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Screening and Identification of Trioxane(TOX) Degradation Bacteria and

Bioaugment on Polyoxymethylene(POM) Wastewater

YE Jiangyu', LI Darong®, LU Yufeng', LI Yuan', DOU Jiangjun'
(1. Faculty of Urban Construction and Environmental Engineering, Chongqing University , Chongqing 400045,
China ;2. Chongqing Rongli Environmental Technology Co., Ltd , Chongqing 400000 , China )

Abstract: A strain of s-Trioxane degrading bacterium was isolated from the sediment of
Polyoxymethylene wastewater treatment plant,and identified to be Bacillus methylotrophicus by 16S
rDNA sequence analysis. The optimum culture conditions of the strain were at about pH 7 and 30
‘C ,and the threaholds of maximal tolerable concentrations for NaCl and TOX were 3% and 1 200
mg/L,respectively. In order to detect its degradation characteristics,the strain was mixed together
with formaldehyde degrading bacteria, Candida maltosa and Pseudomonas putida,to form multiple
strains to treat POM wastewater at the laboratory scale. The treatment results according the order of
final effluent quality were:single strain + formaldehyde degradation group > formaldehyde
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degradation group > single strain group > control group. In single strain + formaldehyde degradation
group,the degradation rates of COD,formaldehyde and TOX were 92.80% ,96.52 and 95.88% ,
respectively, which had much better consequences than other groups. There is a synergistic effect of

the degrading bacteria combination,which could be used as multiple strains for bioaugmentation

treatment of POM sewage.

Keywords: POM wastewater, Trioxane (TOX) , Bacillus methylotrophicus ,bioaugmentation

& H I (Polyoxymethylene ) J2& tH % i i H #4
B — TR R MR T 57 v LA
TR, A BB 7 Z BRI gz B T H R
TR R Al BRI AR AR U rp [E A
ARy T AR R J il AR Z2 AL T Al g Ny TR
A= I . Aad, 2R W AR 7= v ™ A i R K 5
A HEE = B H B (s—Trioxane, TOX) . % fi ¥ H
AAE MY KA F Y, BAT s el w i
(COD) s A5 R AiE , AR XE AR 9 4 38 28 38 bR HE i, ) 2R
B W R B O A e e, |
IR X 2R I 7K UL B b 5 YA A AR Rk
A AL AN Fenton A AL B UA 10T | R AL R
ik 28 T RSN (H3X 887 ol 7 A R L7
1508 SRR 2 B AT AR R T2 BRI
ME, DM, A2 BR 50 AR 1 SR B e IR DA b ik
A E R T HVEE TOX S84 3 ) B Il AR L 2
ARG VR 2k | TO i S A R W R

FI B AT Xk 5 P A K e BT I G R ik AT 5 L
Z , H & 70w hoxk B e HAT AR R, ™
% 2R W Penicillium chrysogenum!'® 5% [ i 0l B
Pseudomonas monteilii 7" | 21 H* BR B Rhodococcus
erythropolis'™® | 3% 5 A H Jl & Pseudomonas putida'
S xR R K EEIE R Z — TOX 4
Yy R s e A1 B0 B A O kAT 2 WL TOX e fife vl
R IE  FATTINAE 73 B T —#k LA TOX S i 5 ) 4
TR, R HG 5 T I e R R O 5 S5 AT T SR Y I R OK
A= Wy s AL T 5T, 45 R SR W] 0 3R I BE S 5 KA R
U R R BRACR , mIAE D 525 1 R0 8 2E IR o

1 etk NN

1.1 HEiRMAKE

PR 23 2 TR AL T SR T K T A Y b IS
e 5 16 P U B B 5 3R R I K B T Y
b, 757K K)5E A . COD 3 413 mg/L.,, HCOONa 3 000~

3 500 mg/L, F % 135~250 mg/L.,TOX 130~240 mg/L,
DOX 37 mg/L,CH;0H 110 mg/L,
12 ExHE

