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Structural and Chemical Characterization of Aquatic Humic Substances in Conventional
Water Treatment Processes

Hyun-Chul Kim* - Myong-Jin Yu'

*Water Environment and Remediation Center, Korea Institute of Science and Technology

Department of Environmental Engineering, University of Seoul

ABSTRACT : Humic substances (HS) from raw and process waters at a conventional water treatment plant were isolated and extracted
by physicochemical fractionation methods to investigate their characteristics. They are characterized for their functionality, chemical compo-
sition, and spectroscopic characteristics using FT-IR (Fourier transform infrared) and 'H-NMR (proton nuclear magnetic resonance) spectro-
scopy. Humic fraction gradually decreased from 47.2% to 26.4% (from 0.97 to 0.54 mgC/L) through conventional water treatment proce-
sses. Concentration of phenolic groups in the HS fraction gradually decreased from 60.5% to 21.8% (from 12.2 to 6.0 #M/L as phenolic-
OH) through water treatment. In the case of carboxylic groups, the concentration increased from 39.5% to 46.9% (from 7.9 to 10.6 xM/L
as COOH) by pre-chlorination, but gradually decreased to 34.2% (9.4 #M/L as COOH) through sedimentation and sand filtration. From
the results of the FT-IR and 'H-NMR spectra of HS, the content of carboxylic groups increased and ratio of aliphatic protons to aromatic
protons (Pa/Pac) also increased through water treatment, which indicated the increase of aliphatic compounds.

Key Words : Humic Substances, Humification Degree, Aromaticity, FT-IR, 'H-NMR
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Water sample
 fitered with 0.45 um membrane fiter I

¥ Humic fraction
: Na' form

Step 1
< acidify to pH=2 and )
pass through XAD-7HP resin g XAD-7HP resin
< vetention of hydropobic fraction
Step 2

s ehtte with 0.1N NaOH

Non-humic fraction

# Humic fraction
:Na' form

Step 3 IRC-50
< pass through cation. exchange resin cation exchange Tesin

Step 4
: freeze dry Humic substances

: H' form

Fig. 1. Isolation methods of humic and non-humic fractions from water sample.
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Humic fraction

(Humic substances) Phenolic groups

A-21 resin
; retention of phenolic group

Step 1

: adjustify to neutral pH and
pass through A-21 resin

Step 2
celute with 1.ON NaOH

Carboxylic groups
Fig. 2. Isolation process of carboxylic and phenolic groups
from humic fraction.
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HodTd o1F 48.2%(0.99 mgC/L)E ZA3tAch Wb 4
FA ¢ HS7E Bo] AAFH HE RYqHrY 5=
JME o 129] FEE GolAs AoE HAMHJLH, A
A EER7IEE F HFUEEY FUFQ Ego] AR

F7tske AL2 vehgth

3.2. HS2| &t87| &

GWTP9] AH4AE wFgdozFe 228 HS st
o HE7|18 728479 FHHE F38 Fig 49 4%
gt 428 H EI"E HSY 4 HE7|Y Ev%
(molar concentration)& 7|22 HEVE= FAFAZ B
60.5%°N A 21.8%(12.2~6.0 #M/L as phenolic-OH)Z A
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% 342%(9.4 pM/L as COOH)7HA] @Al P oz ZAstgrh

& Humic fraction

B Non-humic fraction

Portion of each fraction (%)
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Fig. 3. Distribution of humic and non-humic fractions isola-
ted from raw and process waters at GWTP.
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Fig. 4. Composition of functional groups of HS isolated from
raw and process waters at GWTP.
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ZAH4 HSY C, H, N, O § 94%Fe 335

FHE Table 1o] YA Zt FFFEFEH &£2g HS
BAER g0 40.37~46.60%2 WHRE ZAENL F
TR AANEAN Fhse 2TS UYL, 55 A
Sz RE 229 HS(SHS)Y 2% 429 #8°] 4037%
2718 g2 AeE ZAEHAT

AaBHe HSY 5A4g FAoddy] A% M dest
2938 S 7hed shueld, 53] H/C, N/C 28l 0/C
=3 22 giv|(molar ratio)E ZAIFOEZHN HSY F&
A4 E4g JolE £ itk Steelink'”e] ATAT ] w2
fyEe EYH $£Fo EAsts HSY H/C EH|(molar
ratio)= 1.0 FZolw, P43 %E(humification degree)”} %%
2 A% 13 ol e vehl: AeE Big b glu.

