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Experimental Study on the Mechanism of QOilfield Wastewater Treatment by Using

Hydrolysis- Acidification with Aerobic Biological Processes

WEN Yue, HUANG Xiang-feng, QIU Zhan, WANG Feng, ZHANG Fetjuan, ZHOU Q1

(State Key Laboratory of Pollution Control and Resources Reuses, Tongji University, Shanghai 200092, China)

Abstract: Hy drolysis-acidification + aerobic biological processes were conducted experimentally to treat oilfield w astew ater pretreated
with physical and chemical treatment in Xinjiang oilfield. T he results showed that when the COD concentration in influent was 190~

220 mg= L™ !, that in effluent reduced to 65~ 75 mg*L™ ' under HRT of 10h in both hydrolysis-acidification process and aerobic
biological process, reaching the strictest requirement of Effluent Standards for Wastewater from Petroleum Development Industry
(GB3550-83) . Using GC/ MS technology, the relative content of various organic pollutants w as analyzed to discover the transfer and
degradation law in the oilfield wastewater in biological treatment process. The system of DNA extraction technique, PCR and DGGE
reacting systems w ere practical to analyze the microbial community in the hydrolysis- acidification and aerobic biological processes. The
predominant sequences of several 16S tDNA DGGE fragments w ere determined and confirmed in comparson in GeneBank (NCBI) .
Key words: hydrolysis acidification; aerobic; oilfield wastewater; GC/ MS; transfer and degradation of pollutants; BTEX; PCR-
DGGE; analysis of microbial community
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[12] 3
. 1 /mge L ! Table 3 Format feature of reactor
Table 1 W ater quality of wastewater/ mg*L.~ ! / /
mm mm /mm /L
pH COD  BODs/COD TN TP 5 500 o - 5
8.0 3.68 190~ 230 0.20 6.08 0.12  8280.60 100 500 350 2.8 7
2 1.1.3
Table 2 Active sludge qualities pH  Model AB15 ; BODs
Enovi HI199724A6  BOD ;
1 2 3 [13]
(MLSS) /gl ! 3.8 3.6 3.4 ’
MLVSS/ MLSS 0.83 0.78 0.82 1.2
1.2.1
1.1.2 -
, 4, R H3-03
, , , 31
3.2 , mg/ L; 0.103 mg/L; 0. 0073
40C X1 C. mg/ L; 0.005 7mg/ L.
4
Table 4 Operational results of process experiment
H1 H2 H3 H+O3 H2-03 H3-03
/h 20 15 10 20~ 10 15~ 10 10~ 10
coD /kg* (m3d)~! 0.235 0.326 0.487 0.245 0.264 0. 290
BOD/ COD 0. 14 0. 20 0.12
pH 7.8~ 8.4 7.8~ 8.4 7.8~ 8.4 8.0~ 8.6 8.0~ 8.6 8.0~ 8.6
pH 8.0~ 8.6 8.0~ 8.6 8.0~ 8.6 8.6~ 8.8 8.6~ 8.8 8.6~ 8.8
COD/mge 1. ! 196£8 204%12 203£10 102%2 1109 121%4
COD/mge L™ 98110 110£9 121%4 755 6714 72+4
coD 1 % 50%3 45%5 40%2 26%6 39%£5 41%3
CcoD !/ % 62t4 661E3 6312
1.2.2 , COD
(1 s 10h,
BODs/ COD \ COD 0. 487 kg/ (m’+ d) .
, BODs/ COD , 10h, COD
U4 HRT  10h 0. 235 kg/ (m’* d) 0. 487 kg/ (m’*d),
20h , HRT 15h s
COD 45% , BODs/ COD 0.2, )
HRT 15h R 10h, COD 0. 290
COD , . ke/(m’*d).
(2) COD
COD - :
COD COD 0. 487

