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DR, A 3R A A H e B A M) e 4 At PRSI
Y, RS, SR EE R T, AL
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FAGIE SR B T A A T B R, e —
S AR R A R A 5 53 T AR TR IS B AT BB S A O i
AhEL T AR U IR P 3R A A T R AR A
S8 TR B AT L G L TR R e
B AL B A/ R AR AE T . T B R 4 A
e, g E R R ERR -2, 6- —BiREL
(anthraquinone—Z, 6-disulfonate, AQDS) EAT
WFoE . KEMFFRIESS, AQDSHENSE B i 7 28 M ik
MR, TERCEY A T b/ 7 A2 R 2 ) 4% 3
T AR, T T AR FMAQDS
ZLEPE KRS L R AL 52 BAE T T DD TR Ji
JI5E S S i A i 0

AR SO AL AR L BT . T
LA I 5T S F SRR R X i £ M KR - it
RIGEARPOPsIE J5 I S M ROR S HLIE, A 5Tk
N RSN — & S DDTHY TG G L #E TS, EHEIE
TEAE AR BT, AQDSTE N L F2F 1A,
3BT S DD TR J5t it 58 3 5 A HLAY) 3 fife i 7 M
Fe (1) &) 2B B A M A haenyFe (1) 3h
BZM B NTE R o BFE S5 OB R PRE N 2 1 e
SARPOPs I IR 12 S BER 27 Al

OB S

1.1 i HIEBUMRESE T E

A3 A A Ry VTP 4 T VR M XA 2T B K RS
(28°12'N, 116°55'E) , HO~20 cm¥EZ L, X
TJa, 122 mmiias o A 580 A 3 Ak M
WF: pHR5.1, HHEFEN3S ¢ kg™, AliEH
A HLBR S R40.2 mg kg™, W AL I 0273
g kg™, REBELSTER21 ¢ kg, LHEFTFe
() SFe (1) MERZIEHA20.7, FkL. BkL
AR & 9 N26.5% . 42.1%F131.4% , E.Ak
ST rEZ WOCER [21 ] o HEEHDDT. 2, 2-3
(4-FRHE) -1, 1-Z=& % (DDD) | 2, 2-W
(4-F -1, 1-—F L)) (DDE) F12, 2-3
(4-F ) -1-—F 2k (DDMU) B =(H 5
BIA13.5. 11.5, 7.1M13.2 ng g™,

FREL50 mg DD T H 5 %5 fi% 7100 mliy
T, &4 DDTH AR WA 140 g4 A1 Beib h
(100H ) , ok BN 2EEL, HDDT
BISE i A b . FRILS oi5 Y BERPAIS00 ¢+
HEFEs), RS RIDDTHE 479.9 pmol kg™ U544 +
B, =EBEUAESAM. BT HEXDDTHE
YER LA Bt FE R DD TR, AR € 3% 46 0 5]
TP DDTAY R AR FE M 8.2 pmol kg ',
1.2 RENESHFRF

WHEE (Agilent, 6890) S A EIE-ECD
K 28 Ni; 37683 [ 8hHEFERS (Agilent,
USA) ; &% (Shimadzu, GC-12A) S H {4
I -FIDKG 2% ; EfLBE 5246 (LRH-250, LifgEp
%) BEEEZE KA (RE-3000, FiFE%E)

DDT. DDD. DDEMDDMU#5 £ ( 4 f&F
=99.5% ) M E Ehrenstorferd I 42 4t
AQDS (4lifE > 97% ) FMIRKE-1, 4-— 2GR
(PIPES, 4 > 98% ) Mi3EHE Sigma-AldrichZy
AL, IEC ke, N, EHBAIE TR (4007
ali ) il [ 2 L A A AR A BR A J AR 5 oK
TR ENAE400C T T4 g &M ; EERAE130CF
PRFF18 e, NA3.3% LB FKIRS), F#6 hG
e
1.3 Rt

