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Chemical and Spectroscopic Characterization of Peat Moss and Its Different
Humic Fractions (Humin, Humic Acid and Fulvic Acid)

Chang-Hoon Lee' - Hyun-Sang Shin'* - Ki-Hoon Kang?

!Department of Environmental Engineering, Seoul National University of Technology
Technology Research Institute, Daelim Industrial Co. Ltd.

ABSTRACT

Peat humin(p-Humin), humic acid(p-HA) and fulvic acid(p-FA) were isolated from Canadian Sphagnum peat moss by
dissolution in 0.1 M NaOH followed by acid precipitation. After purification cycles, they are characterized for their
elemental compositions and, acid/base properties. Functionalities and carbon structures of the humic fractions were also
characterized using FT-IR and solid state *C-NMR spectroscopy. Those results are compared with one another and with
soil humic substances from literatures. Main purpose of this study was to present a chemical and spectroscopie
characterization data of humic substance from peat moss needed to evaluate its environmental applicability. The relative
proportions of the p-Humin, p-HA and p-FA in the peat moss was 76%, 18%, and 3%, respectively, based on the total
organic matter content (957132 g/kg). Elemental composition of p-Humin were found to be C; ooH; 5:0079No¢; and had
higher H/C and (N+O)/C ratio compared to those of p-HA(C, g0H 0900.51No.02) and p-FA(c1.00H1.080065Nooi- Based on the
analysis of pH titration data, there are two different types of acidic functional groups in the peat moss and its humic
fractions and their proton exchange capacities(PEC, meq/g) were in the order p-FA(4.91) > p-HA(4.09) > p-Humin(2.38).
IR spectroscopic results showed that the functionalities of the peat moss humic molecules are similar to those of soil
humic substances, and carboxylic acid(-COOH) is main function group providing metal binding sites for Cd(II) sorption.
Spectral features obtained from BC-NMR indicated that peat moss humic molecules have rather lower degree of humification,
and that important structural differences exist between p-Humin and soluble humic fractions(p-HA and p-FA).

Key words : Peat moss, humin, humin acid, fulvic acid, characterization, Cd(II) binding sites
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e g2 Fig. 10 Z3Rslsle] AAetqet?. aokshd
() Lipid A% #8: A AT ole Als ZOgE
CH;CI/MeOH(3:1, viv) E38ul9} 24 A)RFa<t HhEA|
A free lipids &S FF - E8dh (i) Humind}
HA + FAJR %2 252 0.1M HCl(10mL/g A1&)
S AFg3kd AlF3E 3 0.1M NaOHE 1L 718l N,
7] slollA 24 AIZFE?Y shakingdhe 24 JE%‘(HA
+ FAT ZAE(Humin)E Vet ©14e] NaOH % 3
AL Humin AAE Fol] 88f4 K2 HAY FAV} &
A F=EH 33‘4 HRESIIT. (i) HASH FA 3% E
HAS} FA7} 8= AFs9e] 6 N HCES- w]34 7}0}04
pHE 20[3l2 ZFFo2A HAE FA - B3t ol
-°4 HAS Bl Eelst 7t Fe AR AARARE A

T TAUZXE F3l] BEElY] HEAIE p-Humin, p-
HA, p-FAZ 43t}

:101' r_>.i

iy

22, DERACL FY) 259 36k EA4EA

YET A8} FH FZE(pear-Humin, p-HA, p-FA)S)
C, H, O, N, S ¥4%A4L2 EAlIIICE Instrument,
Italyys ARS3lY $=8)3199t). ¢, H, N 2 S9] E4¢e
198-2.02mge] EZ A|RE FHGSn) Ao Hol
1,000°CE 7FEEeEA A4 Aol WAsk= CO, HO,
N, 2 S0, 7}2=¢l %2 IR(infrared detector)®} TCD
(thermo-conductivity detector)= 43}tk 0¢8] 4L
AEE 2(Ag) Aol Hot 1100°C°ﬂ/‘1 BR3AA 7]
AHAERE FHEE Cco WS HFshs Wles =4
s

ALl sH8-F(proton  exchange capacity: PEC, meq
g A7) B4 pH S o83t AR
pH HAE 93 4 e HAzxd FHAIE ~10mgs
2 deje] A 27194 FF- 0.1 M NaOH(CO, free,
Yakuri Co.) 1.0mLel €3] =<1 &, 0.1 M NaClO,,
70mLE FAale] AzdPTt. AP YAE pH-AE
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Peat Moss sample
(Sphagnum peat moss)

(Peat Moss 20g + CHCI/McOH(3:1) 200ml)

| |

’ Residues ; t Lipids extract ‘

(Washing with S/L = 1:10, 0.1 N HCI
and adjust pH 1-2 with IN HCl)

| |
’ Supernatant (FA+impurity) *—

(S/L = 1:10, 0.1N NaOH and
adjust pH 12 with IN NaOH)

l Supernatant (HA + FA) l
(adjust pH 1. 6N HCI)

| FaNat) o

Purification

I Precipitates ‘

I Humin Residues |

l Purification

| HAgN) |

Fig. 1. Extraction and isolation procedure of humic substances
from peat moss sample.

