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T2 FIURIFROKUE S50 7% 4 1 15 PE B0 J7 AKX o A0 38 Tl R S0 5 DA i 08 v 20 5 1 A e R g v, LA
FHT 55 SR A 64 ol A Wy o figp e i, T I R 5 SO AR e 8 it Tl 2B 0 00 B 0 v A il R M SR B R i o 45 2R R T,
B2 i 4 Ok R0 A AL A 0.59% . K BE IR 18] 30 min AT 50 °C & PR, nlKE I U8 5 AR i 107.1 mg-g T RN
393 mgg s JKUEJE AR TR 1 S R AR R TR R B RS T 2 MR I, R ORI T BT B
Ve v AN PRK B TR I o R Je e it G2 W R 8 TR S I ABR AV I, A1 R AR W i R A B R 2 4R T, 200d 5
FAMAREE N 4.62 mg-g o FEMCE R, e YO e R o 1 BN B AR R AN T A R AL A, N IS R I8 7 A 4L
Oy VSRR RE AR AR o AT ST 45 R T Al PG 55 i 3t D8 1 3R PR A B RIS
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PRI AT Ak &,

AHIFFE DL s 5 v v ik e S AR A R, $OLEE ST — A EOK Pk S B AR 18 B T T
WA T, B EERFIZEM RERRERIAL, DLEBR IR a0 A e, KGR & mska
WHTFH— YA, FEAY MR, BT T R AR R B 0T A W) A o R R s i, DA
SR A TS Y AR BRI S %

1 MR5F%
1.1 i FmER RN 75 A

Vi o 3tk PR i U SRk T ik YR AT 1 HUHA BV RO E4E 9 4B AR
Z: B (75 Yl 37 M 20455 W 0 5 R S ) ) (HT 25.2- Table 1 Composition of oil sludge from

different sampling points

2014)MV i € Tl [ A4 B R R AR B R

= o s ot A . T (mggh) % % (mgg")
SR FEL A0 63 2 00 2 il e 2 o, Jr B Al

a 584 293 53.6 98.3
el S-SR S ) 0B L L "
5085.6-2007)" i ff % O MR, LA IAK 1. ¢ 131 22,6 64.3 169
RSkl 6 AR S B BRA SR SN .
L ORAR M A 107 mgg L R s
FICMLTE, DGR, e o o T ”
MM, T e R A A W Y s 35k e ST 5K
WMo ¥ VTR 20 0l el BRI sl I IR R T 5 £2 FEBERNBLZRSS
OP10(2F FE 1y 58 48, £ M ik ) BC i) 1 Bl RS 1 Table 2 Chemical properties of various bulking agents
MEBEIBARERAT AT, BHZEE  sossn sulkmge)  BN% 8P% pH A%
MR, KIENT 3om, BEBARETE  ay e oo 010 19 18
WO, BRI A WAL, S - o om 14 s

7kﬁ%i&f$?}é%ﬁjﬁllﬁﬁﬂ%%ﬁlﬁﬁi/\ﬂ(, /ﬁ\:% it _ 1.69 1.03 8.6 81.3

T PERT UL 3, e - RE OB A
T4 (K, HPO,)Y R34t
&3 OHEENKEREBUM R
Table 3  Properties of the oil filed injected water

FE TR/ (g L)

- B (mg L) pH RBE/C bR (mg-g )
Ca™ Mg HCO3 cr SO¥  Na+K'
162.3 88.4 1032 5487 201.7 6421 13392 6.90 53.0 0.007 5

