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Spectroscopic Characterization of Humic Substances Present
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ABSTRACT

Humic substances present in landfill leachates were extracted and their charac-
teristics were analyzed with respect to landfilling age as a basic study to evaluate the
effect of humic substances on the transport and transformation of other poliutants in
pollution plume contaminated by landfill leachate. Element analysis of the extracted
humic substances were performed. The information on the functional groups of the
humic substances molecules were obtained from the spectroscopic analysis using
UV-visible, FT/IR. and fluorescence spectroscopy. The structural characteristics of
the humic substances were also analyzed by 'H and '>C NMR spectroscopy. From the
results of the analyses it was found that the structure of the humic substances
present in landfill leachates was more aliphatic than aromatic relative to other common
humic substances extracted from natural soils and water. The results indicate that
the degree of humification of the humic substances were relatively low. The degree of
humification. however, was increased as the landfilling age was increased.

Key Words : Humic Substances, Landfill, Leachate, Element Analysis, Spectroscopic
Analysis
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tion)oll Aef3tAY, £ F2EAd d¥(binding)
HRA A gdanrE g Yo |HA AAHE 7
Zoll g ATFEE AYFol A>3 gy o
£ Uo| T Aa-gd2d WelA FeEAe
ojF % W# HAHoly & 29 EATY 43
Lo U olHZRE 29 A4 € FHHrH
9] AAAHQ YL ¥E Fx U Ao}

B ApoME o183 migal A &5l o4 24
2gee A4 F3riEE AEsr] AY 7NxATF
2A gR F&F Fo EA4ste FYEZ (humic
substances) & F&3ld 2813, 33 EPL
ZAgo2H vigx e nigddEE o EA A
< vlm BAaiglc,

2. AY Uy

2.1, oY dES

E Agol AH8E A& odA9 @ d ol
g J&4Fd EAste FUEH 4L Y
&7) A8 olgdg 54 w)kel A4 el YA (Young
Landfill, YL), ©i@d & 108 1239 =1¥A(0ld
Landfill, OL), 283 s d3 5~1099] vy A
(Medium-aged Landfill, ML) & A% 3t 2}z
YA 2R Q3 st APsAct. 4 HBAE 2
T 2A AEH7E @A 2AM YL EAE 974
498 g9¢] ARE IZNoiY Fepe] AAY0d
Aols), ML "@ A& APEHA He] HYaHEA
olt}, ¢ OL vl¥Ae vige] $898 E30ldA
24 dA HHBE AFY FAE AYFo o,
A&+ FHPA Ao duislo] A ol wiA] Abd
oz 3 veoe AEFE A

A&se A4 A7lE 999 8Y 13U ~1782A
74 TEE 8Y X Ato]9] FvlHo] A F2AN ¢
2l Uete]l A¥HQ nevtgdt A8A 7IFEALLS
HoFa AT

A5 7 259 £4 54 dopshy] A&
FAENE AN EH T pHY ORPE Orion 720A
pH/ORP Meterg °)&3t.29, DOCe| £4d&
UVE =183 333 d3tst Aoy ZE&7]18 <18

g RosemountAte] Dohrmann DC-180 TOC An-
alyzer& A$3I%T} CI'st SO F9 2ole 4
B EAML A8F 0.45 um HHYQA YHZ ARG
¥ Dionex*le] DX-120 Ion Chromatograph(Dionex
conductivity detector, Ionpac AS4A-SC column)
g o) g3, dxe BN AEg 0.22 ym o
A2 ug F 108 243 HachAe] DR2010
3} BeckmanAte] DU-650 Spectrophotometer&
o] &3t &S Fol EAdte 4 FE&A £
Mo AEE AN 2oz HANIAE ¥ F
ShimadzuAte] ICP-AES ICPS-1000II€ °] &3t
.

e A WAHVFAs) €& gas chromatography (HP
5890 series I £A4387] 43 A5E 0.45 ym
Wy ¥HE g ¥ 6.0 N HClE& |83t
pHE 2.022 ZA 39 dimethyl ether& ©] &%
o &9t dX2E A8e Zol 5 m, WA
0.2 mm2e 0.17 ym =AY AHE o] &3 FID
2 2339 FYRG HAERe 228 47
230Cs 250TCE $3Efeny 28 & &7
150CelA 250C7HA 10C/mine.2 F5AIZ .
Fe7|A 2 €& (30 mL/min)& ©) &3t}