FEARTAHL B I (g/L) :KH,PO, 0.7, K,HPO,
0.85, (NH,),S0, 1.2,MgS0, -7H,0 0.1,CaCl, 0.01,
FeS0,+7H,0 0.001,1x10° Pa K 20 min,

LB ¥ 372 (o/L) . AR 10, SN 10, i BER
HK 5, F pH 7.0,1x10° Pa K 20min, F T Hitk
BV

TOX i fiff T 45 2 5« FEA TCAILER 35 7 Bk i K
HE A —E & 0.2 wm JEE K FH 1) TOX %,

1.3 FEHHRKIE

TOX e fifk T4 19 43 25 4li4k . B 10 mLL IR TR 557K
AW, NE LB K, THERIK 30 CH %
24 h; BU S mL FrAs T 55 @M, 2 100 mlL % TOX
WEE S 100 mg/L 1Y LB i g B H IR PR IR 30 CH5
F% 48 h, B 5 mL, 41 s 52 4 Jor A5 R 4~5
W B RIEFN LB 15 77 40 BE FE AR 100 mg/L 5 Bk
¥, I3 AN 100 mg/L TOX, fieJ7 — X TOX ¥ Ji 15
500 mg/L; 4 e 2 R AE i T & 400 mg/L TOX 1Y
LB [R5 75 AR BRIk A, T PRI 15 7 95 2 °F
M, K5 3% 48h; I &2 4 V- M 45 B 41 T Bk , 20 C T H
R A

FH TS o3 fip P« T PROR 2l Tl A 5 5 P G T 2
Bt S A 0 3 F AR S o S 0 R A TR R & S R 22
% ( Candida maltosa ) 1 % B & 5. M B
(Pseudomonsa putida)™,

14 HEHREE

AL . LR PRTE LB [EA R 2 5L P
J ) PR T Y A RRAE AL HE B TR B i T R
ABE TV I P A5 A ) B Bk B 4 3 L 1 T
% IRA TR A M IC R AR T, e BB TN W
SR B FRIE

YL XA AT S e AR g I
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Yo Wit R YLSE 4 ABIR TR B T kAT
50,

Oy T A M R B R R AT ] 4 B
(Z HAHTR DNA 42 B0l & 20 B8 ) 5 % i fs 2 5 41
K401 16S rDNA 8 FH 514 27F (5" ~AGAGTTT-
GATCCTGGCTCAG-3") F1 1 492R (5’ -CGGYTAC-
CTTGTTACGACTT-3)ME 474 14 ¥ fr i3 7= 3% 5
At 4 e AR R A IR RLINT 5 R AT NCBI %k
v 5 BLAST X 52 55 B #% 19 16S tDNA J¥ 511 5
GenBank B4 2 i) © 07 1 2R 47 [R5 B A
1.5 WREEFIEEDERKT WA E

PR R Al 2 0 o T ARSI G T e I
BB 1% 0 T TOX i 4 o 100 mg/L B LB
TR A 35 i 5 7 B BRI 2 TR O Do 18

pH {EDA R RRAE K 52 ) 8 IR 8% 30 CIE SR, 4
SIEC ) pH (B EE N 4.5.6.7.8 #1 9, TOX Jii 7 ¥
FE9 100 mg/L 1Y LB 3595 58 | ¥ 1% R0 O, 2 I
HUREN 72 ODgoo fH o LhHS [E] SR 85 AL B, ODggy 4 9\ A
L R RS N ES

TV TR R B A TOX [ R2 ) 158 B 20,25 .30,
35 °CH1 40 °C 5 MRS T TOX ¥ K 400 mg/L
(1) FEA TE ML ER 15 75 3 hoim AR T 808 5% 8 0 )5
AL EE AR, 24 h J5 BUREDU 2 TOX FEAR .

