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Abstract Two Anaerobic Filter (AF)-Biological Aerated Filter (BAF) systems, one for bioaugmented system and
another for control system, were set-up to treat coking wastewater, and the influence of the introduced nitrogenous
heterocyclic compounds on the reactor performance was investigated. The results showed that the COD removal
efficiency of AF in both bioaugmented and control system was 35% while the BODs/COD increased from 0.33 to
0.59 after the treatment of AF in both systems. When 100 mg/L carbazole was introduced to the influent, the COD
removal efficiency of the bioaugmented AF remained 35% and BODs/COD of the bioaugmented AF effluent
decreased to 0.53, while the COD removal efficiency of the control AF declined to 23% and BODs/COD of the
control AF effluent dropped to 0.45. When 100 mg/L quinoline and 50 mg/L pyridine were introduced to the
influent simultaneously, the COD removal efficiency of the bioaugmented AF decreased to 27% and BODs/COD of
the bioaugmented AF effluent decreased to 0.48, while the COD removal efficiency of the control AF declined to
12% and BODs/COD of the control AF effluent decreased to 0.38. Moreover, the removal efficiencies of the
introduced carbazole, quinolone and pyridine were 83%, 91% and 88% respectively after bioaugmented AF
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treatment, while the removal efficiencies of the introduced carbazole, quinolone and pyridine were 57%, 66% and

55% respectively after the control AF treatment. This indicated that the bioaugmented system was more effective to

resist the impact of high concentration nitrogenous heterocyclic compounds. The GC-MS analysis of the

bioangmented AF effluent indicated that the introduction of nitrogenous heterocyclic compounds led to an

increment of the alkane and benzoic esters in the AF effluent. This study revealed the impact of the high

concentration of organic compounds on A/O system for treating coking wastewater.

Key words coking wastewater; nitrogenous heterocyclic compounds; biodegradability; bioaugmentation; AF-
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Table 1 Quality of coking wastewater

Fri/(mg - L")
COD NH,"-N R [k
20000~35000  4300~6000

pH

2700~4500 120~320 7.6~9.4
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Fig.1 Schematic diagram of the AF-BAF system
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®100 mm x 700 mm, A5 0L A I REAS [ 437 Ak 1
WABEED, R LML, DRFRREEE . W
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(4B B 0 3R AAR U720 OB T 5 B I
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JIERE, SHEMAEVBREARMLL, "TLREEZR
AEL7/h

AF S0 s B i 42 (DO)HE I TE 0.3 mg/L LAF,
BAF ({5 fit B8 HIAE 4~6 mg/L. TR HILE 35 «
2°C LIRS PR £ Ak B K b BT A JLRE 1)
1.3 B1T&4E

A= s Ak BN #5550 IR RN i A BEASCR AR E I
FH B kAR AL K K COD ¥ FE i B 2 2000~
2200 mg/L, ¥ 3 K k0 7 B IS 10 52 B R AL IR K .
RN ARIBTT5 3 BB BB 1 (0~49 K), AN
RGN, BB I (50~127 K), A%y 100 mg/L
R BB T (128—191 K), 5= 1k i mkms, &
100 mg/L HEMkFT 50 mg/L I ABE
14 HWFE
1.4.1 KRIEFRE

BODs, COD, NH;"N, NO;-N Fl#% %& 7 i 2
W) 5 359 R R bR o O ik U A L mE R L n e TR
M 11 ¥ R 3 Ao R AN A 2335 X (5 LC10ADvp,
SPD10Avp UV-Vis Detector; Diamonsil C18 %4,
250 mm x 4.6 mm, 5 wm)illaE, Forr, e eboRs i A R
AR B KA 4:1, BN 275 nm; iHRE R
FH s B KN 121, 8RN 254 nm; RIS
R0 FH O h AR B KON 9:1, SN KA 254 nm;
FE R 1 mL/min, FEREARER 10 uL.
142 SHEBE-RIEEMLGC-MS)H

