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Mechanism of Reductive Dechlorination of Trichlorophenol with Different

Electron Donors

WAN Jin-quan', HU Meng-die', MA Yong-wen’, HUANG Ming-zhi'

(1. College of Environmental Science and Engineering, South China University of Technology, Guangzhou 510006, China; 2. National
Key Laboratory of Pulping and Papermaking Engineering, South China University of Technology, Guangzhou 510640, China)

Abstract: A test was conducted to examine the degradation effect and reductive dechlorination pathway of 2,4, 6-trichlorophenol
(2,4,6-TCP) in the presence of different electron donors, such as glucose, sodium lactate, sodium pyruvate and sodium acetate. The
results showed that, compared with the effect of glucose, sodium lactate, sodium pyruvate and sodium acetate enhanced the
dechlorination of 2,4 ,6-TCP effectively, among which sodium lactate could serve as a kind of hydrogen release compound, and the
electrons required for reductive dechlorination were released in a sustained way. Substrate metabolism dehydrogenase activity was
improved by the external electron donor; after reaction for 240 h, the activity of dehydrogenase was increased in the four electron donor
systems, by 21.49% , 25.78% , 136.85% and 139.3% , respectively. The main reductive dechlorination products of 2,4 ,6-TCP
included 2 ,4-dichlorophenol (2,4-DCP) , 4-chlorophenol (4-CP) and phenol; when sodium acetate was used as the electron donor,
4-CP was the main degradation product, and the transformation ratio from 2,4 ,6-TCP to 4-CP was more than 22% .

Key words:2,4,6-TCP; reductive dechlorination; electron donor; electron transport system activity; dehydrogenase

Alye— R EABUEM: | Bt SRR
HHLSEAY). B 08 S K B AL B A 45
MR > BB PR A% | Fenton P iR
SRR &R A PSR | bR m e R
SRR AR T A R WA R
U SR R A S PR L2 0% | B A SN AR 21z A Y
FIRH.

FE IR S8 25 AT S 0 % A 1) S 2 R 40 D
AR e — A IR R, R B
T ARG 5T, B PR AN T T . — T
HHLIEFAE A A, Aulenta 251" FIFHFLARES |
“H, + BEIREL" . THRERAE I b AR, (kR
RV (Can#E 2 TR AR B ek Bt 7 22 R X i
FUUAR) g ) RIS ZBE(1,1,2,2-TeCA) | UG
LI (PCE) . =4 2 (TCE) b JE I 52 . #F
FEFRI R A R M TE “ H, + BERRER 1E N T

PR AR RS £, AR R R R
. Aulenta 2570 205 FO S T UG R B 1) PP
H, FIT R, AR e B 1 A by -4, 7E 500 d
X SR SRR e 45 SRR H, AR
TR S SRR B (BAE N 100 d 5, Hofth
EERIXT H, Sa4e4E A om0 e e S8 3B T B
53— FIE UGOREM BRI E M R T
BERIFSE. 4%t %0 B9 T A6 S 2 1 B AR T
KT K STHOR R E M KRR KT 2,4 6-—=54
By (TCP) Msh 125 5%, RIS DI AIRE . £
B, Fe® | Fe® + F%hE . Fe' + CZMRAITEN %%@Eﬁi,
TR R YL IR EIR AT, HEE 2,4- AW (2,4-

s HEA: 2012-08-07; 11T HHA: 2012-09-25

EE£WH: 2011 ) RASBRAAFEETHE (2011) 5 744 R
BT AZ O H AR KSR H (2012A032300015)

EERIN: TTER (1965 ~) 5 Wi+t #d% , FEW5 7 17 R il H i
A0T5 Y S S5 H R | E-mail ; ppjwan@ scut. edu. cn



5 T34 A TR TR = SR i SR S LRI T 1809

DCP) B3 J5 I SR M B Fe® A by ol F LR 1 B £
VEFZA SHE SRR AR, SR, 3 o F 58 1452 83
T LA AR D5 B3 A 1 20 S 80 2% A 1,
AR L TR B | pH | SRR S, fEri T
AR I SR A 1 LR 1 A% e F 9 v A R .
R, ABEFELA 2,4 ,6-TCP 1F-h BARTS 44, /b H:
FEA TR AT B3 R SR 12, LA O R L7
PRI S S R v VR D R R P 7 AL
Hil S5 UHAZ I E R,

