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MnOj; + 2H,0 + 3e” — MnO, (s)+ 40H™ 3)
[15]
( Fe* Fe**
DDTs pH
(SO; E’=2.6 V)" /Fe*
1 DDTs
Fenton
. o H,0, DDTs
[t (2] Tan [ Na,S,04/Fe**
1:1 90% DDTs
Rastogi ! Fe**
PCBs 2- 54%
Ferrarese "% 1
PAHs 90%  PAHs 11
PAHs
93% DDTs
HO- SO 0~
(8] 20 cm
60 47C)
1~3 DDTs p.p-DDT
S,02" + Fe** — SO5- + Fe** + SO (1) p,p-DDE  p,p-DDD o,p-DDT 4
H,0, + Fe’* — HO- + Fe*" + OH™ ) DDTs 1
Fz1 WX HIEEARENIERE DDTs iRE
Tablel Physico-chemical properties of soil and concentrations of DDTs
( gkg) pH (mg/kg)
2~005mm 0.05~0.002mm <0.002 mm (¢ke) (¢gkg) (¢ke)  ,, DDT pp-DDE pp-DDD o0p-DDT DDTs
133.6 500.0 3664 763 423 6138  29.18  29.56+0.27 491 £0.13 0.41 £0.04 5.02+0.07 39.90 +0.30
1.2 Agilent7890A/5975C -
p.p-DDT pp-DDE p,p-DDD o,p-DDT( 99% 1.4
Supelco ) (>99% aladdin 11.91 g Na,S,04
) FeSO47H,0 H,0,(30%) KMnO, Na,SO, 50 ml 1 mol/L
Na,S,0g 1.39 g FeSO47H,0
N, 50 ml
(>99.999% BOC) (Fes04 FeO 17.0%) 0.1 mol/L Fe** H,0, KMnO,
(Fe,O3 FeO 1.5%) (FeCO; FeO 1 min
37.9%)
1.3 1.5
ASE 200( DIONEX) 1.5.1 pH DDTs
R210/R215 ( Buchi ) Sigma (Fe*"/Na,S,05= 1/10) Fenton
2-16K ( Sigma ) HIJ-6A (Fe’'/H,0,=1/10) H,0, 0.1 mol/L
( ) Agilent 6890 pH 7.7 3.2
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02 g 3 160°C 4°C/min 230°C
5 min 10°C/min
1.5.2  Fe*/Na,S,04 280°C 10 1
DDTs 0.1 mol/L
pH 77 32 Fe’* p.p-DDT  p,p-DDE  p,p-DDD
0.02 0.025 0.033 0.05 0.1 0.125 0,p"-DDT 0.5 ~ 30 mg/kg
0.25 0.167 0.25 mol/L Fe**/Na,S,05 DDTs 95% £ 10%
1/50 1/40 1/30 1/20 1/10 1/8 1/6 GC-MS Agilent 7890A 7693
1/4 GC
Fe’"/Na,S,04 pH 5975C inert MSD 50 ~ 550
77 32 Na,S,04 0.06 0.08 0.10 0.12 230°C 150°C
0.14 0.16 mol/L 3 Fe**
1.5.3 DDTs p.p-DDT GC-MS
(Na,S,04/Fe* = 20/1) Fenton p.p-DDE
(H,0,/Fe* =20/1) H,0, (Na,S,05/H,0,/ p,p'-DDT p.p'-DDE
Fe*"'=20:20: 1) 0.06 0.08 DDTs
0.10 0.12 0.14 0.16 mol/L 3 p.p-DDT  p,p"-DDE
p.,p-DDD  0,p"-DDT
1.5.4
3 3 g DDTs DDTs % =(1— DDTs /
50 ml DDTs )x100%
10ml:3g 1.7
2 min SPSS
24 h(25°C 60 r/min) Liang !
Fe®* 60 min
24 h 2
2 500 r/min 5 min 2.1 pH DDTs
20 ml
1 pH 77 32 (Fe*"/
1.6 DDTs Na,S,05= 1/10) Fenton (Fe*'/H,0,=
1/10) H,0, 0.1 mol/L
/ (171 V/V) 100°C DDTs (pH
1 500 psi 5 min 60% 7.7) (pH 3.2) DDTs
2 DDTs 69% 52%
1 ml 2 ml DDTs
(1g +05¢ + DDTs
05g t1g ) 25 ml 36% 46% Fenton
/ 971 V/V) DDTs 31% Fenton
1 ml GC DDTs H,0, DDTs
Agilent 6890 7683 pH 4 DDTs
DB-5 (30m x0.32 mm x 0.25 um) ECD > >Fenton
lul N, 1 ml/min >H,0,
225C  300C pH Fe*'/
60°C 1 min 20°C/min Na,S,04
100C 2 min 10°C/min H,0,(P<0.01)
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3
H,0, 4
(29.18 g/kg 1) DDTs = >
(17 S
Fenton pH 4
Fe*'+80;-—Fe’ +S0; 4)
Fenton Fe** pH o
CH,0, pH77
vwz2H,0, pH3.2
_ S0F [Na,S,0, pH7.7
70 mpH7.7 s W72 Na,S,0, pH3.2
C_pH3.2 5 40
60 B
e 301
£ 50 &
tér 40 & 207
b3 e
& 30 10+
a
g 0 CK BT RBE BB BN
R