1.2 SRR

S v Y T AL B AU AE . ZD MY (O1L450, Jbmt e B RMEIAL 28 B AT BR AN 7)) fH IR
P37 %% (Climo-shaker 1SF1-X, =Pl iE KB 2 7] ); ML FEES (Eurostar 20, fEEHRAF); &
B VR 0L (J26SXPL, JE[E DL e & 8 wl); 286 BBt (BXS3, HARBAKE T F]); il 5 Iy
1 (XS/XL, 92 [ 8 B A AR B A Fl ;. B gk 1L (TX500C, 95 [F CNG 23 Al); B N/P 4 Hr 4L
(Multi C/N 2100, 75 = HS S AL 25 0y A BRA FD); pH i1 (FE28, ME4F#h-4CHI 228 7l); A $E IR 8 X
T1 4 (DHG-9023A, [ g AT 2% e A BRA 7).
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1.3 ESRIKETAL IR

7% HOm e S I R (TR 107 me-g ), NGB T EAEAEYEE, A O ER K PR Ak
PR T 2RI B il 32 0l T K T T B 6 VK B2 A 0.5% 1Y BRLZE 4R iR /OP 10 ¥4 W AR IR /OR10 ¥ 1K
VAW pH R 7o R SR 5K 7 AR AR T R R 5OV v e rh B B DT ) (4 SRR Ty,
A 50 €. 6000 rmin™' o 7F 250 mL HEJE I 23 A 25 g % by 8 1 75 mL IR, FEE
il %% 3 800 r'min~' F1 50 °C /KA AN, FHEIEVER VRN FIRF, 25 8K Ui B X peh R
MISZ s Bl S, FEKUESE BRI A TC R K, BTRARBULE (m/V) 2 1250 43K Bk G 5% 0 = iR
pH. BN, B P, fAEWRMK . A0k 5r KR/ 50 um) 7 & .
14 HEPREVEHINSEREBRES S

B 100 g 7% il 98 . 200 mL JC B A= B ER K A0 50 mL A7 I BEIR &, ZRALWR S TE . B
(12000 rrmin", 15 min) J5 YK A FCAE Vs A . S BOmJe 4 3 BHERY DNA K e A7 i A= W i
P& E T AT, BRI IR S I U HGE 00 5 vk o RS ARCE DA S 8 oy B AR R R
R, ORI R Y U P G B A B R K A U B B R VRO A R AR by 7E 37 C M EE KR 2 d,
L2 AT A B 1) TR 8 A R B A HE T VB O o K S A T S HE il P Y B TR R R R SR SR, PR
TR P& AT LB RHE S IR I b K BRI B2 A 1 I Al IR R SR 2 d, BRI HEh R S R s
B 22 K0 TR R Pl T D v YA 85 5 s P A 25 I A A B, O T AR A T U ) b e I A TR
B J5 . R OE R R A R LR A B R R KR AR R R SR A A E 3 g L R AR
3gL!' R 3L, BEREA 27 gL A Sl B, 37°C, 180 rmin',
1.5 £ YRR RERNMIE

F R TEAE P b A AR I e R R A R 0 2 8 S R I G YT S e A i SRR T A
Vs A R T — R RO O T AR S, BEEERS AT . B THE S EURME MR 4,
Ry IR AR, RS W P R A R 3% . 5% . 8% F 10%, JFFEFEE 1L
PGS NS T 88 7 do BEJS o AR 0200 2 R A W e KK B 3R AR AR,
1.6 EYIPEREMEEIEMN

XK YAk RS 0 R AP IE AT AR R SRR BRI, 25 S HR N 58 ik 1T B SR X AR 1y B A 5O 1 52
M SEEG I E A AUl YR LA M A Y gl . mTid 3 AR R X BFE T, A SRR R
BIEATE IR TR, ARt gl m ARV EHLEY , AW B4 AV R H . BRI JCHLER . S
¥h, K ERa . OB EOE E HBE FR ot (R A K HPO,, M C:N:P=100:10:1 il A) #4515
AR N o XTI, % H T 3% HAGF WGk 2 MRS R i AR B . X ik
B ST R AN kK, H A K AR R AE 35%~50%., ¥ R4 T E AN (LI TE 5—11 H 2 A
1), EWRIAS KSR AR BNP SR, IERIET AN KB NP,