1 #MRE7F*

L1 RGeS 57

FRUGHCE )M i 4TS K AL 3R 1) 1C f2 I 3% 42
FhyGUe, FHUCTE A il 1C DA N 7% o 283 2 B i /K
B IS SS=118.1 gL~ ,VSS =106. 8 g-L~"
(VSS/SS =0.904) , HUidh & B FE R E 17 4k, 3555
WO R A . Fibs | iR S | Mmoo R I
(C:N:P=200:5:1), ®EHMEEHIED gL',
YAkt B g e 2,4 ,6-TCP Y% A&, &
WREN S ~30 mg- L', FEIHE FARIREEIR PR 57
(30°C,160 r-min~") , 5 5 d BH—IRIGFEE, HH
BN AR MR N A IR AR, &M
MAYIMES 2,4 ,6-TCP [ RBRFAE 60% LI, Ui B
2RIk PRI 5 U8 AR AR R A SR S A
L H A RS 2 4 ,6-TCP FIRE

4 LRI 5 0 IR AR TS Je A T — kil k
Bt WigR i m A eE . SLIREN . WWEIREN . LR
B, AR . BERR AR EEICRBCHI(C: NP =
200:5: 1), #aHE, FLEREA . INERIREN . SIRAN IV
FEYFE R AE 5 mmol L', 50 B & R 30
mg-L 7"/ 2 4, 6-TCP, # & T /KIS HE R th 55 5% (28
~30°%C ,160 r-min ") % 10 d TH —KIEFHIF
AFEA.
1.2 SEEITk

Sy HIEL30 ¢ R YIME G i DR A IR TS e 3 4
A~500 mL BT, KRS 2,4 ,6-TCP FRUER LA
BN 250 mL. 4 RN R IR 1 TR
il o BB A . FLEREN . INERIREN . L RREATE
FBRIR Ok BE YR 10 mmol - L' TR T E BF WG
MA 1 mL; 2,4,6-TCP A5 1% W05 & 3 % M 30
mg L™ WA RN pH 7E 8 24, ¥4 4
S TR R R, fE R 30°C, $E IR 1 160
remin "4 IAE 24 48 . 96, 144 192 h HEATHURE
G3HT.

F1 AIBRFIEFBRES

Table 1~ Composition of the artificial culture medium
R A Ue T e
KH, PO, 16.2 FeSO, -7H,0 112
K, HPO, 21.0 MnCl, -4H, 0 0.20
NH, Cl 31.8 NiCl, -6H,0 0.02
NaHCO, 1 800 (NH, ) Mo, 0y, 3.60
Gk 1 800 CoCl, -6H, 0 0.80
FLRR N 1120.6 ZnCl, 0.02
TR A 1104 CuS0, -5H,0 0.018
a3 820.3 H, B0, 0.02

LR IR 0. 40

1.3 ik

ARHFFE 4 9% ) GC-MS ( 26 [ Agilent7890A/
5975C) #1 HPLC ( 35 [H Agilent 1100series) % 2,4 ,6-
TCP J HCREf =Wy b A7 MAE = pr. i 1k
=R Y e ( Triphenyltetrazolium Chloride, TTC )
FEL IR 2 1 3o 3 e TR 4 s AR 2R A Ot Sl P 3 2 K
/NP SRH 1CS-3000 (38 B34 ) I 7 AS [R] o 4R
PR A ).

GC-MS Z3Hr 7 L 10 mL ZKEEATA 10% 52
P pH 2= 2 IR, BAIA 5 mlL IE OB AEH, B
BN 0.4 mL &R B 15 K% 60°C fiT A= 20
min; MIAGE & ICKERBREATEITIK 48 0. 22 um 73
FLUERET U, & F 4°C I8 PR AE, T GC-MS 43
Br. GC-MS 73#r 4544 (43544 Agilent Hp-5MS(30
m x0.25 mm x0.25 wm) ; FEFECTIRE 250°C ; A5
THERE ; AR, 40°C (4% 3 min) ,15%C -min ' FHl
£ 280C (PR +F 5 min); A, &4 A A,
1 mL-min " FRIEAG I 28 EI; B 7 JRIEEE 230°C
EHFH (m/z 35 ~550) ; FEFILEIR 4 min.