AW LR S, OKE X K
YR ) 5 @DDTiG 4+ (XH) ; @DDTIT Y
TELIETRR (IETER) ; @DDTI5 4 H1E+AQDS
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(AQDS) ; ODDTIFH L HE+1E TR+AQDS (IE
THR+AQDS ) o 458 TR Ab B R Hp 5 4 5 K TR
(Colii, HWMEAIE ISOKGy) 2!, K600 gi5
R ALEE@ ) T, 1E THR#10 mmol kg™' -
HER LRI, AQDSH£0.1 mmol kg™ -+ HEAY L ]
. A0 mmol L' AYPIPESZE thi i f + 3 pH
TH57.0, IRl E R HKZE S EMRFFLS em,
AR FIZ 500 ml, ZEBIMEE)S, Mol
A B4/ A30 minfEE, 2R JE Ik K e Je Bm S
3% 2 1 RE G, o 05 % 2k 30 ™ A% 8 B IR A0 5%
P, Bl S B 55 IR 8 T 25 °C 10 A Ak 8 57 40 ke
g, 3N EE . HREAM 20 d, f4 AL
— R SRR SR ASARRE S, T E R DD T & R
fife =&, JFE g Fe (1) &ik; 0
B R CH BB 3 5 A Y IBORE IS0 - 398 4801k 3 J
i (Eh) o BRI, #MA30 minlkE )%
B, RS
1.4 SHAZX

BERREEZ R, KAPHB-06M mVit (# &
B W AR A BR A AR ™) Mg £ EEh, A3 )H
ARG AR R 2910 o, T EH P
BIDDT K HF&f# = ke (1) &, FRECEAE
291 g% T50 mlE.OE T, MA30 mliECke/ P ER
(4/1, BRI ) , T25°C, 60KHz&AF T A A
B2 him, KRR E R, 1E45 Cleft 78
RE2 mlEES, SHA2 ¢ Na,SO M1 ghERL T
SPEF:EHL, LB 1S mIARRIHL MO/ IE
Pt/ A P BRI TR P UV VRE % 7% R vk i E A%
£2 ml, RHZHEARSH O -ECD R #5 &
DDT R H R =P B . SO sl 20
DB-5# (30.0 m x 0.32 mm x 0.25 pm ) , H N
N,, RHARSTIERE, SRR pl, SR CE
H}200°C, KW ESIRE H300°C ., FHEARF . HA
HRH160°C, 15452 min, LI5C min ' ETHEZE
290°C, 1441 min.

FRILEAREZ)L ¢ T50 mlB AT, MIA40 ml
0.5 mol L' WEER, B HLHLL.5 b5 B0id0.22 pm
PERSE, B mIBEMRINA Tmol L8605 iR 4k 2% vh % W
2 mlflllg L'"WIABIER M2 mlB 1 g, RAE
Hh—TT W66 510 nmill @ Hobke (1) Y
WerE, BARSHIITES WO [22] .

FA o ¥ 32 SR 5 S 35 - R TD ARG 00 25

E, AR N Poropak Q (80/100mesh ) ,
FER R 2me AR SEREER RTINS R 4350 80°°C.
200°CA1200°C, #H< (N,) Hii# A30 ml min™',
H, 28 S0 40 51 20 F150 ml min™", FEZHIN E I
ST IS WL SCHER [23 ] .
1.5 REEHSEIES

D DT B R i 77 W) % F 5 — br HEFE & 64T 5
PR, AR (3 O R DA P RN S SR
ARk T 5. SRHIKREE O, 20 4.0 6.
8. 10 umol L™'fYDDT, DDD. DDEFDDMUIRE
G R W w AR M 28, KA TR A Y
o 1 i 1 AR b o R 0 0 T B R AT LA,
EW TS . FEAESIE Z AT, T T iR
¥, AP AAMMDDT, DDD. DDEFIDDMU [
RSN (86.4+7.2) %, (87.3+9.5) %,
(86.3+8.9) %A (85.1+7.7) %, WBEVELETS
BreHSPSS 18.05¢ 1, 2 M/KF-50.05,