Table 1. Elemental composition and molar ratios for fractio-
nated HS from raw and process waters at GWTP

Elemental composition
(Wi%)

C H N 0 HC NC 0C

RHS® 4660 546 081 47.13 1.406 0.015 0.759

CHS® 4565 539 073 4823 1416 0014 0.792

SHS® 4037 479 046 5439 1424 0.010 1.010

FHS® 4485 527 045 4943 1409 0.009 0.827

w0e0yS  extracted from raw water, pre-chlorinated water, settled
water and filtrated water at GWTP, respectively.

Sample Molar ratio

oA B K| 27 1%, 20051 1€
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AR FFEAHALY 7 g9FFezRy Edd HS
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em’'= AWE9) C-H, C-H,, C-Hj stretching 0.2 #gwTh
1559~1557 em'= A (benzene)?] C=C stretching vibra-
tion g AERFIY FAE=FY C=0 stretching vibration &
2 #oE, 1470~ 1420 em'E AWE] C-H ¥¥(defor-
mation)©] 3L 1411~1402 cm''= LZ7)(CH; groups)e] C-H
Al Aoz Adgdd. 3 9] 1280~1137 em’& oj2H)
Eesters), oeZ(ethers) 222 H &Y C-O stretchingo] =,
1090~1040 cm'e @3 L 3} E(alcoholic compounds)?)
C-O stretching®] 3L 650~510 cm™= COOH®] W& Ao
2 #gdn. 58] 1559~1557 cm’ 3 1280~ 1137 cm’¢)
JadAu 9 B AFaA o HAhsged, 1411
~1402 em'9] B¢ AJ2ADLE FEIRAAK Fhe
= ZA%E dehfo] HSY wFAo] Zasa ANE &g
7)(aliphatic groups)e] £&o] ik Z73t= Aoz wo
g5, HSY 'HNMR 2#EQ RAARGE X3 2
& vepf sl
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oo B0 o0 20 200 150 1000 00
Wavenumbers {cm!)

(d) FHS
Fig. 5. FT-IR spectra of HS extracted from raw and process
waters at GWTP.
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'HNMR 2dEYL AGE0~4 ppm)F WFE(6~8.6
ppm)FHLog FRFOM, Ma EVL o5 AdERS
U AEaste 47] 29 FTAYO~16, 1.6~32, 3.
2~43 323 6~8.5 ppm)E FEIHch

ZAH4 HSe) 'H-NMR 24 ES 240 2ud A%
2ol 47) BRe ZFEU(O0~1.6, 1.6~32, 32~43 a8
6~8.5 ppm)E EFIL LFH) hEd AYE FHAY
Bl(Par/Pa)E Al2F3te] Table 20 vehf §ich.

PaPars AT A3 Q49 A9 S8RHS)ONAM =)ol
o & 79FHS)Z Jeh} A F3d Il Ags o
G ggol FUlste AeE AT B8 gaHe
Al 12I(CH)E F7hstded, olEld A= HS & g
5 BAET o] AAE Hol 23 Y BRo] Ghd) ¢
A AHoR THE wol NFHAAN BFE FYA 2
€] 13.1%(RHS)ol A 6.5%(CHS)E Zastq7] w&o|t}

T GAaHFA 11.3%RHS)oN A 14.6%(CHS)..2 =7}
H Region 19 P2 £ o]Fo] FEAATY o
HE AAPA 62%FHS)7HA Bastged oI 2w
© @4AE 27)9 HSY A7z g AdA B
HZlM 748 Region 119 P Bgo] o]F Pagl
9 HEFAIZEe] Z7181HA methyl, methylene, methyne &
9 FPA A AAAY g I3 FzAS =9
Ao Zrasgly] fgoltt

