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Table 1 Composition of the nutrition solution 2
/ (mg e+ L™ 2.1
Na, CO; 100. 0
MgSO, « 7H,0 59.3
(NH.),S0, 234.0 U ’ ’
KH, PO, 338. 8 ’
Na, HPO, « 12H,0 890. 7 o 3 mL,
CaCl, 3.9 \
FeSO, 0.3 3
5 , NEEEN N
20 ~ 80 mg/L, 40 ~ 100 mg/L;
Table 2 Composition of the trace elements solution
12 h, NN N
/ Cmge+L™")
FeCl, « 4H,0 1 500
CoCl, « 6H,O 190 4 L 1
MnSO, + 7H,0O 100 ¢ 1a, 1b),
ZnCl, 70 ,
NiCl, « 6H,O 24
Na, MoO, « 2H,0O 24
MnCl, « 4H,0 6 |
CuCL + 2H,0 2 ’ (
le.d.e);
1.3 s o
TCE. NN . 20 ~ 60 mg/L R 80
. mg/L (
Lol . 10), 20 ~ 40 mg/L
R 60 mg/L

( 1e)o ’
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20 mg/L C 1d., 67%.39.24%.9.15%, 20 mg/L
12 h . . 46. 09% .
R R . 40 mg/L >
, . 93. 71% . 64. > > > .
3
Table 3 Composition of the reaction solution in each reaction bottle
() () ( mL) (mL) KOH (mL)
1,2 3 0.2
3.4 2 1 0.2
5,7.9.11 2 1 x 0.2
6,8,10,12 2 1 0.2
x
s 5. 2 o
SRR . TCE 10 ~ 200
. pg/L, . TCE
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; , , ;s TCE
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) ) > > >
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2.2 TCE ,
R , [8-9] , D
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) TCE™, e
TCE . . TCE (sl
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4 (mg/g) 100
(mg/g) A% ME HRBHT. mgl
. . . — 80 r
Table 4 Endogenous respiration oxygen consumption of o S ERETR
different substrates and oxygen consumption at different 2 s —A— EME 60
concentrations by different substrate-acclimated activated sludges ~ i;g Lgo
g Of ——sEms0
(mg/g) e
= 20
(b 40 60 80 100 %
(mg/g) mg/L  mg/L mg/L mg/L
0.25 4.488 12.394 21.574 22.619 21.460
0.5 6.564 14,404 26.878 34.098 35.390 —
1 8. 465 16.41 29,3543 37.136 39.532 o = S
2 11.408 21.437 33.245 41.863 45.556 o _‘_ggujow}
3 15.038 26.798 38.904 47.602 52.333 E —O— %R 80
4 17.629 29,143 41.025 49.965 54.968 ﬁ —A— w20
- 5 17.629 29,143 41.025 76.974 54.968 " —— =m0
6 28.152 55.439 58.178 76.974 67.957 &
1 7 28.054 58.956 60.477 78.830 70.404 =
a 8 34,093 60.464 61.715 80.687 72.851 *
~ 9 37.201 64.986 64.367 85.245 76.428
11 41.523  71.686 70.733 90.647 82.452
12 42.560  71.686 70.733 91.997 84,334
0.25  3.126 6.320 24.081 20.504 0.780 — .
0.5 4437 11.882 27.036 22.348 16.124  © T e
