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W AP BRI 2141 1% ( Rhodobacter sphaeroides) H
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(NH,),SO, 1.25 g, 3 5/ 2.5 g, KH, PO, 0.6 g,
K,HPO,0.9 g, 7 % /K 1000 mL, pH 7.0; Ui fk 55
B BRI IR IINE B HMX,

A HMX,99% , 11 [ BT 47 T 24w o
2.2 FiE
2.2.1 EFAYIML

H 10% 5 LA B R HE A HMX & & 100 mg - L™
MBI 35 75 3, 72 30 °C 2500 Ix Sl R 5% 7% 46 vh IR &
Y377 10 d 1E R YIAL T
2.2.2 IKEAME H BHKPER HMX LI

BRIV LT AT K5 HMX R 52 50 35 78 2% B o TR 4%
PR H#EAT 8 10 mL B4k 5 9 BB 10000 ¢+ min™ '
0 10 min, F¢ FIE R, DA A B R 2 vl R VR 2 U
FHBE 35 56 0 & B TR B, & . E HMX IR E
100 mg - L™ A LA 1 35 3L b, 250 15 mL B9 T B
(4L OD ik 0.551) , 1 1 mol - L™ % HCI
M NaOH #4383 pH 2 7.0, 7R 30 °C, K
SR IR AR A I 7 25 W B 5=, SR AR B 26 OB IR
2500 Ix,# &) 8555 0,12,24,36,48,60,72,84,96 h
JGio BOHAR 10 min(§%3 10000 r - min™") % 1
TP T A HMX VR B iff 2 B8 PP oXE HMX 1) B i
.
n=(C,~C) /C,x100% (1)
X, AEBER, %; CNIGEWE ,mg - L7 CH
FIAUE ,mg - Lo FH 45 2R AR K 5% T B, T
P 590 nm b OD fE, AN & HA Y&t R,
T UE B ERTE 2141 B 1T LLRE i HMX, 3 B AN A & .
S AT 4 AT (1) %4 100 mg/L HMX Fil
RPN SR (2) HE A 100 mg/L HMX 11
B 3R3k; (3) %45 100 mg - L™ HMX A K 15 BRI 21 40
IR IR (4) FEZE /K P& A HMX 100 mg - L
FERIC LTG0 P . 38 2 P — o dk (9 BROE £ 20 74, fiff 3 3%
b AN ECRA B 1.5%x10° cells » mL™ IS 2244
M5 % B8 T 30 °C Ry BB 3% 46 b, b Bas 2 2N
Ix 2500, %EFG 12 h B2 mL %, 10000 r - min™ B .0
10 min B W

PO RS 75 2% 6 TR B 2B K R fif HMX 380
MRZ R 4 R R B SE 6 vk I 4 R R IR A
PRAEE I IR AU R I G S0 ORI 4 SRR I, O R SR
Ix2500, 5 S0 SR FH 4R R (R 3% B2 K 130 1 - min™')
B (H 7 BRAEE) 9 96 h 5 U5 #T .

AN [) S e BE 4 Bl ik pH (B I JBE 0T TR AR fip
HMX R0 B 500 < e BT A 29 009 52 590 07 15, 43 90l %
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R Y B (75,100,125,150 mg » L") 330 &
(5% . 10% .15% .20%F1 25% ) il pH(5.6.7 .8 F19) ,
LR (20,25,30,35,40 °C) % B bk 5 it HMX 1 &%
(5% 2 2l 1 2k AR . B2 A5 R s HMX 4] B i B
J9 100 mg - L7 pH 7. 0 4R N 15% (KB
) JREER 30 °C, SR R, s 1A R R,
[ 8 F e 3 A4, 1T A A 3 R R A A
2.3 Wik FE

Fi UV-2102PC R 4] I 4366 (UNICO) 78
B R 590 nm A0 B BE (ODggg o ) o

JH AT WO 43 600 BE 0 5 HMX [y 7

3 HR5WR
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100 mg « L7 K535 3 op il 78 A 0 S HL B At HMX 11y
KARWME T, @E A LLE I, Y RE® 24 h, HMX 5
BN 72.3 mg - L' HMX YRR % 30.0%; 4
W fi 48 h, HMX St ik vl B sk B A 31.3 mg - L7, %
it %3R5 68.7% ; Y& 72 h, HMX 5 5 vk i 1] i j
K, 0 17.2 mg - L7 BEfR 3 I5 5 82.8%. % 14 bk
HEAXS BRI (36 ~72 h) ,HMX 1 [ A 280% 1 35 T+
FR s 2 S BB A I TR) B3I B A RCROB TR, BI0A
96 h If , HMX B fif 335 8] T 88.9%. 43 #7 J5 5 1] fig
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Fig.1 The curves of Rhodobacter sphaeroides growth and

