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ST, UERH BaP nIBEANE . BB RS S5 o
17Ff#% (Juhasz et al., 2000 ) . M HFjHSCRkHE
E, HEFE BaP MBEDIAR TR (ORR% %,
2006 ) , {HLL BaP SAHE—f il 5 BEIEXT H A T A
(Hui et al., 2012; Hadibarata et al., 2012 ) f4RiE
HIR, i\ Ay, REFSAEYIXT 4 2R K PAHs
Y RS DAFAR I A 20324 T (Juhasz et al., 2000;
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AENE L BaP Sy ME—Biii-5 RE TR HE A TR AfE , (HER
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(10 L") fEmdtRR)n, 294 12 d G3E, HiEF
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B ( Sodium acetate ) . Z; ( Phenol ) ¥ R #r4f
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ERIRERAR B 25 B 3 (20164E3 A1)

T UEAGE IR TR K A3, R T AR AR, Ty
BTN (BRTHE, 2013) 22 IR, A uEgt K
AR E TSR R 48 h JEEH T A AR
(FRoR4E, 2006) , A IFAEBURITF A BUR L i
(FRITHE, 2013 )" ¥k, F¢Jm 1 HPLC 8 GC/MS
AN E RS . BaP i HPLC Kol , A 5544
RS EE © K (90 2 10) , i 1.0 mL-min™,
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Fig. 1 Changes of BaP concentrations versus reaction time and the corresponding regression curve of -In(C-Cy™") on co-substrates conditions
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TEHEAER, FEfERE JIHOR N T B> i 38 > 18 45
WE>2R 1 o, AR PRSI RIS B ds . 0 IR TLAL 45 5%
HEATB 2B, L In(C/Cy)-t 1R (C #6715 BaP
FRimi B, Co RonPIGG BTk B ), Z5RaKEl 1 fr
~o MEIFFRTLIAEH, BaP BYMEMLE RATE—HI
NI R, RN B R R R, X
518 Z 1A W b B X [ i 4 5 1) BE 9 4 AR — 3K
(Borjaetal., 2002; Borjaetal., 2003 ) ., Frfs$AIA
FESL T ET BaP B ) SR8 R 5 5 O TR BN A B e
H0.017d", ZEBHERAL, M 0.007d",

HIE 1 AT, BaP VR —RRIERS, 285t 30d
MR, BaP RERS KR 20.0%., AL,
ISINIE S ANEE =T L g 25 e 0E PAHs AR %
FW 4k Kuppusamy et al.,2016; Zhang et al., 2015 ),
Teng et al. (2010 ) &3] 4 = # H DAY /KR P igs
s gkg™ WA, WOKRERFE 0 d)E, A
Ttk A3 BaP (WREA#, BaP 1Y KREEAE
15%~25%2 18], SixSgnAa L, AR S s N 40
YERILELTS, BaP ABRREATIA 31.9%. JRHATHE
TEAR SR A AL P K & PAHSs S4B 7K IR
Aie , oA B HAT X% BaP % PAHSs IR GE
DAL I 7 A 0 480 260 B iy %) 28 et ek ) P LA o e (R o
SR . WIS RREVE D ILSE TR, BaP RERFRICR
1E 4 M By, ORI RTEL:, 14
FAy 7 BT B 2 HLAE R RE D AR B LT, 30
d NREKFRI IR R 15 mg L' 1Y BaP F&# 39.9%,
il (1995) >0 L, FEfbBgk rh—sexfEfE i)

JEANGENE A ME—BRIE, A A EE 2 e WA ™ s
WVER, (05 2Ry L I e PSR B A R R Y A T
st ARSI A IRE S Fi5 et BaP WK, 2K
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BaP TIRZ, W R 3 h 0.007 d 425 £ 0.011
d', FTRER NI A B AN 25 5 e, T LA R
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AT BaP W F| R . Fuchedzhieva et al.
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WEFTRR AR IR , AR SEH R4 B A ] A A 3
SRR HEAEAL TS VX BaP (AR , PR AE SEBr T 4%
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Fig.2 Changes of BaP concentrations versus reaction time and the corresponding regression curve of -In(C-Cy™") in actual engineering
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Fig. 3 Concentrations of target compounds in the sludge from anaerobic

tank of the coking wastewater treatment processes

i EER PAHs, X FEEEH THAEEMLEK
EZK H ELA A 1 ek B L HE AR R ( Lazzari
etal., 2000) .

