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Abstract: Sorption and desorption of hydrophobic organic compounds ( HOCs) on natural sediments plays an important role in the fate transport

bioavailability and toxicity of these compounds. The general methods using blank electrolyte ( such as CaCl, and NaN; solvent) as desorption system
ignore the influence of different aqueous chemical conditions on the pollutant desorption behavior which can lead to large deviations of sorption and
desorption in aquatic environments. In this study blank electrolyte was replaced with sediment extract to guarantee the aqueous solution consistency.
Batch equilibrium experiments were carried out to investigate the sorption and desorption behavior of naphthalene on and from two representative sediments

( denoted as L and D) . The results show that the sorption and desorption of naphthalene from sediments exhibit obvious hysteresis as described by the
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hysteresis index ( HI) . Traditional desorption methods decreased the TOC by 74.68% ~85.01% as compared with extracts. Greater hysteresis exists in
the blank electrolyte than in the sediment exiracts as indicated by the larger HI values of 0.04 and 0. 135 in blank electrolyte than those of 0. 012 and
0. 072 in the sediment extracts for sediments L and D respectively. The average concentration of TOC in the extracts increased 3. 14 and 2.40 mg-kg !
more than in blank electrolyte. These results demonstrate that the average desorption of naphthalene increased significantly in sediment extract and the
results should be more in accord with natural water conditions.

Keywords: sediment; naphthalene; adsorption; desorption hysteresis

1 ( Introduction)
( HOGs) ( Xing et al. 1996; 2004;
- N N 2004; 2009;) . ( 2009)
( Pignatello et al. 1996; Luthy et al. 1997; Abu
et al. 2005) . ( Weber et al. 1996; Chiou 2

et al. 2000; Lennartz et al. 2007) -

( HSACM) N
- 2 ( Materials and methods)
( Johnson et al. 2001) 2.1
2.1.1 o
( Weber et al. 1996) ( ) - ( J&K
N ) Chemical Ltd.) . ( J&K Chemical Ltd.) .
( Xing et al. 1997) ( ( New Jersey USA) .
) : ( Waters 1525 Binary
HPLC Pump Waters 2475 Multi N Fluorescence
Detector Waters Sunfire C18( 4.6 mm x 250 mm)
Shodex KW-802. 5 ) \Zeta
- ( Zetasizer 2000 United Kingdom Malvern
Co.) TOC ( ) - UVVis
( CaCl, NaN, ) 8500 ( ) \HZQ-
X100 ( ) . Sigma
3~15 .pH ( Mettler Toledo) .
( ) 2.1.2 L 2009 4
D 2009 8
. ( Xing
et al. 1998; Li et al. 2001) 220 i ( )

- (HOCs)  2000) 1.
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1
Table 1  Physico-chemical characteristics of the tested sediments
pH £ Zel/amv ’
3.12% 7.22 2.41% -9.70 10.21% 14.44% 36.49% 27.91% 10.95%
D 1.72% 6.65 1.42% -8.83 11.94% 20.60% 36.92% 21.91% 8.63%
1) i 2) : <0.002 mm 0.02 mm < <0.005 mm 0.05 mm < <0.02 mm
0.02 mm < <0.05 mm 0.05 mm < <0.2 mm.
2.2
: 0.1g
( ) 1 gL' )
: (0.0l 60 h
mol*L."'CaCl, 200 mgeL~'NaN, )
( 2%o0 ) 4 ( Oren
0 0.2 0.5 1.0 2.0 4.0 et al 2005).
mgeL"~' 10 g-L™!
5.0¢g
500 mL 25°C 200 r*min "' 60 h TOC
0.45 pm
, TOC
Table 2 Physico-chemical characteristics of dissolved organic materials 4
extracted from the sediments 2.3
TOC/ UV, / TDS/
P (gl amt (L)
SOM,, 7.35 7.26 0.016 1.24
SOM;, 6.43 3.45 0.004 1.19 VO( CO 3 C:)
=" (1)
HPSEC( ) s
SHODEX K, 802. 5; £ 0. 005 G
mol,"! (pH=6.8 NaCl0.01  (mgg™):C
molsL ') :0.8 mLemin~;  :30%C; (mgeL™"): €
1254 nm; 1200 pL. (mgeL™");V, (L);m,
(g).
20 mL :
Teflon EPA o Vo= (Vo =V) €= (Vo + V1) € (2)
10 goL™' ’ m,
( G
) 25°C 200 r*min ' 60 (mgg);C
h( 48 h ) ( mg‘Lfl) o
3500 g 20 min HPLC  (mgeL™");V, (L);m,
(g);V, EPA
(L);V, EPA
; - (L);c!
( Huang et al. 1997) (mg-L™"),
Huang ~ ( 1998) HI
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( hysteresis index) 200
c’-C:
HI = ‘Cs >‘TC‘, (3) 250 - o®
¢ o - 200 - o°
(mgekg™') T C, 2
g 150 - 2]
.HI<0 £
S @
HI >0 100
2.4 oA ® o L Sediment
50 O D Sediment
. oo
. . g 1 1 1 I
=80:20( V:V) 20 pL 0 0.5 10 L5 20
. o
30°C 1.0 mLemin~". CdmgL™
224 nm 330 nm 0.5 1 (L ) )
gL~
Fig. 1  Adsorption isotherms of naphthalene on the two sediments
collected from Liangshui river ( L) and Dongjiang river
(D)
60% ~70% Linear( 4) | Langmuir( 5) Freundlich( 6) 3
( ASE) <GC/MS 3
? : Q=K. +b (4)
3 ( Results) K. (. C. (s)
- 1+K,.C,
3.1
1 Q=K.C, (6)
Q
: (mgkg™'): C.
L D ! (mgel™); K, K, K, 3
3 3
Table 3 Sorption model parameters of naphthalene on the sediments
Langmuir Freundlich
Ky/(L-kg™') R Ky a0 R n Ky R
244.8 0.9904 1.521 285.7 0.9850 0.8715 258.1 0.9944
D 114.3 0.9918 1.490 192.3 0.9882 0.7692 134.6 0.9955
“a) Ky (mgeg™) /(pgel™)"
Linear et al. 1992; Wang et al. 2005)
Freundlich L D
L D (R*>0.99) Freundlich
n 0.8715  0.7692 3.2
2.2 10 gL'
TOC . UV,.,
/ ( Weber 2 3
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) iy L TOC UV,
] o
038 o Tos 0.73 mgeg 0.188 D
i 1 0.54 mgeg~' 0.171.
= 0or 704 Peakfit
é;ﬁ I —03 >: L
=04 =)
S 1 4
= B —0.2
0a b J 204.59.226. 58.356. 36 412.95
f O TOCL K UVasel - 01 0.9079.0.8944.0.9670  0.9993:
—O-TOC-D —+-UV,35-D 1
or%% T [ D 166. 89.