A A21 FAE 18T SHEEAY 9 Hv9 Ha
A A4 FEAYs 0 E 59 =9 gF
o] A&LHoR Zag FAFdM & 5 %ol FEFIAN
EHAT o]F Region IV BFEH IR Ego] 65
%(CHS) X 10.6%(FHS)Z Z71§ AL A Region M9
FEA £go) FAF wEt JRHOZ Region VY] B
g0l 3718 Aoz H¥T & Uk
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Table 2. 'H-NMR chemical shift regions and their relative
contributions

Chemical shift region Relative contributions (%)

(ppm) RHS CHS SHS FHS
[ (0.0~16) 38.6 409 452 452
O (16~32)° 37.0 38.0 386 380
M (32~43) 113 14.6 6.7 6.2
IV (6.0~85) 13.1 6.5 95 10.6
Pal/Pac ratio” 5.8 12.1 8.8 79

‘Aliphatic methyl 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 protons to aromatic protons (Region I and
1I/Region 1V)

4 2 2

) AR AEAY B¢ A LEHISL: IFE F
HS9 FAu]7F 472%90 A 264%E dARoZ A9
oy, HSS BAFZE 5 dEy] 94 4w EQG oA
Aoz ZASPR 2R Y A AQaA 4
A 797t ¢ 2 AA 231 2oy 59 i
stk

2) §4¢ APAE = HSE HIC ¥ 0O/C 27}t B3
d 21d I vadfy FdFezr & #e vehol
P8 Es 3L Aoz zAHGeH, F5HE 2H 2
PEEA HSS W P4 (aromaticity)o] thA = Fasts B
F< Jehpgick

3) FI-IR ¥ 'HNMR A9 E3 2427 Hzgge] 2
#Po] wet HS BATE 5 ALE FAR S st22 47
9 Bgo| FUletRoH, #EE T2 o] AAE gol
Z3 9E BEol gid M $MHez AL o}
AEEA FEFE FPA FTo] Fade Aoz ey
. g2A ol SHEsE FEILAE QAN 37}
2 ARFE ASEAEY] wAEG IAY AYS 9T
< md 5 Qi

4) A21 $AE o] gF HSY Fgr] Eadd 9% &
AEY Ae 2dgez A%y Jue gI 235
A ENFAsERE Tz 9 333 A2HAe daA
2gHoZ ALZE 4 & W £8F 2R ZAHY
o, o] 72 HSY a7 9 BEHEA AHE A5AY
FgoN BPA 54 2= HSY F2A3eE W o
Faed QAN £23 R AFY & A

Apes

1. Cabaniss, S. E. and Shuman, M. S., “Copper binding by

1. Suwannee river fulvic acid
equilibria,” Geochim. Cosmochim. Acta., 52, 185~193
(1988).

2. Ma, H,, Kim, S. D, Cha, D. K., and Allen, H. E,,
“Effect of kinetics of complexation by humic acid on

dissolved organic matter :

toxicity of copper to Ceriodaphnia dubia,” Environ.
Toxicol. Chem., 18, 828 ~837(1999).

3. Khan, E., Babcock, R. W., Suffet, I. H., and Stenstorm,
M. K., “Biodegradable dissolved organic carbon for indi-
cation wastewater reclamation plant performance and
treated wastewater quality,” Water Environ. Res., 70,
1033 ~1040(1998).

4. Siddiqui, M. S., Amy, G. L., and Murthy, B. D., “Ozone
enhanced removal of natural organic matter from drin-
king water source,” Water Res., 31, 3098 ~3106(1997).

5. Peters, R. J. B, de Leer, E. W. B,, and de Galan, L.,
“Dihaloacetonitriles in Dutch drinking water,” Water Res.,

Tiotet gy ool x| 278 13, 2005 19



16

10.

11.

12.

13.

21

A2 - 83

o

24, 797 ~800(1990).

