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Abstract: In order to explore better treatment process of oily sludge,

4. Institute of Design and Planning of

the field scale experiments were conducted using the sludge

containing 12. 68% oil. The performance of microbe preparation bio-augmentation ( MPB) and compost treatment with manure

(CTM) was compared. For the first experiment, 10 L solution containing 150 g microbe preparations and the nutrition were sprayed

onto the MPBC cell. The initial oil content of final mixture amounted to 12. 12% .

approximated to 10. 14% .

The initial oil content of CTM after final mixture

During the experimental period, same quantities of the microbe preparation and nutrient solution were

sprayed on MPB at the 15th and 30th day separately. At the same days, the 10 kg manure was added to CTM cell. The degradation

effect of MPB was more obvious, oil content dropped to 6. 42% with a 47% removal rate of oil. The oil content in control decreased

slightly to 10.15% after 56 days. while in CTM it fell down to 6.98% with a total removal rate of 31% .
from 7.33 to 8.08, which might due to the addition of microbe

fluctuated slightly between 8.28 to 7.93 while that in MPB,

The pH in control

preparation. The microbial count was analyzed weekly, which represented the adaptation ability of microbe in sludge. Temperature of

compost increased rapidly up to 54 C in the presence of manure.
and the hydrocarbons with less 21 carbons were degraded easily.

Key words: bio-augmentation; bioremediation of oily sludge: compost
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Table 1  Physical and chemical character of oily sludge

L H AL 9% B B AL 9%
A 0.31 LR 22.0

A 0.27 4= 1.27
A 0.33 A1l Ak 12. 68

1.2 RE it

PR 0 v ) A A A B R TR ¥ 500ke TS
U Bkg INEFEFT(FTKEN 7.4%) 15kg #i K (F
KN 23.7%) 5EATRE, 16 150g T 5 7Ky AR 55 i
F 101 7K, JECE 2h Ji5 ¥4 w26 Mk L, B
VAT1 000g R 2 50g KH,PO, 19 101 5 5 150
WAEHEAR L, BIHEIR &, T 0.2m & .2.5m K.
2.0m MK A& WEAREERES S MER
12. 12% . 76 8 e ok B2 i oK, PR FF K5 75 40% ~
45% 2. [A), 35 Ji 1 3 1 B 6 R, A6 AR, fR

/N 22 RS FF VO6 R R3S IR W, 39 53R & I HE T80k
0.2m 1. 6m K 1. Om G5 [ HEAR. B A s 396 1l A
TR 7 A, FC At A B 3k A5 1 ) A B BA G — B

Mg Ak A BT B G 2 K 280k iHITE 60kg J HA
ARFNE A0k FEFFIYSRA, BTN 0. 7Tm |
0. 5m LJE 0. 2m (1% 52 iR, IR GG Bl ol
10. 14% . fefa fEHEAR LR 6 AL A2 3em (1)
AL

JEEATG IR B 0. 2m K 1. Om 58 1. Om 1Y
b NIRRT @B e 2 s I NS IRER DE7/)

F T RS AR BE 7E Sz B s FH b o R4 o ) e 1 2
3R, BRI e A A 4y 200 2, RS P S
T A 2 TE LB, 4 3 45 52 3058 b 19 4 401k
255 VSTV R A S B0 ARG, i 2E AfE 43 % 40 IO 11 e
i, Rk R A 3d XA 1 7 5 Ak A B LG
Xof HEE AR B B G % iRy el 0 P G 1 AT R HE AL UK, DA
YEFF RS E (R I ) 74 0% A 5, 3 e R AT 1 A R A
I B SR I 78 o B f.

