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BDE47( 99.5%) ) (G560E Scientific
Chemservice Industries )
( ) 1.3
( ) ( (yellow brown soil)
) 0 ~ 20 cm (32°05'47.71"N
Millipore 119°13'13.44"E) 2 mm
A-Fe/Ni
[11] A/Fe/Ni 2/ 1
0.4/0.1 A-Fe/Ni 200 g 500 ml
1.2 200 ml 10 mg/L.  BDEA47
(Agilent 6890
) (ASE 200 30
) (R-210 B-491 BUCHI 30d BDE47
) (HZ-9310K 10 mg/kg
F1 HiKEREERBLMR
Table 1 Physicochemical properties of tested yellow brown soil
pH (g/kg) (g/kg) (g/kg) (g/kg) (g/kg) (g/kg)
7.54 18.29 1.86 0.48 16.53 41.68 105.04
1.4 =400 Pa 50
0.50 g BDE47 12 ml 2 ml SPE (
5.0 ml / (40/60 v/v) 1.0 ml 0.50 g 1.0 g 1.0 g
120 mg/L  DOM 3.0 ml 25 g/L ) 16 ml / 4/1  ww)
A-Fe/Ni / (40/60 v/v) 1.0 ml
/ (40/60 v/v) 12 ml GC
1.5.2 GC Agilent 7890A (p-
30°C 200 r/min ECD ) DB-5 (30 m x 320 pm x 0.25 pm)
BDE47 265C 300°C
3 A-Fe/Ni 2.0 ml/min 140°C 2 min
A6HA A60A  A6CA( A-Fe/Ni 5°C/min 180°C 5 min 5°C/min
6.0 g/L DOM 10 mg/L) 260°C 5 min 1.0 ul
CKHA CKOA CKCA( BDE47
A-Fe/Ni DOM 10 mg/L) BDE47 77.1% +3.73% ~ 85.4% +4.62%
1.5 BDE47 5%
1.5.1 BDE47 1.5.3 GC-MS DB-5
3 000 r/min 20 min (30 m x 250 pm x 0.25 pm) 265
12 ml 1.0 ml 3 min 300 1.5 ml/min
3 80 1 min 10 /min
1.0 ml GC 200 1 min 20 /min 290
20¢g 15 min
ASE EI 230
100 1 500 Pa 150 MS 280
N» / (4/1 v~) ASE 4.5 min (=99.99%)
50 ~ 1 000 amu
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(SIM) DOM A-Fe/Ni
BDE47 DOM
2 ZV1 Zhang
21 DOM BDE47 t HA  FeNi 24-
10mg/L HA CA OA BDE47 HA
1 6 h Zhang DOM
BDE47 24 h Fe/Pb
HA CA
OA BDE47
27.5% 34.1%  21.8% DOM
DOM BDE47
[12]
(4.0 mg/L)
DDT [13-14]
3 DOM 10 mg/L