NaCl ¥ B2 X AR A K By 52 . DL TOX ot it ¥k
FE R 100 mg/L 1Y LB 35 5% 5 4 5L 5T, 23 0 i i NaCl
JEERWE N 1.1.5.2.3 o/L Al 4 o/L {91555 3k $7 4k
T B0 1903 T B i, 2 B BORE U 5 O Do 18, LA B
V) SR B A B, ODigag AR A, 225 Tl TR AR 2B K il 2k

B R AN [ JB R Mk BE TOX Fh it 512 36 - LA 0
SIS A S O A, BC ) TOX BT & Uk 4 ok
100,200,400 .600.800.1 100 mg/L Al 1 500 mg/L
AN R 6 B2 L A T ML ER B IR L TR R AR AR B 3 B
2% 0> (10 000 t/min) FFFERN, LA E] A RS AL b
TOX i R A AL bR 2 il il 26

DL 250 mL = MHETE I, 8 KR53 N
180 1/min,
1.6 IEWRME

COD 7% - HACH V5 fift 51 RSN 2 . S BEIN
i 53 566 BE ¥ s TOX M < 2 B il 45040 T2 833
BT,
1.7 BREEEKEWRMALRE

@Sy A B.CHID 4t 4 HFEAT /MR B, £

R ER A RCR AN 3.5 L, A shai ¥ A &6 B & i%75
IKYIE I BTG ETE T8 o A 41 AR AL B 41
A TOX P& b 5 C 4 i A SR 1 5D 4L . W]
JA TOX B fif i 55 RE R it A1 L G — KBRS,
IFEURE I <2 4% 7K CODer , HEE FIT TOX, Hirf TOX
ek e AT R FR RS I A AT 43 S Fl TOX BT it ¥4 B 100
mg/L 1) LB 15 77 5L F1 F o7 & ¢ 2 4 100 mg/L Y
LB 572 B4R K37 16 h JG TS 45 R 50w A% K
FU3 80 2% 5.0 (10 000 r/min) J5 5 001 ;D 4H PR 5
FH T % A o1 1500 B 481 A 11

2 e e

21 TOX ERMEMIBETEREKME
e w YN o B BRAR I LBR TOX [ fig
R, Hbh—tk QL IEH A K R4F, HEHIESK
F SR T S5Ot Hs 558, A E] MTRG 1A 7 4K
JE (1) BB S B AR 22 e @ M (GY)
X% R HE AT 165 TDNA B R, K5 Y
GenBank #0402 LU XT, I B0 Ry 5 B v TR
98% 1 W Ok E R M OZF fl KT B (Bacillus
methylotrophicus )#H R , X HEA7 A e | 45
REW HF 4 h N, 0D 16 ETHEOR V22, iz
i WA 5 B RO T AR S RS K16 h
HEATETE IR, I 6 PR Bl Ry A A

N

(a)%é?ﬁffz?:g (b) BAHIEE10x1006%

1 E#k B. methylotrophicus BT 7S F 45 1E

Fig. 1 Morphological identification of B. methylotrophicus
2.2 INEREF 3 B. methylotrophicus %< B30

RH RGPS R B (4 TOX, AR
S5 Aoy K B R AR R B B E M, COD 22 4k
R, FLIE A 7715 B0 7K B i 198 M | T Be 48 oK &
NaOH 55 J5U[H, fi 5 5 P I K & 86 o i 7 B0Ch
1.5~2.5 g/L,J8 TR T 2K BN T pH 1A
T B RN B -V B2 AE X B R B. methylotrophicus A
[ 5 06 UL (8] 2~4
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2 pH {EXE# B. methylotrophicus £ 1 5 g
Fig. 2 Effects of pH on activities of B. methylotrophicus

100
80
60 -

40

TOXPFA 1%

20

20 25 30 35 40
R/

3 B X B. methylotrophicus ¥ % TOX KIS0
Fig. 3 Effects of temperature on degradation of B. methy—
lotrophicus to TOX

2.0~ —e-1 g/L NaCl
——1.5 g/L NaCl
181 = 2g/LNaCl
L6l —4-3 g/L NaCl

: %4 g/L NaCl
141

12+
1.0+

OD600

0.8+
0.6+
0.4+
0.2

0;

