ISSN 0250-3301 CODEN HCKHDV

(HUANJING KEXUE)
ENVIRONMENTAL SCIENCE

rRE BB A S IR ST L £
: M @ HE




w % B 3 36 % 4510 0

( HUANJING KEXUE) ENVIRONMENTAL SCIENCE 2015 410 A 15 H

H K
FTF AR A YR B R 2013 4F 12 A g M E V5 Yead B PM, B9 UR STRR AT e FH, BT, TUHI(3543)
Adb ML IX S F i o (D) 2 PM, R TCHLA 20 09 AL AL S Sk IR AdATT e AR, LR, EE, kW (3554)
R TR PM,, A HUBERE IR A9 T5 Gk SRR eeeeeeeeenennnnns sy, 2 28 A, AR, ERA (3566)
AN[F A TR P HE I 22 R 05 18 RBEBERAL A W I BIURIEGY, v vvvvmmmeeeeeneennninnnns F L E G, RACE, HE A, R (3573)
IR TN R BEULTITE evereoeeeesseeesssenessne BR— i, £ A T3, % 5B, B 4B, 3N (3582)
BB R TP e 5B, DR R S, XM, D E A KR, BR A (3590)
SR AL IS BT I oo FAe, FOH L, BB, DAV, T e, B U, (3596)
TR B 5T 0 A A SR A SLHE AR AE AT - ovveeeesseeene WA, ETR, 7 AR, S, WA, W, K (3603)
RN 2 T BRI 2 B BB T v ovve e LR TR S R ES T WV-E RS ST
BT GOCI SAZ I AWK TR BE I BRI wovvvveeerrrreeemmmmeesemneeenieee e I, EoH, T, BIE(3620)
TR 1R AR BT S S 2 VR R b, - S8 (R BRI A F e 2SRRI e W, KT AR T, EEF,A)1(3633)
AR X FHK B RS IR R B RFAEATHT - oeeeeeeemmmmmm s VR, BRAE, 553 A8 E T FE B (3641)
K T3 K 2 B AN R TR AR B 215 AR AR E B R M R 2R e B, KR, ERTE, 2%, EEF(3649)
IR X VR 4 PO BRI AR PR ISR S RRMALE e Fms, X, N, KE R EE B8 4£(3662)
WRAZK-TUR AL DIC F1 DOC ZEHGl i FRAICTR  wooeeeerrreeeemnnnnninnneee EEH, B &, L, &%, B (3674)
A Z S T Y TAETUEN JEHUIERL oo evvveeesrrereesanmreeennee e ettt A8 A, TR 3 (3683)
BT BRI HE TSR oeeerevvrrnreeeeesssnnneereesnniiiieee e e RGEB EESE, TEHMH, THE, AT, X A4 (3691)
BN T AT IX BRI ARTIGYFIE  -ooeeeeeermmmmmmenn B XA, BUAR BARIR, JE U K OUHR, T, B A (3697 )
AR IE- P58 T AR IR T BERI PP R AL ovevrerrrermnnens WL, IME B, HEE(3706)
FIRAT LRI IK P Gy BEERAT H A -+ vev e FAe I, T, THEZ(3715)
S A U A TN A R AR i VS YT T R R R, e Fir, MM, BE, TH, THN(3720)
FE KA P T L B T FE R TT AR v vvveeeersrmrmnreeees s sttt e e e s sttt e e e s e e AmSE ET HERF(3730)
T SR K R BRI TE A AR IR K T B A 8 R I - eveeeeeeeeeeees kE,FEX,BEE KNF EFR, LM, Z v (3738)
BIE A>/0-MBR HA& T A A TS5 KA BTG el -ovveereeennnns FhAE, DR, EE, 65, ST, B M#E(3743)
19 F AT RN PN-ANAMMOX 3T R BLETL I -oooveeeeeereeseeneeeees FH, BSOS, FA,E T K e, KT (3749)
PRI R AR T D =S LR FUBAURERE o evvvoreeseenesssnisncns FE % AL H%H, T 8 F(3756)
Y45 Y RSB SR AR 2,4 ,6- = G AL B AN S ZIRAR <+ vvereveemmeemmeeme oo
