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Chemical and Spectroscopic Characterization of Soil Humic and Fulvic Acids and
Sorption Coefficient of Phenanthrene: A Correlation Study

Doo-Hee Lee - Seung-Sik Lee - Hyun-Sang Shin’

Department of Environmental Engineering, Seoul National University of Technology

ABSTRACT : In this study, the organic carbon normalized-sorption coefficients (Koc) for the binding affinity of phenanthrene (PHE) to
16 different soil humic and fulvic acids of various origins were determined by fluorescence quenching. The humic and fulvic acids used
in this study were isolated from 6 different domestic soils including Mt. Hanla soil, /HSS standard soil and peat as well as Aldrich
humic acid and characterized by elemental composition, ultraviolet absorption at 254 nm, composition of main structural fragments deter-
mined by CPMAS “C NMR. The Koc values(x10°, L/kg C) for each of HA and FA samples were in the range of 1.48~8.65 and
higher in HA compared to that of FA(3.13~8.65 vs 1.48~2.48) in the experimental condition(([PHE]/[HS] = 0.02~0.2(mg/L)/(mg-OC/L),
pH 6). The correlation study between the structural descriptors of humic and fulvic acids and log Koc values of phenanthrene, show
that the magnitude of Koc values positively correlated with the UVass absorptivity([ABS]ss) and two BC NMR descriptors (Carnc, “Cad
ZCax), while negatively correlated with the independent descriptors of the(N+O)/C atomic ratios and BCc NMR descriptors (Ic.o/Icnc).
These results confirmed that the binding affinity for the hydrophobic organic compound, phenanthrene are significantly influenced by
the polarity and aromaticity of soil humc and fulvic acids.

Key Words : Humic and Fulvic Acid, Polarity, UV Absorptivity, Bc NMR, Koc, Correlation Coefficient
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Fig. 1. Typical Stern-Volmer plots for phenanthrene fluores-
cence with the soil humic and fulvic acids used in
this study.

Table 1. Organic carbon normalized sorption coefficients(Koc,
L-kg C') of phenanthrene for soil humic and
fulvic acids obtained in this studya

Humic Acid Fulvic Acid

Sample 7 P 4 2

Koc,x 10" logKoc r Koc, x 10" logKoc r

IHSS 8.65+0.25" 494  0.991 - - -

Aldrich 4.58+0.08 4.66 0.997 - - -
Peat 4.04+0.14 461 0989 248+0.09 439 0998
HL 344+0.07 454 0998 191+£0.09 428 0.989
YK 541+023 473 0989 190+£010 428 0.998
U’/ 605012 478 0990 1.82+0.12 426 0.995
KR 3.13+£0.05 450 0998 2.01+0.13 430 0.999
KS 562+0.08 475 0995 2.01+0.05 430 0.99%
WS 834+£028 492 0991 1.48+0.11 417 0989

" experimental condition, [PHE]/[HS] = 0.02~0.2(mg/L)/(mg-OC/L),
at pH 6, ®+ value corresponds to a confidence interval of the slope of
the Stern-Volmer plot for the corresponding HA and FA amples at data
points,n=5~6and P=95%
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Fig. 2. Typical CPMAS “C NMR spectra of the soil humic
and fulvic acids used in this study.
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Table 2. Atomic ratios, UV absorbance and integrated results of C NMR spectra of soil humic and fulvic acids

Atomic ratios"

Percentage of carbon(%)d

Sample [ABS]ass°
O/H 0/C (N+0)/C Cak-ne Cai-o Carnc Caro Ccoo
Humic Acid
IHSS HA 0.49 0.48 0.50 80.9 15.7 21.4 34.8 11.3 16.9
Aldrich HA 0.45 0.44 0.46 70.8 35.9 13.1 28.6 10.8 11.6
Peat HA 0.47 0.51 0.54 60.0 29.3 24.6 23.1 10.3 12.7
HL HA 0.46 0.47 0.54 68.0 21.2 25.8 26.2 114 15.5
YK HA 0.41 0.51 0.57 63.8 18.8 26.4 24.4 12.9 17.4
UJHA 043 0.51 0.57 64.0 24.5 28.7 22.4 10.5 14.0
KR HA 0.39 0.46 0.52 65.3 314 24.4 21.5 9.7 13.0
KSHA 0.32 043 0.48 78.7 31.7 22.0 21.7 10.5 14.1
WS HA 0.33 0.48 0.45 67.2 25.4 24.0 27.4 9.8 13.4
Fulvic Acid

Peat FA 0.61 0.65 0.66 57.4 22.1 28.7 21.8 10.3 17.1
HL FA 0.65 0.67 0.71 51.1 17.2 27.8 21.0 11.0 23.0
YK FA 0.53 0.54 0.57 48.3 21.3 30.1 19.9 10.2 18.6
UJFA 0.51 0.53 0.56 48.4 25.3 32.1 17.6 8.3 16.8
KR FA 0.49 0.52 0.54 48.6 27.6 30.0 16.7 8.1 17.7
KS FA 0.50 0.53 0.55 50.1 29.3 27.8 17.1 8.1 17.5
WS FA 0.51 0.55 0.58 44.6 26.0 29.1 18.1 9.0 17.8

* Atomic ratios are calculated on ash- and water-free basis. "abosorptivity at UVasy(unit: L + mg-C”'

- em™). ‘Dividing of the peak arcas was based on the

suggestion of Leenheer et al.(1995)22) and Normalized at 100%: & 0 ~47(C a-nc), it 50 ~110(C a-0), fi 110 ~145(C arnc), it 145~165(Caro), it 165~

190(Ccoo)

SEHECAK) WS WS BASERECAK S Y

Sl ”J%ké—/‘é( aromaticity, ¥Ca/ZCan)¥ PHES| t3dl Koc

olo] A#dS EAsHTh 1 AF Table 3004 & 4= 9l

%01 95% NFFFoA =& K+ AAAE =0.485)%
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=
= 3
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h
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i
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5?—%(% “older organics”) &FF71SFELY F
71K 490l U8 A )

zlho o)
[e)

e
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Fig. 3. Positive correlation between phenanthrene log Koc
values and H,C-substituted aromatic carbon content(i:
110~145) of the soil humic and fulvic acids.
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Table 3. Squares of correlation coefﬁcients(rz) between log
Koc values of phenanthrene and the structural para-
meters of soil humic and fulvic acids used in this
study

Squares of correlation coefficients(r’)"

Individual *C NMR parameters Other parameters
Caiiic 0.001 | O/H 0.430°
Cano 0.369" 0/C 0.336"
Cactic 0.650 | (O+N)/C 0.355°
Caro 0.321
Ccoo 0.317°| [ABS]as4’ 0.786

Combined *C NMR parameters
ZCaik = Caieric T Cano 0.172°
ZCar=Carnc + Caro 0.643
ECar/EC Ak 0.485
Icollcnc 0.410°
*Correlation for 16 humic and fulvic amds ( ) correlation.
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