1 8.867 17.891 29.822 25.324 13.102 o ”"ff\go
2 10.834  18.650 44.360 37.782 21.382 £ °5 W
3 17.238 25.121 50.952 43,180 24.104 m}w ” Eﬁf 20
4 21.409 33.138 59.466 46.002 32.690 4 HiZ 60
- 5 22.057 42.493 66.680 54.667 38.963 e
6 23.482 48.048 70.515 59.508 46.635 %‘(
1 7 25.296 56.585 77.589 68.681 55.159
b 8 28.694 55.285 87.099 66.664 53.296
~ 9 30.519  60.839 95.350 73.808 59.130
10 30.781  62.313 99.087 76.358 63.719
11 30.781  66.358 102.368 81.454 69,971 — —m— R
12 32.085  73.689 109.575 88.086 72.920 o | —h— 5540
0.25 2.815 0 1.251 0 0 2 40 —O— 5% 80
0.5 2.902 1.402 4,353 0 0 S0l —N— = 20
1 3.516 7.989  6.532  0.726 0 i —— = 40
2 7.734  12.084 15.386 4.867 2.898 % 50 |
3 9.412  16.448 24.310 10.568 3.738 ¥
4 9.500  17.642 25.030 11.273 3.927 Sl
- 5 11.694  21.703 28.519 14.891 6.889
6 13.899 23.922 29,059 21.082 7.774 0 ) ) ) ) )
1 7 15.565 28.134 34,415 24,179 8.275 100
¢ 8 16.361 32.571 36.217 27.275 9.012
~ 9 18.464 33.325 40.777 29.007 9.012 =~ 80
10 20.751 36.202 43.725 33,994 10.567 © —— FRIEE
11 20.751 38.847 49.761 34.486 12.678 2 40 —A— 3 40
12 23.656  39.444 49.761 36.201 13.115 < —O— %80
0.25 0.138 2.963 0 0 0 ™ # 20
0.5 0.138 2.963 0 0 0 w40 —® x40
1 5.728 7.977 0.312  2.386 0 -Ei
2 9.089 12,018 2.071 5.938 2.582 g 20
3 12.716  17.898 1.827 8.397 5.324
4 15.234  21.670 8.514 12.204 7.099 o
~ 5 21.794 26,471 14.239 15.474 5.685 14
6 22.778 31.590 14.239 18.207 8.732 \
1 7 24,734 34,554 16.836 21.731 9.628 B/ h
d 8 26.692  37.749 18.106 23.353 12.676
~ 9 31.024 44,129 20.011 25.475 13.896 1
10 31.024 44,129 20.011 25.475 13.896
1 33.262 51.124 22,936 27.597 11.656
12 35.371  53.010 22.936 27.597 11.656
0.25 2. 418 5.603 7. 333 0 0 Fig. 1 Curves of oxygen consumption about different
()'15 g ;J)g 3 5'21% 194' 5562(’2 4 (8)()% 8 metabolic substrates at different concentrations
2 15.250 18.969 23.020 2.113 0
3 20.449 27.353 33.287 11.588 5.776
~ 4 28.070 34,031 42.570 17.004 13.457 TCE 2l
5 29,980 37.216 47.703 20.215 15.358
1 6 36.385 44,454 52,731 31.201 23.786 ,TCE
¢ 7 42.276 44,406 54.502 37.854 32.568
- 8 45.580 47.424 57.688 40.632 32.568
9 45.580 51.448 57.688 42.223 37.254 ’ °
10 55.603 56.897 70.872 45.165 31.495
11 59.069 56.897 70.872 45,165 32.249 TCE ’ TCE
12 61.678 63.575 79.151 45.194 38.765
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5