JKFEAE 5 % 5000 remin ™' £ F FES O 15
min, 128 0. 22 pm fALUE B U8, & T 4°C 5
154% , 11T HPLC H1 ICS 4347

HPLC 4347 444 : (6354 Hyper Clone 5U ODS
(CI8) 4, Wit sh #H 1 80% H P Al 209% 1) #A 4 7K 41
B, K 0.7 mLemin =", FEFEARFLN 20 L, &
P Hg 280 nm H1290 nm. 1CS 43Hr 5544« (i A:
AS11-HC 43 #r 45 F1 AS11-HC 4 %1%, ¥ 3h 45
1.0% 200mmol NaOH F1 99% #5 #fi 7K 2H 1%, , i 3 Ay
0.8 mL-min ", FE 30°C , K5 30 1 FEL 7 180 mA.

2 HREH

2.1 AR[REIHLTHHART 2,4, 6-TCP [ 3R )5 0
AN . FLRR AN . INTRIREN . L IRENTE
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HL TR, XA R 2,4, 6-TCP 1YW JE AT
HPLC ;2,4 ,6-TCP (IR 3R N .

FefiR = (¢, — ¢)/c, x 100%
K, e N 2,4,6-TCP 76 B FE A HERE s ¢, N
2,4,6-TCP MR AR L, B 30 mg-L~".

B HMAR P BOIN =) 10 mmol - L 7", pH
HITE 8 Zidy , AR Z T 2,4 ,6-TCP HYFES# ZRBER H]
AN 1 Fras. AHr Rl DLE Y 76 O 192 h
o AT MAIK R R 2,4 6-TCP B R Al 2 24 7] ik
1 80% LA _I- , 3 1 FH DR A J0URE V5 e 28 3 K A Ak 15
eI I . LN . NERIREN . LIRENAI TR R
AR BT HHE. AR BT IHE ST 2,4,6-
TCP F) B A 258 DA e BRAR N < LR B > T T R 44
= RN > AN o 7RV 144 h 5, FLIREN
VA H A s LR g A8 mT 3R 3 79. 459% |, T LA A
PR Rl TR, 2,4, 6-TCP 1Y [ it R AL Ny
58.33%. TEJNV 192 h J& , FiZ0E | LR . PITR R
B, CTRENI R P HHARIR R 2,4 6-TCP 1Y R i
FAY 1K 80.25% . 88.8% . 89.41% . 89.50% . Fl,
PR, TNER R 4N . £ IR ANAE A W B4R XT 2,4, 6-
TCP F) R i W S5k 2 4 260 W 3 7T R [ D 4 46
WE IR A0 A B b (A A 38 PN S0 B v, TR
TIEEREM A 5 R &I T AT
BT 8 A HL A DR B SU80R T B, T AR T
2.4 ,6-TCPHY &S

100

—=— TijEh
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80 = —aA— PHEEEEW
—v— LM

60

2, 4, 6-TCP{fI e iR 3%

| |
0 50 100 150 200
FE R i) h

1 FEBFHRET2,4,6-TCP HIFEFE
Fig. 1 Degradation rate of 2,4 ,6-TCP with different electron donors

2.2 A[FHL T BEACT Y 1 A AR T A

15 e HL 1L 1% {K R (electron transport system,
ETS) {78, o iy i 0B 1, U i A 0 4 M P
HEACA YL AAL (B | IFR A 1 25 e X T2
R SA AR . TR K AE AL B b, el LA
J WA SR AA 2 rh I T A e B XA B ) A

TR, PRI ORE S — W0 5% 05 R TG M A O AR
1:/1?[22,23]'

LIRS LRGN, IR R AN . L R AN
L TR R OV R o AR R P TR R AL
PTG MEHEA TR I A I S5 R AN &l 2 R, AR
AN L AR 2 i BST R[E]. O G &K &
EST AR K, A . FLEREN . INEEREN . L IREN4S
W Z o EST 43 % M 3.11, 3.88, 4.62, 7.10
pes (mg-h) "B AN F] 3.77. 4.88. 10.93, 16.99
pee (mgeh) ' DANEARREAF C RN VE K Fa T fit A
Bf, PR Z T EST V4 i, 43 5 T 136. 85% Al
139. 3% , 1fii 7 %5 8 2L R 4 IR R P UG KT
21.49% 1 25. 78% . X Je 5y . JB S I 1k = 3 5
AR SRRV + PRI I A I A S o, A
Tk A R o 5 1R I S 8 B, I EL/N
ST THMACH AR Y R R R & TR 2
{0 5 A OGS, 2R 0 A 0 S0 T T P . &6
A1 ATAL EST 8y, i SURE & 80 R R ik
TR S RE ST 2,4, 6-TCP A4 A Al 0 v