718} £AEM & Standard Methods' el 3t
48 4A3 Y

2.2. FUSHe 7

A&43d ZAzke FUEH9 #&L Thurman
7} Malcolm'®e] AAIG 4-d7] NWgo] £
o AN s

2.2.1. XAD-7 #X|2| MY

Sigmart2¥E FI¥ Amberlite XAD-7 4|
(M ERH 450 m%/g. B F3HA 90 A, AR
27) 20~60 mesh) 2%E B&EE AA7] A8l
44 0.1 N NaOHE °) 439 ¢2jg] JH = 3%
< A F 2 ER) BAdste ulA A&
€% NaOHS ¥4 AAZH e, o] & 543 53
wrEsigitt. A 3E XAD $X &8 Soxhlet &3
£ o] 83 methanol, diethyl ether, acetonitrile,
methanole] &M =2 2zt Gojlofl i3] 24X 0Y &



1116 771 - 084 - 433

sto] 2o Ritgo] e 7] BEEEE AAF
At

BAAE FAE AMEE7] ARA dgged B@at
e, F28¥ (Pharmacia C Column, 16 mm
x40 cm)olel AL ZRFZ AP F oEe-
£ eda AR AABdt. A2 7€
ol AF3e e ¢A3] AN A8 F
F58 344 29 +%+9 DOC7 0.5 mg/L
ol&t7t ® w7kA A3t

FAZ 229 AP ARE FAANI] Ad o
Al 0.1 N®} NaOHs} 0.1 N9] HClI& mdl2 Zz
334 EFAANA BB AASNALH, H 0.1
N HClo] 2350} e AHoM &4 NRE F
A A},

2.2.2. #Y2d £ Y

Fe2r2HH FUSAY Ve HEHES
AAs7] Y8 Z %24 A& 1 LE 6,000 rpmel
A 4087 LA ¥ 0.45 pme] #FEdHF A
HA) & o] &3t AH}AIZ ). o] FAHANAM FE9
QLT o7F7] g FUEA YEIAA
HWAZVE ABE HEY £ e AAE FE F
At ontg A&4E HCIE °l83ld pHE
2002 24¢ H 2 1 mL/ming} $E2 ¥
HAH FA 0 FUEDE FAANAG FA 2
# F4EdL 0.1 N NaOHE FHAIA €3 Z

NaOH¢ ¥4 23td #E22 2d 3L %9
XAD A2 2349 AL o839 FHAI
¥, F4(humic acids)® % (fulvic acids)
& Bdl7] 93 pHE 1.028 Holx=a] 2443
S AN F AAE FYLE AR E
Yoz Ry gt e FYUL IAEL
AgNO; Aol A&l Clo) AEHA &€ W7tA &
F2 A3sen, Fuite] d EYY £
< AldrichA25E 7Y Yol 2 (DOWEX
50WX8-100 in hydrogen form)& A+&3led Na
ol &g AMAsALt Eed Fuia EULS BF
Azs ERAH e HFAEE EULH, ol
Mo ALg-3stedct.

2.3. #YBIY 24

FoAk g T Alge o 94 FANE B
Ag 98 428 (FISONS EA1110)& AA3
dch €, H N ¥ S¢o] ¥4& 1.5~2.0mes} £
A B8 F4(Sn) Yel Hot 1,000 T 7188
24 daAje SAsE COz H20, N2 B SOt
o} okl uHEl AN EE WE TCD(thermo-
conductivity detector)2 &3 3o, 02 £4
& A2 E 2(Ag) F&ol ol 1,060 TN dE
HAA F7IAZRE APE CO LAFE FF
e Wgez s,

Fogde ALA-7IABA G AP FRx
£ (DU7T0-Beckman)-& AA1817] A3 F4t 2
94 2L o] &3l 50, 100 ¥ 200 mg/Le
fo12 Az3le] pHE 6.022 -} Z A
2 292 10 mm 94 @o} 300~800 nme]
B3Ee] o FRx JAE dRen, 280,
465 % 665 nmolX 9] FFZ2RH 3 ATE
Ttk

FolERe HeM EFENE 7 NEEUE
KBr pellet(100 mg KBr + 1 mg Al&)2.2 A%
3l BOMEM(MB154) FT/IR Spectrometer&
Abggte] B4 Eteitt.