........................................................................... K{i%,?%,@ﬂﬂ,?ﬁ%é,%ﬂ(% ,?1@.7@,37{@(3764)
SN0V NI ATH b G R ] L BRI BSR4, B RH, E S, B (3771)
S SIS U R G AR TR COD/N SEBRA NG5 KB T A -eeeeeeeeeeo BF G, BRI K, HER, R F (3778)
FNA XHEF GBI IR B 5 TRIBAE Jr U, veessreesseeeesnnenne 548, 5, fNE, HEE, DR, A (3786)
715 Y NTIRRRIGRGH 1 G AN (08 % 20| S 1/ FEE, LW, B, BIFR, B A (3794)
o A B 5o L T B T K IR LT oo WA, 0 F, BIRE, A4 % (3801)
B L SR B ST BT ELAMATRFAE -oooeeeesseensenneennenenenss TRR, D 8%, Kok, B, (200, % 4 (3809)
2% IR M7 2+ S PEAT L | JRALGMIIBEN wooeeeereessenesnnssecnnas A LK, MR % KR (3816)
=02 R X MR B MR T IIEFE A0 IR cveeeeerer e R EEE, Y XK, YT E(3825)
S35 SR TR DB K - B 0 5 B B v BED U, K EEE, (T M (3832)
AN 2O P AT et A ) PR - Rk TR, R Bk, EAE L HRAA, R ¥, 24K (3839)
BRI AT KRG R BFUABTEIRUE < vvvrerrreeserormnereesemnnnnereeaannes FUNR, B, ER, N|3E, ke (3845)
P RIS 4 FORAKE P A EVEETT A | 20 B A0 AR AL 2FTE A IR e eeeeeeeee Mrakde, kg, Rk, B4, T AT (3852)
B LR R A3 B I P B A A3 B A AL TS S - evveeeremermne e I, AARE I E T, HE, EKH#(3860)
L UGS X 7K A A M P R A A T 15 Y IE PR TE IR, -+ vvvveeessrmssnnreeesnnnsnnnreeeessiitttteesssitbaeeeee s
.................................................................. ?E‘g,ﬁ%‘ﬂé,ﬁ’W?ﬁ,ﬂfﬁ,gﬁ%’%,ﬁjﬁ%,f%ﬁ}],XIJ[']}EE‘IJE(3866)
LA R4S ADPL_pWHlux 76 /KFREE 2P EREPERI DRI oo B3R — 2 EH WOUE, HH, KA, 5% (3872)
W40 6% JFERE 2l CY P PR 22 AR Ve A WA sk ) W Y TT ZK TSR +oeevvevmnreeeessnnnnnnrnensnniinrreeesnnnenns
................................................... F%‘%Eb , IE—JW ’;}ggffj\ , y Egg , ’?J‘%? ,Maﬁa E. Ji)'nsson,IngVar Brandt, %é%&( 3878 )
A AE A X BT L A TR B TFHERIUN, ooeerrerrnernrmnmmnmeeees XA, BB AYE KM, EANTK, BEH(3884)
AR LR T A R LR I Z TR HEAEFH c+oveveeereereeeene e e si ettt BT, % (3892)
G e RN 2 S b 10
................................................... 1%}5}%7}@, fi‘i%}(, i,’g%ﬁ%’ F/if\ﬁﬁ, %}fﬁ, fﬁ*}%%ﬂ, ﬁﬁ?ﬂ:/é\’ ﬁ_;}%}@’ 5“]7\%%(3896)
P B A B AT 6 58 D S K A R oo WRE EER, P, 7 (3906)
COD AN HTHSE I S o 2 ST B AT -+ o vvvveeeesessrnnresessniiiiieses s AR KH BE AR EHRE(3913)
FARBEATIG TR 11 BB B0 2R T ST H AR B AL ARROR L oo eveeeeesemessnsssnes
.............................................................................. T’Tﬁﬁﬁ,?ﬂ@é,%ﬁ}%,%ﬂﬁ%,”‘]’ﬁﬂ%, F/if\éi’%ﬂ‘(}]}](3918)
I 7 AR B LAE R FETFSTHE I cveveeveeeeeeee e A, B g 2 R, B SO (3926)