2 RS 1HE

2.1 TIEEhWHIT

F U AL BRAE A EE SR A 1 B ER AR L
A, WTUEH, WEFRTFHRES12 X, S48
B IEER I/ NIF A KR X R > X B > AQDS >
IETR>IETMR+AQDS (p < 0.05) . 16 K
BRI, HIHEER AR IR KB G R A B K,
HR R AR BE, FRRJEAQDSARFE, 1E T R AL
TRE+AQDSZEFRAY HIEEW /N (p < 0.05) , T
T IEERAEIE T W FIE T R+ AQDSAR B 2 [8] G i 3%
Z5% (p > 0.05) . ZEREH, K HHEWHL
R AR 55 5 WS e R R O T OE TR R 35 Y 0
R A, BB ONIE T BT R E LT RE
KW R S, WNCH, . HL 2 Y20
FEARR NAR R ERh; W T 2R IARAQDSHL AR
i 4 A SRR 5, (EECVS I OE TR B ROR
PRl AQDS KT 4 48 v iy S Ak i Jit B o A F B4
B R A I A W A T A H T A7 R 2 ) AR
T 200 T IR AR AL TR R R, A A
SR =l EER AR . RN, BINIE T R
+AQDSXF 4 ik + HEIA JF Ak R R e A, (HIR N IE
THR+AQDSHZRL A 55 T 50— 8 in 1E T 2 Fl B — %
JIAQDSIHEF Z 1.
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£1 FTRLELIEED (mV) BITLEE
Table 1 Temporal variation of soil Eh ( mV ) relative to treatment
st ] Time (d)
Treatment 0 4 8 12 16 20

KA X} HR Sterile control -59+13a 53+ 16a —67 £ 15a -49 +21a 74+ 17a —61 +20a
%R Control -158 £26b  -174+18b  -183£23b  -213£31b  -208+32b  -197 +22b
1E TH# n-Butyric acid -374+22d  -385+£27d  -418+43d  -387x41d  -384+42d  -372x46d
AQDS -305+£29¢  -329+13c  -319%2lc  -287+19c  -307+17c  -268+23c
iE T #2+AQDS n-Butyric acid+AQDS -455+£36e  -471+33e  -494£30e  -469x36e  -397£42d  -410+53d

e B — BRGNS E TR R RTE0.05/ K FA B E XS . A Note: Different letters within a column denote the significant

difference at p < 0.05. The same below

2.2 Fe (1) EEMTL
FONSMI A IEFe (1) SEMZHINE,
AR IR R, KE X BA A Fe (1) &5
{15 7E3.4 ~ 5.5 mmol kg_lﬁ/‘”&ﬂ(qzﬁilﬁo Havan
WFRRFe (1) SEAMEEIT . IR HET,
+3EFe (1) FEBAL, X H5.3~7.7 mmol kg",
HEANMHZ MR FE2ZS (p > 0.05) ; %4
KEF, 4N FRE) +3EFe (1) SR B EWN,
TR 3EFe (1) FimiE s TXE,
AQDSHIIE THR+AQDSALH ) +-1EFe (11 ) i
T EANE TRRAEFE (p < 0.05) , {H+HiFe
(1) FEAEAQDSHIE T MR+AQDSAH 2 7] Jg ik
FxER5 (p > 0.05) o IS REIN12 K, 414
My tigEre (1) SEJIREH N, HALH L
HeFe (1) SRMEMIT A IETER+AQDS >
AQDS>IETHR > X (p < 0.05) ; %516 KA,
ZANAE IR EFe (1) S ETHE £44.6 ~95.8
mmol kg™, HIETHER+AQDSFIYFe (11 ) & H:
WE, IETERAAQDSAH ) +3EFe (1) B3
X (p < 0.05) , HEHEFe (1) FEAEIE
TRRMAQDSAHZ TR ZFELES (p > 0.05) ;

=2

WRIG, IETRRAHA HIEFe (1) & idkss i E 1
hn, (EHA AR F3EFe (1) SRR REE, W
I, FERGFREEHE;, IETRRACEEA L 1EFe (1) &
i S5IETRR+AQDSA PR B E 25 (p > 0.05) ,

AQDSAPFR K T 3EFe (1) SR B Em TXHEE
I FIE TR+AQDSHIE TR (p < 0.05) o %
Z5RTT, KIS TR R R Fe () 4
iR i ke () 5 =38 rp s i e 7 £ 4 3L o
IETRRAENS B &R dtFe () EALYIIE JF AL Fe
(), FEFHEAGERIE TRERASKMN T KR
Oy i I HLBERSVE NFe () B ALYi8 )5 i By 1
g ST ELIE TR A s IR TR AT Rk i
EAEK, BRI AR, S MR BEEAE R
BRI R R R 2 IR InAQDS
fiefg w2 (et re (1) AR EA ke (1) |