HMX degradation
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2 AJ WL, 7R BROE 21 40 B B9 AR R AT R i HMX, T8
96 h[fif ALK F 88.9% ;5 K Y H T bk I AR X fi
HMX = A4 18 238 B9 520 5 78 A 15 50 2 A e e v
HMX & i Jea A e . i b il ik o, B i HMX I
AN T F R A0 B S LR B R A HMX 2R
i 1 BRI £1 40 B Y A R A 7
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Fig.2 Removal of HMX in different systems

concentration of HMX / mg-L'1

3.2 REMEELEI H BikE KR HMX BRI

15 HMX ) B He )8 8 100 mg « L™ pH {2k 7, 3
FiE g 30 CCHIER Rl 15% 0 510 F , 76 96 h ARl i1
I R 42 X R TG 20 400 T 1 A K T HIMEX 1 I e 28 SR
SR ULFE 1, 3 1 A L ERIE LT 40 1 R ] 43 4R IR
S F R BT LR A HMX, 76 R ZOE B 4 #F T, 96 h
BRI HMX [ B i 258 B e i, A 88.9% , LB 1k A=
KAty ,OD ik 2.128; HAh 414 F,96 h B bkt
HMX (1 [ i 5 th 35 8] 70% L |-, Wik 2 & OD (i 3
PRE 1.1 RLE AR TR R AT RE S, BROE 25 40 1 AE R R
ERCER BT ELAT S e AR A R e i 2%
P RO IR o TR MG BB 7 IR 48000 BR AR 35 3 45 0 F 3
7 W S 6

R OAFDERALSARXT H Rk K B HMX R 5 A 52 19
Table 1 Effect of different illumination and oxygen supply on

H strain growth and HMX degradation

i inati oD degradation
illumination and oxygen 590 nm g

value efficiency /%
anaerobic and illumination 2.128 88.9
anaerobic and dark 1.238 76.5
microaerobic and illumination 1.785 80.6
aerobic and dark 1.112 70.4

3.3 ARIBAEEIBRIMAE H FEikERE HMX BIZ00
3.3.1 ANE#EREIT HMX F£ 8 3200
HMX 7E A [F] #] Uh & T % B i 19 52 el DL 1] 3
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H P 3 AT L HMX ¥ B2 725 Ak % BR OB 21 40 1 1% i HMX
BOR 2 B E . 4 HMX B G W B
75 mg + L™ TR 5] 100 mg - L7, [ A 3 R il 5 )
A ) 28 4k 78 TF 5 o %0 86 W A 100 mg - L' T} i F
150 mg « L7 [ fif i 2 3% W7 Bl G A . 76 300 B vk 3 H
100 mg - L™ W} R i 2 R Bt A4 88.9% . 1E 96 h £ ¥k
FEHIREAR R 5N 74.7% .88.9% .60.0% F120.0%.,
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K5 H T HMX AR 8 B R A S U U T
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Fig.3 Effects of different concentrations of HMX on the degra-

dation
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Fig.4 Effects of different inoculation quantity on the degrada-
tion of HMX

3.3.3 [ pH EX HMX P& & i % g

AR pH A HMX B i 4% 52 09 52 i WL 11 5. il
B 5 arbL, 24 pH fE S 5.0 #1 9.0 [, BRIV 21 40 B %
HMX i JL-F- %A 76 A, pH {H A 6.0 ~8.0, HMX [
A A8 KT 80%, 4 pH {H>H 7.0 BF,96 h Ftk H
X HMX B ff 5 5] 88.9% . &5 R R W, RAMED
7E pH {2 6.0 ~ 8.0 I} AE K B e A A K 4 Bk
TE LT AN X pH (B BIOUS%, 2oF R B3 Ak Bl 1) 4% 14 #5 AS F1] T
BRI 21 40 1 10 A= K Ak HMX B o 43 B L 5 15 7T R
AW, H— T pH {E AR, 51 i B 3R T H AT 2
AR TS A0 T X HMX B R s = R Tk
252 AR R R S A L pH R X R B Y
AR AR B A TR T AE 65 B T A A P T
T R AR B i LR S R BT L E T R R
HMX 538 pH B2 Z 8. PRI, B HMX ) 5
% pH {4 7.0,
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Fig.5 Effects of different pH values on the degradation of
HMX
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3.3.4 REREX HMX BRI