0
AR B EREN Fenton H,0,
eVl

1 pH7.7. 32 B ARIE LTS L DDTs BIFERFER

Fig. 1 DDTs degradation in different oxidant systems at

pH 7.7 and 3.2
2 Nazszog H202 0.1 mol/L
pH 7.7 32
DDTs
(CK)
DDTs (P<0.01)
DDTs
(P<0.01)
pH Fe2t 18l gr
Fez+
(9] (FeO 37.9%)
(FeO 17.0%) (FeO 1.5%)
Fe**
DDTs (P<0.01)
DDTs
[20] F€2+
Fe** Fe** SO;-1( 4)
DDTs
DDTs

F ez+

2 pH 7.7.3.2 BYERF 3 I ARER S F0 HLO,(GR %N Fez+)
B&f% DDTs B95 N5
Fig. 2 Effects of metal oxides on the reactivity of persulfate and
H,0, without Fe?" to degrade DDTs at pH 7.7 and 3.2
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H,0, DDTs
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1 2 pH Fe**
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3 0.1 mol/L Na,S,04 pH
7.7 32 Fe*/Na,S,04 1/50 ~ 1/4
DDTs pH7.7 pH32
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DDTs DDTs
79%  73% Fe*'/Na,S,054 1/20
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Fe**/Na,S,05 DDTs 3.2 DDTs
DDTs pH 3.2 DDTs
[14]
—u—pH 7.7
NF s pH32
DDTs
S Fe** pH 7.7
ffé or - s P Fe* DDTs
'H\’l & L\l/l !
& i 83%
g ot o S DDTs
< + 2.3 DDTs
60 A . . . . 5 pH 32 (Na,S,0g/Fe’ =
0 0.05 010 015 020 025 -
Fe?'/Na,S,0, 20/1) Fenton (H,O0,/Fe™ = 20/1)
2+ . .
3 pH7.7. 3.2, Fe?'/Na,S,0, LA DDT &R H,0, (N2;S,04/H,0/Fe™ =20 - 20 - 1)
Fig. 3 DDT degradation depended on Fe*"/persulfate at 0.06 ~ 0.16 mol/L DDTs
pH7.7and 3.2 P 0.16 mol/L
100 DDTs 90%
—m—pH 7.7
—a—-pH3.2 s (P<0.01) DDTs
S P : 67%
7] lé‘><
% _a " A i L B y=320x+37 R =0.997
= | —a— L BRRREN y=43 1x+4 R*=0.981
a A 100" _y— Fenton y=162x+16 R =0.934
g0 i — e WAL y=235:+0 R*=0.973 R
18 1 —x—KMnO, y=238x+10 R*=0.995 =
g v H,0,
| | 18
40 1 1 1 1 1 1 zﬁg
006 008 010 012 014 016 b
AL BRIV BE (mol/L) & 301
[a)
4 pH7.7. 32, EUIMERIWKEIEM DDT 9 2
Fig. 4 Concentration of activated persulfate effect on removing pat)
DDT at pH 7.7 and 3.2
Fez+/Nazszog 0 1 % & A 4 v Y
DDT 0.06 0.08  0.10 0.12 0.14 0.16
S . EALHIYEE (mol/L)
DDTs Fe’"/Na,S,0 . .
o 5 pH32 £HTRRGALFIREN XK DDTs A5
DDTs Fig. 5 Effects of different concentrations of oxidants on removing
DDTs at pH 3.2
pH
Liang 12 Fenton DDTs 41%
Fe?* DDTs
DDTs Fenton
Fe?* SO;- DDTs Fenton
Fe** Fe*' : H,0, 1:1
Fe(OH), Fe?* SO; 25C  Fe Fenton 23]
(OH), 1x107" pH 7.7 Fe**
Fe** 0.004 mol/L [24] HO-
Fe** >0.004 mol/L Fe(OH),
DDTs (23] Fenton
H202 DDTS H202
4 Fe*'/NaS,05=1: 20 pH 7.7 H,0, DDTs
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Na,S,05/H,0,/Fe* =20 : 20 : 1
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( 5)
( 6 7
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Fig. 6 Effects of different concentrations of oxidants on removing DDTs congeners at pH 3.2
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Application of Activated Persulfate Oxidation Method in
Degradating DDT in Field Contaminated Soil

