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Sorption of phenanthrene and nonylphenol by marine surface sediments and
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Abstract: Five marine surface sediments and nonhydrolyzable organic carbon ( NHC) fractions were characterized by elemental analysis CO, and N,
adsorption techniques X-ray photoelectron spectroscopy ( XPS) and used as geosorbents for phenanthrene ( Phen) and nonylphenol ( NP) . The organic
carbon contents are positively and significantly correlated to sorption capacity of Phen and NP by bulk sediments and NHC fractions indicating sediment
organic matter ( SOM) plays an important role in the sorption of HOCs. Meanwhile significant correlations between sorption capacity of hydrophobic
organic compounds ( HOCs) by SOM and SOM micropore volumes ( V) suggest that nanoporeilling mechanism dominates Phen and NP sorption. In
addition a strong linear correlation is demonstrated between surface carboxyl contents and the sorption capacity of Phen and NP for NHC fractions
suggesting that there are strong @ interactions between m-donor and SOM. This study considers the multiple interaction mechanisms ( e. g.
hydrophobicity partitioning - electron donor-acceptor ( EDA) interactions) of SOM and HOCs for further understanding the sorption mechanisms in
sorption process which is beneficial to the water environmental governance and restoration.
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ng*L
( 2013) .
3
PAHs ( Zhang et al.
1997; Zhan et al. 2015; Zindler et al. 2016; Li
et al. 2018) . “o7 “K”
PAHs
( Biicker et al. 1979; Schrlau et al. 2017) .
PAHs

( Mai et al. 2000; Tang et al. 2005; Chen
et al. 2006; Guo et al. 2006) .

N N

™=
( Ran et al. 2004; Cornelissen et al. 2004; Zhu
et al. 2005; Nguyen et al. 2007) .
( 2015; Lou
et al. 2014) .
HOCs
HOCs

( Kang et al. 2005; Ran et al. 2007; Wang et al.
2011; Yang et al. 2011; Sun et al. 2013; Jin et al.
2015; Zhang et al. 2016) .

~ ~ ~ ~

( Zhang et al. 2016)

( NHC)
NHC

( Ran et al. 2007; Sun et al.

2012; Han et al. 2014; Jin et al. 2015; Zhang
et al. 2016) .
HOCs ( Ran et al. 2013; Han

et al. 2014; Zhang et al. 2016; Huang et al. 2017) .

HOCs
( Huang and Weber
et al. 2015)

1997, Yang et al. 2011; Jin

( Sun et al.
2013; Lattao et al. 2014) .Foster

( Foster
et al. 1992) . (
N ) HOCs

HOCs
( Jin et al. 2015; Jin et al.
2017a 2017b)
HOCs ( .

=T )

HOCs
(Sun et al. 2012) .
( Huang and Weber 1998; Xia and

Pignatello 2001; Liu et al. 2011; Pan et al. 2012) .
c,= 0.005S,c,= 0.05

S, ¢.=0.58, K(K;=q.lc.)
qe
(pgeg’) c
(nesg).
2 ( Materials and methods)
2.1
2012 9
(0~5 cm) . 1
E1~E4 44 ~208 m;
ES 1468 m.
80 160
g NHC ( Gélinas

et al. 2001; Zhang et al. 2016) :
1 mol-L™" HCl+10% HF
. (2:1)

NHC
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; 288. 2 eV
C=0/0—C=0
2.3
( >98% Aldrich)

( >94% Aldrich)

1.12 mgeL™"  5.43 mgeL™".

logK ., 4.57 5.76

15

Fig.1 The sampling locations for the five marine sediments

2.2 NHC
Vario EL. CUBE ( Elementar )
Vario ELIII ( Elementar )
C.H.N O.

N, CO, Micromeritics ASAP
2460 77 K N,
0.05~0.995 ; CO,

273 K 1x107°~0.03
( N,-SSA) BET .
( CO,-SSA) (CO,-V,)

Dubinin—Radushkavich( DR)
( Density Functional Theory DFT)

(CSA)  O0~1.1 nm V.
NHC (C.N.O.Si Al
X ( K-Alpha Thermo
Fisher Scientific )
10 kg 15 s.

l ecm X 1 em

: XPS
( <5%10°° mbar) . Al-Ka X
1468.6 eV.
400 pwm
30 eV

Avantage

0~1350 eV X
100 eV
0.5 eV ( Liu et al. 2016) .
Cls 0
284.7 eV
C—C C—H
; 285.5 eV sp3

( Xia and Ball 1999; Heidler and Halden 2008) .
0.01 mol*L™" CaCl,.200 mgL™" NaN,
5 mg*L™" NaHCO, CaCl, NaN,
NaHCO, pH
7. 20 mL

30% ~70%.

