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Sorption of PAHs by Soil Humins and Effect of Soil Inorganic Matrixs

Dong-Min Lim - Seung-Sik Lee - Hyun-Sang Shin'

Department of Environmental Engineering, Seoul National University of Technology

ABSTRACT : Soil humin is the insoluble fraction of humic materials and play an important roles in the irreversible sorption of hydro-
phobic organic contaminants onto soil particles. However, there have been limited knowledge about the sorption and chemical properties
of humin due to the difficulties in its separation from the inorganic matrix(mainly clays and oxides). In this study, de-ashed soil humins(Hu,-
Hug) were isolated from a soil residues(Crude Hu) after removing alkali-soluble organic fractions followed by consecutive dissolution of the
mineral matrix with 2%-HF for 2 hr. The humin samples were characterized by elemental analysis and "C NMR speciroscopic method and
their sorptlon—desorptlon behavior for 1-naphthol were investigated from aqueous solution. The results were compared one another and that
with peat humin. “C NMR spectra features indicate that the soil humin molecules are mainly made up of aliphatic carbons(>80% in total
carbon) including carbohydrate, methylene chain. Freundlich sorption parameter, n was increased from 0.538 to 0.697 and organic carbon-
normalized sorption coefficient(log Koc) values also increased from 2.43 to 2.74 as inorganic matrix of the soil humin removed by HF
de-ashing. The results suggest that inorganic phase in humin plays an important, indirect role in 1-naphthol sorption and the effects on the
sorption non-linearity and intensity are analyzed by comparison between the results of soil humin and peat humin. Sorption-desorption

hysteresis were also observed in all the humin samples and hysteresis index(HI) at low solute concentration(C,=0.1 mg/L) are in order of
Peat humin(2.67) > De-ashed humin(0.74) > Crude Hu(0.59).
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Table 1. Analytical data for the humin preparation

Elemental
composition(%)
C H N | H/C N/IC

Atomic ratio | Released Fe
Samples

contents(g/kg)

Crude Hu{ Hyy | 9.18 170 nd.|2.22

Hu, | 12.15 1.82 0.18 | 1.80 0.012 63.79
Hu; | 1570 2.14 0.68 | 1.64 0.037 25.85
De-ashed | Huz | 1659 223 0.68 | 1.61 0.035 9.26

Hu* Hus | 17.97 239 0.81|1.59 0.039 421
Hus | 18.70 239 0.88 | 1.53  0.040 2.28
Hug | 21.56 2.81 1.11 | 1.56 0.044 1.51

Peat Hu 4580 580 0.53|1.52 0.005

*Number of de-ashing(with a 2% HF treatment for 2-hr at 1:10, g/mL)
bn,d; not detectable
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Fig. 1. Organic carbon contents(%) in soil humin samples and
released Fe contents(mg/Kg) after treatment of the sam-
ples with 2% HF for 2-hr.
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Fig. 2. CPMAS “C NMR spectra of soil humin samples.
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Table 2. Interpretation of CPMAS "“C NMR of the soil hu-

mins

) Relative contributions(%)"
Chemical Carbon types Crud. P
Shifi(3, ppm) "9 Hu, Hus Hug oY
Hu Hu
1(8 0~50) alkyl carbons 37.9 39.7 364 394 100
hol i
166 50~ 119 2lcohol, amines 395 436 437 421 570
carbohydrates, acetals

[11(d 110~ 145) aromatic carbons 88 75 93 85 144
IV(d 145 ~165) phenolic carbons 46 27 33 29 108
V(0 165~185) carboxyl carbons 92 66 73 71 78
Aromaticity” 0.17 0.12 0.16 0.14 025

" Dividing of the peak areas was based on the suggestion of Leen-
heer et. al.(ref.[22]) and Normalized at 100%

®The ratio of aromatic carbon content(d 110~165) over aliphatic
carbon content(d 0~ 110)

‘ cited from ref[20]
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Fig. 3. Fleundlich isotherms for the sorption of 1-naphthol to
soil humins and peat humin.

Table 3. 1-Naphthol sorption coefficients and Freundlich model
parameters for soil humins

Freundlich model

" Linear model parameters
parameters

Samples .
K{mg/g)/ e | K 2a Koc'  log

mgly " " lmug T P (@l Ko

Crude Hu/Huo| 115.8 0.538 0.968| 24.6 0.994 0.918 268 2.43

Hu; | 1533 0.561 0.953| 48.9 0.990 1.215 403 2.60
Huy| 199.5 0.677 0.956| 68.2 0.997 1.570 411 2.61
Hus| 202.5 0.678 0.968| 68.5 0.991 1.659 436 2.64
Huyy 213.8  0.683 0.987) 90.3 0.996 1.797 503 2.70
Hus| 250.0 0.697 0.982]102.0 0.998 1.870 545 2.74

De-ashe
Hu

Peat Hu 391.1 0.754 0.992|170.6 0.999 4.580 373 2.57

* determination coefficient
* calculated by dividing Ky with foc, total organic carbon contents
(%) listed in Table 1.
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Table 4. Frundlich parameters and hysteresis index for the
sorption/desorption experiments

. . Hysteresis index(H1)°
Samples Sorption Desorption };at Co=x mg/(L)[)
logke® n gy n "] 01 10 10
Crude Hu| 2.06 0.537 0.956| 2.31 0.584 0.976|0.593 0.775 0.978
De-ashed

Huy
Peat Hu | 2.59 0.754 0.998|2.79 0.384 0.990|2.679 0.569 (-)0.331

*units in (mg/g)/(mg/L)", ° determination coefficient, © calculated from
the Freundlich sorption/desorption parameters listed in this table

232 0.680 0.967| 2.52 0.6250.967|0.738 0.531 0.349
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