f=0h 140

= 16l =240n "
2 ' e Tre-m kR - § 1o 2
£ b EHMKEA _ \ T E
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Fig. 2 Electron transport system activity and its percentage

increase with different electron donors

2.3 AEHEFHUET 2,4,6-TCP KM= 4T

SIS FLRR N, R EN . L R AN
WL TR X RAR R R 2,4 6-TCP 1y v ] [ i
Y147 GC-MS F1 HPLC il , GC-MS A5 25 5 an
2 fiizs. MHRTET,2 4 ,6-TCP {EA[a] Tk ik 2
T IR EME IR R, KA T ISR, 2B ik
Y1k 2,4-DCP . 4-CP FIZE;.

454 HPLC il 2525, an &l 3 fros. Al L
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#2 2,4,6-TCP BEMEFHAR GC-MS 347"
Table 2 Degradation products of 2,4 ,6-TCP identified by GC-MS

FE i 15 BRI ]/ min (aERy Egis BN ¥
cl
OH
1 12.016 2,4,6- A )ié( CH,CL,0
Cl cl
OH
2 11. 180 2, 4-T K ﬁ Cl, C4H;OH
2,4,6-TCP Cl Cl
Cl
3 — 4-F Q CIC4H, OH
HO
OH
4 10. 584 ARy S CeHgO
=
1) “—" FIR A AR AR
5 — s
(a) Hi A —=—2,4-DCP 33 (b) FLAGH
50 F
a4k 45 |
‘E',) T, 40
E 5 L i35 [
= £
2 = 30
= # -
£, g 2
o £ 20 _,,.\-/_-_
& L &
& 10}
05 [ \
0 1 | | 1 al 1 la 1 | — 0 | al al i
0 20 40 60 80 100 120 140 160 180 200 0 50 100 150 200
5
(c) PR 7+ (d) ZHgHY
T 4+ .——#’/4'/—. - 6 -
o =
£ 2 st
B3 =
% £ 4L
£ 2
F a2l ® 3L
L i
3 -
= a ‘\‘\\—. oy 2
1
0 a al al al a 0 - ul -l -l -
0 50 100 150 200 0 50 100 150 200
2 pz B ) /h 2B B )/

3 AEBRFHET 2,4,6-TCP HIBERE=H
Fig. 3 Degradation products of 2,4 ,6-TCP with different electron donors

WEARR R TILRIAR ) , ZJ5 JU-F- BA Kl 3] 4
My A AAAE 5 JF HEEAS OB R v 4-CP Ak B IR 2%
=T 2,4-DCP. FLEREMIA R rh 2,4-DCP WK R
1.61 ~2.07 mg-L™", 4-CP [ E K 3.26 ~5.22
HEPEHR R 2,4-DCP Y i K 2.20 ~
3.01 mg-L~",4-CP MV B4 3. 04 ~3.44 mg-L~".
FLER AR 2 4-CP WV BB A AR 3R 50, 1 2,4~

mg-L7";

DCP 1) B R AR R AR, 3T B2 PR R LR 4
REVE R — KB EAY L, 18 B, PR UEIE JF
SUIRRBERR SR UEAT L A AR AR AR R S R
Bk 2,4 ,6-TCP I I S 4k R 2,4-DCP, T i 52
T 2,4-DCP [1] 4-CP %41k,

TN T i B AR S H T B AR, 2,4, 6-TCP [ v
[ K& 7= ) R 2, 4-DCP 1 4-CP. il Jz . 1 #E 47,
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2,4-DCPRYR B 328 ¥ B A, 1T 4-CP 1Y ¥R B 328 3 3
s 144 h J5,2,4-DCP F1 4-CP ¥ 43 9] 4k 5 1
0.73 mg-L~"Fl 4.41 mg-L~", 3 ¥ & 3k 5] -1y
JUFHEBASFE R AL AL FIRE . >4 SRR BAYE S Ha it
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