[5] R AQDSHE by H 27 42 1 fi 3 3k i 38 42K 50 i 147
A Z R A, fEiffFe (1) E4LY
WEAE R Fe (1) 2020 ks, wniE T
+AQDSXT 1A 3 4 HEIE PR AR e, (HIE T R
FIAQDSXHE#EFe () A ALYk 5 A L Fe ( 11)

TRELHEAAEM (p > 0.05)

AEILELIERFe (1) FETUHE

Table 2 Dynamics of Fe ( T ) content in the soil under incubation relative to treatment ( mmol kgil )

Ab P 5 [E] Time (d)
Treatment 0 4 8 12 16 20
KHE X} Sterile control 3.4+ 1.5b 3.0 +0.6d 4.2+ 1.2e 4.9 +0.8e 5.6+1.1d 5.5+ 1.0d
X} Control 53%1.3a 193+3.6c  27.0+32d  33.8+4.1d 44.6+4.0c 46.9x5.7¢
1E T n-Butyric acid 6.6+1.0a  28.1£27b  359x32c 469%3.6c 69.0x0.5b  88.8+8.la
AQDS 6.0%0.8a 389+39a  463x29b  63.9x6.0b 705x1.0b 74.7+6.9b
1E T #+AQDS n-Butyric acid+AQDS 7.7+1.1a 42.0+43a  582+3.1a 75.0%5.6a 958+0.4a 93.0%10.3a
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2.3 CHAEBERZEWT

B gt ad 1R v A+ SR 2 CH A i R A A8 b B
AAE TR . ATAE W, BR KB A0 B A CH A
PR — ARMRAN, BT AR CH A i %R 45 ke
BmE TR G A IR AR, X R
AQDSAMH ) CH A= U ZEAE S5 12 KB Ik B W,
3 91°50.5810.55 mmol kg™ d7', HAEBAREFR
FEH CH A 5 e X R AT A QDS Ak P 2 [|] TG . 3%
5 (p > 0.05) ; IETEMIETR+AQDSAH
() CH AR G R A TR 558 KAk BEAE, 4000 R2.37
F12.26 mmol kg71 d, TEEA B I o B TP CH AR
BORLEE TR ANIE T MR +AQDSAL B 2 8] IR G i 3%
%5 (p > 0.05) o HIETRRMIETRR+AQDSA
PR CH A il R 5 2 5 TXT BAIAQDSAEHE (p <
0.05) o ZAREN, KELEHRIL T KEW™
CH,IE, # 7 CHA B WINIE T /R i {2 #F CH,
AL, SRR IE T BRI E R L R FH,, T
F 5 1 5 B R S TR s B L R T 5 s
AQDSXF H e Az L TG b 35 5% )

T 3

-‘E —o— R X HR Sterile control

Z -3 H# Control

e 3r —»—1E T n-Butyric acid

E -+ AQDS

N ——1F T HR+AQDS

g 2t n-Butyric acid+AQDS

=1

kS

g 2f

L

5

on

2 1t ;
<

£

L

= 1L

Jé\q- b
=)

i

g 0 4 8 12 16 20
B ik Time (d)

BT ASTR]h 3R F ot 2 ok 3R Bl 5 7 B ] 179 A2 £k
Fig. 1 Temporal variation of methane generation rate in the soil

under incubation relative to different treatment

24 HIERDDTHREGEHREBENTHAE
b FE 43P DDT A $2 B 58 7 o Bl 1 3% e
B AR At R LR 2. FERE AR A, K
AP HHEFFDDT R B R 1 AL T H A a4t
B, ORAHFR20 dJ5, KEAH 5P DDTA 2
BASRBEIUED T3.1 pmol kg™, HDDTHI A
HAY38.4%  TEREA RIS, X RRIER N GE

