsiH, EY 2 digF A &
2 FA AR FiE S Qlo] F2 B i Ag QB8 F2 B0 &AM 549 FF
o] Hlu ek’ & o9 A% 83 e Fp
EggAol e Hatd A BX 2 A% W oy 2 AEAntel wEAde pH, 4HE-FUx
A Ao T, AP B ol EY 74 A 59 EG 87 olom Rt zAe] B - 5
AErtel AuAe 2 FuAY ZeE 5 oalg 82 EAJo] ul$¢ uPsA &3} o B, ¥
kgt aid) o8 TS AT B3], EF 7] AA7N7E Al A Z87) Fgo] w2 Rk &
£ (soil organic matter)S AN F (Z2>2+)2) NErt =1 EF FoA e Ert foldle o FgEA
wEAo] =31, B pH 2 ohkst 4ksl-ghel 27 o o|5AE A F/MIAH, A= A3 §3)
uel B U dF9] £37, o]F % W3 T T8 Tb e FAE ARE olFAo] vl QHEAS
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2.1. FAAO] £&

FAAe AT S H oRike] HAJefA] 0~
20 cmZ7HA] Zo]¥H (S1: 0~4 cm, S2: 4~8 cm, S3:
8~12 cm, S4: 12~16 cm, S5: 16~20 cm)Z A F 3+
ERNEZRE Atk AFEY ESS 4A shig
T dFoz st 3PkAl Bk (volcanic ash soil)

e 7Y, EY Wl HE 2 #7159 el =
o} = o2 A ¥ EY (non-volcanic soil)oll HlS}e]
AHes g WAM B4R S Bt Az
A A9 nd @ AFE Qe EF A o
S wjAIsly] et Q1He] gid &A9] #H
Aol A o]FAH o, EF WAs B4 AAE
HZ AHH" PAFs E-89 95% o)do] EAlsh=

F 20 emZHAE AR EFANEZRE ] HA
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o FAS) 32 ¥ AL FAFAG @SS EF
AxpA el w4k 7] AW 2 XAD FEHE ©]
|39, FEARE 5l 1 BLAEH Y HEA
525 AUtk A FE 2 FARELE g £
A3 A =] Yk

2.2. 82|04} (Ultrafiltration) &4

F2ake] B BE 24 A 3719 Cutoff

Vol.15, No.4, 2002

x 9 E3A 54 3 375
ot ey AFE 200 mL £ FejojupgA]

(ultrafiltration cell, Amicon model 8010)2 A}-&-3}e] 3
Broz SRS BAY BAE AF HAS

FA A28 (200 mg LHS 7 BZAEE 01 M
NaOHol| $Hd3] =91 3 1x10° M s $H2A

[tris(hydroxymethyl) amino methane, Aldrich Co.]& 3
8= 0.1 M NaClO, £ 2 1 L7HA F3o2H
FHIBIAT o] el &9de] pHE 0.1 M HCIO,
AMESl 8.0+0.12 A3k FHlE AlEE9
el o e Amiconrhyo] FEHE Tl cellell
T ALIIAE o183k 40 psiZ TFATFOEA
Stk Aol ARESE ShejojHute RYEAE
(molecular weight cutoff. MWCO)9 w2} YMO5 (500
dalton. 0.5 kDa), XM3 (3,000 dalton. 3.0 kDa), YMIO
(10,000 dalton. 10 kDa), XM30 (30,000 dalton. 50 kDa)
2 YMI00 (100,000 dalton. 100 kDa)5S AlM&-3t%ich.
22 5% NaCldt 28 o83t AA s3lon,
7} stejodz) vk Ao 5E7MAT AT BElE
Aggde] FEE UV 280 nmollH e FRE SH3k

ol-g3te] AAs}UT.
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2.3. 2L (Spectroscopic analysis)
H2 ko] FHEAL AT R BREAY)

(Shimadzu, UV-1601PCO)E A&ate] zAletdth F9
2 g Fulak B9 A8 5 AREShe] 50, 100 2 200
mg L' &9 (0.1 M NaClO,, pH 6.0)< A|Z3HAch
Z+ A2 89S 10 mm 494 Zo} 300~800 nm
o ZFEe] g F3=
3ol w}E 280 nmollA<]
WHE (A = abO)ll -85}
em’ - ghYE T