33 (fluorescence) 3£ (AMINCO Bowman
series 2, Luminescence spectrometer)& $3l
100 mg/Le FU4t 2 B9t §AE Az F
pHE 6.022 zd38ld of7](excitation) B ¥&
(emission) 2HEH S &H3% o, zt $FEN
Z7 L Table 13 2t}

Zt Algd B@ 'H £ *C #2739 (nuclear
magnetic resonance, NMR) £4& #qji 9 &
YA 222 1.0 N NaOD (in D20)9l %49 50
mg/mLe] B2 A Fdle] AA . 2 AlE &
&g 5 mm NMR 4Ae] o} BrukerAt2] DRX300
NMR& o83t 'H NMRE 300 MHzolH '°C
NMR& 75.47 MHzel A £4& A5t

A2 28 @hEe £4H3% ojgddT M2
t} & nOe(nuclear Overhauser enhancement) &
Iz A% WA e Y Fo2 4A 5 Ye A
ZQ exg Az A8 45 B2 E(pulse
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Table 1. Scanning conditions of fluorescence spectra for the humic and fulvic acids

Scan range Scan rate Excitation Emission
Spect . b
pectrum (nm) (nm/sec) Hv slit (nm) slit (nm) A Aom
tati
Excitation | o0 500 850/700°| 2/ 2 4/4
spectrum
Emission |40, 570 4 800/700 | 2/2 4/2 515 340
spectrum
Synchronous | ey 70 850/700 | 2/2 4/4
spectrum

* maximum-intensity excitation spectrum, ® maximum-intensity emission spectrum, ¢ humic acids/fulvic acids

width)el A 0.229 £ 7t (acquisition time)
ZFB22 inverse-gated decoupling® A}&-3t%
¥ PyRos o Aay Feule] 2HEFE
A7 9l ok 3x10'He) FA} AE(FIDs : free
induction decays)7} W&, 100 Hze] A E
%7V (line broadening function)”} ¥3t R}

Aldrich*t25E 731% F2:HLot No. 11909LR)
€ 7|8 H (reference humic acids)2A A&
2RE 3% FYAL E FYAT Zo] E¥e 4
Al g,

3. &nt ¥ &

3.1. & TEHEY &Y

AEdY AEgod o $2EN e fER
o iiPdgtel 2 APAHA &5 FUSAHE L
o F3 3IcHTable 2). pHe 2% i@ §o] 57}
B8 SHE A%E Beln e W, COD,
BOD % DOC %9 %718 3=t #idte 4%S
Ho|1 st} §38) BOD/COD ¥l YL 0.79914
OL9 0.112 #A3] Astn glol vigddy
7t e AZ24F 4718 YRl ghsn
UALE ¢ F Uk EF AA /R71E F=ol dis
% 771E 2o §F #4718 F29 At a9 2
A ol Y R-E9| {78l §EH o2 EAEa 3
& ¢ F Ut} YL 2% TCOD7} 41,507 mg/L
2 {7189 527t AN EDG o) dFH o2 BA &
FEQed ole A&4o A4A 77 Fulde 3

347 v U F 23 A xe) 2ol A
&£5d gios, £ 8 sl F0oge)
Y& & UN7] W ) ol o Ao
F&ol Tt @Al vl vimd war) gEgd
Aoz Bdwc

ORPS] 7% OL H&$ ule} o] ujyP=) 9] A}
HozRE A5 Aolv] Wie oMo EA
3500, Axe A$E /718 T2} o] 3H
o2 73¢9 YL i3l MLel o A4 23
8% R LYE 9 A H o] 2AHEE AYE
28 e AEE /718 329 A BE
EAE HejFm

g AAte A9 YL 23E BE §E4
A o9 g8 ARE BoF3 o] AFHQ A4
7] @Ae] W24 BEHE RoFa glon wha
OLZ ¢4 Awate] F&HA &g,

3.2. HUSWY 24

3.2.1. ¥4EH

Table 3& FEF24H 3¢ #9 ¢ #44
3} AldrichAte] Fe)dtel ol 948 Aug 7)
& BN 3 oA Jdehd Aoz HA A
2o i@ A vz 2AF Aotk {718
oj9)e] HE-& A <ol hal 8.7~26.3%= Aldrich
Abe] H214H(22.5%) 3 KA AatE Holm Ut}
A4 AnzRe oigdA e oddge] o 54 1
3lo] AgE Frle ol ANAoR EF2
Be 2% FYUEAo] AldrichAte FY4tolut
2ol Ban=n gle 2R vy g4
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Table 2. The results of water quality analysis for the three leachates