BUE F KRR e i v | Bl AR T A5 T
TAMBEAE 3 Ik, A A B A MU G IS TE
42 °C WK B TG 75 Rk 4, 4w J5 R i T 410
HkesE 25, ARG #E1T GC/MS 23 0T . GC-MS 43 B %
FHEIALE8 A Agilent GC 6890N/MSN 5975, 43 &4
& HP-35 (30 m x 250 um x 0.25 pm), #FHSNAS,
Wi 1 mL/min, SEAEAREEE N 280°C, BT IRIR
FER 230°C, HRWIAG IR EE R 70°C, JFLL 3°C/min
) TR 2 280°C, HLFREHRL N 70eV. AHLY
44381k F NIST05 (National Institute of Standards
and Technology) B i it JE A 2R, 5 hw e T i (&1 %) BE
W o
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2.1 AF-BAF TZ3% COD fIE&RBIEBE
K 2 BRPiE AF-BAF [ i #§4b BE AR AL K 7K
) COD LBRAH . TEME 1, EWsifb N 2% AF
Hi7k COD EBRRFETE 35%, BAF 7k COD 4+
TE 170~190 mg/L, A= Wysm ik i h #% 5 4 W5k
J A R LT AR TR . AERYEE T, i ARRmE, i
/K COD ¥k EEA BT Th v, B Py Ak s N 4% AF
/K COD WA it Fh i, {H AF Hi7k COD ZBR#
WAl KR, R 35% 4. RAEYRILZ
Mg AF 7K COD e B i 5K 9 1270~1310 mg/L
ETFE 1580~1640mg/L, AF H/KH COD Z3
JF R 35% 8% 27% . W T ARV 4% AF
PN Y B RS2 BRI, HE BAF K COD Wi hn 1
80~100 mg/L A4 . FEMr B I, Hrhn A 100 mg/L
[ MEMRFT 50 mg/L AONMLRE, Ao ik [ 0 #5 1) AF
7K COD ¥k B MK 19 1400~1480 mg/L I 7 %]
1600~1650 mg/L, H:Hr—&R43J2& iy T8 b iy s mp
7K COD i F BB 11, 55— 432 137 i iy e
RS L BEM T AF B BEHRE, [T B AR TR
TSR, AR Ak I #F AF 7K 19 COD
EBRRM RN 35% LGN 22%~27% ., X F
Wil VE FHAE A~ 2 A B3z 17 i F b 0 2R A5 2T BR
YAk BAF K B9 COD e B 72 By B 1 45 45 A
Ao KAWL AF HK COD ¥R i By Be T Y
1580~1640 mg/L | J} % 1750~1800 mg/L, COD 2%
% % B 10%~12%, BAF i} /K COD ¥ Ff 7
350~480 mg/L Z [A]E 5l . AR A A Wy s Ak s v
TER N2 AL B W) 2 )5 15 G ) 2 BR O A i Ak,
B2 RN #% COD 2 B3k g IF AR K, K
COD Mk FEEEA F4ERR7E — D878 B, 3% 7 fiE
JEDON N 2R HRT s, fifs kKRR E .
YT RARZER(E 3), TEBrB Iy, AW
HARAY M AF H K02 AR K = 2
20~30 mg/L,#il 2 A £ 20k A & A &Y nIkE
fi; FERBEL, AE¥rsmik AF HK & &k B etk
BT 60~70 mg/L, 34N it 2R [ IR, TR
A WAk AF K 2 /MR BE AR XA iy Be b AT s i,
A RAL i K AR B = 29 30~40 mg/L; £ i Bt
M, AEYsft AF H K& Ak B kK 3% m
T 60~120 mg/L, HEshRK, mikAE5mi AF H
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Fig. 3 Change of NH; -N concentration after the AF-BAF treatment
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o FEFTEC I, #EKAA 100 mg/L A2 47 H R,
2R AL S A IR AR B2 5, AF HE 7K s v i
A 15~17 mg/L, ZBRFLAH 83% (K 4); MIARZE
Y5 Ak B 2% (1) AF 7K BRI BE R 45~50 mg/L,
EBRFALL R 57% . FEB B, FihnA 100 mg/L
) MEIRFT 50 mg/L AL RE, A9 5s fk [ N #% AF
IKWE IR BE R 10~12 mg/L, EBRFRAN 91%, iz
W 6~8 mg/L, EKBRFN 88% ity KA M
LN AF H K ek B2 oh 34~37 mg/L, KFR%E
21N 66%; AKAW5m AL AF S K ik E R N 21~24
mg/L, MERERKFRFEHN 55%.

TEM B 1, b IREm, P45 AF
7K ) BODs/COD #BHH#E/K Y 0.32~0.34 FF+-% 0.57~
0.59, WKl 5 R, FERT B, Wik b #s AF
WK AT A AR R B BE T B 0.57~0.59 F&4 0.50~
0.53, HXFIRZH T 0.06~0.08, JfH., MX T R4
sEfb N A, AEYIRALRNER Y AF 7K BODs/COD
FROE . B, A Prsmfb N 45 1 AF oK
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ﬁl - =3
=30 130
0+ T T T 0
0 40 80 120 160 200
t/d
150 150
(b) RAEWTR R DS
2120 1120
—;0 - EnR T %W&@é% % o
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Fig. 4 Removal efficiency of introduced compounds in AF
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HoAtl T 20 Cn 1] sf A £ B A A6 45 T 25 B A A s 5 )
i 254

