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Aol hF Felgdel 4% e R 12ARE AT Aok FULT FQ 2R
FET) SAL pH AP S o)t RASRAR, PAAREEF PEC) E B pK, &S
ARk FEag Fude] F2A E4L 94aAEH 24 2 CPMAS 'C NMR #3739 o
gate] RAatglnh pH A4 24 23, F4te] PEC 32 3.8~4.8 meq g 9] WOl &
ke Frejstel wste] JuiHes £ 55~70 meq g PEC & Btk Hold EY
FHde 5N Bk 815 (> 8 em)olA T ¥2 PEC @S YEIRTh 92484 HO) B
BC NMR 2 ER 24 (Coon/Caipn) A3, FHato] Fulibe] Wsle] FrHoz WagEAo]
B3, 2EAY) B e e Aoz yey uke EF o]

Abstract : Humic and fulvic acids present in soils of different depth were extracted and their acidic
functional groups and structural characteristics were analyzed and compared. The purpose of this study
was to present a basic data needed to evaluate the effect of humic substances on depth distribution and
migrational behaviour of radioactive elements deposited on soil. Acidic functional groups of the humic

and fulvic acids were analyzed by pH titration method, and their proton exchange capacity
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(PEC, mg g’l) and average pK, values were obtained. Structural characteristics of the humic and fulvic

acids were analyzed using their CPMAS C NMR spectra and elemental composition data. pH titration

data showed that fulvic acids have higher acidic functional group contents ranging from 5.5 to 7.0 meq

g'1 compared with that of humic acids (3.8 ~4.8 meq g'l). From depth profiles, it has been found that

PEC values of humic acids in deeper soil (> 8 cm) were higher than those at the surface soils. Elemental

compositions (H/C ratio) and spectral features (Carom/Caiiph ratio) obtained from CPMAS BCc NMR spectra

showed that the aromatic character in humic acids was a relatively higher than that of fulvic acids, while

lower in carboxyl carbon content. The aromatic character and carboxyl carbon contents of humic acids

tend to increase as soil depth increased, but those of fulvic acid showed little differences by the soil

depth range.

Key words : humic and fulvic acids, soil depth, proton exchange capacity, “C NMR spectrum, elemental
composition
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Zold £ Flaba Eujake] B4 24

cm, Sp: 4~8 cm, S3: 8~12 cm, Ss: 12~16 cm, Ss: 1
6~20 cm)E AT EFABEREH Atk EF HA
2 FAS & % AAle FAFYE3 (HSS)9] EF2
Aol whet 4k d7] FJHH 2 XAD FEAHS o8
dtaem, ol 7 F2Ed AlEE HA(0~4cm) —
HA5(16~20 cm), FA(0~4cm) — FAs5(16~20 cm)Z
gatdth AAE 2 B FAHEL o)d £ B
g whel 2th’ HASF FAY FE& 93 EQAEE
A w9 G A3 EY IS S A
st7] st o] JND <A HHT AhelA A
A Ads Edz 135"
AMS 2] 95% ool EAlskE A 20 emZtA]
i=3 %H(volcanic ash soil) &
WAFAYUE (silt loam)Z A,
CEC (cation exchange capacity) gk 25~27 meq 100g”,
pH 4.5~5.0¢] W] At

2.2. |AEN

HA 2 FA AEY C, H, O,
CHNS-932, VTE-900 (LECO Co.)& A}ﬁo}oq 53]
T} C, H, N % S9] ¥4 1.5~20 mge E2de)e
HA 2 FA AEE F4(Sn) H&o] "ol 1,000 CTE 7}
ggo g Ah Ao LASE CO, H0, Ny 2 SO,
7k=o] & IR #HE7|9F TCD (thermo-conductivity
detector) 2 SAATE 0,9 E4L ARE 2 (A9 #
<o Hol 1100 CTellA GE3IAA 7] FAaZFE A
3E co IS AFste] SH3Ah