(BRI IETT IS 5 (3553) CABTRLE ) fiE R 7 0 (3589) 1% H.(3705,3755,3763,3800)



Vol. 36,No. 10

5% 36 &5 10 ] S b= ) 2L
oo R Oct. 2015

2015 4 10 A ENVIRONMENTAL SCIENCE

gil{t 5 ik R R ik
PR IR B SIS 12

KRAETS 227y UL, 38383 skok Bl 20T, £ R

(J:/@Jﬂf([lj(%i SWEERE b, R E S TR AR, B 200234)

WEE . REFMNT, USLIRAC B T4 2,4 ,6- =5 hy i T 32 (R X TG M5 TR HEA T BINAL , 25 58 T DNk 75 U8 DR AU 8 i A i
P, BRI, TSR AIRE 2,4 6- =AM T E AU G, FLIREA | 2,4 ,6- I W LAV EE S 20 mmol-L~" | 40 ~ 80 pmol-L~' A ,9
~24 h NTTSEHL 2,4 ,6-= 4B 100% WIGAVERERE. ThIE =R 2 ,4- 0, (HA R BERAR ( <422 pmol -L™1) 4-5 B AT
Bk EE = LIS IR ISR S( 2,4 ,6- =Wy, 2,4- 5 W) R o 8 PR3 R E , X 4-G00 F0 2 1 1 0F — 25 55 AL FR.
REMBTTE Y2 EI5RA B, 4-50 (WIEAWIE 33 wmol-L™')2 h 528 100% £Ex. YL i5 8 vl Ptk Fe () 34 5K
Fe( 1), H-EABSRMNEFETT (AQDS) I FRE ST, APAYIML 5 e B & T AL R JE . BT A [ Fe( ) 1 AQDS ] B i b
TR T AR AT AR A TEH’EFH? 75 YR FT [ 25 E AT A0 R 5t 5.

KB GRS 2,4,6- =W VAN

FESES.: X703.1 XEFRIZME. A iﬁéﬁ%; 0250-3301(2015)10-3764-07 DOI; 10. 13227/j. hjkx.2015. 10. 027

& J7 R SR 3 2,4,6-= SR 4L R A Sb

2, 4, 6-Trichlorophenol Mineralization Promoted by Anaerobic Reductive

Dechlorination of Acclimated Sludge and Extracellular

Dechlorination Pathway
SONG Jia-xiu, LI Ling, SHENG Fan-fan, GUO Cui-xiang, ZHANG Yong-ming, LI Zu-yuan, WANG Tian-li

(Department of Environmental Science and Engineering, College of Life and Environment Sciences, Shanghai Normal University,
Shanghai 200234, China)

Abstract: In anaerobic conditions, the acclimation of activated sludge was studied with sodium lactate as the electron donor and

Respiration

4 ,6-trichlorophenol as the electron acceptor. Metabolic characteristics of dechlorination were the focus of this study. The result
showed highly efficient dechlorination on 2,4, 6-trichlorophenol that the conversion rate reached to 100% in 9-24 h when initial
concentrations of sodium lactate and 2,4, 6-trichlorophenol were 20 mmol-L™" and 40-80 wmol-L™" respectively. The intermediate
product 2,4-dichlorophenol was found in low concentration( <4.22 pmol-L™"). And 4-chlorophenol and phenol were the main products.
Ortho chlorophenol (2,4, 6-trichlorophenol, 2, 4-dichlorophenol ) can be converted rapidly by acclimated sludge, while the further
conversion of 4-chlorophenol and phenol was limited. The residues of anaerobic metabolism were degraded by aerobic sludge, among
which 4-chlorophenol ( initial concentration of 33 mol-L™") removal rate was up to 100% under aerobic conditions. The acclimated
bacteria can rapidly transfer Fe(Ill) and humus (AQDS) into reductive Fe(Il) and AQH,DS which indicated that the dissimilatory iron
reducing bacteria was enriched in the acclimated sludge. The electron mediator [ Fe(Ill) and AQDS] significantly accelerated the
dechlorination rate. The acclimated sludge could perform extracellular respiration dechlorination with electron mediators.