DL EAR IR 8 3 A TAT R, SR A RO A
2 HBR518
21 FERFESKEBENHE

FEEE VIR AR AT, X T syl P AT K BEAL B, ORFBRARIL B, LA M TRAGEZEMAEMER
RORL SLH LT BRZEME IR VR (L5 1) A BRI BE R (BC 5 2) K BERICR , D25 SR L AT 1,
ML R I, AR BT BRI VR, BRI IS VE R A A N BRI, KRR AR D 1Y Tk R
AR PE R 354 mg-g s XN, By 15 N (A IE i e b £ B BRI ) A 3 K SR T 5K 1 ok
0.21 mN-m™', X THC 7 2 5 J5 i) 9 S T80 5K 7 (0.89 mN-m™"), Al I R B A 20 Ml e 11 55 ditt DA 351 42 1 ks
210 R S T B S IR ARG R o Be A, KR T AR AT I, K PR ASCR BE K P s ] S B W R #, 30 min
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TE K BRI 30 C B, BR D S il Rl 89.2 ol
mgg s YK PEEEE T E 50 CBF, Bl SRR L AN N
393 mgg’s WE, VRIACRILTZEE, 7 R A B
80 °C B KPR S 345 me g, KU B W T T

VEMARCRI SN R Z — R AME MR, 7
KR 30 °C FHE 50 °C B, AR EE KIE T
W, wish ks sm, AR HEST U I3 /E T I
PR R TR R BT, RV AOR RIS . Y
T BETE 2 50 °C ST, 85 B Y T 0% 1Y 5 e
VEFIDSSS , DR I 3 v 25 30 4 o R el 18 1), 2%
B 7% K PERY REFE FIUK BERLR, R AZKIR 50 <C
RIAT L3k 380 1 0 B0k V6 H A o

OIAT T KRR SR AP AL PE R, AR
W N, BP, pH. NGO o & KA
WMo, 4K 4, NERPATUAED, Mt
F K VE AT A 7% Huh e, KUk JE R D I BN
P ANTHORE A A3 i SO TR e 2 R
TARIFREN TR, X&ER, fERET R,
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FEICHLEL . B9 AN G AE W A i AK AR, OF
Bifl [0 8 43 B 2Rk o T Zead /K VR S B BR D, A
TR pH, dIGOR 4L & B2 E L NS HOK
F, B 2 AEYBENEAZRD, HET
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Fig. 1 Effect of various washing agents on oil content of the
oil sludge-contaminated soil
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Fig. 2 Effect of washing temperature on the oil content of the
oil sludge-contaminated soil
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Table 4 Changes in properties of the water-washed oil-
contaminated soil after and before washing

N BN/ HP/ il sy MAEYTE
itk g LoPH T
(mg-L™") (mg'L™) /% =a/(TmLT)
Hahide 216 355 713 24.6 8x10°
KRR 7.8 0.66 6.9 22.7 1x10°

I ey 3 5 I 43 BT T e b E SR M R R A A, AR DLIEI 3. MEITPRTLLE S, 4
EAE Y B LB R (Alcanivorax) . AT I J& (Marinobacter) . 816 VR 1 J& (Pseudidiomarina)
1B 52 & FR ML TR & (Pseudoalteromonas) %54 o A GAFR, 1 5w JE BERE il bt 2 2 A HL 2, )
Gb, FHEFEPN IR RW], AT L R R TR AR A B TR R XY e B i 2 8 D5 IR R AL
Yo UL LT TS O Ve v, U B VR My Ve AE L AR | RS I b M M i R R A W A DL &
A o ERRETE 4540 o X2 A, ThUE 0 A i R DR ik S B AR A K AR AR A B Y
BRIEATE IR, FoZm Tl h & BEon R & R ORAR (AR 4), HE LU R U Wi e w AEE 3l il
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Fig. 5 Effect of different bulking agent content Fig. 6 Effect of different bulking agent content on

on the soil bulk density maximum moisture capacity of the soil
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FEAR SR A B A s e S R, REAFAERRAT . B A ORHE TR R RS P, DLGR
SR EH .

