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[16,17] Bruker
: « AVANCE DSX-300 ,
» 4 mm , 10 000
, Hz, 1 000 bs, 1.2s
) 13
(10~ 131 HP 1100 (HPLC)
; , (UVD) (FD)
/ ( ) , 0.5~
() : 1400 Hg L™ ' :
(ODS  ,5mm,21x25% mm ),
40°C, + ( 12: 88),
1 0.34 ml min~ ' (UVD)
250 nm, 0~
1.1 1400 Mg 17! ; 0.5~ 50 Ug 17!
. , (FD) .
GZ1 GZ2 GZ3; Chelsea (M, 250 1m, 364 nm
USA) , CHL; ,
, HFH 1.4 -
, 20 , : (HPLC )
pH (4 1000mg L' 5000 mg L'
1 ASAP 2010M :0. 005 mol L™ ' CaClz
3.54~ 5 ,100mg L™ NaN;
00018 ,Smg 7! NaHCO; p 7
178. 2, SelLl2mgl” !, - ,
logK ow 4 68", 10~ 1400 Vg 17!
1 )

Table1l Some general properties of the soil and sediment used

Sample ML 106 (gke ) Specific suface area(n ¢ )
Gzl 438 21 20.04
cz2 7 64 3 31.48
23 437 113 16.4
CHL 426 53 5.29
HFH 722 271 34.1
1.2 “C CPMAS NMR
/ ,

s Drexel
(4] Huang We-
ber! ! 1 1
, /
2~ 4 ,
3
10 ml / ,
10 ml )
( 257C) 3, 3d
5 min, 3
) 3d,
, HPLC

(1) Huang W. Sorption and desorption by soils and sediments: Effects of sorbent heterogeneity. Ann Arbor: University of Michigan. Ph. D. Dissertation,

1997. 36
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3d, HPLC
2
2.1 /
/ B¢
-0~ 45, (GH): 45~ 110,
(GO0); 110~ 140, (Ar); 140~
165, (Ar0); 165~ 190,
(C=0); 190~ 220,
, 110~ 140 140~ 165
, /
1 CHL
BC CPMAS NMR
45~ 110 ( )
. 0~ 45 ( ) . 110~
140 ( )
2
HFH
) /
HFH
CHL
: —
200 100 0
1 CHL HFH 13C CP MAS NMR

Fig 1 Solid-state 3C CP MAS

NMR spedra of CHL

s0il and HFH sediment

2 CHL HFH
Table2 Relative proportors of C in different regions of 3C CPMAS NMR
spectra of CHL soil and HFH sediment

110~ 140 140~ 165 165~ 190
Qaryl C Carboxyl C

0~ 45 45~ 110
Sample  AlkylC  G-akyl C Ayl C

CHL 340 44 0 14. 8 2.3 4.9
HFH 36 1 417 15.9 1.8 4.4
2.2
qe Ce
1 qe= KpCe (1
Freundlich 1 qe= Kr C'% (2
slog ge= nlog Cet+ log Kr (3)
Kp , Kr  Freundlich
, n
n= 1,
;n< 1
Weber  Huang!” " (Dual
Reactive Domain Model) /
DRDM
Q°C.
qe1= o1t qoni= Kp 1 Cot 1+ bC (4)
Kp,. DRDM )
0° b DRDM
/ —
, SYSTAT
, 3
: 1) , 2
GZ1 ,
;2) Freundlidh
, n