A FRAIE A i PR A A AE AR AR R P I A
7, HEFEFR AR GE D), BRI AT M2 15 .30d 43 17
R Ak FHE B TR 70 W PG B ) RN SR, GG 1) R A
FIRT VTG AR 7). ) P 70 R S5 4 el 8 . e DU g 3
AR TRV AR (R /K R 5. R A0 4 i i Ak 2 20 G 1)
WLEERFAE, 7E 55 15 30d i 10kg RF L, e RA
P
1.3 by ik

B H R KB V7 3950 5 04 Je T3
{EL; 4B 3d IR A TR pH AL B R Ik
T RES R b AE 60 T~ 90 °C [A] ) 41 it
ks pH AR 5 5 2 % L 4 pH (8 I 5 91, ke
fn T E, AN S AWK IT R RRA, E
30min Jii ] pH ¥ (F-20 B4, Jb 5t 0z 35 708 R
Aw]AEE) EAEEN R AR ECR H OB

HEAT GC-M'S 43 K7 1 ik 2 B 5 4 55 56d 75 i
B MT BT A A T AR T A R R, e e A TE
150m L, T J5URE A2 OR A7 7E DK AR vh #1046 B i 25 LS 3R
3. M A% (GC) ) Trace2000 %, Jiii% (MS) N4
Voyager. £ T4 DB-1, £ 30m, N 424 0. 25mm, [
SEAHA 0. 258m J5E, KA 20 7 ALY [ A 30~
680, HI Smin A FIE. 014 4F 0 50 CTH 4% min
FT7F 10°C4 200 °C, #LL 5°C/min L FF4 290 C, {4
B 1Smin, JJOi% 55/ 0AH €6 3% 15 B2 O 250 C.

2 HR5iHe

2.1 AbEERE R RS AR L
BE S AR RS s B 1 BTk, aTLAE N, 7



162 7

B 27 %

) A A 3B ST A il R B AR A R R A A R
1X 3 FhAREE 5 AT IR X R T e
AR AL BN, &k 56d 1 Ak B, AR IR E A
10. 15% , e & A5 58 7E 10% i A7, %0 16.2%.
B AT ST AT ) J5 1) S v e, 3 il R S AR ANAR,
FEVRE T S I i Bl 11, 5% . R WIAE H AR HE L
FAE, iy Ve A Loy i, RS ) 5 il e h s
INFEFE o AR 77 30 56 4 ot v LA 344 i 1 25 B R (1)
FEAPR i 0. B FRI0] DA R G I e o
FEFT T 1 iy = B, mT DA i A R P (R 4 O S i
NN AR AL AR AR 4 JT . E G S PR B G, % Ik
AR TR A, B AR R T A I S, A B S S A
6.42% , 2R FILF| 47% , F& WG N1 A8 5T
A7 BT I B i A .

HE 1) 5 A Ak BB G B ol AT R A Ol
2%, M PRSI h 6.98% , BN 31% , F W] HE
SR A AL B Vs e AT — € AR, B S5 0 E
FoU A B LG, ) Ak B 1) 205 S s 2 e R IS AE
i) 1, AR AR AN R A AR, R WAAE i R R B
IKJG, RGEH BITHAE DA AT 5k R A A e, {F 161
SEA AL FEAT A B R AAIS A 7 AE R #

13 -
|24W
1 - ey N""’“‘“‘"‘**..‘./ﬁ
ER L ~A et
- oy e
iz I - “1——..__‘%
= 8+ e ATA—A
& 7L —e— kML etgog .
6 - —m— MRl
5 A [ RALFL
I' 1 1 1 1 1 1 1 1 1 1 1 1 1
0 6 10 13 16 19 21 25 28 31 34 39 43 46 49 53 56

t/d

E1 AmEdiEPSHEEL
Fig. 1 0il content of sludge by different treatments

in the experiment
O T Ay ik PR A R AT e MR R
YR, LEREGEAT IS 15 30d 43 HIMEG T 1 77 A
FHIRYII RGEEYNRK 45 R (R 2), FERED)
RS 2 L R P, R PR YRR HYERF

JE P E YRR LS R PR S, Ul W] T 8 n g 5
RERE RS R FEARRE 1. I 1 BT LA Y, B 77
ALFERLTC I PR AR 28R HEAORKE — 5, AR B
PR 5, SR AN B K DR A AU AH AR S0 BB oo b Al B
BAEAINT . b T, R R DR o A g e
AR, WEWGE TR, AL 1900 A K A B, (RLAE ) 3
SURTIE N et 35 i Bk ) 35 R B A E A A7, 40 1 SOT
URIZ LT B, (HEE AR 48 H 46 R3S 60 1,