TR AL Y - HE TR DD T W] HE S B B AR 4 d b
TRE, RGBSR B W /N AQDSHIIE T 2
+AQDSAL BRI + HErp DD T n] $2 B 5% B3 76 iy 4 d i
S0 N S T 5T e NS P
DDT ] $& B 58 B JE AR 27l . IRAREF22 0d
Jo . BRKEE AL FR AN 1 44 A B A+ DD T AT 42 BUS
FREAEI D T7.0~7.9 umol kg™, HDDTHIIAR )
85.2% ~96.3%. fEIEFRAIRI8 d, DDTEE &7 IE
TRRMX A ZREEEZES (p > 0.05) ,
M IE THR+AQDSHIAQDSAN P A DD THE f8 1 f #5 I%
FXFHR, i ELE TR +AQDSAN ¥ ) DDTH: 5 it
ik (p < 0.05) . INEE12 RERFRLS R, BKH
AL FEAN 44 Ak B A= HE R DD T AT $2 BUES 7% B = AR
WA X > IET R > AQDS > IE T R+AQDS
(p <0.05) .

¥ DDTH: Ak 2h 45 R F — R W 8l Iy 24 5 i ik
THA (£3) o SR KM, KA EEHDDTHE
L RITF A . IE TER+AQDS > AQDS > IE T2 >
X > KEXIE (p < 0.05) o (HIETERAAQDS
XHEFEDDTIHIRTC & 22 HAEM (p > 0.05) o %
GEARLFRW], KA PR G T DDTI R R
—UINIE T PR 8 A QDS BE AL 1 2 {2 U DD TIH f#
M H A IAQDS 1Y &R BT 45 [W] B 45 i 1E T 2 F0
AQDSXIE HED DT sk 1 %8R e A
2.5 TIEHPDDTEE=MER NS

A4 56 K I ) D DT Y 32 B SR R Wk
DDD. #A4bH P DDDA R Eh A WLIE3 . A LLE
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Fig. 2 Temporal variation of content of extractable DDT residue

o
1

in the soil under incubation relative to different treatment
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Table 3  First-order kinetic constants & ( d™") of DDT transformation

in the soil under incubation relative to different treatment

e j
Treatment e '

KEEXT IR Sterile control 0.022 £ 0.004e 0.997
X8 Control 0.091 = 0.007d 0.989
IE T & n-Butyric acid 0.114 +0.005¢ 0.998
AQDS 0.123 + 0.006b 0.937

1IE THER+AQDS n—Butyric
acid+AQDS 0.149 + 0.016a 0.944

e, AR R, KE AP 3 DDDAE
AR, B A R0.2 pmol kg™ HA4AN A3
IDDDAE B 4 Bifi 15 SR B (R G n L 57520 KA,
4R B A HERDDDA: R 152.0 ~ 3.9 pmol kg'o FE
RFEIFMR RIS d, 1E T A BRI DDDAE A5 %) IR
MEELREZS (p > 0.05) , W12 RERS
ghg, IETRRACFEAY DD D AR 5 4 i 35 /= T 4 IR
(p < 0.05) . AQDSHIIETER+AQDSAHEFIDDD
A R ) I R T BRRE TR, T HLIE T
iz +AQDSAL BRI DDD A etk (p < 0.05) &
AR K E AL B, BRDDDZ 4N, AR E K
MEDDTHI = P DDEFMDDMU ( #4) , ik
M5, DDEFMIDDMUA: B i B 15 77 B[] 328 i 38 n
i ELDDEAY A jE % 5 TDDMU, {HDDEMDDMU

W

—o— K XF B Sterile control
—=— X} Control
——1E T n-Butyric acid
- AQDS

——I1E TR+AQDS
n-Butyric acid+AQDS

~

W

—_—

DDT 4 # DDT formations (umol kg™")
[\)

8 12 1Y6 20
fisf ] Time (d)
K3 A4 5P DDD A B A

Fig. 3 Dynamics of DDD formation in the soil under incubation

(=3

o
~

relative to different treatment

AL FDDD, AR, XA DDE
FMDDMU A Bt /N FIE TR . AQDSHIIE T iR
+AQDSALEE (p < 0.05) , MIDDEFMDDMUA: A i
FRAEIE TR . AQDSHIIE T FR+AQDSAH 2 [a] ¢
F#ES (p > 0.05) . AIAWFFRE, DDTEZEM
¥ FDDD. DDEFMDDMU "' | A58 &,
TERE S IR LT et K g £ F, DDDRDDTHY 2
JR & =4, DDEMDDMUM A sl AR /D 1iif FLAHF
T DD DAE I DDT Y == B2 [ i 7= 4 5 AT AR 58 10 45
AME, TRINIE T R AIA QDS K #E DD D 4k 28 it 4114
BRI o, Wik, T—28 O ZE XNk
D DD 158 5 R i (4 B AR 7 AT o