0.610~ 0.833 ,

HFH ,
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3 /
Table 3 Sorption isotherm paramete's of phenanthrene for soil/ sediment samples
Freundlich DRDM
Linear model Freundlich model Dual readive domain model Nd
Sample
Ky R? logK'y n R? Ky Q° b R
GZ1 0.174 0 %5 0. 236 0.610 0.991 0 151 10. 073 0. 146 0.9% 8
(0.008) (0. 47)  (0.024) (0 004) (1. 504) (0.089)
GZ2 0.273 0953 0. 91 0. 648 0.9% -2 - - - 8
(0.028) (0.033)  (0.017)
GZ3 0.08 0 %1 - 0. 247 0.706 0. 9% 0 026 49. 053 0. 003 69 0.993 8
(0.005) (0.036)  (0.018 (0 026) (3.324)  (0.0026])
CHL 0. 844 0 98 0. 709 0.698 0.992 0772 27.500 1.040E+ 10 0.993 8
(0.032) (0. 056) (0.028 (0 123) (6. 100)
HFH 0.365 0 933 0. 345 0.723 0.9% 0 352 1. 457 - 0.006 0.949 8
(0.033) (0.034)  (0.018 (0 049) (1. 656) (0.003)
1) Standard deviation; 2) Not calculated; 3) Number of observation
2 3 GZ1 s Freundlich DRDM
10— Kp= ge / Ce
} -1
. : Ce= 2.1 L
80— Freundlich i - | P | He
" Freundlich model /'// Kp 1.48L g Ce=430Hg L7 Kp 0.17
~ | kAl -
'sg 60\: 1=0.610 / Lg ! Kp
an ™ T
@ R*=0.99] :
3 40£ / s Freundlich n= 0.610
i 7 57 -k
i : Linear model GZ1
K,=0 174
RP=0.995 DRDM /
L L . , 3 GZ1
0 100 700 300 00 500 .
Clpgl™) , Langmuir
-1
( 60MsL”') . DRDM
2 Freundlich GZ1 , Langmuir ,
-1
Fig 2 The linear and Freundlich model fis of data for sorption isotherm ’ ( 60 ng L )
of phenanthrene by GZ1 soil , , Langmuir
2
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100 AR ’
N Linear fraction ) /
A% A7 R AR Ky =0.151 8.9
~ | DRDM N Weber  Huang' ** /
%ﬁ ‘ R Pignatello
= . [12
=10+ e X 1121 ( /
N Langmuir & 4} ’ )
Z s Langmuir fraction /
r e 0°=10.073, 5=0.146
L mee 1)
1 10 100 1000 /
CdregLl™ )
2 2
3 DRDM GZ1 (
Fig.3 The limiing case of dual reactive domain model fit of data for
sorption of phemanthrene by GZ1 sol ) P )
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( /
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GZ3 s ,
/
4
KF f‘oc
K= 0. 112 7% (f,)- 0.661 4 R=0.952 (5)
6r
[ Ke=0.1127x£,~0.6614 R?=0.9952 .
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Fig 4 The increase of Freundlich coefficient K . with increasing organic

carbon content f . n soil/ sediment
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4 /

HFH

: CHL

Table 4 Sorptior- desorption sotherm parameters and hysteresis indices of phenanthrene for soil/ sediment samples

Freundlich

Linear model

Freundlich model

Hysteresis indices

Sample
Ky R? logK ; n R? C=10gl7! Co= 10Mg 7! C.= 100Hg 1!
GZ1 0.318 Q0 90 0. 456 0.573 0.992 Q 660 0.524 0. 400
GZ2 1. 057 0 884 0. 741 0. 692 0.985 Q 778 0.968 1.178
GZ3 0.174 021 0. 058 0. 675 0.993 1. 000 0.879 0.766
CHL 1.281 Q0 90 0. 740 0. 741 0.989 Q 052 0. 180 0.324
HFH 0.388 Q 895 0. 540 0. 661 0.99% Q 567 0.358 0. 178
120
: 3
£ ARG 4 L]
t Desorption data ’
-~ 80 .
\3 E * 1)
400 - R 2) , Freundlich
r - Sorption data
o
| (DRDM) /
0 L R e
0 200 T o 600 , DRDM
ClueLl™
. 3) /
- s
6 GZ1 -
Fig 6 Sorption and desorption sotherm data of phenanthrene for GZ1 il
, —
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STUDIES ON SORPTION-DESORPTION EQUILIBRIA AND HY STERESIS OF
PHENANTHRENE BY SOIL AND SEDIMENT

Liang Chongshan' Dang Zhi? Liu Conggiang'

Huang Weilin®

(1 State Key Laboratory o Ervironmental Geodhemistry, Institute of Geochemistry, Chinese Academy o Sciences, Guiyang 550002  China )

(2 Department o Applied Chemistry, South China Uhwersity ¢ Technology, Guangzhou

510641, China)

(3 Department f Ciwil, Architecturd and Environmentd Engineering, Drecel University, Philadephia, PA 19104, UMA )

Abstract This paper descaribes an experimental pursuit of a medhanistic model for interpreting and quantitatively describ-

ing nonlinear, slow, and hysteretic sorption phenomena associated with heterogeneous soils and sediment in subsurface systems.

The soil/ sediment organic mater was charaderized using carbons types derived from BC CPMAS NMR spectroscopy. All sets of

equilibrium sorption data were fitted using three different sorption model: the linear model, the Freundlich model or its linearized

form, and the dual readive domain model (DRDM). The linear model was not appropriate for describing any of the expermental

sorption data, while the Freundlich model and the dual reactive domain model was found to be adequate for all samples. From

DRDM i was obseved that sorption mechanism changes with soil organic matter and with increasing contaminant concentration.

The apparent sorptior desorption hystersis was quantified for each sample. Sorptior desorption hystersis each varie from sample to

sample, and they also appear to correlate with the diemical charaderistics of soil organic matter. On the other hand, the pore

structure of soils may be a critical factor in sorpt ior desorption hystersis of hydrophobic organic contaminants.

Key words Phenanthrene; Linear model; Freundlich model; Dual readive domain model; Hystersis