16 24 3 40
FFIE]/ h

4 NaCl REREXT T B. methylotrophicus * < %
Fig. 4 Effects of NaCl concentration on activities of B. met—

hylotrophicus
H P& 2 R, RS pH AR Al B BURR TR B X %
PR SE MR AR K 5972 pH (R 7 B, B AR i AR

SE I TR B HT 2 16 h, BEAT ODgg W AR X 5% 55, B
E H AR pH 7,100 ML 30 CHY XA
e 5 19 TOX B 91.63% (K 3), KU ZE KIS
FrE M EY AL, R 4 AR R R
KA BRI AR B NaCl 5 v 3 A0 42 50, 71 ik
T S I R SRR R, 24 NaCl it
RN 1.1.5 g/L A2 o/L i, A= K il 4k 36 I i 1
B 3 N s NaCl B B 3 3 /L LR, B
AR R 32 B Y S A ) RS S el R A )
Rk, A SR P I IR 7K P Ve P IO A T PRI TR A2 YL BT
2.3 HE ¥k B. methylotrophicus 33 A RE K E TOX B
P fit

B. methylotrophicus X TOX [ [ i 50% ULIE 5,
24 TOX RN 100 ~ 400 mg/L B, B & fE
TN, I LA TOX A Sy i 5 552 B M i K8 fie | 7 24
h P TOX B fi R 7T 35 90% A2 A7 5 W 25 Jis 4 vk 3 11 1%
AR T AR R 2 AE K H 600 mg/L LA #R
AR B R R Y TOX i Wk B4R FHE 1 200
mg/L B, 7E 40 h P TOX BE % RN 21.84% , & W]
TOX X 1% 1A © 2 30 1 WY 58 f 4 ikl v | ox o ke 22 B 1y
W K BE 1, W28 € BBk B. methylotrophicus Xf
TOX R fige (i 52 e B2 R 1 200 mg/L,

1.0

0.8L —a—100 mg/L
—=—200 mg/L
—e— 400 mg/L
—v— 600 mg/L

0.6 —e— 800 mg/L

—*— 1200 mg/L
—%— 1600 mg/L

TOX R fif %
o
~

0.2

AL N3 iR S e e o e, S
24 32 40 48 56 64 T2
A /h

8 16

5 A TOX FRERE TE B. methylotrophicus WIFEfRE
Fig. 5 Degradation of B. methylotrophicus to different

TOX concentration

24 FEHEEEKNEWRNLLIE

R W 7K COD 19 3 244 1 51 HCOONa , H
W TOX FIfE2R 4  H o S TOX B EE A #HY
Wi, X% TS K AR W A A B R R R G fe A koK
Jo K ROk g e WL 26 1, R f s A L 6,
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£l BRGHKSEYMREREEBE (60 h)

Table 1 Concentration of pollutants in effluents and its

degrading efficiency (60 h)
FH % (mg/L)/

COD(mg/L)/ TOX(mg/L)/

R A 3 (%) WA % (%) WA % (%)
A 848/75.16 145/54.12 152/30.28
B 527/84.56 88/72.16 96/55.97
(0 486/85.77 19/94.89 132/30.45
D 246/92.80 11/96.52 9/95.88

WA WA B.TOX MM R4 ;C. PR % 4 ;D . TOX
I five T+ FY RS I e B 41

360

320
280 3
240 2
200 =
160 5
120 £
80 E
40 E
0 1 1 1 1 1 1 1 0
0 8 16 24 32 40 48 56 o4
i il/h
(a)kf HZe
360
320
~ 280 3
] 240 @
g 200 g
& 160
@ 120 £
80 &
40 B
0 . . . . . . . 0
0 8 16 24 32 40 48 56 64
IRFE]/h
(b)TOXFA A 1121
3600, 7360
3200, 3320 _
3 2800 J2s0 g
2 2400 J240 €
< 200 3200 %
2 1600 J160 S
3 1200 120 5
800 J80 =
400 Ja0 ¥
0 1 1 1 1 1 1 0
0 8 16 24 32 40 48 36 o4
i il/h
(o) TP E G Fift B 21
3600 4360
3200 3320 _
23800 —e—cop 4280 2
3 2400 —m— i 240 2
2 2000 ——TOX 4200
S 160 J160 S
g 1200 J120 5
S 800 80 2
400 J40
0 1 1 1 1 0
0 8 16 24 32 40 48 56 o4

