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Abstract TNT red water was treated by vacuum distillation coupling in immobilized microorganism. Organic components
of TNT red water and distillate were analyzed by gas chromatography-mass spectrometry(GC-MS). The main organic
components of TNT red water were 1,4-dinitrobenzen, 4-methylphenol, 2-methylphenol and so on. The distillate was
composed of 4-methylphenol, phenol, 2-methylphenol, 2,4-dinitrotoluene, 1,4-dinitrobenzen and some other organic
compounds. The distillate was treated by combined process of immobilized microorganism-biological filter, which used
FPUFS carrier as fillings. The nitro-compounds and COD in treated distillate were 0~1.6 mg/L and 50mg/L~90mg/L,
respectively, which met wastewater discharge standard for TNT.

vacuum distillation

Key words TNT red water immobilized microorganism GC-MS analysis

TINT COoD

(TNT) 69000mg/L, coD 200~500mg/L
: : : , FPUFS( )
na. TNT
[3-7] [8-11] 1
1.1
TNT TINT TNT
60~80 . ,COD  69000mg/L, pH
, 8.3. FPUFSIZ#4
. BP900 BIO-SYSTEMS
83% ! 2008-03-13
TNT ' -TNT

* , , yezhengfang@iee.pku.edu.cn



884 28
CO.USA. ( ), ( ), , 15d;
( ), ( ), ( ), , 55d.
( ) :
1.2 ,
1 , :
( : , 2 3d, ,
) ( 3d ,
),
. ,COD 50%,
TNT , 70%, ,
) 2
' 14
48h. COD HACH , 3
2.5mL 3.5mL -
1.5mL - , COD
2h,
[15]
GC-MS ,
, , ImL
.GC-MS Hewlett-Packard GC
6890- MSD 5973N , ,
D 37.1kPa, 1L ,
240 40 3min,
3 /min 280 3min.
2
1 21 TNT
Fig.1 Schematic diagram of vacuum distillation 300mL TNT )
80
1.3 249mL.
TNT 1000mL ; .
, . TNT 83%.
15r/min. 60,70,80,90 , 2.2 TNT
GC-MS , TNT
, 30 13 .14-
70 , pH 51.5%. 4-
6.8~7.2, , 2- 3- 2,4-
, 11% 8.5%
- 2 55% 4%.



10 TNT 885
16
4-
14 F o
~12F 2- 1,4- 2
o
xor JTNT
8 -
6 L 1,4- 299
AL 3 10 13 _
TR EREEN VN '
0 ;\M 1 1 A L ! lA.A 2— ) 191 y
15 20 25 30 35 40 45 50 55 60 65 [16]
(min) J 2-
2 TNT GC-MS 2.4 cob
Fig.2 Organic components analysis of TNT red water by COD ,
GC-MS COD 4
1. 2. 2- 3. 4- 4. 3- ;5. 2- ,TNT ,
6. 4- 7.1-  -4- :8.2,6- ;
9.1,4- :10.2,4- A1,
12.2-  -3,5- 113.2,.2- 4
6-(L,1- -4- ’
[o-¢ ! coD  TNT 69000mg/L
2.3 200~500mg/L, COD,
60,70,80,90
GC-MS , 3. 3 , COD ,
16 16 —1
14 Fq (a) 60 14 H b) 70
_n _ ol 7 (b)
S 10 2| S 10H 8
£ g I = |
8
6 6 H
7
4 5 4 H 4
4 56 9
2 | 61? 5 I N
O 1 1 (7. N 1 1 0 b 1 n’\.. 1 1 1
15 20 25 30 35 40 45 50 55 60 65 15 20 25 30 35 40 45 50 55 60 65
(min) (min)
1. 0 2. 2- ;3. 4- ;4. 3,5- 1. 1 2. 2- 3. 4- ;4. 3- ;
;5. 3- ;6. 2,6- ;7. 1,4- 5.3,5- ;6. 3- i 7.2,6-
;8.2,4- 8. 1,4- 19.2,4-
16
14 (c)80 ()90
o 121 1
2 10 3 . )
= s 2 | < 7
s H | |
4 5
4 8
2 I NI 6{?
0 = L L L L L L N 1 1
15 20 25 30 35 40 45 50 55 60 65 15 20 25 30 35 40 45 50 55 60 65
(min) (min)
1. 12.2- ;3. 4- 14.2,4- 1. 1 2.2- 3.4~ 4. 2,4-
;5. 3- ;6. 2,6- 0 7.1,4- 5. 3- ;6.2,6-
8.2,4- 7.1,4- ;8.2,4-
3 GC-MS

Fig.3 GC-MS diagram for organic components analysis of distillate at different temperatures