: 10+ 20. 40. 80- 100. 150. 250. 500.
750.1000 pgL™"; : 250,
500.1000+ 150020002500+ 3000+ 350040004500+
5000 pgel".
125 remin”’
28 d Ran 4

7d
( Ran et al. 2004) .
(25+1) C . C18 (150
mm X 4.6 mm X 5 pum) 40 C
. 10 pL
V( ):V( ) =10:90 1.0
mLemin”'
250 nm 364 nm. V( )
14 ) =30:70
277 nm 300 nm. Freundlich
lgg. = 1gKy+ nlge, (1)
9. (pg'L”) e,
(pg+L") K
Freundlich ((pgeg") /(pel™)") n
Freundlich

3 ( Results and analysis)

3.1
1
0.202% ~0.678%
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( Lyon and Rhodes . NHCF4
1993; Ran et al. 2007; Jin et al. 2017) NHC 0/C  XPS
. 0S8 .
NHC C NHC (
; 2)
NHC C/N .NHC 0/C ( Mikutta et al. 2009; Yang
H/C ( Ran et al. 2007, et al. 2011) . 1
Jin et al. 2015; Zhang et al. 2016) . E1~E4 NHC
2 NHC C/N

( Hu et al. 2006;
Zhang et al. 2014) .

1 NHC
Table 1 Elemental compositions of the original sediment samples and NHC fractions
C H N [0) H/C 0/C (N+0) /C C/N
0S¥1 0.263% — 0.042% — — — — 7.23
0S-¥2 0.259% — 0.053% — — — — 5.71
0S-E£3 0.210% — 0.042% — — — — 5.85
0S¥4 0.202% — 0.081% — — — — 2.90
0S5 0.678% - 0.191% - — - — 4.14
NHCX1 23.200% 1.82% 0.739% 6.63% 0.940 0.214 0.242 36.70
NHC-E2 23.600% 1.74% 0.857% 5.50% 0.883 0.175 0.206 32.10
NHC&3 21.500% 1.73% 0.882% 5.65% 0.962 0.197 0.232 28.50
NHC-E4 8.340% 0.610% 0.433% 8.10% 0.877 0.728 0.773 22.50
NHCES 39.700% 2.80% 1.520% 9.67% 0.847 0.183 0.216 30.40
2 NHC
Table 2 The surface element composition of NHC samples
C
Sample Al N 0 Si 0/C (0+N) /C
Total C—C C—0 COO0
E1l 73.4% 61.2% 8.10% 4.08% 2.43% 2.74% 19.6% 1.93% 0.214 0.251
E2 77.0% 64.3% 8.42% 4.32% 1.75% 3.38% 16.5% 1.39% 0.178 0.222
E3 70.7% 58.0% 8.41% 4.36% 3.40% 2.74% 20.7% 2.47% 0.222 0.261
E4 69.3% 60.1% 5.54% 3.63% 12.0% 3.29% 14.5% 0.950% 0.182 0.229
ES 78.7% 65.0% 8.90% 4.86% 1.39% 3.00% 15.8% 1.05% 0.174 0.212
0/C (N+0) /C Si0,
3.2 ( 2017) .
2 NHC CO, N, 1.7~300 nm
DR Co, Brunauer-Emmet-Teller ( BET)
(< 2 nm) ( Dubinin . s
1989) ( Density functional
Theory DFT) 0~1.1 nm HOCs .
( CSA) ( Mastalerz et al. 2013; . 3
Zhang et al. 2017) .DFT . . NHC

DFT
Co,
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( 3b) ( 2017) .

2 NHC Cco, N,

Fig.2 CO, and N, adsorption isotherms on the original sediment samples and NHC fractions

3 NHC
Table 3 CO, and N, adsorption results of the bulk sediments and NHC fractions derived from different models

Dubinin-Radushkevitch( DR) ( DFT) Brunauer-Emmett-Teller ( BET)