T4 BREMNEBAELIELIEFDDEFDDMULE B E

Table 4 Generated quantities of DDE and DDMU at each sampling time in the soil under incubation relative to different treatment ( pmol kgi1 )

b3 DDE (pmol kg™")
Treatment 4d 8d 12d 16 d 20d
PR popi — — — — —
pogie 0.03 + 0.00h 0.08 =0.01a 0.12£0.01a 0.15+0.01a 0.12 +0.02b
ETR 0.04 + 0.00ab 0.07 +0.01a 0.13£0.01a 0.17 =0.02a 0.20 +0.02a
AQDS 0.04 0.01a 0.08 =0.01a 0.14 £ 0.02a 0.17 =0.02a 0.21 £0.03a
iETHR+AQDS 0.05+0.01a 0.07 + 0.00a 0.14 £ 0.02a 0.17 £ 0.03a 0.21 £0.02a
pigeil DDMU ( pmol kg™")
Treatment 4d 8d 12d 16 d 20d
K xR — — — — —
X 1E® 0.02+0.01a 0.03 +0.00b 0.05 £ 0.02a 0.04 £ 0.01b 0.06 = 0.01b
ETEY 0.02 + 0.00a 0.03 +0.00b 0.07 £0.01a 0.09 = 0.02a 0.08 £ 0.01ab
AQDS 0.04 £ 0.02a 0.05+0.01a 0.08 £ 0.02a 0.09 0.01a 0.09 £0.01a
IE THR+AQDS 0.03 +0.01a 0.06 +0.01a 0.07 £0.01a 0.11 £0.02a 0.10 £0.01a
e “=7 FARRKM Note:  “=7 was no determination (DSterile control, @Control, @n-Butyric acid
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DD T 7™ ¥ 5 12t Bifi 5% 7 B[] 79 22 Ak 30 25 4o
Blafim, nTLLEW, EEANERETR S, KK
b 3R A+ 3 T DD TR G0 4 S it I T AR 4>
A FERFEAONTS d, IE T ERALBEAYD DT 57
Yo Sx A TR 2R (p > 0.05) , i
AQDSHIIE T & +AQDSALH /) DD T 5 7= 9 &
BERE T, W EIETR+AQDSAFAY DD T/
S ERERE (p < 0.05) . W12 RENEFE
S5O, BRKBAAL BSR4 A B+ 3 P DD TR
FrEY RS FE N . IETER+AQDS > AQDS
SIET# > (p < 0.05) . 0WHFEWA, ET
i AT A QDS X i 3 D DT i J5i i & TG . 3 28 HAE H
(p >0.05),

Baraiknr, EXRFELFEYDDT R A ™
Yy EAEN2.2~4.3 pmol kg™, HDDTH IH &Y
24.1% ~47.2% , iE/NFDDT ] $ B 5% B i /b
it (85.2% ~96.3% ) ; 1M H KFEAAHAFDDTA ##
AR B8/ T 3.1 umol kg™, MIDDTHES " H)
SIS IU0.2 pmol kg™'o B T DDT R HFE
Y ZEIEARME, K 0B R BUR T, K
A FDDT S i &0 Wy 4 ki k iR > o B
I, —&B5rDDT KA 7= W7 A DL R &G 8
G- EAN S B AW ERHER T, £ LERE
BT A AR AWM RE B U R . 2 AR 40T
W, SETRE FERAETERFR NS d. 4565 855%
BR Bl T IR RO A AL BT 2 (o] B 7T T I 2R AR )
T PR IR R (3 43, (PR 25 - B % R el A S n]
AR e T ELAT AR s

5
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Fig. 4 Temporal variation of the sum of DDT dechlorination