AR T 3R X HMX e fi st 52 00 B i DL Il 6,
B 67T L, 7E HMX RIEA YR EE 9 100 mg - L™, pH
7.0,5:5%2 96 h {58, 2418 )5 i 20 °CHi1 40 °Ch}, Bk
LT T 0 HMX 1 W e LT A B 005 24 0 i
30 CHE, Bef %1 1% 88.9%; S B T 25 Cal
BT 35 CCHE, MRt B T B W T, BRIE L0
47 e i HMX 1 B3 58 L BE S 30 °C /2 A7 43 7 J6L PRl
A LI 5 TR MR 000 A K7 AT — i TE A DG, B £ i
LRI S5, 2 K A L 0 AT e 2 952 20 1 I i ,
B AL LA IR O 5 (LR 2 ] 4 M 2 A7 R
SEMER R Y L R IR S IR R 2R T A2l e A
G i F AR, B0 HMX (9 40 AR 5 T g 2
T B 55 V6L FEE 2 B 0 f4 2 0 IS 10 YR 5 A L T 1
5 1 £ I 5 3 0 T B O 0 2 A 3 L
e, X T ERIGLLANBE H B bk B A% HMX (935 21 3 2
30~35 °C. 5 Jm "0 4 AN jmoE 45 R — 3
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Fig.6 Effects of different temperature values on the degrada-

tion of HMX

3.4 HE#HI HMX Bz hEFE

— Rl 12 0 R AE TS Y A W R A o R
I A S Ve T — G S 7 2 A ROk R
HMX R (1) 8l ) 23 2
c,/c,=e™ (2)
R, ¢, HWIEA HMX ¥ B, mg - L™ ¢, 9 t i) Z
HMX # B, mg - L7 t SRRt ], by k Ok 52 i %
WHLhT S LA R HEAT IR AN L OB A TR S 1
T Bl g 2F S K A i — B AR T LA, AT
MEIRFEZMET H BT HMX B 19 3l ) 2 J5 72,
ZERILFR 2,

M 2 nf A AR R W RE R Bh 2R e —
TR LA G — B S22 FRE . Bl A W) 05 Ve FE i AR 20 3
I, 75 mg - L7 3 NE] 150 mg « L, R fifk 5 B
At H
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M 0.2405 8 /NF] 0.0304 h™' T2 52 B M 2.9 34 fin 5|
22.8 h, 4 HMX ¥k & 100 mg - L7 I, 8 3 3 50
K, T A0 H 2.5 hy HMX ¥R 125 mg - L' k &
i, T,, 8% 5.4 h; HMX IR #kE A 150 mg - L',
W A5 SR o BRI W R B, K RGHE A 2 0.0340 h', 4%
RAL R 7E HMX 19 25 9 B i o B2 b, HMX BE 2 I
N7 1) 3 JoiT, [i] E A 2 41 i 551

AT HE g N BROE 21 40 1 X HMX B i 8 1% 5
BRI 3.t 3 n) UL EEFh ik () R A 5 0 0 o
W R A S AR A e R N 5% 38 2 15% 7] L
BB BRI AL A BT HMX I R %, TE 3Rl &l
15% ], B fif ol W B K, T, 2 /o [RIRE, AN [F]
pH (B T BRIE 21 40 15 5 it HMX (193 J1 2 S804 R W
4,50 pH(EM 5.0 #En %] 7.0 FEE] 9.0, 3 K H
BN 0.0112 h™' 48 hn %] 0.2766 h™' &% J5 F & %
0.0115h™ 2k 61.9 h % 2.5h Ff 1
44.7 h, TE pHAE N 7 B, 3R 5 B K, 2 = i
AN ATULY pH B 7 B R AR A A, LT HMX B
fif i B il pH{E N 7 FHER 5 AT 0L, Y BE N 20 CHt
R E) 30 CCRE MR H B Wi K, 78 30 CR, s 3%
B, MM 30 CR FEF| 40 °C g ik /b, %5 4L
WIS TR, Y EE Sl 30 °CH R A B 5o