2% W) 300 ok A R e A A7 R T DA e T B
RN B 1 B R BG HEAT 58d ST, T FIALBE 5 g U
A B R g 4 x 107 AN g, Ui B K BE(1 AR 4h
W GRIE N T 2 ihys VR 1 AR TS PR, A 43 B AR oAk
WEEE A TCAE S ST SR AT — 3 I 2 A i 6 . HE T
S A BB 1 40 TR HSCAE R 50 I R R AR AR R A
A%, 2 WIAE i B BT I 1) 40 181 A S 390 v A B R
KR ST, A 110 HE 1l g A A B A i B A AE S Y
LR
=2 MEVBENTE A
Table 2 Microbial counts in the oily sludge/ CFU*g”

t/d

Qb B LG
1 10 23 33 45 58
HAAEE 2x 10" 4x 107 3x10" 3x 10" 2x10" 4x10°
MWHIE 1x10" 5%x10° 1x10" 4x10° 4x10° 6x10*
HEfeAb B 2x 10" 3x10" 4x10" ex10" 2x10" 2x10"

PRI LR, XoF R G R4 A 0 ) Ak BB G
A A HCE A2 DT 6 DO B K S TR BRI
FEAE, 3X B A T PR 2202 2k 4 AR K I T s i [
T W ) A B A 10d 19 800 1% 32 4B ik 2 B 4
58 [ 6. 7 £, {F 1 71 4k B 2R T 41 4 AUR AR FE —
S MO0 34, 3158 BH 0k A= 00 1 R0 E £ s i T AT A R

58 Ji %o Ak B BG4l B AU K T ) BR A,
LW R S 0 B AT By T b 2 R ) AR KL
A TR, R4 3 R 5 A0 0w A
WEr, SR B AN B, SRR A v R AR A7 g R
B fift fik ).
2.2 TSI A AR

S BERE B A 4 R ) S A 23 AR I R M T 5 A Ak
PGS MG Fe FE A BEAT T GC-MS 43 T, 45 3 WL K
2. 0] LU Y, T o Ak A 2R 1R 56k A BT
it P AT € 2 R AE R, TR AR R R 8RR
FHEBISRACAL R, 75 h G U6 b A7 i 2 i B R R
W%, SR TN 14 5 28 Z 0] 14 ot 5 A7 ih
AR 93. 4% . Jd Ik Tk 4 A v A, ELEE ST RS I 2
V¥ 10 400 5 Ay L 46 1 () 4 S R A, S g Ak 34 Ol T BE
b, AR Z T 4 4. B 2 hfkraigh 2, 4,
10, 14- PU FIEA-JS e A+ )\ e, b 2, 4, 10, 14
VU SE N Be e Al & 5 10.9% , 51— 414y
TR Z MY, EH )\ RSN 5.3%.

