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Model Fitting Results of Pyrene Sorption on Soil After Gradient Oxidations by

Different Oxidants
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( Laboratory of Eaith Surface Processes, College of Urban and Environmental Sciences, Peking University, Beijing 100871, China)

Abstract: The influences of the sorption of pyrene on soils after the gradient oxidations with Fenton and NaClO on soil were investigated using
two different soil samples from Dongling, Beijing ( DL) and Qujing, Yunnan (YN), China. Six models were used to simulate the sorption
using coefficient of determination ( R*) and mean weighted square errors (MWSE) to evaluate the goodness of fitting. The results showed that
Polanyt-Manes model fited best among all these models. Both gradient oxidations secured the positive correlation between adsorption capacity of
DL soil and TOC, while the resulis for YN soil were on the opposite. The adsorpton capacities of YN soils oxidated by NaClO were stronger
than that oxidated by Fenton while opposite resulis were identified for DL soils. YN soils oxidated by NaClO had stronger adsorption capacities
than DL soils. The adsorption of pyrene was influenced by TOC of soil with high TOC (< 2 5%) while no influences were identified with low
TOC (0. 1%-0. 5% ). Both DL and YN soils oxidated by NaClO had more equilibrium adsorption potentials. The equilibrium adsorption
potentials had good sgniicant linear relationships with TOC. DL soils oxidated by NaClO secured the positive comelation between equilibrium
adsorption potentials and TOC, while opposie resuks were identified in other three oxidated soil groups.
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PAHs .2
- . 0~ 10 ecm
bl ) 5 I(D N
1
.2 DI=- Bulk
1.1 YN-Bulk . 1
1
Table 1 Physical and chemical parameters of soils
TOG % H (CEC) [%
’ P / emol* kg™ ! C H [0} N
DI Bulk 221 7.85 18. 9 L% 0.61 4.75 0.11
YN Bulk 0 46 7.01 6 37 0. 32 0.96 6.43
1.2 , +DI-F 2DI-F 3DEF 4DIF
R DL 4 , FD=Na 2-
, 25°C, , DI-Na 3-DI-Na 4DI-Na 5DENa DL
5 , FYN-F 2 YN-F
: 1 3YNF 4YNF 5YNF YN
10 nmo)/ L. 2 15% pH 5 , FYN-Na 2YN-Na 3YM
3 I 1. pH 8.5~ 9.0, Na 4YNNa 5YN-Na YN
23.2 ) 5 - DL ,
. 200 g DL 4
5 ., 100 ni Ih, o0 13
ml 10 mmol/L. 200 ml. 05¢
15% . 15% pH 100
3, 1357 104, ; Toc -, 3
5. om, 14
10 mmo)/ L 20 mL 15%
Acros s
[10, 1]
: 0 2
300 ml. ( , > 10%), 2
3%NaOH pH 8.5~ 0. O7 1 3 Table 2 Paramders of pyrene
5 7 10d, 5,
) (1eK o) 518
, (25C) C/mge L~ 013
500 mL , 3500 (d)/g em™? 1271
r/min 20 min (V) an® mol™! 620
’ ’ ( Vs)/ an® mol™ ! 159 3
, 1000 mL , ) (MV)/ tm? 018
8~ 10 , . ,
5d, 10 min , s 0. 01
, 60 s mol/L. CaCl2 200 mg/L. NaNs
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20% ~ 80% ,
DL YN 10 ml; 0.05¢
10ml: 0.2 g, 10 mL.
2, 0.05~ 200
ng/ml. 8~ 9 3
2~ 3 .
4.5 d, 5d ,
2 000 1 min 15 min,
1.5
2 )
2, 3 ,
10 1,
8 2
2500 r/min 15 min,
89% £3.5%, .
Microsoft Excel ~ Origin 7.5
, 6
(1) Freundlich (FM)
qe = Kfcew
JKi[mgeg '*(mg* L I)_l/"] Freundlich
N L qo(mgtg ')
:co(mgeL”)
(2) Langmuir (ILM)
qe = QOCP/(Kd‘l' Ce)
Ka(mgL") Q' (mgrg )
(3) Brunauer-EmmettTeller ( BET)

ge= (BQ c)/{(C.o= c)[1+ (B~ 1) (e/C])
,B  BET , Cs
(4) Redlich-Pterson (RPM)
ge= Acd(1+ Bc)
.8 A B
(5) Dual mode (DMM)
g.= K,c.+ roe/(Kd+ ce)
Ky(Leg) ™ K
(6) Polany}:Manes (PMM)
lg ge= 150"+ a( &/ V)"

, €= R In(SJ/c.), & (kJ*mol) ™'

, V.(em'* mol) )