2.3. pH HEEN

HA 2 FA ##19] %A 0882 (proton exchange
capacity: PEC, meq g')& pH WS o|&3slo] 243}
Ak pH HAE 913 24 g AxH HA 2 FA
BUAE ~10 mgs AP B A &7lelA HH
0.1 M NaOH (CO; free, Yakuri Co.) 1.0 mLo] $+A3] =
91 3 0.1 M NaClO,, 70 mLE &34 Azslgct 34
< tAEg pH-"|E] (Metrohm 716 DMS Titrino)2} H-2l
(Metrohm, model 665) & +2]%= (Coming) o2 T3 %
A% HAA AXNE AMEgsgeH, 0.1 M HCIO; (Merk
Co)E AME3lY pH 110914 4071 S35tk
HCIO,9] F=E Ao &AM NaCOs (Merk Co)E AHE-
sl 174 3¥Se™, NaOH =& ¥4 % 0.1 M HCIO,
£ A3t ZASIAY A0 duddE 2HE
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EUZ, 002 mLY] G715 (step volume), 60 sec]
HYPAIZEo =2 HA3}H 01, constant volume-step mode
ANA FP3AT B A Ny 297 3hellA o]Fo
o, == 4A 25 CT)3tA F+ASHAT

2.4. °C NMR 2Z&4

HA 2 FA Ex9] gAaFTz EALS CPMAS (cross
polarization-magic angle spinning)]< ©]&3 °C NMR
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A
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32.0~35.0%(0), 3.7~44%N) % 03~0.5%(S)2] Hsol

oH, FAE 77} 492~53.8%(C), 42~4.9%H), 37.
7~437%(0), 22~32%(N) % 03~04%(S)2] HAZA
3o AAjE ARkl B9k HA 2 FAY 9AAE

QAAE 2k
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Table 1. Elemental composition and atomic ratios of humic and fulvic acids extracted from soils of different depth

Constituent Humic Acid Fulvic Acid Literature data®
AHA" HA, HA, HA; HA, HA; FA, FA, FA; FA; FAs HA FA
Elemental analysis” Range
C 5870 5692 5837 60.02 5829 59.21 5128 5153 5279 5259 51.54 54~62 43~53
H 475 482 432 386 405 397 430 422 486 452 463 29~58 33~59
(0] 3456 3327 3271 32.01 3331 3273 41.65 4145 3973 3935 4130 29.5~36.8 39.7~49.4
N 1.07 436 414 374 395 375 237 241 224 317 220 1.6~48 0.7~4.1

S 092 053 047 037 040 034 041 040 038 037 034 05~15 0.1~05
(Rest)  (5.24) (3.48) (3.37) (4.35) (5.09) (5.12) (397) (441) (4.17) (4.46) (4.01)
Atomic ratio
H/C 097 102 08 077 083 0.80 101 098 110 1.03 1.08 0.56~1.29 0.75~1.65
o/C 044 044 042 040 043 041 061 060 056 056 0.60 0.36~0.51 0.61~0.90
N/C 002 007 006 005 006 0.05 004 004 004 005 004 0.02~0.08 0.01~0.08

"Normalized to 100% to organic components
"The Purified humic acid from Aldrich Co. taken as the reference material.
“Iref. 3]

gz Ayelo] O woh AYF AN AFIE 2 44T AL w

ol tig Fadh A2 WS EARIIG. 2 A3,

FA®A] H/CHIE= 098~1.1024 HA®A}(0.77~1.02) 3.2. YMXImE=REHPEC) 2 pKa

of Hlgte] Ekom, O/C HIANE FARATL 0.56~ Zold BN g0 EA3= HA 2 FAAEo i3l
0.6124] HA (040~044)l] HIste] #nbA o2 =2 7 pHAARS AL, txAoz HA, diste] dofxl

A
S Btk oYt Ade EY oo Agle] dnt pH AAFA P 1A vl (derivative)S Fig. 19] =
Zog HAZF FA EAe] Hlgte] oz wef
(aromatic) BF8lrEa RS ¢ Zo| FRsle Wiy,
a9AE 2= B8 (carbohydrate) oL 2Hacid)
AR AA el U YeERIth? T3, HAS 1
FA 4 U op|e7]e) EAE AASe ez 4
A Azl e Yehle N/CHIYIAE HAZ} FAd)
Hlate] JoiFos w2 s BATH0.05~007 vs.
0.04~0.05).*" o] o] wjFo|=g o5 A5 1w
A AALES YAHE 2, = CrooHos600.42Noos,
FAE CioHi0:0050Nows ™ 2H7F S 5= gl

ol EF FrYEde] HludMe, HAS 3¢ HA
Bzle] HICHIZ} 1022 718 =43 HA91A 0.89, HA

v

OO |
1>
)
QL
32
o

>

Derivative

3~HAs9IAM 0.77~0.830.24, 8l EA3= HARA 0 1 2 R 5
Y42 gou7h gadte eSS ZAdh o3 2 meq OH-/g HA
[e)

