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Influence of the Interaction Between Iron Oxide and Electron Donor Substances
on 1, 1, 1-Trichloro- 2, 2-bis ( p-chlorophenyl ) ethane ( DDT ) Reductive

Dechlorination in Hydragric Acrisols

LIU Cui-ying', XU Xiang-hua', WANG Zhuang’, YAO Tong-yan'

(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: The interaction between iron oxide and electron donor substance have significant influences on electron transfer and the
growth of iron-reducing bacteria, which may affect the reductive dechlorination of polychlorinated organic compounds in soil. Anaerobic
soil incubation experiment was conducted to study the effect and its mechanism of iron oxide ( goethite), electron donor substances
(butyrate and ethanol) , and their interaction on DDT reductive dechlorination in Hydragric Acrisols. Results showed that after 6 weeks
of anaerobic incubation, the extractable residues of DDT were between 1. 29% and 2. 01% of initial DDT amounts in soils, which was
attributed to the dechlorinated degradation of DDT and formation of bound residues of DDT and its dechlorinated products. The main
product of DDT anaerobic dechlorination was 1, I-dichloro- 2, 2-bis ( p-chloro-phenyl ) ethane ( DDD). During the prophase of
incubation, the application of butyrate or ethanol led to the decreased pH and increased Eh for reaction system, thus inhibited DDT
dechlorination. The applications of only goethite or goethite and electron donor substances resulted in the increased soil pH, decreased
soil Eh and increased Fe( Il ) contents, thus accelerated DDT dechlorination. There was no significant interaction between butyrate and
iron oxide on DDT dechlorination, whereas there was antagonistic action between ethanol and iron oxide on DDT dechlorination. The
results will be of great significance for developing efficient and in-situ remediation technology of DDT contaminated soil.

Key words:DDT; reductive dechlorination; goethite; organic carbon; soil
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1.1 G 3 o s e 4 i il o5

PR - RE A VTV JE R 2T S M K A £ (28°127N,
116°55'E) B0 ~20 em F£JZ+, KT )5, 1t 2 mm i
. AR AR . 8 pH A 5.1,
AW & &R 3.5% , W] A HLIR & & R 40.2
mg-kg_l B A LN 27,3 g'kg_l ,LEIEE
RSN 2.1 g-kg ™', BHETP = MBS ARG
TR Z R 2007, FOkL, Ry kL FUED KL 43 5 R
26.5% . 42. 1% K1 31. 4% , ELAK 5 #1 J5 i WL SC ik
[16]. +4E DDT 1 DDD W15 51843 4 9. 1
ng-g ' f7.5ng-g".

FR 4 52 56 FH &, KRB 100 mg DDT ¢ ¥ it T
200 mL R, SR 5K DDT RPN ERZE RO A 280 g 4
AR (100 H) H, seo et SN e &, B
| DDT ¥JA175 Y G 0emb. FRELS ¢ 15 Y Jeib F
500 g THEPES) BIFS 5] DDT ¥R E N 3.5 pg-g ' BY
THY 4 EWECE 1 4. R DDT
AR B FH DL R A A s # e DDT R4, M (i
R E|] -39 DDT MRIIRIRIE R 2.9 pe-g ™.

1.2 SEERAER S ik
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#RONi; LHEER 7683 H sh HEAERR (Agilent, USA);
5 ( Shimadzu , GC- 12A) A (435 /L -FID 461 2% ;
53t (Shimadzu , GC- 14B) A 3% 23 H1AX-TCD #&
e A IR 4 (LRH-250, FUEENR) ; fight 7%
KAL(RE-3000, FiEFiT5€).

DDT K i S % f 7= 0 09 bn b (26 =
99. 5% ,{%[H Ehrenstorfer f+#EMt) s 1F 2 %E (4 Hr
afi) NI (arpral) . AT BTl | SRS
Brat) FIE TR (70 #ral) 4 F i 25 8L 1k 2k
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% pH BRY pH/mV TTDIREBERETF SCLE pH £4, R H
pH B A AR E. W23 Eh B2 pH/mV 312
BEVEREIT OCHAE mV B AR (FER iR ) L S
PR 43 3] 55 R 7 ) L R A AR 3 2 I R R A A g
- $g b B AT A 0 A2
1.6 Mk} CH, F1 CO, &