WEI Hai-jiang'?, YANG Xing-lun'?, YE Mao'?, WANG Jing-ting'?, BIAN Yong-rong'~,
WANG Fang'?, GU Cheng-gang'?, JIANG Xin'?*"

(1 State Key Laboratory of Soil and Sustainable Agriculture (Institute of Soil Science, Chinese Academy of Sciences), Nanjing
210008, China; 2 University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: This paper evaluated the use of Fe?* activated sodium persulfate oxidation method to remedy DDT-contaminated
soil from a typical former organochlorine pesticide field in the Yangtze River Delta. The influence of different factors on the
target pollutants removal efficiency was studied, including the initial pH and mineral coupling factor, sodium persulfate/Fe*"
concentration ratio factor and oxidant concentration factor. Results showed that the magnetite and hematite, when adding to slurry
system with only sodium persulfate, could significantly improve the degradation of DDTs rate (P < 0.01) under the acidic and
neutral condition, and the DDTs degradation rate at pH 3.2 was higher than when pH was 7.7. Due to high ferrous content of
zero-valent iron and siderite, Fe*" concentration nearby mineral surface was excess and Fe?* would react with sulfuric radical,
thereby lowering the DDTs oxidation efficiency. The optimal persulfate/Fe’" ratio in this slurry system was found to be 20 : 1 at
pH 3.2, while the most effective in degrading DDTs was more than 90% within 24 h. At the same time, results of DDT oxidation
by six kinds of oxidants including Fe®" catalyzed sodium persulfate, sodium persulfate, Fenton reagent, hydrogen peroxide,
double oxidation reagents (mixture of activated persulfate and hydrogen) and potassium permanganate were compared, and
evaluated the advantages and disadvantages of different oxidants. DDTs oxidation efficiency and rates by six oxidants followed
degrading sequence of Fe?" catalyzed sodium persulfate > sodium persulfate > Fenton reagent > double oxidation reagents >
permanganate > hydrogen peroxide at pH 3.2. This study indicated that the application of activated persulfate oxidation is a
feasible method to treat soil contaminated by DDT, which is suitable in remediation applications.

Key words: Persulfate, DDT, Chemical oxidation, F e catalyzed
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