19
2004 6

ADVANCE IN EARTH SO ENCES

Vol.19 Suppl.
Jun. 2004

Article ID 1001-8166 2004 Suppl.-0516-04

Degradation of Microbes for the G ude QI Contaminants

LIU Xiao-yan SHI Peng-fei SUN De-zhi
Science school  Harbin Institute of Technology Harbin 150001 China
Abstract Production and storage-transportation of crude oil can not only give rise to soil pollution but also
destroy ecological environment. Degradation of microbes for oily soil was studied with the instrument
Geofina Hydrocarbon Meter GHM
per. Analytical result showed that the crude oil could be considerably degraded by eating-oil microbes in

by experimental analysis qualitatively and quantitatively in the pa-

oily soil and the number of eating-oil microbes increased while the working hours of oil-well rising. As a
result contaminated oil could be degraded more quickly by a lot of eating-oil microbes in the soil. Atthe
same time the degradation rate of contaminated oil increased gradually as the time went on. |n addition

amount of gaseous component in the oily soil samples increased with degraded time and the microbes
could selectively consume contaminated oil strongly so biodegradation might alleviate the degree of con-
tamination and destruction to the soil and environment in the process of oil production at oilfield. The law

of oily soil degraded by microbes was investigated and some useful conclusions were drawn in the paper.
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In the course such as oil exploitation storage

transportation processing and production and so on
the cases of crude oil falling and leakage often happen.
The crude oil enteringinto soil of the earthssurface re-
sults in environment pollution The petroleum
pollution for soil may destroy structure and function of
ecosystem which not only makes the comprehensive
fertility of soil decline but influences growing of plants.
It is more awful that organic contamination in soil may
harm human health by biological accumulation and en-
largement action of natural food chain Many or-
ganic contaminants in petroleum can result in various
diseases for instance cancer malformation and gene
mutation to human beings so theresearch of degrada-
tion for crude oil contaminants is of important signifi-
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Contaminants Degradation

Experimental analysis

At present the method of biological degradation
is considered as a better way in the world. Mcrobes
can degrade organic contaminants in soil. The process
of biological method is simpler than other ones and ex-
pense is lower. In addition its effect is better and it
cant produce additional pollution. So some scholars in
the world begin to study the method of biological degra-
dation according to the characteristics of oilfield soil in
different areas Bological method to resolve soil
contamination will be a significant direction of technol-
ogy for environmental protection in the future. In Chi-
na the soil environments of most oilfields are suitable
for applying biological method. Taking soil contami-
nants of the First Production Factory at Daging Qilfield
for example the experiment for oily soil biodegradation

were finished and the characteristics of microbes degra-
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dation for crude oil was analyzed qualitatively and
quantitatively utilizing technology of thermo-evapora-
tion gas chromatograph. Mbreover the law of oily soil
degraded by microbes was investigated and some useful

conclusions were drawn in the paper.

1 Experimental Samples and Analysis
Method

1.1 Experimental Samples

Experimental samples were collected from oil-well
area that was far away from the site of human activity.
Sample 1 was collected from the place where oil-
wells had being worked for 15 years. There were more
eating-oil microbes selected and domesticated by the
nature in the oily soil near oil-wells with longer work-
ing history. Sample 2 was gained from the area where
oil-well's had being worked for two years. The basic da-
ta of the soil samples is listed in Table 1.
1.2 Experimental Method

Mcrobes have good capability of adaptation for
the natural environment. The degradation degree of pe-
troleum hydrocarbon is related to the species and a-
mount of microbes petroleum composition and the en-
vironmental parameters influencing biochemical action.
Temperature of 10 40 degrees centigrade is the opti-
mal condition for microbe reproduction so experiment
was carried on under the condition of room temperature

about 25 degrees centigrade and natural moisture

environment. At first put sample 100g triturated

into particle size 1mm into clean transparent glass
column then add cool water boiled to the samples and
make sample just immerse in water. The amount of
water is decided by sample absorption degree. This
experiment should be carried on in the laboratory with-
out light and wind. Experimental time was set for five
days ten days and fifteen days respectively. In addi-
tion the disturbance coming from man should be a-

voided in the process of experiment.

Table1l Basic data of the soil samples
Density Por osity W aer content W eight loss Electric conductivity
Samples
glcm® ps/em
2.014 3.3 8.75 1.38 4.92 91.6
2.054 3.7 9.40 3.06 2.34 94.9

The main instrument used in analytical experiment
was large-scale Geofina Hydrocarbon Meter GHM
made in Norway GEOLAB. Three GHM detectors were
all FID types. The exit pressure of high pure hydrogen
was 0. 26 MPa and the constant pressure of air com-
pressor wassetto 0.6 MPa. The carrier gas was helium
whose exit pressure was 0.4MPa and the pressure a-
head of column was 0.06MPa. Chromatographic col-
umn was OV-1032d quartz capillary column with the
length of 25 meters. Velocity of helium going th-
rough the chromatographic column was 0. 85ml/min.
Sample injection detector and auxiliary part of the in-
strument was set to the same temperatures 300 de-
grees centigrade .