3% (fluorescence) Aminco - Bowman
2 Luminescence SpectrometerS ARSI,
Synchronous mode®l A Z7g3}th. Synchronous B%
(SyHZHEHL 20 nm <J7]&3 4] (excitation  slit
width)¢} 4.0 nme] WE&E3 Y] (emission slit width),
4 nm s'9] FAEE ZZA 290~600 nme] T3
Aol A Ak A79} HEe B o] (ANE 30
mz A FAEAT FA AE AP AN- 30
mol|lA HAe Ralsg 7k Raate) SyFAHEH
S YeYth® FAE 100 mg L' €901 M
NaClO, pH 6.0)& AME3ISoH, HAE
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(quenching) &4-S w2t 50 mg L' &4 0.1 M BEYHE BT, 100 kDaole AhEA7} 17~22

NaClO,, pH 6.0) A|Z3t &A%tk %% WA £ EXHE Bt} o), 0.5 kDaol
Z o)A EFEALS FIIR-620E371S AR&slo] o 3te] ARAE < 09%°l8tE v SHA EASHATh

Atk B4 A5 83 729 HAS FANE B FAS 7%, 8 %x}%k B¥ o] 10~30 kDao &

< KBr (FT-IR grade, Aldrich Co)¥} <F 1:1009] F-Al A 33~43%9] E¥HE HPow, 80% ool 30

HIEE 42 H pellet® 2 ¥HEo] SA34 kDa ©oJ3}9] #AFS 7AL Stk 53], 05 kDa

o3l ARAE 2~3%2] EEHE YERALT

3. & ¥ 1

3.1. HAQI FAS ==
IHSS FEAA e we} Zold EYASZRE F

Fraction (%)

£3% HASH FA 2R &S Table 19 AA3I .
o FE3 3 AAIAN Y £4E ud W 5 ’

e JFHoL A3 vl ofel it U 3 S e s
ZRog Zo|yd Faake] ofd that A Ak

< 2 & 3%t HAY 749, FE%E HAL > HA .

2~HA4 > HA5Y £22A ES Zol} S7184E sol ez |
ZHaske ATS BRYom, FAE FASE A9slis g

FEFOl frAllAH. 53, FAS HAS F3M g

(FAHA, g/g)& HInaHS o, BEF Hort 718+

= FAZ} HAdl Hlgte] Aojdoz 4 F2H3th P00 s0-100 10 ]

O]‘H‘:j' 7515“40 ED) 2y Z}EQ—}E %l‘]b‘]-—‘: Ao Molecular Size Distribution (kDa)

2 X FA7} HA| Bvlsle] EES wlE o|FAlo] = Fig. 1. Results of molecular size distributions of the
7] W' Ao -ﬂr%%\:}l volcanic ash soil HA and FA

Table 2. Molecular size distribution (%) of soil HA

Table 1. The amounts of HA and FA extracted from and FA determined by ultrafiliration using

the soil samples (100 g) in different depth the stirred cell technique.

Soil sample Humic acid Fulvic acid | FA/HA MWCO Humic Acids Fulvic Acids
HA 9 4 ¢ &) (Kill Al HA | HA| HA| HA| HA| FA | FA | FA | FA | FA
1o-
S10~4 cm) |HAL| 2.14 | FAL | 104 | 049 patony| " 1| 2| 3| 4| s | 1| 2] 3]s
S2(4~8 cm) HA2 | 150 FA2 | 0.99 0.66 HA
S3(8~12 cm) | HA3 | 1.72 FA3 1.10 0.64 > 100 [14.9 21.6 |20.1|19.5[17.3|21.5 | - - - - -
S4(12~16 cm) | HA4 | 139 | FA4 | 095 | 0.68 30-100 (367 [55.8 |52.8|50.4 [48.746.3 | 16.4| 17.4| 19.2| 17.5| 15.9
S5(16~20 cm) | HAS | 0.57 | FAS | 063 | L1l 10 - 30(32.1 |12.2 |14.6|16.9 |203 |18.3 | 43.0| 38.9| 33.8| 363| 33.3
3-10| 74| 46| 64| 69| 72| 72|21.4(23.7]248| 243|259
3.2 ExjEET EM 05-3|82]56|51|60]62|64[159/17.5/195|193]225
Zolw Eopaze] ZAlsHs HASH FAS] Hale <05 |06]02]09|03]03/03]32|24]26|26]23
BY ANEZ Fig 1 2 Table 20 JERIQUT} wwS - ¢ less than 0.1 %
&3le] AldrichAF2HE 9% HA (Lot No. 675-2)°] Zol EoF Bl Exlek EYEZ HwalgS
W BAS s, 2 23S A AAsh Ao Eok Zo|7} Zr134E HA U FA BAle] B
WAHOZ, FA FAT HA FAd Wsel Ao gope dgnoz pashe 294¢ wAT Fg |
o B ° S 9 2 99
S EARS S @ 5 U HAS TR g pae) A 2 @), 10 kDa oldE AAFOE

