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Distribution Behaviors of Phenanthrene to Humic Fractions in Natural Soil
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Abstract: After adsorption of phenanthrene by the natural soil under different concentrations initially added, the soil sample was
extracted for humic acid fraction (including humie acid and fulvie acid), and the sorption amount of phenanthrene in humin fraction
was calculated to investigate the adsorption/distribution kinetics in two soil organic fractions and the corresponding influence of
original phenanthrene concentration. The experimental data were fitted using Freundlich equation. The results show that,
distribution of phenanthrene in the soil exhibited a multrstage property, i.e., from a first fast sorption to a breakthrough at about
48 h, then followed by a slow sorption procedure. In the fast sorption stage ( before 48 h), there was an uprto-down fluctuation of
phenanthrene sorption ratio (sorption amount/ added amount) in humic acid {raction, possibly due to surface sorption by minerals and
competitive sorption by humin fraction. In the slow sorption stage, variations in sorption ratio in humic acid fraction was very small,
and the influence of original concentration of phenanthrene was slight; while for humin fraction, the sorption ratio of phenanthrene at
lower initial concentration was significantly higher than at higher one, in addition, the sorption ratio showed a gradually increasing
trend indicated humin fraction as the main domain in charge of the slow sorption. The fitting results of model parameters
demonstrated that, sorption nonlinearity of phenanthrene in the natural soil increased in the following order: humic acid fraction<

whole soil< humin fraction, and enhanced gradually. Different characteristics of humic acid and humin fractions in the multrstage
kinetics of phenanthrene sorption/ distribution further reflected the effects of heterogenerity of soil organic fractions on nonlinear
sorption behaviors.
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Fig. 1 Kinetics of sorption ratio in soil at different initial

concentrations of phenanthrene
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Fig. 2 Distribution kinetics of phenanthrene at different intial concertrations in soil humic acids and soil humin fractions

TE J IR P2 Bt/ 43 BB B, 6) LR P 1 R 2 )
UL, A b S AR 41 2 th 28 A0 11 S R i 4 Ll
BCARARL, HTWY AN [R) T IR 4173, 7E 720 h 2 45,
ANFE YR E 5%, 4 LW el (51% ~ 91%,
K1) (1) 28% ~ 71% ( & 2b) 43 BE 78 8 il 2% 40 % vh,
PRI B 2% A B 58 K1 e W0 s R B 2 A1 i
SARERR 4 53 (1) 7 P LU A9 JE AR BB 4 75 O 20% 247 ( B
2a) , X W 7ENE W bR ek B oy, - AT WL TR B 1)
FELABCAESARRZE b, BB LB (1 B X K

RANR S5 45 MKW, e Ligerh 24k 270 d )5, ]
(R W HLRR) Aoy P IR A AR
6. 6% ~ 26% , I ST AL > H1 T 29% ~ 73% ')
R bR g, AR - E R P/ 3 BdAT A
AR s S R R (AR ) T i
FTHLIT P2 TS I Jo Sk (1) R 3 e B, i J JE EN -
SEATHLTE P8, b T 7 R ) B3R A bR
A7 1 6 4P W PR, 5P SR VR B A 1 R, A R ) = B
KA B . Weber 45 AMR 4 Freundlich F 4 fil &



4 7

P 2 751

ZE Bt 7] 3 B (s A3, et 22 70 WAL (B
FERR s YR G € B R AT DUTORUAT O 5 5 A
BUTE) , Nk A T3] 52 358 domain) 76 W B AL ] 38 %
AR B g B A7 76 25 5%, b RS AT HLTS e
W B AT A T R 23 AT AR B B ek K B ( AR 2t AR
ZH n B ) FEAR) AR08 T B Be, Jorh i) 2 i
WEL B AR AR /N ) A ST J g i - R B S 1 A7
AR 2 H A —FL
2.3 BREZS R

A5 4 P IER R B S WO W BB A o SR

(4143 Fic £ 4k 23 5 Freundlich A58 0 LU
lges= lgKy+ n xlgey

2P, e DAy I AT B SE (AR 2 (Mg/ @) L e M WRAH R
IR E( Mg/ mL) , K ¢ (Mg/g)/ (Mg/ mL) "] Fl n 4}
Il Ry Wt B 2 i 2 ORI A5 B AR S 1 2 8 A7 G AU
FHIR S R 2. MR B S e v S 3 R Ak
ETF(ED ¢/ sy= 0.001 0.01 0. 1) 5 bR vEAT HLAR
IREREK ocl Koc= (eof e) I focl sy EIERTHE
JE(1.290 Mg/ mL), f oc AR 3 8047 HLTL AL 73 (047
PUBR 73 $( W2 1)

£2 WMMFREMSSNE

Table 2 Fitting parameters for the adsorptipn isotherms
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Fig.3 Changes of n and lgK ¢ in sorption/ distribution isotherms of phenanthrene in the soil sample
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