Initial temperature of quantitative analysis was 220
degrees centigrade then increase temperature to 300
degrees centigrade at the rate of 40 degrees centigrade

per minute and keep it for two minutes. Qganic com-

ponents of petroleum in soil were volatilized from sam-
ples. The products of thermo-evaporation were carried
by carrier gasto FID C and FID A respectively then
they were detected quantitatively and qualitatively.
The ratio of gas distribution between HD C and FID A
was 30 1. The temperature of chromatographic oven
was initially set at 30 degrees centigrade. Then it was
raised at the rate of 4 degrees centigrade per minute
to 300 degrees centigrade and keep it for 20 minute-
s until the experiment was finished. By the above ex-
periment the quantitative and qualitative data of bio-
degradation for oily soil were obtained in order to cal-
culate the amount and composition of oily organic mat-
ters in the samples.

2 Experimental Results and Discussions

Degraded rate and degraded amount were got

by experimental data analysis in the process of mi-
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crobe degradation for oily soil. The characteristics of
relative degraded rate for samples was shown as Fig.
1. The numerical value in Fg.1 had been normalized.
Because there were more eating-oil microbes in sample
1 than those in sample 2 the relative degraded rate for
organic matter during 5 days was much higher than that
of sample 2. In addition with microbe degradation
continuing the velocity of degradation of the two sam-
ples became faster and faster and their relative degrad-
ed rate also became higher and higher. The result
showed that the more eating-oil microbes the faster
microbe degradation for oily soil. In other words oily
soil around oil wells with longer production history had
more eating-oil microbes so the degraded degree of

contaminated oil was increased obviously.
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Fig.1 Relative degradation rate of

oily soilsin different time

The quantitatively analytical result of oil amount
with time changing in soil samples was shown as Fig.
2 which shows the quantity of contaminated oil was
very different intwo samples. The initial amount of or-
ganic matter in sample 1 0.358mg/g was obvious-
ly higher than those in sample 2 0.056mg/g . Sam-
ple 1 came from the district where oil wells had longer
production history so the contaminated oil had been
accumulated continually which resulted in the amount
of organic matter in sample 1 were more. Whereas
sample 2 came from the district where oil wells had
shorter production history so the amount of organic
matter in sample 2 was lower. Fig.2 also showed the
amount of organic matter in two samples all de-
creased with the microbe degradation getting on
which meant microbe degradation for organic matter be-
came strong with time going on. There really were eat-

ing-oil microbes in the soil around oil well and they

could degrade petroleum in soil. Certain composition of
petroleum was selectively consumed therefore the de-
gree of destruction of contaminated oil for soil and envi-

ronment was alleviated in the nature.
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Fig.2 Biodegraded characteristics of soil

organic matter quantitatively

The qualitatively analytical result for organic
matter in sample could be demonstrated by the per-
centage content of gaseous and non-gaseous compo-
nents at normal temperature. The qualitatively analyti-
cal characteristics for microbe degradation for organic

matter in soil was shown as Fg. 3.
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Fig.3 Biodegraded characteristics of

soi | organic matter qualitatively

The component contents of gaseous hydrocarbons
in sample 1 were always higher than sample 2 during
the process of microbe degradation for 15 days Fig.
3 . Thegaseouscontents of the samples increased w-
ith the time of degradation goingon however the gase-
ous contents of sample 1 decreased on the fifteenth
day. Main reasons could be as follows on the one
hand microbe degradation for soil organic matter was
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of selectivity. Hydrocarbon compounds with medium
long carbon chain were preferentially degraded how-
ever gaseous hydrocarbon molecules and heavy com-
ponents were left. As aresult the content of light hy-
drocarbons increased in samples. On the other hand

the phenomenon might be related to the methane pro-
duced in the process of microbe degradation. Qualita-
tive analysis also confirmed that microbes had really
stronger degradation and consumed action for crude
oil.

3 Conclusion

Analytical results for sample of oily soil demon-
strates there exist eating-oil microbes in oily soil near
around oil-well and microbes could considerably de-
which
could decrease petroleum destruction for soil and pollu-

grade petroleum dropped and leaked in soil

tion for environment. The longer the well history was
the more the eating-oil microbes were in the soil near
wells. As aresult contaminated oil could be degraded
quickly. Mbre contaminated oil was accumulated with
history of oil-well longer so the amount of organic mat-
ter in oily soil increased obviously. The relative de-
graded rate of contaminated oil was increased gradually
as the time went on. Amount of gaseous component in-
creased with degradation carried on in the oily sample.
The microbes could selectively consume contaminated
oils strongly. The study on microbe degradation for
oily soil was of practical value for environmental pro-

tection and important significance for the continu-
able development of economy in the district of oilfield.
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