DDT i 484 55 Sum of DDT metabolites (umol kg™)

products in the soil under incubation relative to different treatment

SRR, BINIE T RRAERFR MRS dXFDDT
I8 8 i TG S S I, A S I B 2 R DD TR
AR, FERFALIT3E: F—, FIET R
FERT8d R E W N = CH R (K1) , MCH,MA
WS R E B AR T ), 8 K2 e, MiE ™
CH HCRFEAL, 1E T R & B2k i B 2 i 7 i H,
BENS IR EDDT e A 0 . 5B, WRINIE T MR fk
R ERN L R re (1) & (£2), ZEWIE
TR AR Rk R R F K Fe () S ALY A JH R
Fe (1), Fe ( 1) fEREIFRIGES A AL FEDDTIA
JE AR L B, BREEM, Fe (1) &
Ay 30 D5 R A5 DR A S IV AR R B HL 0 TR 0,
T ] 7= R o 3ot A 5 3 D 8 S5 G L -, T AR o
IETHRREMSTEERS K25 i E e EDD T SR

AW FEW, WINAQDSTERE A Hs 32 it i vp
WEARIEDDTI AR, EEJEFA LT3 56
—, WIAQDS & =5 #8 i5 ) AR & By ik IR Pk (3R
1), HfE#DDTIRFE A . %=, H T AQDS
RS TE R IR R M Fe (M) ALY 2 0] 1% 3
F 0020, VRIAQDS B L Fe
(1) &8 (£2), Fe (1) 1l THtiAREN
A AL BEDDTIR b S A 1 . =, AQDS
e % 16 LS A W RIDD T 4> F 2 [l G s i 7 22,
HE A R FED DT JF R 5

[] IF 2% 0 TF T R FTA QD SXHE HED DT i it 4
IR, FEFERALIT IS, &%, ®IinE
TR+ AQDS I 3 # SR R R AR B (£1)
MR DD TR RS . FOR, WINIE T WRhgts &
1A N B TR H,, AQDSHERSHS H, M 2k 38 Jit
WAL s A ALy, EmEFe () ALYk
JRAE g Fe (1) (3£2) , Fe ( 1) fE R P4tk
JNEEDDTIR S S > 200 . thah, B IE TR & B
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DDT4rF, FEMEHEDDTIE JFIE 5 . A [E] IR
IE TR MAQDSH i 234 ™= CH, 3 %, (HfEm
FRIRAQDST B R, DDT & R A A5 # 5d
FE RS 4 R A = KO, R AQDSHE B Hi = i 54
AP RAF R TR RCR . b, RS e P4
AL 5 R R T AR AR A HE D DT AR T S 1 AR
FE it

ARHFFE KB, DK AR R DD TR S0 1 B R AR
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H, "0 Fe (1) A ALY S AR R Jit 5 4 B F
FHttkFe (1) WHEKEFEMEDHSSE M,
1 EL A A 4 RE L 15 388 45 DD H: e A 38 i it 4
Jmi 70 B, DDTI R SR A i — Ak
WA E J it
26 FHK,. ZMHELEESERERREELR

W T R R Z AR R N, a0 CH it
2, Fe () EALWAER , WJFEBAE, H Xt
R J5 R G PR TR T, (E e S 1 X H F A1
Il e B AR AR, WA 48 < 0.3 nmol L7,
Fe () i&J50.1 ~0.8 nmol L™, =H 5 ~95
nmol L™ i B AU W5 HL =2 1A B 5 A
ARag, T A U R A RBAL R, FEHL IR
JE R G A 1 T B SR S e g & 0 Lk,
YN I R HL 1 H 7 (LR 56 5 BB A5 R0k f 7= Y e aod
RYRFEREATE S BT AR LI, RINE TR
FERTS di L = e 8, X DD TR J5 i 4
T FEMEIEN, RUIE TRA S B,
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Effect of AQDS Accelerating Anaerobic Dechlorination of DDT in
Hydragric Acrisols

LIU Cuiying' WANG Zhuang® XU Xianghua' LUO Xueding'
(1 Jiangsu Key Laboratory of Agricultural Meteorology, College of Applied Meteorology, Nanjing University of Information

Science and Technology, Nanjing 210044, China )
(2 Jiangsu Key Laboratory of Atmospheric Environment Monitoring and Pollution Control, School of Environmental Science and

Engineering, Nanjing University of Information Science and Technology, Nanjing 210044, China )