HRAE Fr IS5 v PAHs BO20Ai e s LA SCE

ERIRERAR B 25 B 3 (20164E3 A1)
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JEIRFT AR FREL PAHs B WIREfirE, ARSIk
PR K P R () HAT 2~5 RS54 1% PAHSs: 2%
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FonZE . B B WAL B BaP 7EASCER A R
s oL, 5 RRIN G — AL REE A, 6
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TR fRAR 2 — R R LR e, i &id
FYALIEFTXT PAHSs BREAR A SR S, 25 LR,
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WHIRF G — R 8 1 e

(2) fEZFP PAHs fFLEAME R, BILRASTR
TEILIEFFAE R X PAHs AR fAR B ve e, ik
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Fig.4 The degradation of naphthalene (a), phenanthrene (b), anthracene (c), fluoranthene (d), pyrene (e) and BaP (f) in different biodegradation system

Sk :

BORJA R, GONZALEZ E, RAPOSO F, et al. 2002. Kinetic analysis of the
psychrophilic anaerobic digestion of wastewater derived from the
production of proteins from extracted sunflower flour [J]. Journal of
agricultural and food chemistry, 50(16): 4628-4633.

BORJA R, MARTIN A, RINCON B, et al. 2003. Kinetics for substrate
utilization and methane production during the mesophilic anaerobic
digestion of two phases olive pomace (TPOP) [J]. Journal of
agricultural and food chemistry, 51(11): 3390-3395.

DAVE B P, GHEVARIYA C M, BHATT J K, et al. 2014. Enhanced
biodegradation of total polycyclic aromatic hydrocarbons (TPAHSs) by
marine halotolerant Achromobacter xylosoxidans using Triton X-100
and B-cyclodextrin—~A microcosm approach [J]. Marine pollution
bulletin, 79(1): 123-129.

FUCHEDZHIEVA N, KARAKASHEV D, ANGELIDAKI I
Anaerobic biodegradation of fluoranthene under

2008.
methanogenic
conditions in presence of surface-active compounds [J]. Journal of

hazardous materials, 153(1): 123-127.

HADIBARATA T, KRISTANTI R A. 2012. Fate and cometabolic
degradation of benzo [a] pyrene by white-rot fungus Armillaria sp.
F022 [J]. Bioresource technology, 107: 314-318.

HUI P, HUA Y I N, JUN D, et al. 2012. Biodegradation of benzo [a] pyrene

by Arthrobacter oxydans B4 [J]. Pedosphere, 22(4): 554-561.

JUHASZ A L, NAIDU R. 2000. Bioremediation of high molecular weight
polycyclic aromatic hydrocarbons: a review of the microbial
degradation of benzo [a] pyrene [J]. International biodeterioration &
biodegradation, 45(1): 57-88.

KUPPUSAMY S, THAVAMANI P, MEGHARAIJ M, et al. 2016. Kinetics
of PAH degradation by a new acid-metal-tolerant Trabulsiella isolated
from the MGP site soil and identification of its potential to fix nitrogen
and solubilize phosphorous [J]. Journal of Hazardous Materials, 307:
99-107.

LAZZARI L, SPERNI L, BERTIN P, et al. 2000. Correlation between
inorganic (heavy metals) and organic (PCBs and PAHs) micropollutant
concentrations during sewage sludge composting processes [J].



516

ERIRERAR B 25 B 3 (20164E3 A1)

Chemosphere, 41(3): 427-435.

RENTZ J A, ALVAREZ P J J, SCHNOOR J L. 2008. Benzo [a] pyrene
degradation by Sphingomonas yanoikuyae JARO2 [J]. Environmental
pollution, 151(3): 669-677.

TENG Y, LUO Y, PING L, et al. 2010. Effects of soil amendment with
different carbon sources and other factors on the bioremediation of an
aged PAH-contaminated soil [J]. Biodegradation, 21(2): 167-178.

VON LAU E, GAN S, NG H K, et al. 2014. Extraction agents for the
removal of polycyclic aromatic hydrocarbons (PAHs) from soil in soil
washing technologies [J]. Environmental pollution, 184: 640-649.

YAO L, TENG Y, LUO Y, et al. 2015. Biodegradation of polycyclic

aromatic hydrocarbons (PAHs) by Trichoderma reesei FS10-C and effect
of bioaugmentation on an aged PAH-contaminated soil [J].
Bioremediation Journal, 19(1): 9-17.