=]
o=

o =4 et S AAGTE 28U, FAS 4% Fig 1. pH titiration curves of HA;(I = 0.1 M NaClOy)
Ao and its first derivative curve

o= £ ool wE H/C 5 O/C, N/CHIZ} 34
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Zold EoF FHjakat Eulabe] 54 24
HA 19 ¥/d7bo] 211883 (proton  exchange  capacity,

PEC) 12 w349 A a2 Re A=A
ok 33 WE =43l 44" HAEAS] PECHS
3.81%0.06 meq g o191, o] we] pH e 8.3+0.19]
Atk HA 24 U 2328719 sfeje] mE pK, s
2F- 471 82 4 [pK. = pH - log (o/(1-a)]°ll &t} -8}
A, I AFHE Fig. 20 YERTE 714, o AH
218719 ©]23}% (degree of ionization)ES LERHTH

Fig. 2. Variation of pK, with degree of HA; ionization

HA 2] pK, 7k& 035~0.952] o]23l% Ho= ar}
S7hetell met AFE (acidity)9] Al717F AAE DA
A8 (polyelectorlyte) S BATE? 3, v o]
235 Y (a= 0~035)004 = o3t Sl whet
pK. #k°] Haste 54E Btk ol B pH(< 4.5)
X HA #Ar] e (conformational change) &
ol 7R1Igk Ao HAekETh ofzg A2 & o
A HARAF W) A3 287171 HYofl o3 AfsdA 2
5l 53} (charge nuetralization) & ¥}oll 2Jsf] WAE= A
02X, HA 9 7% pH 4.5 H2ol X A9 Fep
Zlo] ot & 4 Utk o]2slmo] wE pK,9| o]
gk Wsl e FIEEAL F871E Ad PAA (poly
acrylic acid), PMAA (poly meta-acrylic acid)5<] th 3l
AN FADEA TAME B3] AFHE

ol}e] A%E ENE ths]d/d HA Ao gt o
=0591419) pK.aE AU, HA ¥4 U 2H=87]9)
YA = [average acidic constant, pKaglZ YERARA
o Zlojd EARO] EASE U HA (HA~
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A FAAREE Y, Aagen, C NMR 2H = 287

HAs) % FA (FA,~FA;) A EOINE A1 pH 2434
2 e Ay 54 B3Y 5 ddth BE AR

I
ale] o)Atz e WAoo g pH HAATNS EAJs}]
PEC #¥ pKiwy S T390, 2 ZIZ Table 201
st Aozl HA 3 FARA 2Hd=k&7]e] &
TAEE 473~5.199] HAZ AFAQ t2545 &
4715 7H f714ke) Akl dX)Snk? o)
A= FdoA ANE FHEE 7] A8 2t
T YAk ZlolH, HA 9 FA A4 F8 AH%87]

=

=44-CO0H) & ¢ & Ak

Table 2. Proton exchange capacities(PEC) and pKagavg
values of humic and fulvic acids extracted
from the soils in different depth

Samples PECi1 Average pK,
(meq g) (a=0.5)

Humic Acids
AIHA 438 + 0.05 426 + 0.03
HA, 3.81 + 0.06 5.19 = 0.04
HA, 3.90 = 0.05 497 + 0.03
HA; 4.85 = 0.05 5.12 = 0.03
HA, 441 = 0.06 5.16 + 0.04
HA; 4.78 + 0.05 5.19 + 0.03

Fulvic Acids
FA, 6.38 = 0.05 4.83 = 0.03
FA, 6.69 + 0.06 4.78 + 0.03
FA3 6.56 = 0.05 479 = 0.02
FA4 6.36 £ 0.05 4.85 + 0.03
FAs 6.75 £ 0.06 473 + 0.03