!
0 3h 6h 9h 12h 2d 4d 6d  8d
Time

Fig. 2 Sediment release curves of dissolved organic materials in

background electrolyte solution
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22658 4
0.008 -
=
£ 0.006 |-
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0.004 |~
0.002 |-
ol ) . v viviviy
I L ! I
10 100 1000
TR
0.012F 1, — RRIDIR
Peakfit{i] %
0.010
0.008 |- 360.43
™\403.69
= 200.05/]| )
3R 0.006 "/
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1 |
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x4 Tt
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Fig. 3 The molecular weight distribution and peakfit results of

sediment extracts
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Fig. 4 Differences in aqueous chemical conditions for

desorption experiments as compared to those of the

adsorption equilibria TOC concentration in the process of

desorption from: a. sediment L; b. sediment D
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TOC 4
TOC -
( ) -
. L D 3.3
TOC 7.26  3.45 mgeL”! (CaCl, NaN,
TOC ) (
1.08  0.87 mg*L™' TOC )
85.01% 74.68%;, L 2.2
D
TOC 7.08  3.48 mg+L"' _ 5
TOC
[ a SRR AU L L R ) 25— b. PRI P EAENUR L BN ARR
250 . 5L
20 201
P [d y //
ED 15+ ED 1.5 e
e

1o W o mHtsEa T ® LA SRS,

O W il ek O ik Fi 2%
0.5 : L 1 ! 1 | 0.5 I 1 1 1 1 |
=25 -2.0 -1.5 -1.0 -0.5 0 0.5 =2.5 -2.0 -1.5 -1.0 -0.5 0
[ e SRR TR D L fRR [ d JURR R T FAET R D B
25k 25¢

@ R RRE @ TR
O ffF R O fi Fih ek
0.5 | 1 L 1 I ] 05 I 1 I | 1 )
-2.5 -20 -1.5 -1.0 0.5 0 0.5 -2.5 -2.0 -1.5 -1.0 —0.5 0 0.5
log(’, log(’,
5 ( )« )

Fig. 5 Sorption ( filled symbols) and desorption ( open symbols) isotherm of naphthalene on sediments in different solvent-sediment systems

3 4 Freundlich HI
20C 3 ( C, 0.05.0.5 . ( Chen et al.
1.0 mgeL™") 2007)
HI( 4) .
5 4

n 0.79 ~0. 88
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0. 040 0.015 0.072.
0.135
4 Freundlich
Table 4  Desorption isotherm parameters fitted by the Freundlich model and the calculated hysteresis index of naphthalene
HI
Ky n R? C,=0.05mg'L.-"  C,=0.5 mg*L"! C.=1.0 mg'L"™"

LY 352.05 0.8274 0.9939 0.054 0.040 0.028

LY 283.66 0.8760 0.9876 0.017 0.015 0.014

DY 309.31 0.7961 0.9940 0.167 0.149 0.134

D" 197.11 0.7991 0.9949 0.077 0.072 0.067

ta) i b)
5
Table 5 Average desorption capacity of naphthalene in sediment extracts
/(mgekg™")
C,=0.2 mgeL~! C,=0.5 mgeL"! C,=1.0 mgeL~! C,=2.0 mg*L"! C,=4.0 mgeL™!
L 3.14 3.91 5.86 67.12 12.27
D 2.40 3.57 4.87 6.20 8.20
= X( - )/
( 5) ,
4 .
4 ( Conclusions)
( TOC ) . 1) -
( TOC )
TOC
- 74.68% ~85.01% -
2)
L D
( Weber et al. 1996; Xing et al. 3.14 mgekg™'  2.40 mgekg™
1997, Johnson et al. 2001; Baalousha et al. 2006; (C.=0.2 mg-L™"). _
2009) .

TOC ) : (1970—)
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