Parameter YL ML OL Parameter YL ML OL
Organics (mg/L) Solids (mg/L)
TCOD 41507 5348 1367 TS 32685 13095 4815
SCOD 38969 4749 1106 TVS 17956 3587 907
TBOD 32790 2684 145 ss 1873 143 17.2
SBOD 29990 2195 138 VSs 1367 86.7 7.0
TBOD/TCOD 0.79 0.50 0.11
DOC 18362 1630 863 Other inorganics (mg/L)
Volatile fatty acids (mg/L) Alkalinity 9130 7928 2784
acetic acid 5861 187 ND* e 4283 5090 1623
propionic acid 1959 368 ND* S04 749 881 366
n-butyric acid 4001 824 ND* Total P 9.9 9.2 3.7
iso-butyric acid 504 131 ND? Ortho-P 4.6 3.2 3.5
n-valeric acid 2237 80 ND? Ca 1340 183 20.2
iso-valeric acid 428 53 ND* Mg 242 179 28.2
n-caproic acid 2217 19 ND? Fe 22.1 134 3.5
Mn 14.5 13.2 0.1
Nitrogen (mg/L)
TEN 2482 2192 To6d Heavy Metals (mg/L)
NH,"-N 1896 1826 892 7n 15 05 0.14
Color® Al 6.6 4.9 6.6
PtCo 148 342 117 Pb ND* ND* 0.5
Abs, at 400nm  0.089 0.207 0.065 Cu ND* ND* 0.1
pH 6.6 7.9 8.2 Cd ND* ND* ND*
ORP (mV) -208 -490 14.9 Cr ND 0.3 0.3

® Not detected.’ 10 times diluted sample after filtration with 0.22 m filter

Table 3. Elemental composition of humic and fulvic acids for the three landfill leachates

(Normalized to 100% of organic components)

Literature'”
Elements OL ML YL Aldrich
Aquatic Terrestrial
C 56.1 57.1 56.2 50.3 53~60 54~62
. H 7.2 7.0 8.8 5.7 3.7~5.1 2.9~5.8
Humic
acids 0 29.3 30.2 26.7 43.6 33.4~40.8 29.5~36.8
N 7.4 57 8.3 0.4 2.0~2.1 1.6~4.8
S ND® ND* ND* ND* NA® Na®
C 50.9 53.6 45.6 - 42~51 43~53
. H 6.4 6.7 9.6 - 3.6~4.3 3.3~5.9
Fulvic
acids (0] 35.2 33.8 32.8 - 44.2~53.2 42.9~51.4
N 2.4 2.5 12.0 - 1.0~1.6 0.7~4.1
S 5.1 3.4 ND* - NAP NA®

 Not detected. ® Not available
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o} FAa0) $3o] g, v i FHFE H
& Aoz Jvehyr Ao Afe gdutzEg A&
59 ¥ 42Ycly AdFze vz A
2420 FUBACME Fio o] ¢ =
Yvelvdz Ao},

d2EN AR FYEHS] 4R dF 2
o AU AEE A7) HE Shd] AG F4 A
A 9 Ahel vE FaYn, 1 ZFE Table 40l
AA st Ayt EGolV 3o EAjdte FYHE
Ao H/CHIZF drd ez 1.0 A= #e 7iAln
sled wha) 9% A& 4 A5 Fulakz Fulate
H/CHl= ¢ 1.56~1.9 A= EX2A YdUHoz
=A Jebhd 9 O/Cvle A8 D EF R +F
o2 RE &3 Fuak(eF 0.4~0.5)F EA(F
0.6~0.9)%%q) vjg Y&4 NEF FU4 F
ylate] O/CHle 22zt 0.36~0.40 ¥ 0.47~0.54
2 tha e g Hol3 o, o|2F AR RE
AEF FUEde 7271 ddA= LS @3
4ol JEE o 8ol TRen e W4, dadat
€ Zsle @438 (carbohydrate) ol At(acid)
AEe AA g deE ¢ + Ut

¢, N/Cvl9] Afele AEs FYito] &4
EG E £3 Fyaite v 4 delwon, 4
AL Yoo A48 Adstne YAt FARE
&g Jehia glet

3.2.2. XM-7IAZA 23RN

Fol4ata 294 A 8(100 me/L, pH 6.0)9 o
3] 300~800 nme| FHZEAANA B 29 d-
7R 2HMER e AAE Fig. 1% Fig. 29 =
AlEch A& Fo FHERL Yt Egezy
B 32¢ FU43 fA 54 ZE Aldrich &
Bl ato] HlE) AAMAHoR ¥ FFEE vEhm 3