=
Balg BY 9o 30~100 kDalEA 46~56%2
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3.3. XIM-JMA M EY &Y

HAS} FA £99] ths}e 270~760 nme] 334
oIN ALAANRA 2HAEDES Aa, tEHOR

HA13} FA19] AHE Fig. 201 =AI8HTh

[HA, FA]= 100 mg/L -
in 0.1 M NaClO,
pH = 6.0

Absorbance

500 600
W avelength (nm)

400 700

Fig. 2. UV-visible spectra of the volcanic ash soil HA and FA

E HA 2 FA9A 3pgo] )34
o}ﬂl aste APHQ BALte] &
%tk HAZF FACl HIste] A d9elA o &2 §3
=2 Btk HAS FAS] thale] 280 nmol|A F37
#e A8, 1 AHE Table 39 UrEPHC’*E}.
HA® 7% F375E 235 ~ 331 (L -em’ - g9

l—ﬂ

e
e

3}

}‘U

A 3
2HEDH
===

T

]I101| rlo

Table 3. Absorptivity and fluorescence intensity of the

soil HA and FA
Samples e’ (L-cm’ - g") FL intensity ratio”
HA FA HA FA
S1 235 16.1 2.67 1.01
S2 32.1 162 3.63 143
S3 30.7 162 3.99 1.58
S4 33.1 17.0 421 1.61
S5 33.1 174 431 1.90

"Measured at 280 nm
“Ir(at 498 nm band)/Tr(at 428 nm band)
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HoQom, FAS EFRASFE 161~174(L - cm’

gil)ﬂ HOlZ A HAM HIgt] Ajroz o 728
uslth Held E% HA % FAS FHASE ®F
0~4 cmEThs 3% (12~20 ecm) EFA o &
A EAck @vrH e {9} (humification) 7} 13
42 B uEEE R &dko] 275l Zlo
2 49A sleH, ol wel FREE STl €
ok Wb, HARA7) FAd HIske] =& wekE A4

o
=

o
10,
T

R ¢ 5 Agow, Be EWFd EAsE
A% 27l AdAeR O B s Ay 9
2 M e gvie

&4
S g A A
synchronous &% (SyF)
040]2] SyF /\.HIEEE

& R 9 1
2R3

3.4. Synchronous Sz
Sk s wg] 2
E 7] 913t HAZ FAY
g Arstden, 1 An
Fig. 39 YehlAth SyF #4]
(AN AemAe) S FIL 047]«4Z7'°
= _rﬂrx]—/\] j,—_é E/\] oﬂ 7—1
(0:17]}\.2“15\'-';1

shje) ey

H KR
U =

Fig. 3°E—rE1 HAQP FAY &
o} B DA S 7

Fluorescence intensity

400 450 500
Wavelength (nm)

550

(a) FA1
(b) FA2
(c) FA3
(d) FA4
(e) FAS

Fluorescence intensity

200 450

Wavelength (nm)

