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 Degradatio n  of  M ic robes  for  th e   Crude   Oil  Cont  am  in ants �
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 Abstract ： Production  and  storage- transportation  ofcr  ude  oilcan  notonly give  rise  to soilpollution  butalso 

 destroy  ecological  environm ent.  Degradatio  n of  m icrobes  for  oily  soil w as  studied  with  the  instrum ent ，
 Geofina   Hydrocarbon   Meter （ GHM ）， by  experim ental analysis qualitatively and  q  uantitatively in  the  pa-

 per.  Analytical result showed  that the  crude  o  il could  be  considerably degraded  by  eating- o  il m icrobes  in 

 oily soil and  the  num ber  of eating- oilm icrobe  s increased  while the  working  hours of oil- wel  lrising.  As a 

 result ， contam  inated  oilcould be  degraded  m ore quick  ly by  a lotofeating- oilm icrobes  in the  soil.  A  tthe 

 sam  e tim e ， the  degradation  rate ofcontam  inated  oilincr  eased  gradually as  the  tim e w enton.  In additio n，
 am  ount of  gaseous  com  ponent in  the  oily  soil sa  m ples  increased  with  degraded  tim e and  the  m ic  robes 

 could  selectively consum e contam  inated  oil s  trongly ， so  biodegradation  m ight alleviate the  degree  of con-

 tam  ination  and  destruction  to the  soil and  env  ironm ent in  the  process  ofoil production  at oi  lfield. The  law 

 of oily soil degraded  by  m icrobes  was  investig  ated  and  som  e 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  ofcrude  oilfalling  and  leakage  ofte  n happen.

 The  crude  oilentering  into soilofthe  earth ＇ s  surface  re-

 sults  in  environm ent  pollution ［1 ～3 ］.  The  petroleum 

 pollution  for  soil m ay  destroy  structure and  f  unction  of 

 ecosystem ， which  not  only  m akes  the  com  prehensive 

 fertility ofsoildecline  butinfluences  grow  ing  ofplants.

 It is m ore aw ful that organic  contam  ination  in  soil m ay 

 harm  hum an  health  by  biological accum ulation  and  en-

 largem  ent action  of  natural  food  chain ［4，5］.  Many  or-

 ganic  contam  inants  in  petroleum  can  result in  various 

 diseases ， for  instance ， cancer ， m alform ation  and  gene 

 m utation ， to hum an  beings ， so  the  research  ofdegrada-

 tion  for  crude  oil contam  inants  is  of  im portan  t signifi-

 cance ［6，7］.

 At present ， the  m ethod  of  biological  degradation 

 is considered  as  a better  w ay  in  the  w orld.  Micr  obes 

 can  degrade  organic  contam  inants in  soil.  The  process 

 ofbiological  m ethod  is sim pler  than  other  one  s and  ex-

 pense  is low er.  In addition ， its effect  is better  and  it 

 can ＇ tproduce  additionalpollution.  So  som  e s  cholars in 

 the  w orld begin to study  the  m ethod  ofbiologic  aldegra-

 dation  according  to the  characteristics  of oi  lfield  soil in 

 different areas ［8，9］.  Biological  m ethod  to  resolve  soil 

 contam  ination  w ill be  a significantdirectio  n of technol-

 ogy  for  environm ental protection  in  the  futur  e.  In  Chi-

na， the  soil environm ents of  m ost oilfields  are su  itable 

 for  applying  biological  m ethod.  Taking  soil  c  ontam  i-

 nants of the   First  Production   Factory at Daqin  g  Oilfield 

 for  exam  ple ， the  experim entfor oily soilbiodegradation 

 w ere finished  and  the  characteristics  ofm icr  obes  degra-
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 dation  for  crude  oil w as  analyzed  qualitative  ly  and 

 quantitatively ， utilizing  technology  of  therm o- evapora-

 tion  gas  chrom  atograph.  Moreover ， the  law  ofoily soil 

 degraded  by  m icrobes  was  investigated  and  som  e useful 

 conclusions w ere drawn in  the  paper.

1　 Experim  enta l  Sam  ple s  and   Analy sis 
 Meth od 

1.1　 Experim  ental Sam  ples 

 Experim ental sam ples  were collected  from  oil - well 

 area  thatwas  far away  from  the  site ofhum an  act  ivity.

 Sam  ple   1  was  collected  from  the  place  where  oil -

 wells  had  being  worked  for 15   years.  There were  m ore 

 eating- oil m icrobes  selected  and  dom  esticat  ed  by  the 

 nature in  the  oily soil near  oil- w ells w ith  lon  ger  work-

 ing  history.  Sam  ple  2  w as  gained  from  the  area  w  here 

 oil- wells had  being  w orked  for tw o years.  The  b  asic da-

 ta of the  soil sam  ples  is  listed  in   Table  1.

1.2　 Experim  ental M ethod 

 Microbes  have  good  capability  of  adaptation  f or

 the  naturalenvironm ent.  The  degradation  deg  ree  ofpe-

 troleum  hydrocarbon  is  related  to  the  species  and  a-

 m ountofm icrobes ， petroleum  com  position  and  the  en-

 vironm ental param  eters influencing  biochem  icalaction.