, 4 coD . 3 ko/ (m*d), COD 0. 290
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kg/ (m’d), H303. USEPA625
2 [15, 16]
, (
2.1 )
2.1. 1 1 2
H3-03 -
1 000mL, 10. OMg .
100. OKg ,  10% NaOH 1, 2 ) Co~ Co
pH 211, 50mL 3 , 100~ 140
. 5 mol/ L ) )
H2804 pH <2, Ce~ Co )
. , Na2SO4 100~ 140 , COD 40% .
, K=D ( Kuderna Danish ) Ce~ Co
1.OmL. 1.0HL  GC/MS . . Gs 100
21.2 GC/MS C7~ Co . Cs
: Finnigan Voyager - 100 ) 85% )
; :HP-5 (30m % 0. 25mm, COD 41% .
0. 25Hm) ; : 50 C( 2min) ~ 300°C( Cr~ Co 120~ 140
10min) ; : 10 'C/ min; :250°C; ) Ce 100
( ):He( 1. 0 mL/ min); 1150 1; C7~ Co 120~ 140
:EI 70eV, 200 C; : . )
41~ 450u; :NIST + NBS . ’
2.2 -
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Fig. 1 Relation between wastew ater component and catbon number
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Fig. 2 Relation betw een wastew ater component and atom ic w eight distribution
5
Table 5 The analysis of wastewater component in different phase 3
3.1
!/ % !/ % ! %
14. 01 21.65 0.30 311
ND ND ND 12 H3-03,
32.87 8.90 3.80
23.92 26. 50 82. 60
0.35 1.25 0. 81 3.1.2 DNA
ND ND ND DNA H
1.71 1.78 3.20 , DNA : 2
12.34 1.50 2.65
10.09 15.45 102 > 13.5mL DNA (100
0.12 11.20 0.87 mmol/ L Tris HCI, 100 mmol/L EDTA, 100 mmol/L
4.58 8.00 3.16 K>HPO4, 100 mmol/ L KH2PO4, 1. Smol/ L. NaCl, 1%
ND 3.77 1.58
CTAB, pH8.0) : 40U, (20
, 6 - mg/ mL) , 40ML K (20 mg/mL),
BTEX( - , . 37C,225t/min 30min,
) : 1. 5mL 20% SDS, 65C 2h, 15~
20min , 5 000r/ min 10min,
’ . . 50mL
6 BIEx 4. 5mlL 0.5mL 20%  SDS, 10s
Table 6 Degradation of BTEX in wastew ater . . . .
65°C 10min, 5 0001/ min 10min.
’ - (24- 1
0-335 0.234 0065 ) ,50000/min  10min,
1.074 ND ND 50ml. , ,
0.323 D ey 0.6 1h, 90001/ min
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20min, S00HL TE
31.3 PCR
[18] DNA PCR
, 1 : 5-CGCCCGCCGLCGLGGE
G GGCGGGGGGGGCCCACGGGGGGCCT ACGGG
AGGAGCAG-3, 2 : 5-ATTA
CCGCGGATGCTGG-3 . PCR Thermolyne
Ampliton" 1] , PCR Promega
PCR 39UL ddH -0, 5HL 10 x
, 1ML PCR P1, 1ML PCR P2, 1ML
dNTP, IHL Taq , 2HL .PCR :
94°C 5min; 94 C 45s,72°C
90s, 60 °C 45s, 30 ; 72°C
20min.
3.1.4 DGGE
[19], DGGE DGGE
(Bio-RAD) DNA, ,
30% ~ 60% . 1
x TAE, 150V, 60°C, 5h,
20min. . "
, 30UL TE pH 7. 6 . PCR
, 3.1.3.
3.1.5
3.2
3.2.1 DNA
2 DNA 1%
SmartView
DNA 5~ 6kb.
DNA .
3.2.2  DNA  16S rDNA
, 0.1~
60k b . DNA
16S tDNA PCR \
, 240bp , 16S rDNA V3
3.2.3 16S rDNA
LG 16S rDNA
PCR 3~4h
, 3.
(1) 4

3 16SrDNA DGGE
Fig.3 16S rDNA separated by DGGE

RLL

ih'ai&‘f“"»: «J L"‘k“' ‘\;u ﬁ"‘;s‘{’;’\f}ﬁ;,:lj [ﬂ[ “
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4 1,2
Fig. 4 Densiy comparison of band 1 and band 2

(2)
[20]

Simpson  Shannor Wiener

DGGE

Sim pson :
_ Nix(Ni— 1)
b= _[ZNX(N—I)]
, N i , N
Sim pson D

2

Shannorn- Wiener

R~ N

Shannor Wiener H

7 Simpson, Shannor- Wiener

Table 7 Diversity index of activated dudge in different eco-systems

D H
1 0.9657 5.5926
2 0.9873 5.706 5
2 Simpson

Shannor Wiener ,
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, 2 Band
: : (3  PCR NCBI
, , , 8 2
2 , 16S rDN A ,
. CFB group bacterium
3.2.4 16S DN A cy anobact erium, Thiococcus
Rhodovulum
8 16S rDNA DGGE
Table 8 Sequences of several 16S rDNA DGGE fragments
NCBI NCBI
Uncultured CFB group bacterium Identities = 99/ 103 (96% ) AF452597
F1 Uncultured CFB group bacterium Identities = 99/ 103 (96% ) AF449774
Uncultured CFB group bacterium Identities = 99/ 103 (96% ) AF449773
uncultured cyanobacterium Identities = 128/ 134 (95%) AY100329
+2 uncultured cyanobacterium Identities = 128/ 134 (95%) AY100328
uncultured cyanobacterium Identities = 128/ 134 (95%) AY100327
Uncultured T hermotogales bacterium Identities = 150/ 152 (98%) AY692052
21 uncultured bacterium Identiies = 150/ 152 (98%) A'Y482446
uncultured eubacterium AS12 Identities = 149/ 152 (98%) AY275931
T hiowccus sp. AT 2206 Identities = 148/ 150 (98% ) AJ401203
22 T hiowccus sp. AT 2217 Identities = 148/ 150 (98% ) AJ401211
T hioaapsa sp. Identities = 146/ 151 (96%) T JO10125
a3 Rhodovulum sp. Identities = 125/ 125 (100% ) D 16420
i Rhodovulum sp. AR2002 Identities = 125/125 (100%) AJ401214
Uncultured bacterum Identities = 123/ 132 (93%) AY349569
24 Uncultured bacterum Identities = 123/ 132 (93%) AY525663
Green non-sulfur bacterium OPBI1 Identities = 121/132 (91%) AY027031
2
4
16S rDNA ,
(1) - CFB group bacterum
, cy anobact erium, Thiococcus
COD { Rhodovulum
(GB3550-83)) I
15h
_ [1] L
[J1. ,2004, 30( 1): 43~ 45.
: COD .
3, . . s
0.487 kg/(m’+d), COD (. L2002, 15(5) : 32~ 34.
0.290kg/ (m’*d). [3] , , -SBR L1,
(2) GC/ MS ,2000, 13(1): 41~ 42.
[4] , . -
’ [J1. ,2001, 21( 1): 50~ 60.
- [5] , [J1.
s ,2000, 21(2) : 56~ 57.
[6] . [J]. , 2000, 18
2
(1):18~ 20.
’ [ 7] Tellez G T, Nirmalakhandan N, Jorge G L. Evaluation of
BTEX biokinetic coefficient in degradation of oilfield produced water
(3) PCR under varying salt concentrations [ J]. Water Research, 1995,
DGGE 29(7): 1711~ 1718.
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