886 28
500 200
450 | E, 160 (a)
J 400 =
> 120
g, 350 -
S 300 sor -
250 F 4or
200 1 1 1 1 Il 1 Il Il 0 '_-_“_I_I_'_I-_
55 60 65 70 75 80 85 90 95 100 0 10 20 30 40 50 60
() (d)
4 COD 700
. . . 600 F (b) COD
Fig.4 COD of distillates at different temperatures
- 500
TNT g 40op -
' 8 300f
—.—
' © 200}
’ ’ ’ 100 M
0 1 1 1 1 1
' 0 10 20 30 40 50 60
2.5 (d)
5 COD
. 24h, Fig.5 Removal of nitro-compounds and COD in
16h, 8h. pH distillate by biological filter
6.8~7.2, C:N:P=200:5:1
s 2.6
TNT
COD ( 5). [18]
5@ (9] . TNT
171.9mgl/L, 87.1mgl/L, 129mg/L; , [20-21]
1.6mg/L, t 68kg ,
: 0, , 300 /t
0.5mg/L.
5(b) , COoD . TNT
, COD 60~80 ,
. 48d COD , 80 TNT
COD (112mg/L), COD , ,
50~90mg/L, , ;
, , TNT
0~1.6mg/L COD 50~90mg/L, 60 I/t
(GB14470.1-2002)1*"
5mg/L,COD 100mg/L,
3.1 70 , TNT



10

TNT 887

83%.
3.2 TNT 1,4-
4- 2- 3- 1-
~2,4- ,
515% 11% 8.5% 5.5% 4%.
3.3 COD
, TNT
3.4
, 0~1.6mg/L COD
50~90mg/L, TNT
60 /t
[1] Dianne J, Luning Prak.Solubilization of nitrotoluenes in micellar

[

[3]

[4]

[5]

[6]

(7]

[8]

[0

nonionic surfssctsnt solutions [J]. Chemosphere, 2007,68(10):
1961-1967.

Jain M R, Zinjarde S S, Deobagkar D D, et al. 2,4,6-
Ttrinitrotoluene transformation by a tropical marine yeast
Yarrowia lipolytica NCIM 3589 [J]. Marine Pollutution Bulletin,
2004,49(9):783-788.

Riefler R.Guy, SMETS Barth F. Enzymatic reduction of
2,4,6-trinitrotoluene and related nitroarens:kinetics linked to
one-electron redox potentials [J]. Environmental Science and
Technology, 2000,34(18):3900-3906.

Hao Oliver J, Phull Kotu K, Chen Jin M. Factors affecting wet air
of TNT red water: rate studies [J]. Journal of Hazardous Materials,
1993,34(1):51-68.

Maloney Stephen W, Engbert Edward G, Suidan MakramT, et al.
Anaerobic fluidized-bed treatment of propellant wastewater [J].
Water Environment Research, 1998,72(1):52-59.

Maloney Stephen W, Adrian Neal R, Hickey Robert F, et al.
Anaerobic treatment of pink water in a fluidized bed reactor
containing GAC [J]. Journal of Hazardous Materials, 2002,92(1):
77-88.

Vasilyeva G K, Kreslavski V D, Shea P J. Catalytic oxidation of
TNT by activated carbon [J]. Chemosphere, 2002,47(3):311-317.

Paafat Alnaizy, Aydin Akgerman. Oxidative treatment of high
explosives contaminated wastewater [J]. Water
1999,33(9):2021-2030.

Anke Schmidt, Werner Butte. Photocatalytic degradation of reduction
products of 2,4,6-trinitrotoluene (TNT) [J]. Chemosphere, 1999,
38(6):1293-1298.

Research,

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]
[18]

[19]

[20]

[21]

Schmelling Daniel C, Gray Kimberly A. Photocatalytic transformation
and mineralization of 2,4,6-trinitrotoluene (TNT) in TiO; slurries [J].
Wiater Research, 1995,29(12):2651-2661.

Yang Xin, Zhao Xueheng, Hwang Huey-Min. Phototrans-
formation of 2,4,6-trinitrotoluene:Sensitized by riboflavin under
different irradiation spectral range [J]. Journal of Hazardous

Materials, 2007,143(1/2):271-276.

,004100625771 [P]. 2005-03-02.
[l , 2002,10(4):325-331.
[. , 2006,27(6):1155-1161.
[M]. , 2002:
467-471.
[M]. : ,
1999:397.
GB14470.1-2002 - [S].
, , . - TNT
[31. , 2006,29(6):41-44.
, , . [31.

,2001,27(7):45-48.

Chulhwan Park, Tak-Hyunkim, Sangyong Kim, et al. Optimi- zation
for biodegradation of 2,4,6-ttrinitrotoluene by pseudomonas putida
[J]Journal of Bioscience and Bioengineering, 2003,95(6):567-
571.

Rodgers James D, Bunce Nigel J. Treatment methods for the
remediation of nitroaromatic explosives [J]. Water Research,
2001,35(9):2101-2111.

(1981-), , :