R 2 HMX TEA R )6 o 5 R BRIE 21 40 1 B it HMX 19 3
IR %2

Table 2 Kinetic equations and kinetic parameters of the deg-
radation of HMX under different initial concentration by

Rhodobacter sphaeroides

initial
concentration k/h™! T,,/h  R? C=c0e’k’

/mg - L7

75 0.2405 2.9 0.9522  ¢=74.65e 04"
100 0.2766 2.5 0.9908 ¢=101.23e7"%7
125 0.1274 5.4 0.9617  c=124.52e7"%%
150 0.0304  22.8  0.9531 ¢=149.10e %"

3 OR[EHEM T HRE L0 A0 B X HMX B 30 1% S 5L
Table 3 Kinetic parameters of the degradation of HMX under

different inoculation quantity by Rhodobacter sphaeroides

:qnuoacnut:?;l/?’z k/h™! Tinth R c=coe™

5 0.1328 5.2 0.9784  ¢=101.23e71%
10 0.1663 4.2 0.9916  ¢=101.23e7%1%%
15 0.2766 2.5 0.9908  ¢=101.23e%27%
20 0.2043 3.4 0.9832  ¢=101.23e7 2%
25 0.2165 3.2 0.9808  ¢=101.2e7"7""
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R4 Al pH BT ERIE L0 3 i HMX Y 3 01 22 2 8
Table 4 Kinetic parameters of the degradation of HMX under
different initial pH by Rhodobacter sphaeroides

pH value k/h™! Ti)2/h R? c=cye ™™

5.0 0.0112 61.9 0.9240 c=101.23e™"""%
6.0 0.2680 2.6 0.9804 c=101.23¢70-2080t
7.0 0.2766 2.5 0.9908 c=101.23e7%-27%¢
8.0 0.2826 2.4 0.9851 c=101.23e70:2826
9.0 0.0155 44.7 0.9007 c=101.23e7 0155

R 5 RENEEET BRI L0 B R HMX 18] 1% 2 8
Table 5 Kinetic parameters of the degradation of HMX under

different temperature by Rhodobacter sphaeroides

kt

7/°C k/h™! Tipp/h R? c=cye”

20 0.0238  61.9 0.9270  ¢=101.23e7"9%%

25 0.1570 3.6 0.9945  ¢=101.23e"%"

30 0.2766 2.5 0.9908  ¢=101.23e7%77%%

35 0.1653 3.0 0.9708  ¢=101.23e7"'%

40 0.0168  44.7 0.9567  ¢=101.23e™"01%%
4 % i

(1) I G f6 6 40 R BRIE L4018 H O R A L
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20 AT 1 A o R e et A
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Degradation of HMX by Photosynthetic Bacteria Rhodobacter sphaeroides

ZHAO Ting-ting, BAI Hong-juan, KANG Peng-zhou, WANG Shou-yan
( School of Environment and Safety Engineering, North University of China, Taiyuan, 030051, China)

Abstract: The effects of oxygen supply and illumination, initial concentration of HMX, inoculation quantity, pH value and temper-
ature on the degradation ability of HMX by domesticated Rhodobacter sphaeroides H strain were studied. Its kinetic equation of
degradation was fitted and analyzed. The optimum conditions for the degradation of HMX by Rhodobacter sphaeroides were deter-
mined by changing one influencing factor and fixing the other four conditions. The concentration of HMX and the cell amount of
Rhodobacter sphaeroides were measured by a spectrophotometer. The results show that domesticated Rhodobacter sphaeroides can
efficiently degrade HMX, Rhodobacter sphaeroides H strain can grow commendably and degrade HMX under different conditions
of oxygen supply and illumination, and the degradation rate reaches more than 70%. The best degradation condition is anaerobic
illumination. The optimum conditions for the degradation of HMX are initial concentration of 100 mg - L™', pH =7, inoculation
quantity of 15% and temperature of 30 °C, the degradation rate of HMX is the highest, reaching 88.9%. The degradation process of
HMX by Rhodobacter sphaeroides is consistent with the first order kinetic equation.

Key words: octogen( HMX) ; Rhodobacter sphaeroides; microbial degradation; kinetic equation
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