Key words :reductive dechlorination; 2,4 ,6-trichlorophenol ; electron mediator
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Fig. 1 Degradation of 2,4 ,6-TCP by anaerobic/aerobic

sludge and the change of intermediate products
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Table 1  Degradation rate and products of 2,4 ,6-trichlorophenol by acclimated sludge and enrichment culture
I w1 PRI W TOINRIL e aew e
PRAEUI E IR ML 90 — 100 h 4-CP [25]
WERRY [i) Bk 85 AiR/10 154d 2,4-DCP,4-CP [23]
YifeiE e (] &k 25 HEWE/9(g L") 12h 4-Cp [22]
Desulfitobacterium strains Sk 118 i B R AR 15 JESE 250 ~760 COD/8(g-L -l ) 25 h(HRT) 4-Cp [26]
il ks 5 e IF] 8¢ 152 FLAR/10 144 h(80% )  4-CP, 7y [27]
BHEBESY (Clostridium -like species J93) (] B¢ 20 H iR/ — 15 d(77%) 4-CP [19]
JifkTs e ES 40 ~ 80 FLAR/20 9~24h 4-CP, X A5

1) SR SCHR AR SOk, 50 i BT 0T DAGE — B A5 AR UERH | B0 ta P R SR 342 100%

fi1) Bl e i R —" SRR SCRR P AR U

g Loffler 27 1YERIE  FLRRENN EA DL
PEALER T 38 A T W 1 PR A% 3 25 AR L
ol LA DB S, X — e R A T R R B T e Ak
i ATP. ARHE2S A1z FHAOW 3,2 ,4,6-TCP Se 2%
AN AR G, AR5 BB X . AR R
FERERRAI U 4-CP VR BERD IS i, 2,4-DCP — H A £
RV — EARME, oK & 3 R R 4 W A7
2,4,6-TCP [ i i 25 PS40 Y S A i 2. [l
Bf, AR S, 2, 4-DCP E MR Z P G H B UG AT A
2,4,6-TCP £ 2,4-DCP H[RI4 3 1 i 584 ili4-CP
X—ik e, R PRk AR nT RE Rl i & A DRI o
HAbimte LA 2.

Wi iR I i PR A A 4 DAy A ) B S

2.2 T5URXS ] R R A

5T LAZLIR A0 B PR R Ak 5 € , 43
BRI 2,4 ,6-TCP K PR 4 B figt (1) v (6] 7= ) 2, 4-
DCP | 4-CP FIZ M f BEACE FEY) BT, T 100 mL KA
P HEAT A B SR 0 ( BRI 1.3 7)), B 4%
SR =Y R R, 25 R R, 33 h JifkiE ik
AR S A (2,4 ,6-TCP ., 2,4-DCP, 4] # H Ji
J584.1 pmol-L~", 45.3 pmol-L~") Hy#) U M [ it
M 100% , 758 FEE N 4-CP (1F 3); XA A B
(4-CP, WA EE Ny 45. 7 pmol - L™") BEMEFR N 22% ,
PR R b B OR By TR By (WA VR E 68.4
pmol « L™ ") FEA AR A
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Fig. 2 Possible pathway of anaerobic/aerobic degradation for 2,4 ,6-trichlorophenol and the change of electron number
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Fig. 3 Degradation of intermediate products by acclimated sludge
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