FRECEREZ) 1 g T 50 mL B4, A 40 mL
0.5 mol-L ™" L2, RGHEI 1.5 h J5 B5.00 4 0. 22
pm JEMRE, BT mL JERMA 2 mL 1 mol-L ™" AR R
MEMYARM 2 mL 1 g L' AYABIER MR (A 1 h,
K 8 AR-0T UL 43 0% 56 B E T 510 nm I
Fe( II) B9V, BRI HT )7 vk WSCHR[ 17 1. CH, I
CO, AN A 53 H7 71 DL SCRR[ 18 ]
1.7 S S EEE

A3 SR 9 B2 >R 50 . 100, 200, 400, 600, 800
ng-g A DDT, 2,2-% (4-FAKFH)-1,1-—FH L ke
(DDD) |, 2,2-3(4- 4K )-1,1- 25 L (DDE) |
2,2- W (4-FAHE)-1-—FA L IE (DDMU) 1 4,4'-—
SR ( DPB) bR 15 W, SR FH M 2 %58 e 0 45 40
AT, FERE S I 2/, EAT T RS
B ARSI IAS () [BLKCR N 85.1% ~87.4% . B3
P22 50T B SPSS 13. 0 581, B 7K~ 0. 05.

2 #R5itie

2.1 13 Eh fl pH
1 ONARE B A B R N ) 3% Eh A

pH ZRfbshZs. ATLLE Y TERE IR P AR 1 ~2 J8 TR
e FHUASE R OE T R A 2.1 (2 2% $ v 3% Eh,
M EAINIE T R AL # Y 138 Eh £ (P <0.05).
FERGFRIEE 3 ~ 6 Jil B T4 4 J& SB AbBEAY 13 Eh
fRf4h, +3 Eh 7£ CK 5 SB., SE AbFH 22 (8] Y70 2
FHXEF(P>0.05). TR FRSR T, imErk
O R EFEAR 1 Eh (P <0.05). 7EHEFRVE 1
Jil,SBG 1 SEG AbFE i) + 3% Eh 5 X REAH L3470
FHER(P>0.05),1M)5 SBG 1 SEG 4b BH f) -+ 1
Eh % B Z{E TR (P <0.05). MH, 742 ~3
J&,SBG 4P + 5 Eh K T SEG 4B (P <
0.05). Z&ERFEH, s T UHMAIL FOE TR F1 2
P 15 75 A A A 1 0 0 SRR DR 55, T ik S Ak
Wi - SR P R i | TR A SN gk A D el T {1
PRI (IE T PR O BE) 7656 1 A Z 5 Wi ts i -
SR IA PR A

2 1 LA 3 0 e 7 R L B OE T R
M BE 458 pH W8T MEE 1 ~5
JEEINIE T B Ab PR A £ 3 pH £ K (P <0.05).
FEREARE IR R, U ER k35 I S 1 i £
pH(P <0.05). SBG AbHEfY 3 pH 7655 1 JH 2
EART X M A4S 2 ~ 6 J&, SBG Ab 1 (1 - 43¢
pH WEE TX M (P <0.05). 7581 55 o 72
i OSEG 4 ) + 3 pH B F = TR (P <
0.05). ZZE R F, WINHE F LR KL T IE T R
I 2T ol - 9 R 1 3 i, L 7 5% 37 Wi 300 9 5 R
B S TS 0k A A ) el 0 R P e s RS
Rege i B2 48 pH 82T b . TR A gk A Ak
PIAN PR B R (IE T R Bk 4 ) BB A% il 1
TR T 55

%1 +3Eh#pH THIEY
Table 1  Time course of soil Eh and pH
S g i 1E] (A
1 2 3 4 5 6
CK -174 +41c - 183 +8¢ -178 +21a -206 +27b -201 +44a -203 +24a
SB 71 £20a -34 £4a -204 +21a -164 +21a -202 +28a - 170 +26a
Eh/mV SE =71 +£7b -127 £7b -166 +30a -213 +32b -185+11a -203 +15a
SG -269 +35d —-290 +16de -303 +16b -291 +38¢ -256 £31b -259 +20b
SBG -202 +38¢ -314 +6le -340 +4c -311 +66¢ -314 +1lec -321 +54¢
SEG - 195 +25¢ —-264 +23d —-282 +40b -314 +39¢ -301 +7¢ —-288 +25hc
CK 6.32 £0.04C 6.43 £0.06D 6.51 £0.08B 6.62 £0.04C 6.78 +0.03C 6.69 £0.03C
SB 4.57 £0.03E 5.02 £0.06F 5.56 £0.08D 6.08 +0. 14E 6.40 +0.04E 6.43 £0.03D
pH SE 5.08 +£0.05D 5.67 £0.17E 6.30 £0.10C 6.41 £0.08D 6.53 +0.05D 6.42 +0.04D
SG 6.89 +0.03A 7.00 £0.03A 7.21 £0.02A 7.31 £0.02B 7.47 £0.02B 7.48 £0.01B
SBG 5.16 £0.10D 6.64 £0.03C 7.19 £0.07A 7.46 £0.07A 7.67 £0.03A 7.68 £0.04A
SEG 6.58 +0.04B 6.86 +0.05B 7.23 £0.04A 7.38 £0.07AB 7.53£0.07B 7.46 £0.10B