A4 4L i IR B AN Egy < 13 .C13
~ C16 €17~ €21 22~ (€25 €26~ €29 > 29 % 6
ANFBSy, JERE 5 A A HE AN A 0 8 SR A 23



B 163

Jii ik 6 AN41 476 A b b L PR 3. JsURE b

Cl18
13 WEZWAL 50 C17~ C21, N4 451 47. 1%, 94
ﬁ A HE S i 3 R 43 A A e R Ly 37. 9%, B
o SRR SLAEAT IR 5 36, 4% . BB AR K A 1
e 1 B AR AL H 5 HJSURE TR b 10.7% 7245, (8 i
50| RBERRE TRE S i B NI 12. 12% F B5F) 6. 42%, 7]
2 1 C17~ C21 Bk il 75 4 et SR 1
£ 2% :}\” T 5.72% FWES] 2.12% , K H k5] 62. 9% . 33t it
R s p—— FIBRALALEE, C17~ C21 BURKINE RN 44. 6% .
80 [ M 3 0] LU Y, 2 Fldb 2R 5 06k ol 48 A i 41
2: “UJ AR, DT 20 MR T RIRK L
w0l BRI AL TR, 26 b B S, 1
"os Sttt b LU L L L Db e A 0 A,
imin’ BRIETHOK T 26 (KIS L TERG I, 22 93 3= e ]
B2 SSEREHS GCMS 5 FAXFRHI KM S A BAE. M 3 b 2 o
Fig. 2 Gas chromatographic profiles of the original AFAEAT A 90 e, (5L S 70 9 A 5 0 1) 43 A
sl trested ol shudge samples D88 THCE MR, AN T- 21 /B TR A T
1.1 22.3% 47.1% 18.2% 96% 1.7%
IEMMWIIMIM”
79
|5 IIIIIIIIIIIIIIIIIIIII]IIIIII!IIIIIIHIIIIIIl\\x\\\\\\\\\\%f1
4 WA 3 65
|f‘_—|II|IIIIII]IIIIIIIIIIIIIIIIIIIIIII[IIIIIIIIN\\\\WI%@
<3 3 ~25 ’ >9
FRETE
E3 RAaPSHSILE
Fig.3 Hydrocarbon content of different carbons in the oil
KT B AL B 54 T .
2.3 pH {HAHASE S = =P o i
TR ok 2 o A A A 53 R X B T e S AN TR
3d BUBEHERT pH (40 H7( 4 4) . K4 Chaerun FOIAK =, VSN
R, pH H7E 6. 4~ 8 I, 2 WIMEARILFE B 05 IR itk 1l o S/
APUOL SR R S Ak 0 R R v S i D A 72 b PR
7.0 ! Lol Lo !

W) 8. 07, K7y M BEAE & 1 pH (B30 [ .

F T 0of B G e b 2 A e A A e A D, AR
it 20 59, Kk pH {5 7E 7. 80~ 8.21 2 |A) 41l #
By, M AED A ) sk 23 RS oo b, RIEE B Bl T
TR VR R 1 B T B (R0 N () B Y5 R A
Wri{ﬂfméi%;ﬂl'%,%, A TR ) TR AN 2 DA 2

WAL 1, A6 e W11 21d b, pH A8 46 75 i
7.80~ 8.08; {H7E 7 AT 2 AW S (9 F 5k F, 2
21d pH {ti % 8.01, %5 24d F £ %] 7.50, 23 6d Jii
N ETE3 7. 86, i fo FFE 4 7.33. Marin [ HF5T &

L1
1 7 10 13 18 21 23 27 30 33 ‘3(}41 45 48 51 55 58
id

4 FHRETHEFLEST pHEEL
Fig. 4 Change of pH during the bioaugmentation

treatment process

WIFEE TR A FE 0 2410 8, EREY A

ML RE R, pH M AU R TR 2
e pH AR B AR I TRDRT 2 208 AN A 40 1R A7) £ I (1)
FATF, 2 WIIE 0 05 A= 4 B 0 T DAk — 20 Sk ) i



164 7

B 27 %

A, AT BT A (R .
2.4 HEFALEES G P8 ok R b i AR Ak

TP S A iR A BRI T B SH IR I T
WY HE TR ) e By HE SR AL AR FE AT, B AN TR
ZNE, HEpR R GE E T, 55 2d W 48 °C, HAE
fei B B A T 3d. FE AR R R, 7RSS 15 30d 4
BN T AL, I 5 nf LLE HH, 7255 15d 470

1) Tl IR, 3k B e vl S8 54 °C, WA JEAE B S (1) 10d
B CRFFE B K, 7258 29d T FE 3] 16 C. B
SRAESE 30d FF B AR Z ML, AR I BE AT W S 1) I
TSR, RFLES 3 RBOINA S AL |, HE i 5 4 Ak 2
RO, ME 1AW, 5 34d J5, RER S
mTM’-@?Lﬁ A g M AT S AR T LAIA 2k 5 il
Vo U6 AL HE AR R 1R )5 0 30d A2 A

—— Sh AR
—— MR

tid

B 5 HEHSRLALIRIIE P HERIRE T (L

48
o 3R
B )
28 /é\/
1 \\\/ ] \/
8 | I — | - — il 1 L1 L Ll
1 4 7 10 13 I8 21 23
Fig. 5
3 #ig