Abstract 1, 1, 1-Trichoro—-2, 2-bis ( p-chlorophenyl ) ethane ( DDT ) is one of the most extensively
used organochlorine pesticides worldwide. As a result, DDT can be detected in various environmental
compartments in recent years, and its concentration is much higher in the soil than in the air and water.
Therefore, it is of great significance to develop an efficient technology to remedy DDT contaminated soils.
Reductive dechlorination seems to be a crucial pathway for DDT degradation under anaerobic conditions,
because the five electrophonic chlorine substitients in a DDT molecule make aerobic oxidative degradation
difficult. However, reductive dechlorination requires the addition of two electrons for each chlorine removed.
Therefore, the existence of electron donor substance and electron shuttle is vital to electron transfer, and
hence may affect the reductive dechlorination of DDT in anaerobic reaction systems. In order to investigate
reductive dechlorination rate of DDT in Hydragric Acrisols which is widely distributed in tropical and
subtropical regions and contains abundant iron oxides; to examine single and interactive effects of n-butyric
acid as electron donor substance and AQDS as electron shuttle on soil microorganisms degrading DDT; and to
elucidate relationship between DDT dechlorination and methane generation rate, a batch anaerobic incubation
experiment of Hydragric Acrisols was conducted. The experiment was designed to have five treatments,
i.e. (1) Sterile control, (2) Control, (3) n-Butyric acid, (4) AQDS, and (5) n-Butyric acid +
AQDS, and three replicates for each treatment. The treated samples in sealed culture flasks were incubated
at 25 °C in darkness for 20 days. During the incubation, gases in the flasks were sampled once every four

days for analysis of CH, concentration, and soil samples, too, for determination of Fe ( 1) contents,
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DDT and its degradation products, and oxidation-reduction potential ( Eh) of the reaction systems were
measured simultaneously. Results show that after 20 days of incubation, DDT residue in treatment 1, 2,
3, 4 and 5 decreased by 44.5%, 85.2%, 90.2%, 93.2% and 96.3%, respectively, as compared with
the initial value. In terms of first-order kinetic constants ( k) of DDT transformation, the five treatments
displayed an order of Treatment 5 > Treatment 4 > Treatment 3 > Treatment 2 > Treatment 1. DDD (1,
l-dichloro—2, 2-bis ( 4-chlorophenyl ) -ethane ) was found to be the dominant degradation product of
reductive dechlorination of DDT in the current assay. DDE (1, I-dichloro-2, 2-bis ( 4-chlorophenyl )
ethylene ) and DDMU ( 1-chloro-2, 2-bis ( p-chlorophenyl ) ethylene ) were also detected as the secondary
dechlorinated products of DDT, though not much, and the former was higher than the latter. Some non-
extractable DDT and its degradation products were detected to be bonded by soil organic matter and clay
particles, and hence retained in the soil as residues, mainly in the first 4 days of incubation. During the first
8 days of incubation, Treatment 3 significantly increased CH, generation rate, but did not do much DDT
dechlorination. However, in the days later, with declining CH, generation rate and rising Fe ( Il ) content,
DDT dechlorination rate gradually increased in the treatment. The findings indicate that the amendment of
n-butyric acid leads to completition for electrons between methanogenesis and reductive dechloriantion of
DDT during the early incubation period, which is not conducive to reductive dechloriantion of DDT. The
amendment of AQDS significantly increased soil Eh values and accelerated reduction of Fe (Il ) oxides into
electron-donor Fe ( Il ) , thus promoting markedly reductive dechlorination of DDT, which indicate that the
quinone moieties in AQDS molecules act as redox modulator promoting DDT dechlorination under anaerobic
conditions. Treatment 5, the addition of nvbutyric acid + AQDS, was the most efficient in accelerating
reductive dechlorination of DDT, but in this effect, no significant interactive effect between the two was
observed. The present study has demonstrated that the application of both electron donor substance and
electron shuttle is an ideal approach to acceleration of DDT dechlorination in the soil, and the findings may
have some important meanings for developing efficient in situ remediation technology for DDT contaminated
soils.

Key words Persistent organic pollutants; Electron shuttle; Electron donor; Reductive dechlorination;

Soil

(RIEHIE: 1HhA)
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