1119

Humic Acids

Aldrich

Wavelength (nm)
Fig. 1. UV-visible spectra of humic acids
(100 mg/L at pH 6.0).
8
Fulvic Acids
4
g
€
Q
Z s ML
oL
YL
0.0 A
300 400 500 800 700 800
Wavelength {(nm)

Fig. 2. UV-visible spectra of fulvic acids
(100 mg/L at pH 6.0).

t}. OL® MLE AAH o2 |A {3z A4S
HoFm flov}, YLl vidtd 843 & &4%
& Holz S}, Ywtd oz F93h(humification)
7} AYL,E FUEFS WS R ¢99 £
Ago] Frtele Aoz @A glon, o]d et
ER=T Z7sA "oh? mabd o)4e Aae
yPdge] eqd YE,-25E U0l FYUEA

Table 4. Element ratios of humic and fulvic acids for the three landfill leachates

Humic acids Fulvic acids
E]em.ent . Literature Literature!®®
Ratio | OL [ ML | YL {Aldrich OL | ML | YL
Aquatic Terrestrial Aquatic Terrestrial
H/C 1{1.54]1.48(1.88{ 1.35 | 0.74~1.15| 0.56~1.29 | 1.51 | 1.49|2.53| 0.85~1.23 | 0.75~1.65
0/C 10.39/0.40{0.36| 0.65 | 0.42~0.58 | 0.36~0.51 | 0.52 | 0.47]0.54| 0.65~0.95 | 0.61~0.90
N/C }0.1110.09/0.13| 0.01 [0.029~0.034}0.022~0.076| 0.04 | 0.04{0.230.017~0.033| 0.011~0.082
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ol Aoz B WY Y YF e ¥ ¥
AFE 7R AL 9|t

ol EAFE Bt AA3 #EEy] A 280
nmel A8 FFEA S (e200) 9 465 nme} 665 nm
oMol FREAE Y] (esss/eces) T TR, 0
€ Table 59 ettt $3d4EH T2 B
= B ABE AFEE F 9YE 280 nmolH9 £33
=AFE? AE&FFe FUEAo uzEA
AldrichAte] Fajate] Hl#] zton, ojydglo] &
HEEE F/kske A% Hola Ut ole AE
F3o Fugdo EFF FUEH vls) W
Z P80 Aoz HLE Ve, sy
o] 2 E AEFYSTE w2 WYS JEE 7
& vehid

gutd oz Balgke wHlalsln, A=(acidity)
A vasle Aoz 4R epss/ecss H1S B4
Aze AAH ez A&4F FYEH] Aldrich
Ate] Ful g & EA Jeldzn o, wy
Wgtd) e e Bolxl g it

3.2.3. HM(FT/IR) 2&EHY

ERQEAY 72U g gHevldl g FRE
Z2e% A £BEA AHE Fig. 37 40 =4
#9ct. 2E 2¥WEZFL 3400 cm ' (H-bonded
O-H A1&), 2900 ecm ' (AWZE C-H 43%), 1690
~1710 em(COOHS C=0 41%), 1540 cm’
(C=N A2, amide II band), 1240 cm™ (C-O A
%) 5 9t EF 9 5 {9 HEAY E
A F4uEo) B Ut.” wald &4 F9)
Atz Zul At @ Aldrich F94F 212 247] §4
o] HE fAIYE & & U, 2 &4 F87] §
Zeo] AAQ BXAE A Fe S5 A7)
€ By Ao)Ho| wAHT ot

A&F Zae Fuidd wE 28479

Humic Acids
° Aldrich
E J\\W
I YL
3
<
oL
ML
4000 200 2000 1000

Wavenumber {cm™)

Fig. 3. FT/IR spectra of humic acids.

Fulvic Acids
YL
8
[
g ML
<
M\w
4000 30‘00 20l00 1&)0

Wavenumber (cm")

Fig. 4. FT/IR spectra of fulvic acids.