(1) S FH 982 o 50 b 5 b B 12.12% 1)
V5, HBRFILE 47% . Wit GC-MS 7, W LLE
s EUN T 21 B EERCRS, TR R SR A 2
FRAT AT B 1 B A 20 R, T B s O T 26 (1
Fede 43 A 6 7 ) — #3509 388 3ok B n B A 4 v
TR B A o T e A — R AR AR

(2) SEAEHERI AL PR g e AT — E RROR, 2:b5
Hn] LA B 319% , AW B I 1 U8 D 1 e 47 of
25 BR AR T HE 5 fh A BE AT A5 AR A
TSR, A58 S s Y b aE .

(3) BEFRY A ED BRI ER C4
B2 NI AR R Ak 2 A b b
PR ARE SR AT R T 4E R RGE R RE I o i g
73, TRGE PR 5 U8 P A i 4L 2 1) 7 i 7 HE S SR
LISHIBUR BB ENIE {kﬁ%ﬂﬂ,ﬁﬂ?ﬁiﬂﬁ%iiﬁ%iﬁf
T B, IR A L R

(4) 83 B 7 5 A A 3 B 5T P U E I R AR AL
S HT 2 B A I A A S L R A i B T
oL R 58d S BRI N T 60 £, RWILEGINE
TG, 3 R E S IIRES b e 05 11 5.

[1] AT iV e b AR M S 0 A 8 3L B AR 9T

[J]. WiAEREAEIR, 2001, 12(2): 279~ 282,

Jorgensen K S, Puustinen J, Suvortti A M. Bioremediation of

¥ Hoan Al
o e A

[2]

Temperature fluctuation of the composting

petroleum  hydrocarbon contaminated soil by composting in
biopiles[ J]. Environmental Pollution, 2000, 107 ( 2): 245 ~
254.

Wan Park
Bioremediation of diesel contaminated soil with composting| J].
Environmental Pollution, 2002, 119{ 8): 23~ 31.

Dorn Philip B, Salanitro Joseph P.
assessment
bioremediation| J]. Chemosphere, 2000, 40(2): 419~ 426.
Gogoi B K, Dutta N N, Goswami P.

bioremediation of petroleum hydrocarbon contaminated soil al a

[ 3] Namkoong, Hwang EurYoung, Joorr Seok.

[ 4]

Temporal ecological
of  wil  contaminated  soils  before and  aflter

[5]

A case study of
crude oil spill site[ J]. Advances in Environmental Research,
2003, 7(6): 767~ T82.

Ao BGREE, S, T TR BEALAR B & i e )] e T
i, 2002, 22(6): 176~ 179.

Lazar 1, Dobrota S, Voicu A. Microbial degradation of waste

[6]

[7]
hydrocarbons in oily sludge from some Romanian oil fields| J].
Journal of Petroleum Science and Engineering, 1999, 22( 1~ 3):
151~ 160.

B % VPR RE CR O PR RE O R BRI 45
Ab 5t op EER SRR L, 1986. 328~ 332.

SRR NGRS 1 B 16 e ol B+ L3 R [V =
JiEHH KR, 1993, 236.

Chaerun M ercedes, Pedregosa.

[ 8] Wik m.

[9]
| 10] Biodegradation of Diesel and
Heating Oil by Aecinetobacter calcoaceticus MMS: its Possible

[J].
1995, 35( 1~ 3): 269~

A pplications on Biorem ediation International
Biodeterioration and Biodegradation,
285.

Marin S, Khodijah Tazaki.

years after the Nakhodka oil spill in the Sea of Japan: isolation

[ 11] Bioremediation of coastal areas 5
bacteria [ J].
911~ 922.

Bioremediation of diesel

and characterization of hydrocarborr degrading
Environment International, 2004, 30{ 7) :
Quinn ] W, Reinhart D R.

contaminated soil using biopiles| J].

1997, 3(3): 172.

[12]

Geomechanics Abstracts,