6 45 T B IAS [R) JEURE S X I V8 fe R Bk A R o IR SOk &, USRS FRATE i Xt
HEE R R KEA —ENIREIER, MRNE LR KK TR TR, Bk
HA TG RKEE S, BnEN 5% bf, RFKEH 36% #2715 45%; BL/E, kSR & =
B, R KRR KBTI TR X FREAT, s TE 3% LAy, AR TR, RS BT i
P BXAEF N, BRSO S5 B RS FERE OS5 i e K2 B K > T sh A L AR SR R . T X
TAREHE VR, REUS A R RAM VR ZSH , B v S 7K 0L I EE R /K BBy, DA T A AR it 90 I K
B, mAREEmRAK . PURIERE

WA, R b R RS L TR R (R 2), HIERAFEM N, PIURMAL
Y, fes ACEY R E KIBIUE R . AN, s RS SIS, X S T REAE
KT ZAR S 5H I 0 IR A A YRR A, SR RUE Y AL B A R P X — IR AE
KEMFFRIE D ORIESE, EEREARTE T, WA LS ST R i T 32 R S A h 25 ML 2,
PRI, VR A by — o 84 ) 8078 0 AN AR A A 80 B8 v il Y0 S 1 L ) G 1 S B O e % i
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ok i S
2.4 HEHREBRSLIE
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WE 7. NEHRES, METaAdl, saimad s e b - E by e g nt, SO
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Table 5 Component analysis of the hydrocarbons from various residual sands

AALER A BRAD F A7 IR S 50U (mg-g ) AEF200 dJi5 AFRAD AR 2 53 T - B (me g )
Tt H 221 43
popi:E) B4 Xt HR 2 BRI
Rl 39.3+3.4 39.1£2.9 31.2412 4,62+0.6
AR 16.2+1.5 15.9+1.0 10.2+0.3 0.3340.03
b e 12.4£0.9 11.840.5 11.1£0.2 1.0240.1
lidin 8.62+1.3 9.52+0.8 7.09+0.3 1.24+0.2
Wi 5 2.10+0.5 1.88+0.4 2.86+0.4 2.03£0.1
3 i
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Remediation of high oil content of oil sludge-contaminated soil by hot water
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Abstract In order to solve the problem of high oil content of oil sludge in oilfields but not directly biologically
harmless disposal, the pre-treatment of hot water washing and .subsequent bioremediation were carried out.
Environmental friendly cleaning agent and optimum working - condition were screened. Oil degrading
microorganisms were isolated from the soil and used to the bioremediation of the residual sands. The effect of
bulking agent and the isolated microorganisms were-evaluated. The results of oil displacement efficiency shown
that the cleaning agent of thamnolipid was capable of decreasing the oil content from 107.1 mg-g ' to 39.3 mg-g ™.
The suited condition were determined as follows: dosage of cleaning agent 0.5%, the reaction temperature 50 °C,
reaction time 30 min. After washing, the number of indigenous flora in the residual sands has decreased
significantly. Two oil degrading microorganisms were isolated, and a better water holding and oxygen
dissolving bulking agent of digestate was screened. The results of bioremediation indicated that adding the
isolated two strain and bulking agent were in favor of improving the degradation rete, resulted in the oil content
decreased to 4.62 mg-g' for 200 days. Oil property analysis showed that saturates and aromatics were
preferentially degraded compared with ‘the heavy component of resins and asphaltenes. The combined
technology would provide technical support to the high oil content of oil sludge-contaminated soil.

Keywords oil sludge-contaminated. soil; petroleum hydrocarbon; hot water washing; bioremediation; oil

degrading microorganism
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