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Sorption Behaviors of BDE-28 on Natural Soils

LIU Wen-xin', LING Xi', CHEN Jiang-lin®, LI Wei-bo', DOU Han', TAO Shu'

(1. Laboratory for Earth Surface Processes, College of Urban and Environmental Sciences, Peking University, Beijing 100871, China;
2. North China Sea Standard and Metrology Center of State Oceanic Administration, Qingdao 266033, China)

Abstract : The sorption kinetics and isotherms of BDE-28 on three natural soils with different soil organic matter fractions (f,.) were
investigated. The results indicated that a two (fast and slow)-compartment first-order model was more appropriate for describing the
sorption kinetic data, compared to a one-compartment first-order model, especially in the initial sorption stage within 25 h. The fast
sorption was predominant during the whole sorption process from beginning to the apparent sorption equilibrium; while the contribution
of the slow sorption to the total sorption amount gradually increased and then achieved a plateau at 49 h or 55 h. The approaching time
to the individual sorption capacity for the fast sorption was much shorter than that for the slow sorption. The contribution of the fast
sorption to the increase in the total sorption amount of BDE-28 was prevailing at the beginning of sorption process from 2.5 h to 4.5 h;
whereas the fraction of the slow sorption became primary at the subsequent stage of sorption process. The fitting results by the Dubinin-
Ashtakhov ( DA) model were comparable with those by the Freundlich model in the range of apparent equilibrium concentration
studied. As for the Freundlich model, the nonlinear exponent (n) values of BDE-28 for the two samples with lower /i (0.72% ) or
higher f,. (7.90% ) approached to 1.0 (1.03 0. 05 and 1. 00 £0. 05, respectively) , suggesting the linear sorption characteristics in
the studied range of apparent equilibrium concentrations of BDE-28; while the nonlinear behavior of BDE-28 for the left sample with
medium f,); (4. 42% ) was indicated by its n value less than 1.0 (0.89 £0.04).

Key words:BDE-28; soil;sorption; kinetics; isotherms
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. ) . BDE-28 Cambridge
/ 0100 (USA). ,
, . BDE-28
( 0.01 mol/L
, PBDEs CaCl, ,
. . 1 Mueller 200 mg/L NaN, )
2] , 0.1%
’ N )
PBDEs (], , 1.2
( ,
) , BDE- , (
28 , ), ,
PBDEs s 2 mm ,
. , PBDEs
(foc)
. (TOC 5000, Shimadzu) ; [15]
( . ) ;
1.1 5g 25 ml.  CO, , pH
BDE-28 ( >99.9% ) pH
AccuStandard (USA). “C ( A22,Fritsch) . 1
1
Table 1~ Physicochemical property of the soil samples studied
pH  TOC/% /% /% /% (<0.002mm)/% (0.002~0.02 mm)/% (0.02~0.2 mm)/% (> 0.2 mm)/%
1 7.8 0.72 0.19 0.13 0.40 2.6 30.0 67.4 0.0
2 7.5 4. 42 0. 60 0.10 3.72 2.2 47.4 43.9 6.5
3 7.1 7.90 1.99 1.37 4.54 2.6 34.6 57.0 5.8
1.3 ,2 )10 mL ,
1.3.1 10 mL )
, ( 20%C) ( ) ,
BDE-28 ( TDL80-2B, Anke) 30
10% ~90% . remin"' ) )1
, 0~288.5h,3
555:1(1 ).2000:1(2 ) 2000:1(3 0 ~389 h. , 1
). 3 2 , M,, 2000
TOC 1 3 remin "' 30 min,
BDE-28 25 mL , M,,
, (0.01 PBDEs M, M,
mol/L CaCl, 200 mg/L NaN,) PBDEs
60 pg/L BDE-28 , )
11 , 2 ) 1.3.2
, 0.1000g (1 ).0.0100g (3 ) , 144 h
11 x2x2 (11 ,2 (6 d) ,
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x2x3 (12 ,2 ,3
) (
, )
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( 20%C) ;
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N 25 mL
, M,, BDE-28
M, M, BDE-28
1.4
1.4.1
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300
remin"' 2 min, 10 min.
2 min, 10 min. ,
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1.4.2
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. 10 g Na,S0, 2 g
10% HCI1 Cu
200 mL (1:1, ), 75C
48 h. 1 mL
, /
ey 30 mL :
60 mL (1:1,
) BDE-28. 1 mL
. GC-MS , 100
L. 25 ul.  "C-BDE-28
(2 mg/L)
Y ol
, (100 ~200 ,6 cm
), (2em  ),25% (5em ),
2em  ),50% (8 ecm )
Na,S0, (1 em ). ,
450°C 4 h,
. , 180°C  250°C
12 h , 3%