C=0 Y Ao ¢ M2 949 1690~1710
cm ol A ¥lmA 729 F5ast dehd wid, WA
279 i o]5A%e ¥ 1630 cm'e F5
A7le AAFo R ¥A Jdelvdn gl o8 2
e A5 E9ite] Fuild v A=st ¥
e AL 9v|gc}. Aldrich #9449 7% 1630
cmX 9 F4urt &5 FYA b8 BA U
Elytt}. o] & Aldrich F94to] A&4 FYAitd H|
8 o 52 3y HIE JE FLE LG
e Ao g2x ge] 948 g8 de o

Table 5. Absorption coefficients of the humic and fulvic acids (100 mg/L at pH 6.0)

Humic acids Fulvic acids
Parameter
OL ML YL Aldrich OL ML YL
280 12.6 11.4 3.0 20.8 8.4 7.3 0.8
e465/ 665 5.52 6.50 5.10 4.16 6.52 6.88 5.46

*Unit . L/g - cm
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Astn o

3.2.4. 82 (Fluorescence) 2&E4Y

Faede WS S0 g AT FRE A
7] 918t J&4 Fuikat #9449 Aldrich 9
Abol) thte] excitation ¥F AHEH A& A
saen, 2 A7E Fig. 59 6o =AEUG. F
kg E9A4 2% 360 nme 400 nmellA Hdf
H32E 713 fAIR ¥ §A4E Bolx 3t &%
(360 nm) Y9N BRI F2 FY £
A e wWEE n2 3 Ee] o Aoln, Ad
Aoz A34(400 nm) FgolMe dPmIE F
2 2% 9 azy g 49U ey 2
(conjugation)l ol& Rez deix AP

Fujate) ~dEH (Fig. 5lM+e 400 nm 33
godo A, Euatel ~HEY(Fig. 6)ele 360
nm FAGLeMe ¥FuIst FhHes o
2 73 A7 JYelz ldt ol3d A A2
£3 FY4 £ WEE JEol E94Y 2o
H3) o =2 &% UEE ny 39E A2 SA)
31 S-S oulPct =¥ A&4 FUF Aldrich
Fulate] g3 ~HEYE vAdAE 9@ Aldrich
Fojate] P ~dEHA HAAHLZ 400 nm
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Fig. 5. Fluorescence spectra of humic acids

(Excitation scanning mode, 100 mg/L

at pH 6.0).
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Fig. 6. Fluorescence spectra of fulvic acids
(Excitation scanning mode, 100 mg/L
at pH 6.0).
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Fig. 7. Fluorescence spectra of humic acids

(Emission scanning mode, 100 mg/L

at pH 6.0).

Fig. 9% 109 EAI8T 2& 24 EHL 6.0~



1122 771 - AUy -3

Fulvic Acids
oL

2

L ML 1

1t 1
/u\
%0 ) 500 550

[}
4

Fluorescence

Wavelength (nm)
Fig. 8. Fluorescence spectra of fulvic acids
(Emission scanning mode, 100 mg/L
at pH 6.0).
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Fig. 9. '"H NMR spectra of humic acids(50
mg/mL in 1.0 N NaOD).
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Fig. 10. '"H NMR spectra of fulvic acids(50
mg/mL in 1.0 N NaOD).
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Table 6. 'H chemical shift regions and their relative contributions of humic and fulvic acids for

the three leachates

Chemical Relative Contributions (%)
shift region Assignment Humic acids Fulvic acids
(8) ppm oL [ ML | vL | a* | oL | ML | YL
1 0.4~1.7) | terminal CHs. and CHa CHoof 1 554 | 450 | 381 | 191 | 40.8 | 411 | 412
methylene chains (etc.)
It (1.7~3.3) | C and CH, CH proton « to 260 | 28.3 | 284 | 279 | 285 | 32.4 | 29.0
aromatic or carboxy] groups (etc.)
111 (3.3~4.¢) | Frotons on carbon a to oxygen. | o4 | 170 | 191 | 166 | 18.8 | 196 | 21.7
carbohydrates (etc.)
IV (6.5~8.1) | 2romatic protons (including 141 95| 144 | 364]119]| 69| 81
quinone, phenol, etc.)

* A . Aldrich humic acid

Table 7. "°C chemical shift regions and their relative contributions of humic and fulvic acids for

the three leachates

Chemical Relative Contributions (%)
shift region Assignment Humic acids Fulvic acids
(8) ppm OL | ML | YL | A | oL | ML | YL
[ (0~50) | Methvl. methylene, 216 | 274 | 148 | 125 | 252 | 262 | 196
polymethylene (etc.) !
alcohol, amine, acetyl, :
11 (50~110) 28.5 20.0 38.0 18.9 25.5 19.1 38.3
methoxyl, (etc.) .
III (110~160) | aromatic 30.9 36.2 26.2 34.2 29.9 27.2 27.3
IV (160~200) | carboxyl, ester, amide (etc.) 19.0 16.4 21.0 34.4 19.4 27.5 14.8
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2 3tk F AldrichAbel F94H(18.9%)°] vl&] =
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gz v $EEF el o I IS
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27.5)8 Jeliz ot
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