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Spectroscopic Characterization and Seasonal Distribution of Aquatic Humic Substances
Isolated from Han River Water
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ABSTRACT : Humic substances(HS) from Han River water was physic-chemically isolated by fractionational methods to investigate the sea-
sonal distribution and to characterize the properties compared with intrinsic humic materials. Various HS samples were analyzed by element,
Fourier transform infrared(FT-IR), proton nuclear magnetic resonance('H-NMR) and fluorescence analyzers. The portion of HS from Han
River water(HRHS) was 47.0% on the average, however it appeared that rainfall event brought about higher fraction of HS in Han River
water by the periodic investigation. Aromaticity and humification degree of the HRHS were relatively lower than those of intrinsic humic
materials originated from decomposing vegetation. FT-IR, 'H-NMR and fluorescence spectroscopy showed the distinct differences between
HRHS and intrinsic humic materials. Commercial humic materials could not represent structural and functional characteristics of local HS.
The fluorescence spectroscopy, a relatively simple measurement, was found most useful tool to estimate humification degree for humic
materials from particular sources.
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AlZ SFds25E 228 HS(HRHS)9 DOC X &
YA Z2771894(TOC; total organic carbon) H417] DC-
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Table 1. Distribution of humic and non-humic fractions in NOM from Han River water

Item Jan. 2003 Apr. 2003 Jul. 2003° Oct. 2003 Average
UVasy DOC UVasy DOC UVasy DOC UVass DOC UVass DOC
Humic fraction(%)b 553 47.2 57.1 46.1 61.8 51.3 522 433 56.6 47.0
Non-humic fraction(%)°  44.7 52.8 42.9 53.9 382 48.7 47.8 56.7 434 53.0

*Collected during 2 rainfall event

® The portion of humic fraction = (DOC water - DOCxaDTHP effuen)/DOCoray water X100

®The portion of non-humic fraction = DOCxapp efuen/DOCran water X100
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Table 2. Elemental composition and molar ratios for HS iso-
lated from various sources

Sample Elemental composition(wt%) Molar ratio

C H N 0 S H/C N/C O0/C
HRHS 46.60 5.46 081 47.13 ND* 1406 0.015 0.759
SRHA 4823 407 098 4672 ND* 1013 0.017 0.727
SRFA 4840 435 060 46.65 ND* 1.079 0.011 0.723

#Not detected

3.2. HSQ =3t EM

A4S AR 3= HSE HAY FARZ EIS Yu &
o] AT A wEH AA pH HWHoA B840 FIHE
(humin fraction}2 A 9)3 HAS FAS 282 &7} 224%
9 77.6%% B3E H Yok’ B A7) A1&R HRHS %
Al AA HS FNA #2944 FUES 23EA G,
HAS FA7} E&50] & FHol7] g Hd+E B
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Fig. 1. FT-IR spectra of the various humic materials.
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Fig. 2. '"H-NMR spectra of the various humic materials.
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Table 3. 'H-NMR chemical shift regions and their relative
contributions

Chemical shift region Relative contribution(%)

(ppm) HRHS SRHA SRFA
10.0~1.6)° 38.6 23.5 22.7
(1.6~3.2)° 37.0 36.8 447
MMI(3.2~4.3Y 113 215 192
V(6.0 ~8.5)° 13.1 18.2 134
PaPa ratio® 5.8 33 5.0

* Aliphatic methy] and methylene

® Protons of the methyl and methylene groups a to aromatic rings,
protons on carbons in a position to carbonyl, carboxylic acid,
ester, or amino acid

‘Protons on carbon of hydroxyl, ester and ether, and protons on
methyl, methylene, and methyne carbons directly bonded to
oxygen and nitrogen

¢ Aromatic protons including quinones, phenols, oxygen containing
hetero-aromatics

“ The ratio of aliphatic protong to aromatic protons(Region 1 and II/
Region IV)

ZAtd HSS) 'H-NMR 29 EY S FHd] Rad v}
Lol BRHL AWEH $FE YA £&g Adsd
Table 3¢] VERAZITE ZAME HSY Wd% Py 2
2 13.1~182%2 Jehkor, B@Zd de ALE ¢y
A9 H|(Pa/Pa)E A4+ A3 HRHS7F 5.8, SRHA ¥
SRFA7} 22+ 3337 50202 ZAIFTH HRHS+ 7|9E
Aol thE HSo) ¥aiA AA o2 £ PaPa ¥ E U
BeH, g8 9484 e B9 338 xyue 32
se} mtRtA 2 F@ygol ¥ Ao yehdoh. A3 HS
o T2 54, olgdd ¥FY §2 HSY HAF=E
o YL BAT JBHoZ P B F71E9 7]
ASA(E, ABHETIAS AT I b 2 7=
34 240 2FHE RS HHT & Aok W 4
39 HSst EFSANA BAE HS AloldA &9 T2
385 549 Aol 2 wEEHY Aol gwe] o
2o EFSSH AAA HSSY AEH AASY 5& et
317] 918 A7E £ AAAE N LFERE #]

24& Este #AYol Aot

3.24. §HEM

o}ekslk HSS] FFE A4 u}E excitation-emission matrix
(EEM)E Fig. 30| Jepch. £4¢9 HSY EEME oj$
fAksE, TR T 1o AL AL 5+ AUk
LE HSY FYFAFEYAA 285~335/422~472 nm
2] excitation/emission(Ex/Em)o] 240~255/426~483 nm
199 ExEmEtt §F4=7 £ A2 UEgon, o
Z 330~350/420~480 nm H< 9 ExEFm IFJPHL HA
Ei= FAY gtk Coble’o] @r2® HA Fi= FAd 3
= FFNYG9 emission maximum(Amax)©] B Ao
2 olFsht WS, blueshiye BYS w2l AFEH 2
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Fig. 3. Fluorescence spectra of the humic materials.
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Fig. 4. Position of the normalized emission band at its half-
intensity Ags(shown by arrows) in normalized emission
spectra of the humic materials.
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