$37 5] (step volume), 60 sec®] HEFAZEOZ A3}
9.2, constant volume-step modedl|A G35} Tt &

< AFLS N, £997] slelA o]FolFon, o= dF
(25CyakA Akt

23. HERAeL Fo| RES0| B SUYEY
HER 29} FY) FZE-(p-Humin, p-HA, p-FA)Q] 2R
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Table 1. Distributions of different organic fractions extracted
from Peat moss

p-Humin®  p-HA  p-FA®  Lipids
g/kg Peat moss® 724+45  176x11  30+4 2745
% of TOM 75.7 184 3.1 2.8

By performing triplicate experiments
®As pure p-Humin (humin extractant, g X organic content %)
‘By differences[TOM - (p-Humin + p-HA + lipid)]

Table 2. Elemental compositions and atomic ratios of peat moss and its humic fractions

Elemental composition®

Atomic ratios

Samples C H ) N S HC - (O+N)C  CN (rest)
Peat moss 5034 6.24 4228 0.79 0.15 1.49 0.63 7491 1115
p-Humin 45.80 5.80 48.12 0.28 0.01 1.52 0.79 190.85 5.12
p-HA 5555 5.03 37.80 161 0.01 1.09 0.51 4025 435
p-FA 50.65 454 44.14 0.53 0.13 1.08 0.65 111.08 268
Literatures data®
Soil Humic acid 53~59(C), 3~6(H), 32-39(0), 0.8~43(N), 0.1~1.5(S)

Soil Fulvic acid 41~52(C), 4~7(H), 40~50(0), 0.9~3.6(N), 0.1~3.6(S)

“Normalized to 100% of organic compoments
®Obtained from ref. [1]
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pH

Peat moss |
o p-Humin -
A p-HA 1
p-FA -

4 . | L H " 1 L 11

meg OH-/g-humic

Fig. 2. pH titration curves of peat moss and its humic fractions.

[ T T T T T T T
t
20 - /&D —u— Peat moss |
'y -0 - p-Humin
'\9 ﬁ & p-HA
o\ .
15 - :"\o . — —pFA ]
Z | o / i S
I , w % a / }
S o10p = 00 &4@%{ ' i
[¢ 8 o
I-'

meq OH-/g-humic

Fig. 3. First derivative curves of the pH titration curves (shown in
Fig. 2) for peat moss and its humic fractions.

Table 3. Proton exchange capacities (PEC) and pH values at
maximum ApH/AV for peat moss and its humic fractions

PEC(meq g™ pH
Samples - - - v
first second first second
Peat Moss 0.94 2.33 6.52 9.75
p-Humin 1.13 2.38 6.59 9.60
p-HA 1.50 4.09 5.84 9.22
p-FA 2.87 4.91 5.98 8.92
Soil humic acidc - 3.5+0.3 - 8.320.2
Soil fulvic acidc - 54404 - 7.8+£0.2

At first maximum on the pH titration curve
At second maximum on the pH titration curve
“Obtained from ref. [19]
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32

3450 cm”’ 2890 cm’

1720 ¢’ 1640 em” 1050 e’
T LI :/I T T

Peat Moss

Absorbance (arb. unit)

Lo R ] . i did il . ]

4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm™)

Fig. 4. FT-IR spectra of peat moss and its humic fractions.

L 105 30

Relative intensity (arb. unt)

300 250 200 150 100 50 0 -50
Chemical Shift (ppm)

Fig. 5. CPMAS “C NMR spectra of peat moss and its humic
fractions.
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T8 Fg71YE A} BARe] FA37 F4oll o
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C=0: §50~110 + & 145~165)7} AbAZ ¥E3HelA] b= o
& B34 gElo BAIZACH, C-C 2 C=C: 80
~50 + 8 110~145)9] $HHIE UEME Ie-o/lcne @014
p-Humin®| 3.1002 p-HA(1.51)%} p-FA(1.29)0]] 13}
28] ol A JElT) olHdt doe 9 IR
[(N+O)/C ratio] Z2Fe}= Ux)e= A2 ZA p-Humin
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Table 4. Interpretation of CPMAS '*C NMR of peat moos and its humic fractions

Chemical Relative contributions (%)?

shift(ppm) Carbon types Peat moss p-Humin p-HA p-FA
I (80~50) alkyl carbons 17.5 10.0 30.0 24.1
1T (850~110) alcohol, amines 464 57.0 27.0 304

carbohydrates, acetals

I (8 110~145) aromatic carbons 15.9 144 199 19.6
IV (6 145~165) phenolic carbons 11.8 10.8 124 12.5
V (6 165~185) carboxyl carbons 83 7.8 109 134
Aromaticity® 043 0.38 0.57 0.59
Ie-o/1c-H,C® 1.99 3.10 1.51 1.29

*Dividing of the peak areas was based on the suggestion of Leenheer er al.

(ref.[14]) and Normalized at 100%

®The ratio of aromatic carbon content(d 110~165) over aliphatic carbon content

(850~110)

“The ratio of O-bonded carbon content(d 50~110 + 6 145~185) over

H, C-bonded carbon content (8 0~50+ 8 110~145)
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Fig. 6. FT-IR spectra for (a) p-Humin only and (b) p-Humin with
Cd(1I) sorption
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