 Tem  perature of 10  ～40   degrees  centigrade  is th  e opti-

 m al condition  for  m icrobe  reproduction ， so  experim ent 

 w as  carried  on  under the  condition  of room  tem  p  erature 

（ about  25   degrees  centigrade ）  and  natural  m oisture 

 environm ent.  At first ， put  sam  ple （100 g ）  triturated 

 into particle  size （1 m m ）  into  clean  transparent glass 

 colum n ， then  add  coolw ater  boiled  to the  sam  ples  and 

 m ake  sam  ple   just  im m erse  in  w ater.  The  am  ount  o f

 w ater  is  decided  by  sam  ple  absorption  degree.  This 

 experim ent should be  carried  on  in the  laborat  ory with-

 out light and  w ind.  Experim ental  tim e w as  set  f  or  five 

 days ， ten  days  and  fifteen  days  respectively.  In add i-

 tion ， the  disturbance  com  ing  from  m an  should  be  a-

 voided  in  the  process  of experim ent.

 Table 1　 Basic data of the soil sam  ples 

 Sam ples 
 Density 

（ g / cm 3）

 Porosity 

（％）
pH

 W ater content 

（％）

 W eight loss 

（％）

 Electric conductivity 

（μ s / cm ）

Ⅰ

Ⅱ

2.014 

2.054 

3.3 

3.7 

8.75 

9.40 

1.38 

3.06 

4.92 

2.34 

91.6 

94.9 

　　 The  m ain instrum entused  in analyticalexpe  rim ent 

 was  large- scale   Geofina   Hydrocarbon   Meter （ GHM ）

 m ade  in   Norway   GEOLAB.  Three   GHM  detectors wer e

 all FID  types.  The  exit pressure ofhigh  pure hy  drogen 

 was  0.26 MPa ， and  the  constant pressure of  air com  -

 pressor  w as setto  0.6 MPa.  The  carrier gas  was h  elium 

 whose  exit pressure w as   0.4 MPa  and  the  pressur  e a-

 head  of  colum n w as   0.06 MPa.  Chrom  atographic  c  ol-

 um n was   OV -1032 d quartz  capillary colum n w ith  the 

 length  of   25   m eters.  Velocity  of  helium  going  t h-

 rough  the  chrom  atographic  colum n w as   0.85 m l /  m in.

 Sam  ple in jection ， detector  and  auxiliary part of the  in-

 strum entw as  set  to  the  sam  e tem  peratures （300   de-

 grees  centigrade ）.

 Initialtem  perature ofquantitative  analysi  s w as 220 

 degrees  centigrade ， then  increase  tem  perature to   300 

 degrees  centigrade  at the  rate  of 40   degrees  ce  ntigrade 

 per  m inute and  keep  it for  two m inutes.  Organic  com  -

 ponents ofpetroleum  in  soil were volatilized  from  sam  -

 ples.  The  products of therm o- evaporation  wer  e carried 

 by  carrier  gas  to   FID  C and   FID  A respectively ， then 

 they  were  detected  quantitatively  and  qualit  atively.

 The  ratio of gas  distribution  betw een   FID  C and  FID  A 

 w as   30∶1.  The  tem  perature of  chrom  atographic  oven 

 w as  initially set  at 30   degrees  centigrade.  Th  en  it w as 

 raised  at  the  rate  of   4  degrees  centigrade  per  m  inute 

 to   300   degrees  centigrade  and  keep  it for   20   m in  ute-

 s until the  experim entwas  finished.  By the  abo  ve  ex-

 perim ent ， the  quantitative  and  qualitative  data  of  bio-

 degradation  for  oily soil w ere obtained  in  ord  er  to  cal-

 culate  the  am  ount and  com  position  of oily orga  nic m at-

 ters in  the  sam  ples.

2　 Experim  enta l  Results  and   Discussio ns 

 Degraded  rate  and  degraded  am  ount  w ere got 

 by  experim ental  data  analysis  in  the  process  o  f m i-
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 crobe  degradation  for  oily  soil.  The  characte  ristics  of 

 relative  degraded  rate  for  sam  ples  w as  shown  a  s  Fig.

1.  The  num ericalvalue  in   Fig.1   had  been  norm al  ized.

 Because  there were m ore eating- oil m icrobes  i  n sam  ple 

1  than  those  in  sam  ple  2 ， the  relative  degraded  rate for 

 organic  m atter during  5  days w as  m uch  higher th  an  that 

 of  sam  ple   2.  In  addition ， w ith  m icrobe  degradation 

 continuing ， the  velocity  ofdegradation  of the  tw o sam  -

 ples  becam  e faster  and  faster  and  their relati  ve  degrad-

 ed  rate  also  becam  e higher  and  higher.  The  resu lt

 show ed  that  the  m ore eating- oil m icrobes ， the  faster 

 m icrobe  degradation  for  oily  soil.  In other  wo  rds ， oily 

 soil around  oil w ells w ith  longer  production  h  istory had 

 m ore eating- oil m icrobes ， so  the  degraded  degree  of 

 contam  inated  oil was  increased  obviously.