sal(em) e

(kg= I "1 b ,R=8314x10"
kJ* (mol*K) ™' , T(K)
2
2.1
: R’
R = 1- (XY= ¥) )
. Yo (mgeg ) :
Yi(mgrg)
(12,
MWSE= Y [( Y- %)/ Yo
, v , M IM BET v n- 2,
RPM DMM PMM v n- 3,n
R’ ,MWSE ,
R’ ,MWSE e
R’ MWSE ,
2.2
6 1- R
MWSE : L 1-
R’ 0.1 , 1- R’
0.3 1- R
. MWSE
M PMM 1- R 1
3 0.1, 1- R’ . M
PMM 2 .
™ DI-Na1 DI-Na-3 DL Na5
YNE3  MWSE PMM MWSE
: PMM M MWSE
, PMM FM. 1- R’
MWSE, PMM , ™,
, 2
. BET 1- R
MWSE 5 :
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2.3 PMM
, 2.3.1 Polanyl
s PMM Polanyl 3 ,
6 2~ 3 D)
, ta , PMM
, MWSE 1- R’ \ 2
3 RPM PMM 3 s
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) 3 s QU DE Bulk YN
Bulk 15 25 35C . 1
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10 16
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A 12 [%
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Fig. 1 Characterigic curves of pyrene adsorption
2.3.2 PMM 0.025 12
OQ° TOC
. MM ’ 0.020 |- «} Lo
ab Q , 3. B Jdos
"o 0.015 | T
’ g Ho6 §
1 0.010 | S
—0.4
0.005 o
’ : ; N,
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. 2 4 2 TOC @
TOC Q Fig. 2 Relationship of TOC and Q°
TOC IS
,2 TOC DEF |
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3 PMM
Table 3 Regression of pyrene adsorbed by soils using PMM model
a Sd. E b Std. E Q%  Sid.E R? a S E b Std.E Q°  SdE R?
DEBulk -2060 703 0.8 012 00825 0.0143 0.988 |[YNBulk - 2523 49.44 0.86 0.51 0.0039 0.0016 0.850
DE-E-1 -2124 728 0.9 010 00219 0.0014 0.977 [[YNE1  -10.81 401 0.69 0.12 0.0052 0.0009 0.975
DI-E-2 -303 1515 114 017 00126 0.0016 0.98 [[YNE2 - 1293 549 0.67 0.14 0.0108 0.0027 0.978
DI-E-3 -267 136 110 016 00124 0.0008 0.975 || YNE3 -659 377 052 0.22 0.0110 0.0060 0.910
DI-E-4 - 1202 551 07 015 00164 0.0027 0.972 || YN-E4 -837 235 049 0.12 0.0159 0.0091 0.972
DENal -—7473 8608 0.8 0.34 00083 0.0012 0.946 |[YNES5 -579 312 039 0.29 0.0201 0.0353 0.894
DE-Na2 - 195296422962 1.32  0.62 00084 0.0008 0.941 [[YNNa1 - 43.82 1118 0.86 0.07 0.0196 0.0007 0.995
DE-Na3 -18978 37060 230 0.58 00107 0.0022 0.912 [[YNNa2 - 6492 1993 113 009 0.0202 0.0006 0.995
DENa4 -9133915498 1.5 049 00091 0.0010 0.962 || YN-Na3 - 60.78 2211 1.25 0.10 0.0184 0.0006 0.991
DENa5 -27649 3793% 203 0.42 00090 0.0008 0.951 |[YN-Na4 — 7468 55.47 1.26 0.20 0.0188 0.0012 0.972
YN-Na5 - 3243 917 1.29 0.08 0.0229 0.0011 0.994
0
,TOC . DL , 0
(p> 0.05), , TOC
(p> 0.05). ,
0 0
Q , , YN-Na , 0
0
> YN-F YN-Na> DI-Na DEF> DE Na. DI-F DI=Na YN-F YN-Na 4 Q
, TOC TOC , :
0 2
, " Q = 0.088*TOC+ 0.0087 R = 0.0777
u 0 2
”, SOM Q"= 0.0159°TOC- 0.0063 R'= 0.7476
0 2
Q =-0.1093TOC+ 0.0349 R" = 0.8787
0 2
TOC Q =-0.0192TOC+ 0.0227 R" = 0.1647
0
4 Q TOC
0 0
4 TOC Q 3 ,DI=Na YN-F TOC (@ R
0
,4 TOC , DI Na Q TOC
(p< 0.05,DL YN s YN-F 2
s TOC , 2
0
TOC TOC Q
0.10 2.5 0.10 25
(@) DL-F 20 2.0
008 S o - 2. ) 0.08 | 2.
® 006 | ---de--- TOC 4158 006 | 4158
g o g 9}
& 004 | 4108 g, 0.04 - {108
0.02 - 05 0.02 - 05
0 | | L | 0 0 0
DL-Bulk DL-F-1 DL-F-2 DL-F-3 DL-F-4 DL-Bulk DL-Na-1 DL-Na-2 DL-Na-3 DL-Na-4 DL-Na-5
0.025 — 0.5 0.025 0.5
(c) YN-F
0.020 - . - 04 0.020 |- 404
§ 0.015 - 03 % ;_g 0.015 [ . 0.33
g, 0.010 |- {028 g oot} 1028
0.005 - 0.1 0.005 401
0 ! ! ! ! | 0 0 ! ! ! I I
YN-Bulk YN-F-1 YN-F-2 YN-F-3 YN-F-4 YN-F-5 YN-Bulk YN-Na-1 YN-Na-2 YN-Na-3 YN-Na-4 YN-Na-5
3 T0C Q'

Fig. 3 Relatiorship betw een TOC and (°in different oxidation groups
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TOC 0~ 2.5% DL ,
TOC
\ 0.01%
’ HOCs
el YN TOC
0.1% ~ 0.5% , YN-F  YN-Na
, 2 YN TOC ,
Toc @’ YN
0’
,TOC
PMM 2 a b
,a b
[16, 17]
a , b R b
DI-F DI-Na YN-F YN
Na 4 b TOC \

b= 0.748 3*TOC + 0.3770 R’= 0.3661
b= — 4.7107*TOC + 6.3751R’= 0.4209

2

b= 2180 8TOC + 0.1074 R’= 0.7086
b= 1.7913TOC + 0.9323 R’= 0.3949
4 , YN-Na
b TOC , 3
0.5. DI-Na , TOC
, 3 TOC
: ., TOC b
4 TOC
3
2 ,DL TOC
R’ MWSE
, PMM
5 R® MWSE
PMM
2 ,
TOC , .
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Na DI-F> DI-Na.TOC (DL) 2
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