YAP C L, GAN S, NG H K. 2010. Application of vegetable oils in the
treatment of polycyclic aromatic hydrocarbons-contaminated soils [J].
Journal of hazardous Materials, 177(1): 28-41.

YE D, SIDDIQI M A, MACCUBBIN A E, et al. 1995. Degradation of
polynuclear aromatic hydrocarbons by Sphingomonas paucimobilis [J].
Environmental science & technology, 30(1): 136-142.

ZHANG Z, LO I M C. 2015. Biostimulation of petroleum-hydrocarbon-
contaminated marine sediment with co-substrate: involved metabolic
process and microbial community [J]. Applied microbiology and
biotechnology, 99(13): 5683-5696.
e, 1995, ZeM LG WM ZII7 A YRR PEREM BT FE (D). Jbat: W
ERAFIERLE 5 TRER: 50-121.

IFh, B, F2, %2007, 3 BRANGO LI PRI L B RE T L
HBH2A[]. BRERLE, 28(4): 913-917.

NI, BRI, 37K, 2012, PRAUMA: WIREf 2 30 05 SRR T R T]. 134
HW2EIR, 52(8): 931-939.

TRoR, TKAE, FRAR. 2006, IRTTTSIEHAIF [l FE R A RIR, LRI
W] T ESKHEK, 22(2): 82-84.

FROTHE. 2013, SRR M RUA LTS S U B R B K AR B A
FHRYFTOAD]. ST BRI BRSBTS T 20-85.

KRRV, WA, WIEE, 5. 2006, F/rTREFITE—AI [l
ARSI T R[], B S PR A4, 12(6): 884-890.

e RN E E ZARMES]. GB 16171-2012, http://kjs.mep.gov.cn/

hjbhbz/bzwb/shjbh/swrwpfbz/201207/t20120731_234146.htm.

SRR, S%AKH, BERL, 5F. 2006. ZIATFREKINTS Y LI A YAk

BEEVILWITE[T]. 13, 38(5): 652-656.

Effects of Different Co-substrates on the Biodegradation of Polycyclic Aromatic
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Abstract: Coking wastewater contains various organic matter including polycyclic aromatic hydrocarbons (PAHs), phenolics,
benzene and other substances. Phenol is the main component of COD in coking wastewater and the main carbon source for the
microbial utilization in biological treatment process. In order to enhanced the biodegradation of polycyclic aromatic hydrocarbons
(PAHs) in coking wastewater treatment process, activated sludge was collected from an anaerobic tank of a coking wastewater
treatment plant to studied the enhanced biodegradation and kinetics of benzo [a] pyrene (BaP) with phenol, glucose, sodium acetate,
TritonX-100, and their combinations as cometabolic substrates, respectively. Moreover, the effects of the mentioned four substrates
on the degradation processes of the mixtures of naphthalene, phenanthrene, anthracene, fluoranthene, pyrene and BaP were also
investigated. The results showed that the addition of enhanced substrates promote the degradation of BaP and there were significant
differences occurred in the degradation rates in the presence of different co-substrates. Sodium acetate demonstrated the highest
enhancement of degradation for BaP while 39.9% of BaP can be degraded in 30 days. However, 27.1% of BaP were removed by
phenol which was the slowest among the four different substrates; Compared to single substrate group, the combination of phenol
and sodium acetate group had the best performance on the biodegradation of BaP and the degradation rate is 50.0%. In different
systems, the biodegradation of BaP are followed the first order reaction kinetics model. In the presence of the six PAHs, sodium
acetate still had the best enhancement effect, Within 20 days, the biodegradation rates of naphthalene, phenanthrene, anthracene,
fluoranthene, pyrene and BaP are 66.1%, 60.7%, 43.2%, 22.0%, 15.5% and 14.7%, respectively. Coking sludge prefer to biodegrade
low molecular weight PAHs, such as naphthalene, phenanthrene, anthracene. For high molecular weight PAHs, such as fluoranthene,
pyrene and BaP, could be removed relatively less. This study results show that the addition of enhanced substrates had significant
promoting effect on PAHs degradation and it is a potential method to realize high efficient biodegradation of PAHs by adding sodium
acetate or other substrates in the process of actual coking wastewater treatment.
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