00 | | | |
0 20 40 60 80
SUSEHs ] (h)
1 DOM *f BRES/7K A i B B AR IR B 75
BDE47 2K 8Y 220

Fig. 1 Effect of DOM on desorption of BDE47 from yellow brown
soil in methanol/water solution
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- DOM  BDE47
2 A-Fe/Ni
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BDEA47 8980
Fig. 2 Effect of DOM on degradation of BDE47 in yellow brown
soil - methanol/water solution by A-Fe/Ni
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S
o
|
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SV [E] (h) S TE] (h)
3 DOM 7F7E T A-Fe/Ni Xt &R (A)FAIF K (B)F BDE47 HIFERESN 1 5 fh 2k
Fig. 3 Degradation kinetics of BDE47 in yellow brown soil (A) and solution (B) by A-Fe/Ni influenced by DOM
BDE47 (mg/L) klobs t
(1/h)  kpops - /
(L/(mg-h)) A-Fe/Ni BDE47 2
DOM A-Fe/Ni - / kaobs A6 0.142
BDE47 2 L/(mg-h) 0.085 0.072  0.062 L/(mg-h)
2 — / HA CA - / DOM
OA  A-Fe/Ni BDE47 A-Fe/Ni %f BDE47
(R>>R}%) 3  DOM Kobs OA  A-Fe/Ni
A-Fe/Ni BDE47 BDE47
%2 DOM TF7E T A-Fe/Ni &% BDE4T i hFHRELSER
Table 2 Estimated regression parameters for BDE47 degraded by A-Fe/Ni influenced by DOM
R Kiops (1/h) R’ Kaops (L/(mg-h))
A6 0.859 1.328 0.871 0.142
A6HA 0.889 0.591 0917 0.085
A6CA 0.884 0.537 0912 0.072
A60A 0.880 0.487 0.902 0.062
24 DOM BDE47 DOM BDE47 A6
BDE47 1600
(18-20] GC-MS(7890A-5975C)(EI )
- (A-Fe/Ni 1.5 g/L L2001 BDE47
12 h) BDE47
e
E« 800 |-
BDE47 4 % DE BDE17
HA CA OA - / ‘ BDE7/4
400 L BDES BDE2
BDE47 5A ~ 5D
5A DOM A6 BDE47 Lf\
2,4,4'- (BDE28) 2,2'4- 0 | | ! ! |
8 10 12 14 16 18 20
(BDE17) 2.4'- (BDES) 2.,4- PREAIR ] (min)
(BDE7) 2,2 (BDE4)  2- 4 EEE-FEKIAR® BDE4T R EERY
(BDET) (DE) 6h BDE47 GC-MS $51E g
0.123 5B ~ 5C Fig.4 GC-MS analysis of BDE47 and its degradation products
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Fig. 5 Degradation of BDE47 by A-Fe/Ni and changes in byproducts formation in yellow brown
soil-methanol/water solution influenced by DOM
3 BDE47 3
DOM OA HA
DOM A-Fe/Ni -
/ BDE47 BDE47 ~
Koobs [1] Lee H, Kim G. An overview of polybrominated diphenyl

ethers(PBDEs) in the marine environment[J]. Ocean Sci. J.,
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Effect of DOM on Degradation of BDE47 in Contaminated Yellow
Brown Soil by Attapulgite-supported Fe/Ni Bimetallic Nanoparticles

LIU Zongtang'??, GU Chenggang', YE Mao', BIAN Yongrong', JIANG Xin"*

(1 Key Laboratory of Soil Environment and Pollution Remediation, Institute of Soil Science, Chinese Academy of Sciences,
Nanjing 210008, China; 2 Jiangsu Key Laboratory for Bioresources of Saline Soils, Yancheng Teachers University, Yancheng,
Jiangsu 224007, China; 3 University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Polybrominated diphenyl ethers (PBDEs) are efficient brominated flame retardants, which have been used
extensively over recent three decades in various industrial and consumer products. PBDEs have been detected frequently in air,
water, soil, sediment, and have attracted increasing attention in recent years because of their increasing levels in animal and
human tissues, which can potentially pose serious adverse effects to the environmental safety and human health. Attapulgite-
supported Fe/Ni bimetallic nanoparticles (A-Fe/Ni) were prepared to degrade the 2,2',4,4'-tetrabromodiphenyl ether (BDE47) in
this study. The effects of different dissolved organic matters (DOM) on the degradation of BDE47 in contaminated yellow brown
soil-water/methanol solutions were investigated through debromination tests under anoxic conditions. A-Fe/Ni could degrade
BDEA47 effectively in contaminated yellow brown soil-methanol/water solutions, and the degradation process could be well
described by the pseudo-second-order kinetics. BDE47 could be degraded into mono- to tri-BDEs and diphenyl ether (DE) by
A-Fe/Ni. When the three different DOMs (humic acid, citric acid, and oxalic acid) were added in yellow brown
soil-water/methanol solutions, the uptake of DOM on the Fe/Ni particles surface could form a mass and electron transfer barrier
that retard the contact and reaction between BDE47 and the reactive sites of nanoparticles. The presence of DOM could obviously
decrease the BDE47 degradation efficiency and also affect the profile changes of byproducts formation. The experimental results
can provide scientific proofs on the PBDEs contaminated soil remediation using nanoscale zerovalent iron and Fe based
bimetallic materials.

Key words: PBDEs; Attapulgite-supported Fe/Ni nanoparticles; Degradation kinetics; DOM; Effect mechanism
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