2

2 h. Na,S0, 450°C
4 h, . 50%
H,S0, . ,50%
. 25%
.14 ¢ NaOH (1 mol/L)
42 ¢ , s
1.4.3
BDE-28 -
( GC, HP6890ON, Agilent, MSD, HP5973,
Agilent) , (HP 7683, Agilent).
[20]
BDE-28 . ,
2 min . HP-5 MS (30 m
x0.25 mm x0.25 pm) , :
80°C, 1 min, 8°C /min
180°C 1 min, 2°C/min
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EI , 230°C, 70 eV.
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2
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2 . 5%
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, b =1 ).
G _ | _ () lgg, = 180" - (e/E)" & = RTIn(c./c,) (5)
I _ 9 _e
qe 4. (ne'kg), Q°
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) N [27]
/ ( N ) (f()c) N
[16,23]
. ( ¢ =0.1c¢g, ¢
I =il —e™)+£,(1 —e™) (2) ) Koo
. [9,16,28,29]
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foc
(ne/ke) .0, BDE-28 K. -
(“’g/kg)’t ’kl kz ‘
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N / ’ error, MWSE) (r,.)
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1.6.2 (q C )
BDE_28 MWSE — measu: qz model <6)
K ) measure
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- T R e s ner e €
Freundlich -m-
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Fig. 1 Data points of kinetic sorption amount (¢,) and model

Fig.2  Contributions of fast sorption compartment and slow

fitting results of BDE-28 sorption on the No. 1 and No. 3 soil

sorption compartment to the total sorption amount with contact

samples using the one-compartment first-order model and

time using the No. 1 and No. 3 soil samples

two-compartment first-order model

2 1)

Table 2 Fitting results of sorption kinetic data using No. 1 and No. 3 soil samples

W b 2R ky/ ! ky/ ! ky/ ks fi e
1 24 0.42 +0.03 0.971/0.970 0.75 +0. 20 0.13 +0.07 5.7 0.67 £0. 17 0. 986/0. 984
3 26 0.94 +0.07 0. 948/0. 946 1.64 +0.13 0.12+0.03 14.3 0.78 +0.03 0.994/0. 993
1)k , 1 2 . /7 5h /
BDE-28
(k) , (0~25h). 22
. , (ki) (ky) 6
, (
2). 2 (f,  0.67 , . BDE-28
0.78) (=1 - 2 . ,
f, 0.33 0.22). BDE-28 . (144 h),
(ky/ky) 5.7( 1) , , (
14.3( 3), 1:0~4.5h; 3:0~9.5h),
( phenanthrene ) ( >80% . ,
1: k/k, = 2.78/0.02 = 139, 3: k/k, = ( 1. 25h ,
3.48/0.02 =174) . 1 2 ( 3: 30.5h ). ,
Foor ) ,
’ ( , 1:33%, 3.
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Fig. 3 Ratios of fast sorption compartment and slow sorption
compartment to their respective equilibrium sorption amount with

contact time using the No. 1 and No. 3 soil samples

., 1.3 4.5h
2.5h 97%  98%.
, 1.8 h( 1) 4.5 h(
3), ,
, 49 h( 1)
54.5h(  3) ,
BDE-28 ,
. 0~4.5h(
1,>66%) 0~2.5h( 3,>73%).
BDE-28 ,
( 4).
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to the increase in the total sorption amount of BDE-28 with

contact time using the No. 1 and No. 3 soil samples

[23]
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3 1 3
n 1.0, .BDE-28 3 . A
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2 5 Fig.5 Sorption isotherms and fitting results by the DA model
) ) c, and the Freundlich model using the different soil samples
3 Freundlich BDE-28 2
Table 3 Fitting results of sorption isotherms of BDE-28 by the soil samples using the Freundlich model at equilibrium time of 144 h
[
P2/ MWSE n 1gK Y P i:“ -
1 0. 960/0. 916 0.0012 +0. 0018 1.030 0. 047 2.986 +0. 048 5.13 5.16 5.19
2 0. 964/0. 924 0.0010 +0. 0014 0. 885 +0. 038 3.777 +0. 038 5.15 5.03 4.95
3 0. 960/0. 916 0.0011 +0. 0014 1.003 0. 046 4.016 +0. 033 5.12 5.12 5.12
1) MWSE .n lgKy, (N) 22,n gk (p) 0.05
4 DA BDE-28 D
Table 4  Fitting results of sorption isotherms of BDE-28 by the soil samples using the DA Model at the equilibrium time of 144 h
7/ T MWSE 1s¢’ b c=00les ¢ iglf)(fcus ¢ = 0.5¢
1 0.962/0.920 0.0013+0.0019 4.764+0.191  6.160=1.091  1.163 =0.288 5.06 5.17 5.15
2 0.972/0.941  0.0008 +0.0012 5.134 £0.083  8.004 £0.444  1.547 +0.244 4.96 5.07 4.85
3 0.962/0.920  0.0012+0.0015 5.602£0.283  7.138£1.674  1.280 0.379 5.08 5.12 5.00
1) MWSE 1g0° ,E b, (N) 22,1g0° E b (p) 0.05
, , (6], 1.2.3
2 n 1.0, leK,. BDE-28 c c=
BDE-28 0.0lcy ( cs ),
19.23.29.32.33) L n 3.97.3.61  3.27; ¢=0.1cg 3.50,
, , 3.24  2.97. BDE-28.
DA , E b
, :6.160 ~ 8. 004 1. 163 ~ 1. 547
BDE-28 c , ( 4, BDE-
1gK . ) 28 ( 5) L
. , 1.2 3, (phenanthrene) o MWSE, DA Freundlich
Freundlich n 0.73, ; DA
0.84 0.68( 48 h) 0.53.0.63 IgK,. BDE-28 c Freundlich
0.70( 720 h), 1.0, , . ,
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