 Fig.1　  Relative  degradation  rate of 

 oily soils in different tim e 

 The  quantitatively  analytical  result of  oil a  m ount 

 with  tim e changing  in  soil sam  ples  was  shown as  Fig.

2， which  shows the  quantity  of  contam  inated  oil w as

 very different  in tw o sam  ples.  The  initialam  o  untofor-

 ganic m atter  in  sam  ple   1 （0.358 m g / g ）  w as  obvious-

 ly  higher  than  those  in  sam  ple  2 （0.056 m g / g ）.  Sam  -

 ple  1  cam  e from  the  districtwhere oilwells had  longer 

 production  history ， so  the  contam  inated  oil had  been 

 accum ulated  continually ， which  resulted  in  the  am  ount 

 of  organic  m atter  in  sam  ple   1  w ere m ore.  W herea s，
 sam  ple   2  cam  e from  the  district  where oil w ells  had 

 shorter  production  history ， so  the  am  ount  of  organic 

 m atter  in  sam  ple  2  w as  low er.  Fig.2   also  show ed  the 

 am  ount  of  organic  m atter  in  tw o  sam  ples  all  de-

 creased  with  the  m icrobe  degradation  getting on，

 which  m eantm icrobe  degradation  for organic m  atter be-

 cam  e strong  with  tim e going  on.  There really we  re eat-

 ing- oil m icrobes  in  the  soil around  oil w ell an  d they 

 could  degrade  petroleum  in soil.  Certain com  p  osition  of 

 petroleum  w as  selectively  consum ed ， therefore the  de-

 gree  ofdestruction  ofcontam  inated  oilfor so  iland  envi-

 ronm ent  w as  alleviated  in  the  nature.

 Fig.2   Biodegraded  characteristics  of soil 

 organic m atter  quantitatively 

 The  qualitatively  analytical  result  for  orga  nic 

 m atter  in  sam  ple  could  be  dem  onstrated  by  the  p  er-

 centage  content  of  gaseous  and  non- gaseous  co  m po-

 nents atnorm altem  perature.  The  qualitative  ly  analyti-

 cal  characteristics  for  m icrobe  degradation  for  organic 

 m atter  in  soil w as  shown as   Fig.3.

 Fig.3   Biodegraded  characteristics  of 

 soilorganic m atter  qualitatively 

　　 The  com  ponent contents  of  gaseous  hydrocar  bons 

 in  sam  ple  1  w ere always  higher  than  sam  ple   2  dur  ing 

 the  process  of  m icrobe  degradation  for   15   days （ Fig.

3）.  The  gaseous contents  ofthe  sam  ples  increase  d w-

 ith  the  tim e ofdegradation  going  on ， how ever  the  gase-

 ous  contents  of  sam  ple   1  decreased  on  the  fifte  enth 

 day.  Main  reasons  could  be  as  follows ： on  the  one 

 hand ， m icrobe  degradation  for  soil organic  m atter  w as
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 of  selectivity.  Hydrocarbon  com  pounds  w ith  m  edium 

 long  carbon  chain  w ere preferentially  degrad ed， how-

 ever ， gaseous  hydrocarbon  m olecules  and  heavy  com  -

 ponents  were left.  As a result ， the  contentof lighthy-

 drocarbons  increased  in  sam  ples.  On the  other  hand ，
 the  phenom enon  m ight be  related  to  the  m ethane  pro-

 duced  in  the  process  of m icrobe  degradation.  Q  ualita-

 tive  analysis  also  confirm ed  that  m icrobes  ha  d really 

 stronger  degradation  and  consum ed  action  for  crude 

 oil.

3　  Conclu sio n 

 Analytical  results  for  sam  ple  of  oily  soil dem  on-

 strates ： there exist  eating- oil m icrobes  in  oily  soil n  ear 

 around  oil- w ell  and  m icrobes  could  considera  bly  de-

 grade  petroleum  dropped  and  leaked  in  soil ， which 

 could  decrease  petroleum  destruction  for soi  land  pollu-

 tion  for  environm ent.  The  longer  the  w ell hist  ory w as ，
 the  m ore the  eating- oil m icrobes  w ere in  the  so  il near 

 wells.  As a result ， contam  inated  oilcould  be  degraded 

 quickly.  More contam  inated  oil w as  accum ulat  ed  w ith 

 history ofoil- w elllonger ， so  the  am  ountoforganic m at-

 ter  in  oily  soil increased  obviously.  The  rela  tive  de-

 graded  rate of contam  inated  oilw as  increased  gradually 

 as  the  tim e went on.  Am ount ofgaseous com  ponen  tin-

 creased  w ith degradation  carried  on  in the  oil  y sam  ple.

 The  m icrobes  could  selectively  consum e conta  m inated 

 oils  strongly.  The  study  on  m icrobe  degradati  on  for 

 oily  soil w as  of  practical  value  for  environme  ntal  pro-

 tection  and  im portant  significance  for  the  co  ntinu-

 able  developm ent ofeconom  y in  the  districtof  oilfield.
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