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Pilot-scale study of performance of a intermittent running-biotrickling filter
on treatment of waste gas from paint manufacturing process
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Abstract To evaluate the performance of biofiltration on removal of valatile organic compound ( VOC) in
waste gases from a paint manufacture plant a pilot-scale biotrickling filter ( BTF) with intermittent running model
was designed and was inoculated with a microbial consortium. The changes of the bacterial community structure
of the BTF were also analyzed by polymerase chain reaction ( PCR) -denaturing gradient gel electrophoresis
( DGGE) technique. The major pollutants in waste gases were identified to be toluene ethylbenyene and mixed
wae) Tor above pollutants obtained by BTF
were 88.8% 83.7% and 86.3% respectively. DGGE analysis indicated that the relative abundances of domi—

nant bacteria did not increase with operating times ( F p > 0.05) . The bacterial diversity under steady operat—

xylenes ( m p and o=xylene) . The maximun removal efficiencies ( RE

ing phase was significantly lower than that of the start-up phase ( F p < 0.05) . The bacterial community of the
bottom packing in BTF exhibited the higher diversity and variance than those in the upper packing. The increase
of nutrient concentration from two times to four times has no significant influence on the bacterial community
structure.
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1
1.1
1.1.1
BTF 1.6 mx2.0 mx3.25 m( X
x ) 10 m’ (6.0~8.0
mm) . (12 mm x 12 mm X3 mm)
(35 mm) (1:1:1 w»:o:w) 6
m’ 600 L. VOCs
(TSS=1 g/1) 8 h
BTF,
BTF 528.5
m’ /h 40.9 s, BTF
8 h/d.
1.1.2
1 KNO, 2 g/L Na,HPO,

0.7 g/L MgSO, < 7H,0 0.2 ¢g/L CaCl, » 2H,0 0.05

g/L CuCl, * 2H,0 0. 08 mg/L CoCl, * 6H,0 0. 12

mg/L ZnSO, * 7H,0 0.29 mg/L MnSO, * H,0 0.5

mg/L Na,MoO, * 2H,0 0. 12 mg/L NiCl, * 6H,0

0.05 mg/L FeSO, * 7H,0 0. 68 mg/L pH 6.5,
3.6 m*/(m® * h)

1 /7 32 2 2
;108 4 o
1.1.3
1.2
1.2.1
0.2 L/min
10 min (
) s,
GC-MS( Thermo Finni-
gan Trace DSQ Thermo) o
10 pL DB-5(30 m x
0.25 wm x 0.25 mm Aglient Technology)
1.0 mL/min; 35C
3 min 11°C /min 200°C 5 min
11°C /min 250C 2 min.
200 C m/z 35 ~270 amu.
1.2.2
BTF 32,108 143 d



4931

12
( 10 cm) . ( 10 2.2
cm) 1.2.3.4.5.6, BTF N ( 1
DNA . 2):
DNA 271 1492r 16S 68.3%;
rDNA 968f 1401r-GC 16S rDNA 60.8% 61.1% .
V6 D-Code ( BioRad USA) (c.) ( RE)
PCR DGGE (EC) (1L)
8% 45% ~T75% 60°C 80 ( Do
A% 12.5 h; Goldview 30 min 50 100
(GE USA) o Quantity One E, " -l -0— Mz
£ 30
4.6.2( Bio-Rad USA) o a o= ::: .;flfi:_rjt;fr%
Shannon index( H") S =_| 10 % h '.".
1) Cs fO2). N0 65 T 35w w
T a)d)
n; (a) B
n S0 100
Shannon index ( H)) = 2 (1) = a0k b
=0 n; B e 5 3
N & e o Zilteu 150 ¥
' By \ - ZERRE _ 4is
'n;  Quantity One 4.6.2 DGGE T yop . \ AL
l N o %3 60 r‘.i 70 75 -__RI'I‘ 85 E
. Z i) d)
Cs =2 % 100% (2) g
a+b 50 " 100
2 o i TR LR
tab 2 DNA j £ 4ot e -
ab Cs 100% Sl - ma—HRmeRy {50 ¥
o :j 1y | > 25 N
”-‘.-‘. .nll- r:- 70 75 .__Hu." R5 0
2 i i a)d)
() o W
2.1
BTF 528.5 1 BTF VOCs
o’ /h 40.9 s. Fig.1 VOC removal performance of BTF
I~3t 2 BIF ¢, IL RE EC
N ° Table 2 RE and EC as well as their C,, and IL in BTF
. — — — IL EC RE
— Ci(mg/m®) (g/(m’ +h)) (g/(m’ b)) (%)
14.4 1.3 1.2 88.8
’ 19.1 1.7 1.5 86.3
26.7 2.4 2.0 83.7
( n;
o ( 8
1 NN h/d )
Table 1 Toluene ethyl benzene and mixed xylenes
concentration and mass ratio in waste gas 5 Qi 16
2 o
(mg/m’)  1.0~14.8 1.1 ~21.5 1.0 ~26.7 VOC

% 16.0~33.5 26.0~41.2 23.5~39.6
(%) : VOCs
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Fig.2 DGGE analysis in biofilm of packing
samples; b. Model of DGGE profile

N.P
2

32.d
;108 d

7
3 DGGE
Table 3 Bacterial relative abundance in DGGE profile
1 2 3 4 5 6
(%)
1 5.04 0 0 0 0
2 0 3.53 0 0 0 15.60
3 0 6.20 0 6.42 12.70 0
4 1.12 4.68 0 0 0 0
5 0 1.44 0 0 0 0
6 1.87 1.40 3.19 0 0 0
7 2.11 3.33 0 0 2.90 2.79
8 6.26 0 8.29 3.50 9.66 6.19
9 26.90 17.30 28.30 32.40 23.80 21.90
10 3.97 8.26 3.92 7.54 2.59 4.84
11 3.13 5.57 1.86 1.81 0.61 1.15
12 0 0 3.66 8.79 0 0
13 13.60  17.50 8.91 2.98 6.48 2.69
14 0 0 0 1.86 4.47 3.12
15 1.75 1.23 1.80 1.12 0 0
16 7.47 5.23 1.95 0 2.04 0.67
17 1.41 5.42 0 0 0 1.52
18 3.50 1.10 3.65 3.85 3.32 1.76
19 0 0 0 0 0.82 1.27
20 0 1.20 0.91 0.84 1.74 1.04
21 0 2.09 0 2.24 0 0
22 0 0 2.75 3.56 0 1.61
23 0 0 1.93 3.28 2.55 5.55
24 3.28 0 0 0 1.04 2.14
4 o
9
26.9% 17.3% 28.3%
32.4% 23.8% 21.9% ( 3)
( 1) c (TvOC )
( F p >O. 05) o
8 N 32d
6.26% 0% 108 d 8.29% 3.50%
143 d 9.66% 6. 19%; 23 .
32.d 0% 0%
108 d 1.93%.3.28% 143 d
2.55% 5.55% 13 N
32.d 13.6% 17.5% 108 d
8.91%.2. 98% 143 d 6.48%
2.69% . ( 1)

(F p>005) )
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Table 4 Coefficient of similarity ( Cs) among
lanes in DGGE profile

1 2 3 4 5 6

1 100  60.8 752  56.6  64.2 59.2
2 60.8 100  49.1  47.8  52.0 46.6
3 75.2 49.1 100 749  70.7 63.9
4 56.6  47.8 749 100  65.4 62
5 64.2 520 70.7 654 100 66.0
6 59.2  46.6  63.9 620  66.0 100

VOC
: 1 3 75.2% 5
3 70.7% . VocC
21 22
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