39, FARAS PEC e 636~6.75 meq g'O2A,
HA (3.81~4.85 meq gholl HIsle] Ahzles o =&
AAdAE 7] S AL pKuwe OIS FAZ} 47
3~4.8524 HA (4.97~5.19)9 Blsle] o 33 A
S & 5 AT ol BEY FHERY vlwo
ME, HAY 749 8 cm ZolE AAZ 319 &9 E
%F HAYAE PEC %k (meq gh)ol 3.81 (HA)), 3.90 (HA,)
o] ov}, 1 of#fZo] E<F HA (HA;~HAs)®| PEC 3k
& 441~48502A4 AT O =L AP
S BYh o33 dzhs 94 EHR" A7EYe)
T dX5te Ao RA, A Fo] A& HA AVt EY
4o ZRE HIE 93 §gEo] Hse dYoR
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gddn. 4 A7 A% B¢ ot 31845 A
AR HARA 227} S7keke A3E Bglon)
wAR pe) 49 A%, A4 HAYSS giHo
2 E2 PIANBEF PS ztE ez ved”
9, FAS] 75 EF olo] mE PEC o] o ¥
9 HelM FrArRE

of W§ A A 87 Gl

4
Fob EFEE BE o)F40] Fud] Bre Ro=

3.3. °C NMR 2HEZ EN

FEEAY #ATxd dig 2ok AFA0 JRE
7] 93] HA 2 FAS] CPMAS “C NMR AHEHS
AN, 247t Fig. 33 Fig. 49 =AI8INTE RE 29
EHL § 0~105 ppm (AW &), § 105~165 ppm
(= Bd) 2§ 165~190 ppm (FIEEAY] EA)
FAollA AAHoZ FARE H3 B BTk wet
q, Zold ES HA % FA ¥4 7|&7xs 457t

Relative Intensity (arb. unit)

250 200 150 100 50 0 -50

Chemical Shift (ppm)

Fig. 3. CPMAS "“C NMR spectra of humic acids
extracted from soils of different depth

T T B T
Carboxyl C Aromatic:C Aliphatic C
—

L 172

Relative Intensity (arb. unit)

250 200 150 100 50 0 -50
Chemical Shift (ppm)

Fig. 4 CPMAS "“C NMR spectra of fulvic acids
extracted from soils of different depth

T8 IAAE FASAL, ol EF
HASHFA 242 54< A8t 1 23, 6 0~47
ppm (alkyl-C) 3 Goll Ao =8 4 T3 X< 30 ppm
< A& Fee] &2 7] (long (CHy), alkyl chains) 2 ]
o) 3|33, § 47~105 ppm (substituted-C) % & of| 4 <]
58 ppm- W= A]7] (-OCH;), 74 ppm- TFEF (polysace-
harides) FEj] €A =0 siFsiick! a9, Wk
229 9(105~165 ppm)olle] 8 4 = $1X]<1 130
ppmE LZ-X]3+ HFEEE (alkyl-substituted aromatic) EHA
=79 g8, 150 ppm F22] I == phenolic OH,
aromatic NH, types 5 2 0-9} N-o] X5 ejo] o
g2 eha ¥3 Yo Pkt o= HA 2 FAE
Ao W 187t g FElRoe v XE0)7F 2
St E) (substituted benzene ring)Z O EA EA¢S
AABRE Ao, 7]& T g A= 9= HA 2
FAS] BA 7z 2d EA%E IX|shs Axjo]th> o
o] BA9A] T4 B AAE g A31E 7t
7 &Z7] 3o WiAsHE] 3184 o] F AT YAEe
Ao 2N, EF HA 9 FA 419 ga=2 e o
F83 ARE AFHL 172 ppmS FAoE T 16
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5~190 ppmB G F2 712 2-417] &4 (carboxyl C) I
9] F9 Pt
o, NS B@A 99 F gt E HAE § 4
7~105 ppm (substituted-C)o| A 33k I35 B 6
W, Aldrich HAE Athao s vre daA7|8 Bych
53], Aldrich HA®l Hlgle] Aojzoz He AL
S 7R st ESF HA(1.07% vs. 3.34~4.36%, in
Table 1) O} (amines)d] B4 925 F3ele o
21 50~70 ppmoll Al B}k T35 I3 P S Yeh
Ak o3 C NMR £~FEY E432 obx 2HEF
) 237 (Okcheon Basin) £ HA9] “C NMR &
HEZY EAFAE IX3he AoH, vluA v F93)
(humification) @S] 548 Hole U4 EY HA
o) A A sFaiet’
HA 2 FAY “C NMR £~ZEd] gt Bt} &
Q1 HlaEAs fJ8te] 7 SAFHE Y BAS A
9" 1 A9E 27} Table 33} Table 49 AA5H
. AR 23, 2ol HASE FA #AHZ A}
& 5 AT HARARE FARA HIgke 2
o2 @77 ghiol g Y I (6 0~47 ppm) H
3} o MLV (5145~165 ppm)] 3eFo] =
A Uelstth wbdel gstE, 4F, ofl, olHE 5o
ZAE JeE 99 116 47~105 ppm) <} 7FEEA 7]
g4 949 V (6 165~185 ppm)d] FFS AtiFo=w