I [a]/h
(AYTOXPA A 1+ H I R PRI 41

E6 KMFEZH COD MEMFAAFE . TOX RETH
Fig. 6 Variation of formaldehyde,TOX and COD in

Systems
& 6 fl A, &G dh ), 441 COD ¥ 2 T F%
Rt Hd A HENFE,B.C Rz, D dHith; A
B 2K COD [ 324U 75.16% 1 D 4 &%
BFAHRIR 92.80% (£ 3) . LA, 4 R 58 COD Hyh

FH S \TOX 11 A AIG T R AIG , % AR 4L A 79 RS N TOX
WA HE 2B 12, T B LAY H RS TOX [ fiff i8R 5
Ve ff R — e P, LR AR 2R 5 00 R 72.16% F1
55.97% , {0 TOX HI X} A 41 B& fft KA & T
25.69% ., C 20 1 I 5 % 2% 155 18 94.89% , {H X+ TOX
W it RATI AR R 30.45% , AHXT A AR LR K, T
D 21 R T R AT OH R R R S TOX R i 1A
B. methylotrophicus , H:H & #1 TOX iy [ fiit R ER A A
W I8 96.52% 1 95.88% , [A] I} COD P& fil
P25 & 92.80% , HoAS Wit bR i T A B .C 4,

AR, MU A B. methylotrophicus B,
F T 32 30 At i HY R A5 5T A R AE R OE R R R
FEH AR T PR TOX 58 2Bt (W& 6 B) s AUmA
R PRI A5 TR ), R R R BR R (EL /D TOX 1Y
Refiff TR, TOX 1) JoT v B 2 v, AT SR 17 3 M s
e v i LAl A VR, B IL COD B R AH X B
AR K (IE 6(c)) 5 2 [ A TOX B fif
L B I i RIS, TR PR 22 DD R R M R B TR AR
F L SEEL T HEE TOX F R A5 Pk B e T4 B 1 400 il
eEw s B, I H A COD B % B Fh B 1%
Wi s . COD BEZ KRR . EARE K, & 4L FRZH )
KK AR D 2 (TOX B it e + H I P it 1 ) >C
ZH (HRE R A ) >B ZH (TOX B T ) >A 2H (X IR
), KW, TCie & B. methylotrophicus , i J& W %
fiff T LA 1 A A 2 HLRE SR — A B 1
o Wi, AT 22 GRS Ak b ) e fige 2R PR
K WA BRI , A RE B I AT A0 50 B0 5 H I 1 K
HAE P AbHE

ARWEFE LA TOX AE A B — R IR 70 B T —tk S
Q1 /9 TOX FEfE I, BB S0 FAEYF %5 E N
HLE SRR ZEAAT I (B. methylotrophicus ), H.7E
100 mg/L TOX (% LB H; F= 3 8535 16 h #E A Fa &
W1, mefEA K pH FHREE 5508 7 CHi 30 °C,NaCl
if 52 BEAR T 3% , TOX i 32 JEAR T 1 200 mg/L, TEXT
R TR K 1 A 5k Ak A B 22 TR RT Y T R Ao T
(] S A ) A BRASOR A0 T HAB A &, R IZ AW
ST TR ST R T A A A R I G R R
e E T 2R T TR I e A A 0 R R 000 3 A R XA B R
7K COD 114 0 fff, Xk 58 FH R P /K ) A 2 T8 B
A EZE N A
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