500

Fig. 3. Synchronous fluorescence spectra of the volcanic

ash soil HA and FA
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o|# g Avke AAIMFA Anele I3
S 24 HASH FA ¥4t §3A57F 37188 3
& (fluorescence yield)©] F71ghS 1 4= 1%k
SyF 2~HEY 2% HAS FA EF 390 nmolA]<]
shoulder ¥]=, 400~460 nmo|A9] broadd =9}
498 nmollA9] Hol ¥AE 7B Faake) AP
Y 5X4E Holx gtk 71EY Edel w2, o
2ot FFoa zole Rt B O U W’/l
T2 B4 Al dgshe AOEH DPJW 499
3332 (390 nm 2 400~460 nm F: type DE F
2 52 24 W g BEE 1?4 -‘é}i}#ﬂ o
Heln, Fupd gdo] B9 498 nm B type
e 53 35 17 e O 43S agd 7

:L} 015 (bathochromlc shlft)E -Pr 3 2T 2R

o

Ao e ¢ % Aam 495 nele) 724 2
AgHon B fstel oS Gl

33333 M719] ARl (I (498 nm) [ Ik (428 nm)E
2R3l 1 AFES Table 39 AASSTE HAY 7
S FBu=9] ArhH] gl 2.67~4.31F FA (1.01~
1.90)0 Hlgte] AAHOZE oF 25MAE =A e
o} w3 £ Zolr}l E7184E HAY FA 2504
gaM 719 dulzt Sk B3 EYh ol
A= Z4E EGT EA5hs HASL FA 2419 w3
D7t EF e O3 X87)0) o8 AgE &
o 243 gy 2 E2AgS Uehdoh 33, B Axe
WA FREHAD BAFEZ E2E FAl tig SyF
2HER BAARAS HEA FAYFE b
(428 nm band)el] ®l3}] 3} (498 nm band) °ﬁ‘%ﬂ°ﬂ
Ao Bla 717y SUveke FFEAS SR b g
t}h. FAS] A Zae] w2 o3t FFEAHLS ZJIOl
71 EY A8elA dojzl HAS FA 4 1—‘;f
Aol Ae] FJAA|7e] diu] #7P % 2
Ao A, EY Zol7} F71e4
A7} gtk 2k B ARl dA|sih

3.5 MM 54 EM
F2a 221 U ZE7)e bigt ARE AFse F
9 BdEA AFNEZ Fig 40 TAEAT Zold E

* .o 5 A

AT ol F

ok HA 2 FASY RE FHoXH AHEH A F2xke)
ARPAQ EA 1—’?@91] 33351 3400 cm” (H-bonded
O-H A=), 2900 ecm’ (A= C-H 4%), 1710 cm’
(COOHY] C=0 41%), 1610-1650 cm’ (CO0® C=0
Nz @ coo st BAe WEE C=C), 1400-1450 cm’
(C=N A2 amide II band), 1240 cm™ (C-0 A1%) So
FAGUGS wgby ol EF Az EAske
HAS} FA £219] 287] 7|18 54L& A2 A
& 5 AATh e 7 Z8-7) k] AddiEl
25 AAETE W] Al7le zpolio] AR
FA7} HAdl Hl3)] 7l25247]9 C=0 A% A5 3T
e 92 g9l 1710 em'lA HlwA 72E 5w
7 Yehd v, alAd wele) ga o]F AT
1640 cm™ 9] &50] A7)E Adldoz v Jelgt,
ol#3 Ae UNHHQl E¥ Ao} X FFgo
24 E% FAZ} HAo| HIste] 7t28417]9] gigo] o
23 B4 A (acidity)7} Ee-e YEpAT

M
Ml o

i

e

O.

S
.

1710 cm™' 1640 cm’

= HA1
S
= HA2
s
3 HA3
e
8 HA4
o
2 HAS
<
3500 3000 2500 2000 1500 1000
W avenumber (cm™)

1710 cm™ 1640 cm™’
= FA1
T
E
8 FA2
s
2 FA3
g
£
s FA4
3
2
< FA5

3500 3000 2500 2000 1500 1000
Wavenumber (cm™)

Fig. 4. IR spectra of the volcanic ash soil HA and FA

Zlold E9F HAS 7% 1640 cm'o] HIF| 1710
cm’ 011* 19 F50 A7I7F B ot S1deE S
7¥ehe A4S BRIk ol Ade E%H
3159 EYol EA8l= HA EAP} 712547)
719] #eko] =o-o olujith. T, FAS] AS Lol
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