k%

U3l
|

ol B Fulabd EBulabe] 54 B4 dAAnEH, dadEH, °C NMR 2#Ed 289

, &

S el o33 Avhs 9 AAE AR
(O/C) % pH Z7 (PEC) ZAFete UA|ste AORA,
FA E47} HAl wlgle] E& 2H3247] e 34
(polarity) S -2 UERN™, FAZ} HAC] HIEte] £& &
3173 (solubility) = YEPHE o]frolth.

Zod EY FHUEAY 49, HA® EY Zolrt
71l e} AvA o AE @A 949 (6 0~105
ppm)°] ZHAdha, WS g 99 (5 105~165 ppm)
7} 712 B27] B4 49 (5 165~190 ppm)S E7lehe
AFAE Btk 53], HAY &34 2 uheAEs Al
AT WEEEA (aromaticity,  Carom/Caipn)©]  HA;S
0.84°14 HA;~HAsE 1.14~1352 &%) ZA8te
HAMA =7 Yepdth olzigh Avks oA Ixd 2

ol EF HA A4 F3%= BAZR F3AF, at
280 nm)9= YX|FeE Wk, Zlo]d FA ¥A= HAS
= o2A dukdoz fAst ANSa W g4
FE BAL, B oo whE 7 gAgqE I
x| wigle] UGG AFHS HolA| Ayt ol
Azhe 94 AXE Zold FAS) 92458 2 PEC
24 Agels AAshe AFoA, AHon ke
RG] R B WSS Ad FARAE
EGFolMe] gejAo] i, EFFS ©E o]FAo]
F5sl7] YEoE AlgHT.

Table 3. Interpretation of CPMAS C NMR of humic acids extracted from soils of different depth

Chemical Carbon types Relative contributions ( %)*

Shift(ppm) AIHA HA, HA, HA; HA. HA;
I(6 0 ~47) alkyl carbons 255 204 18.0 14.7 159 15.0
I(6 47~105) alcohol, amines 29.2 26.6 243 224 24.0 212

carbohydrates, acetals

(6 105~ 145) aromatic carbons 21.8 279 324 353 332 36.5
IV(6 145~165) phenolic carbons 10.6 114 11.8 12.8 122 123
V(5 165~190) carboxyl carbons 12.9 13.6 13.5 14.8 14.7 15.0
Calipn (6 0~105) 54.7 47.0 423 37.1 399 36.2
Carom (6 105~165) 324 39.3 442 48.1 454 438.8
Aromaticityf 0.59 0.84 1.04 1.30 1.14 1.35

"Dividing of the peak areas was based on the suggestion of Wershaw and Mikita (1987) and Normalized at 100%

t . . . .
The ratio of aromatic carbon content(Carom) Over aliphatic carbon content(Caiipn)

[ref. 11]
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Table 4. Interpretation of CPMAS "C NMR of fulvic acids extracted from soils of different depth

Chemical Carbon types Relative contributions (%)

Shift(ppm) FA, FA, FA; FA, FAs
16 0 ~47) alkyl carbons 16.6 19.3 18.3 20.3 18.5
(6 47~105) alcohol, amines 28.8 28.5 27.4 27.4 26.9

carbohydrates, acetals

(S 105~ 145) aromatic carbons 244 23.7 252 242 24.5
IV(6 145~165) phenolic carbons 11.6 10.7 112 10.6 109
V(5 165~190) carboxyl carbons 18.6 17.8 179 175 193
Caiipn (6 0~105) 454 47.8 45.7 47.7 454
Carom (6 105~165) 36.0 344 36.4 34.8 36.4
Aromaticity* 0.79 0.72 0.80 0.73 0.78

"Dividing of the peak areas was based on the suggestion of Wershaw and Mikita (1987) and Normalized at 100%

+ . . s
The ratio of aromatic carbon content(Carom) Over aliphatic carbon content(Caiipn)

[ref. 11]
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