TCE
Table 5 Endogenous respiration oxygen consumption of different
substrates and oxygen consumption about TCE at different
concentrations by different substrate-acclimated activated sludges

(mg/g)

(mg/g)

TCE
(mg/g)
(b 10 50 100 200
(meg/g) pg/L pg/L pe/L pg/L
0.25 2.260 8.371 8.4%6 0 1,951
0.5 4.520 11.553 10.486 1.649 2.017
1 6.770  16.009 14.635 2.647  2.017
2 10.725  26.921 26.763 3.746  2.017
3 20.785 24.550 32.588 4.408  2.696
4 19.674 27.697 34.563 5.408  2.696
~ 5 19.674 27.227 40.443  8.157  2.696
6 29.817 34.774 45.204 9.405  3.922
5 7 30.328  38.048 48.236 12.505 3.922
N 8 34.526  38.048 51.692 15.405 3.922
Z 9 39.665 37.954 58.688 16.993 3.922
10 43.929 44,683 58.688 18.993 3.922
11 45.192  46.957 62.144 24.023 3.922
12 47.380 47.851 66.506 24.023 3.922
0.25 0 T.516  2.135 0 0. 301
1.593 0.5 0.916  3.286  2.936 0
1 2.479  6.316  6.272 0 1.199
2 2.479  6.316  9.752 0 0. 181
3 7.826  16.158 12.965 6.012  0.181
4 8.607 20.582 16.568 8.687 0.181
~ 5 9.648 17.978 21.154 13.401 0. 181
6 16.559  23.731 22.622 15.312 0.181
2 7 17.739  26.006 23.690 17.350 0.181
b 3 21.374 28.661 26.226 19.261 0. 181
~ 9 23.406 34.153 29.691 24.887 0.256
10 23.406 34.153 31.026 32.786 0
11 23.406 34.406 31.026 32.786 0
12 24,985 38.204 32.754 34.361 0
0.25 0 0 0.9515 0 1.332
0.5 3.431  2.520 3.351 2.379  2.101
1 5.211  2.594  5.968 5.128  2.222
2 8.312  10.412 12.908 10.324 3.505
3 11.088 17.800 21.191 15.096 3.505
4 13.636  24.761 28.952 19.293  3.548
~ 5 16.194  30.731 35.836 20.854 2.850
6 20.299 37.477 43.437 28.022 2.530
2 7 22.628 44,105 49.694 32.439 0.891
¢ 3 23.741 46.889 54.473 34.177 0.891
~ 9 25.965 49.673 57.658 36.204 0.891
10 29.076 54.351 62.722 40.041 0.357
11 32.079 59.170 69.663 43.360 0
12 32.853  62.566 75.368 46.111 0
0.25 2.647 0 1.055 0.513 0
0.5 5.298 0 1.055  0.513 0
1 6.185  5.394 8.361 3.326 0
2 8.839  8.801  9.266 4.682 0
3 15.784 13.882 19.007 8.543 0
4 16.882  16.011 19.007 12.297 0
~ 5 19.688 21.832 26.883 14.562 0
6 20.861 22.683 28.693 16.225 0
2 7 25.283  25.990 33.372 20.356 0
d 8 26.167 29.681 37.595 21.368 0
~ 9 27.937  31.101 37.595 22.450 0
10 30.735 34.503 42.757 25.963 0
11 32.357 35.781 44.717 27.101 0
12 32.654 38.560 49.544 29.168 0
0.25 4407 6.296 0 T.305 0
0.5 8.640 11.006 2.097 5.419 1.495
1 15.364 14.386 4.267  7.490  6.114
2 23.306 22.452 8.001 11.114 9.386
3 27.195 29.222 11.183 16.533 11.018
~ 4 34,259 37.050 18.600 21.711 16.792
5 37.803 43.857 20.635 25.853 16.906
26 42.577  48.87 23.896 28.517 15.617
c 7 47.698 51.704 23.896 30.070 16.964
< 8 51.235 56.221 31.305 34.557 20.429
9 55.112  64.621 34.468 37.859 16.650
10 57.243  64.621 34.468 37.859 16.650
11 61.481 64.477 35.642 41.012 20.500
12 65.541 67.808 38.400 46.257 21.836
( ) ,
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Fig. 2 Curves of oxygen consumption
about TCE at different concentrations by

different acclimated sludge
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Study on Trichloroethylene Aerobic Degradation
by Different Substrate

WANG Xue-lian', XI Cai-jics YANG Qi', Gan Xiao-li', SHANG Hai-tao'

(1. School o f Water Resources & Environment , China University of Geosciences, Beijing 100083, China;

2. Beijing Geological Survey . Beijing 102206, China)

Abstract: In this study, phenol, benzoic acid, benzene, toluene and chlorobenzene are used as accli-
mated substrates in an activated sludge system. The biodegradability of the five acclimated substrates
and that of trichloroethylene (TCE) are conducted by measuring oxygen consumption with Warburg
respirometer. The biodegradability parameter is expressed with bio-oxidation ratio in twelve hours.
The oxidation ratio of phenol, benzoic acid, toluene and benzene at 40 mg/L is up to the maximum
and they are 93.71%, 64.67% , 39.24% and 9.15% respectively. But chlorobenzene can be degraded
only at 20 mg/L and its oxidation ratio is 46.09% . Based on this, the biodegradability relationship of
the five compounds is concluded: phenol > benzoic acid > toluene >> benzene > chlorobenzene.
TCE biodegradability ratio for TCE concentration of 50 ©g/L, by acclimated sludge using toluene,
phenol, benzoic acid and chlorobenzene as substrates, reached the maximum and they are 54.14%,
33.69%, 23.91% and 21.11% respectively. While in benzene acclimated sludge, TCE can be degrad-
ed only at 10 #g /L and its oxidation ratio is just 13.8% . Then TCE biodegradability relationship by
the five acclimated sludge is as follows: toluene > phenol > benzoic acid > chlorobenzene > ben-

zene.

Key words: trichloroethylene (TCE) ; biodegradability; aerobic degradation; Warburg respirometer