CO,—V,/ C0,-8SA/ CSA/ Vo0~ 1.1 nm) / N,-SSA/ N,-V,/

(pLeg™) (m*>g™) (m*g™") (pleg™) (m>g™") (pleg™)
0S¥1 2.69 6.71 2.28 0.680 5.52 17.8
0S-E2 2.56 6.38 2.04 0.607 5.68 16.2
0S¥3 2.10 5.25 1.34 0.383 3.53 11.6
0S-¥4 3.93 9.80 3.36 1.010 9.13 20.7
0S¥5 10.00 25.00 12.30 3.530 23.60 64.4
NHC-E1 21.90 54.50 18.20 5.120 14.30 61.6
NHC-E2 17.90 44.60 15.50 4.580 16.10 75.8
NHC-E3 23.00 57.30 14.90 4.410 8.73 57.2
NHC-¥4 12.80 31.90 10.70 3.020 22.10 110.0
NHC-ES 28.60 71.40 32.60 9.150 30.30 142.0

1C0,-V, CO,-SSA DR co, . Cumulative surface area ( CSA)  * Vo( 0~

1.1 nm) DFT CO, 0~1.1 nm ; N,-SSA BET N,
v Ny=V
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3 NHC Vo(0~1.1 nm)  N,-SSA
Fig.3  Correlations among organic carbon content and microvoid volume Vy( 0~1.1 nm) and N,-SSA for bulk samples and NHC fractions
3.3 NHC 2007) .
( Navarro et al.
4 2009) . NHC 0. 601 ~
Freundlich 0.661 NHC n
¢, = 0.005S, (0.593~0.666) ( Zhang et al. 2016) Ran
¢.=0.055, c.= 055, K, (0.708 ~0.751) ( Ran et al. 2007) .
NHC N
6 ( Ran et al.
4 NHC Freundlich K,

Table 4  Freundlich isotherm parameters and concentration-dependent distribution coefficients( K;) of phenanthrene ( Phen) and nonylphenol ( NP) on

the original sediments and NHC fractions

K,/(mLeg™")
K " N R ¢.=0.005S, ¢, =0.058, ¢.=0.58,

0SE1 0.286 0.712 20 0.996 174 89.7 46.2
0SE2 0.246 0.739 19 0.995 157 85.8 47.0
0843 0.233 0.718 20 0.995 143 74.9 39.1
0S4 0.082 0.844 20 0.994 62.6 43.7 30.6
0S-E5 1.08 0.648 20 0.998 589 262 116
NHCE1 151 0.655 19 0.993 83259 37656 17031
NHCH2 173 0.613 20 0.995 88792 36389 14913
NHCE3 123 0.661 18 0.992 68558 31409 14390
NHC-£4 70.9 0.623 20 0.991 37040 15544 6523
NHCES 308 0.601 17 0.993 155062 61931 24735
0SE1 0.175 0.899 18 0.984 125 99.1 78.4
0S£2 0.136 0.927 20 0.996 107 90.4 76.4
0S-£3 0.116 0.952 18 0.997 99 88.6 79.3
0S4 0.090 0.934 20 0.994 72.7 62.5 53.8
0S£5 0.233 0.944 20 0.996 193 170 149
NHCE1 222 0.596 15 0.992 58478 23067 9099
NHCE2 250 0.595 20 0.993 65507 25757 10127
NHCE3 213 0.619 19 0.996 60532 25147 10447
NHC-E4 74.9 0.717 15 0.956 20388 15310 7976
NHC-ES 342 0.605 20 0.994 92574 37238 14979

(pgeg!) /(pgl)" N
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Phen NP K 0~1.1 nm K,
( 4a~4b) c,= 0.58,
(7.85 A) (9.03 A)
68%
45% ( Xing and Pignatello 1997) . ;
Wang
( Ran et al. 2004; Nguyen et al. 2007,
( Wang et al. 2017) . Zhang et al. 2010; Wang et al. 2016) .
4 NHC Ky Vy(0~1.1 nm) .

Fig.4 Correlations among K, values of phenanthrene ( Phen) and nonylphenol ( NP) and microvoid volume Vy(0~1.1 nm) surface carboxyl and

organic carbon content for bulk samples and NHC fractions
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8% 4 ( Conclusions)
NHC
1) Al
Co, N,
NHC NHC
4c~4d  NHC
K, HOCs
(O+ .
N/C) HOCs ( Kang and Xing 2) ~XPS
T SOM

2005; Chen et al. 2008; Wang et al. 2011; Yang
et al. 2011; Jin et al. 2015) .

HOCs
HOCs ( Wang
et al. 2011) . NHC

(Jin et al. 2015; Jin et al. 2017a; 2017b) .

( >40%)
T 3 T
(Zhu et al. 2004)
T
(Jin et al. 2015; Jin et al. 2017a;
2017h) “« »
4c~4d
HOCs
T
( Keiluweit and Kleber 2009) . 4c ~
4d NHC
K,
NHC
T
NHC
T
Phen NP K|
( 4de~4f)
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