1)CK: +3 +DDT; SB: +3% + DDT + iF TH2; SE: 3% + DDT + £, SG: 3% + DDT + £ 4%#"; SBG: T3 + DDT + iF T 2 + §H8k0;
SEG: 13 + DDT + S B + B0, Tl 318085 AR 8380/ 7E 0. 05 KA REESR /NG FRERR HHE Eh, K5 #8588 11 pH
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2.2 tHEHh MG E

2 M A ETE ARG IR R N Ry 1
Fe( 1) & EMASIA. LA, fEE IR0 5
JE, B E PR S R TR B 3 R I - b
Fe( )& (P<0.05), EEJEEATREZRINIET
fi 2014 pH 5K Eh 80 , AR T8 5 B 8 5
Fe( D) A dike( ). TEREARE SN, #n LBz
Xf +4EFe (1) SR TCE F-M(P >0.05). fE&
AMREFRA R ,SG |, SBG Ml SEG AFRfY - 3EFe (1)

SR I A S T IR BR T RS 1 JERT, SEG AbEEY
+3EFe( 1) & 8K T SG Al SBG 4B, %5 2 JH i}
SBG AbPRY t 3 Fe( 1) & &5 F SG 1 SEG 4b#
A1,SG . SBG fil SEG AR +-4EFe( 11 ) &I T
ERS. AR RINIE T R B AT
BAEHEFe (1) ik 5 AE ke (1), B IE T R A £ 5 Y
TIAKHZE 5 7 A 28 10 40 348 I TG S 3 SR e, T
AE D PR 1% 2 Flvi IS BT S BUR W AR R 1 pH
AR Eh B AR TG R A K.

F2 LTEGFe( ) EELTAIHE" /mmol-kg ™!

Table 2 Dynamics of soil Fe( Il ) contents/mmol -kg ~

1

P 1]
Jisi (&)
1 2 3 4 5 6

CK 26.94 £3.47¢ 41.37 £5.27¢ 39.30 £4.89b 45.81 £5.71b 45.96 +4.59b 51.67 £7.78b
SB 3.40 £0.07d 22.42 +1.58d 29.82 +0.67¢ 29.51 +1.64c¢ 37.09 £3.51¢ 47.07 £5.71b
SE 24.93 +1.70¢ 38.65 +4.82¢ 37.19 +4.04b 39.89 +5.32b 42.82 +5.72bc 51.41 =5.47h
SG 61.02 £3.41a 81.30 £2.46b 91.89 £7.81a 94.17 £5.82a 119.57 +7.63a 117.17 £9.74a
SBG 61.69 £2.84a  107.65 £5.74a 97.87 £8.71a 93.36£6.34a  114.36£10.83a  110.54 +6.87a
SEG 43.73 =1.47h 81.84 +2.86b 91.07 £12.63a  92.44+6.31a  118.36 8.57a 107.96 +11.31a

1) [[ =558 J5 AR RN R IRTE 0. 05 KA B %5

2.3  +3Erp DDT vl $EHCES AR B8 K LR A 7= A h 3000 ¢

Zﬁ],jﬁf\ —+—(CK -=—5B —a—S5SE

2500 | —x—SG —o—SBG —a—SEG

AL PR+ HE T DDT A9 o] $EEES 5% Y S Bl KT 57
Affal AR P AR LI 1. T AR MY, 45 A B A 3
DDT A $2HUASHR B AR 5 S B S sty b | P 9218
WD SRR PP R ARk . TR 6 JiJa
T4Erh DDT Al R BCS IR B U WG 1Y 1. 29%
~2.01%. TEHG S AN, SB 1 SE 4b ¥y + 4 op
DDT A $E S FE 1t i 255 T X0 BR T ELZE | 3 8
P, SB ACFEfY 3 h DDT Rl R EUS A, B B 0 5
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