Rook, J. J., “Formation of haloform during chlorination
of natural waters,” Water Treat. Exam., 23, 234~243
(1974).

Kim, H. C,, Yu, M. J, Myung, G. N., Koo, J. Y., and
Kim, Y. H., “Characterization of Natural Organic Matter
in Advanced Water Treatment Processes for DBPs Con-
trol,” in Proceedings of the IWA Leading-Edge Confe-
rence on Water and Wastewater Treatment Technolo-
gies, IWA, Prague, Czech Republic, pp. 67 ~69(2004).
Yu, M. J,, Kim, Y. H., Han, I, and Kim, H. C.,
“Ozonation of Han River humic substances,” Water Sci.
Technol., 46(11-12), 21 ~26(2002).

Peuravuori, J. and Pihlaja, K., “Isolation and characte-
rization of natural organic matter from lake water: com-
parison of isolation with solid adsorption and tangen-
tial membrane filtration,” Environ. Int., 23, 441~451
(1997).

Amy, G. L., Sierka, R. A., Bedessem, J., Price, D.
and Tan, L., “Molecular size distribution of dissolved
organic matter,” J. AWWA, 84(6), 67~75(1992).
Collins, M. R. and Vaughan, C. W., “Characterization of
NOM removal by biofiltration: impact of coagulation,
ozonation and sand media coating,” Disinfection By-
products in Water Treatment: The Chemistry of Their
Formation and Control, Minear, R A. and Amy, G.L.
(Eds.), CRC Press, Boca Raton, FL, pp. 449 ~476(1996).
Edwards, M. and Benjamin, M. M., “Transformation of
NOM by ozone and its effect on iron and aluminum
solubility,” J. AWWA, 84(6), 56~66(1992).

Amy, G. L., Collins, M. R, Kuo, C. J, and King, P.
H., “Comparing gel permeation chromatography and ultra-
filtration for the molecular weight characterization of
aquatic organic matter,” J. AWWA, 79(1), 43 ~49(1987).

J. of KSEE / Vol. 27, No. 1, January, 2005

14.

15.

16.

17.

18.

19.

20.

21.

22,

Peuravuori, J. and Pihlaja, K., “Molecular size distribu-
tion and spectroscopic properties of aquatic humic sub-
stances,” Anal. Chim. Acta., 337, 133 ~149(1997).
Peuravuori, J., Paaso, N., and Pihlaja, K., “Characteri-
zation of lake-aquatic humic matter isolated with two
different sorbing solid techniques: pyrolysis electron
impact mass spectrometry,” Anal. Chim. Acta., 391,
331~344(1999).

Thurman, E. M. and Malcolm, R. L., “Preparative isola-
tion of aquatic humic substances,” Environ. Sci. Technol.,
15, 463 ~466(1981).

Thurman, E. M., Organic Geochemical of Natural Waters,
Kluwer Academic, Boston, MA, USA, pp. 497~498
(1985).

Steelink, C., “Implication of elemental characteristics of
humic substances,” Humic Substances in Soil, Sediment
and Water: Geochemistry, Isolation and Characteriza-
tion, Aiken, G.R., McKnight, D.M., Wershaw, R.L. and
MacCarthy, P.(Eds.), Wiley-Interscience, New York, pp.
181 ~209(1985).

Christensen, J. B., Jensen, D. L., Grgn, C., Filip, Z.
and Christensen, T. H., “Characterization of the dissol-
ved organic carbon in landfili leachate-polluted ground-
water,” Water Res., 32, 125~135(1998).

Lin, C. F., Liu, S. H., and Hao, O. J, “Effect of
functional groups of humic substances on UF perfor-
mance,” Water Res., 35(10), 2395~2402(2001).

Wilson, M. A., “Application of nuclear magnetic reso-
nance spectroscopy to the study of the structure of soil
organic matter,” J. Soil Sci., 32, 167~186(1981).

Ma, H., Allen, H. E,, and Yin, Y., “Characterization of
isolated fractions of dissolved organic matter from na-
tural waters and a wastewater effluent,” Water Res.,
35(4), 985~996(2001).