23 HUHEKENMEEDENL AF 9%

1%

KT ArHT 3 A BB b AR WA VR FE G SRR K
Hh A [) M 5 i AT WL B R R v, A BFSE A GC-
MS S BT A= WAk AF 19 3 K oA B 0 20 B
gve BB 1 HUE 25 KOKEEHT, BB ITHGE 81 K
IKRES T, BB MECSS 155 KRAKFEM BT . 4540
2PN,

TEWEL T, WAEINNAIL G, kK s
YRR AF IR, B B R A5 3 R s A, —
L6 PAHs (W&, %%, FESH) @ KA G AT
R fife, TR — Se 22 b A 0 a0 Bl i i | 3k
WS\ WS A i . FERYEL T, AN A% ER AL A 4 i
0 Bfdf — S bk e Y I (n = ke . ke
ZANBE L) B S AR ER A (N 1,2 R H
PR S T B RN R R iR — W SR RETR ) A il . 7E B B,
A Jon v kR BE - A B W s Ak R N £ AF
KA DL FR S B B T8, 9F B, APk
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Table 2 Main compounds in the effluent of bioaugmented AF by GC-MS analysis %
ik ik
HILY bii 7 HHLY bii 4
gt 1 E=a| eI Wt 1 E=a| eI

b S 50.67 31.44 31.38 30.62 EN) 4.96 0.76 0.78 0.87
v S 0.97 0.67 0.69 0.76 EUiE- = S0 1.51 1.41 1.41 1.43
R 19.77 11.45 11.79 12.97 SRR 0.82 0.71 1.65 1.78
1-CH-A-PAEIRE 046 0.34 0.34 0.34 6-F 3k-2- 2 HLIR T 0.82 0.67 0.69 0.92
e 3.17 2.89 2.97 320 || 2-ATJFHkgEE 0.53 0.46 0.47 0.50
JE M 0.43 0.38 0.39 0.35 RV 0.41 0.21 0.34 0.42
IS 1.06 0.23 0.24 021 Bl 0.41 0.54 0.43 0.61
I — R 0.38 0.46 0.94 0.52 R 0.45 0.21 0.23 0.23
4-F LG 2 0.35 0.23 0.21 0.26 SN LR R 0.32 0.27 0.32 0.43
YR 0.26 0.24 0.25 0.27 IR 0.24 0.22 0.23 0.25
B 0.04 0.03 0.03 0.03 LIS 0.02 0.00 0.80 0.00
2-HI3E-9-H-% 0.08 0.06 0.06 0.07 ;fjﬁ%mﬁﬁ% 0.19 0.08 0.02 034
hi:A 0.07 0.06 0.06 0.07 PP REE e 0.14 0.09 0.10 0.11
B 0.13 0.01 0.01 0.01 HEFR 0.15 0.11 0.12 0.12
E 0.10 0.06 0.06 0.07 | WA 0.08 0.05 0.45 0.89
FrigiR = LT 0.78 0.96 0.99 1.09 | TIEFELMR 0.08 0.05 0.05 0.06
E[d 0.06 0.04 0.04 0.05 IS 0.04 0.03 0.05 0.07
7% S 0.19 0.13 0.13 0.15 P REDR e 1.45 1.33 1.37 1.67
R 0.17 0.09 0.09 0.10 || 2-CHd 0.00 0.61 0.68 0.69
2- HURE R A M s e 0.00 0.21 0.22 0.24 || 4-HIE-3- L 0.00 0.56 0.57 0.58
R WUS 0.00 0.07 0.07 0.08 Va7 3 0.00 0.32 0.34 0.33
B Y S 0.00 0.30 0.31 034 | 2-HHZ QAR 0.00 0.26 0.28 0.29
Xt IR 0.00 0.08 0.08 0.09 [ FEHE 0.00 0.00 0.54 0.34
jjijﬁ HeA-AE 0.00 0.00 0.34 045 | FEER = HERERS 0.00 0.00 023 0.98
iy ANS 0.00 0.00 3.30 3.50 T\ b 0.00 0.00 0.45 0.67
2,5- Ik 0.00 0.00 1.20 1.30 12- R T HIRR 5 T TR 0.00 0.00 1.34 3.12
B 0.00 0.00 1.20 1.30 Ui 0.00 0.00 0.00 3.40
KT 0.00 0.00 0.32 0.43 MR 0.00 0.00 0.00 1.30
UM fig s 0.00 0.00 0.10 3.10 | Hith 0.23 40.62 25.26 12.40
B 0.00 0.00 3.76 3.23
3 it Py AL i Ay AF HHk COD EBRAFAAE, Wl A4:{L

fafblk Kt AF-BAF AbHLZ )5, AEWsRib 5k
AWk N 2% AF 7K COD 25 BR 3 ¥ 35%,
AL A= A PE 34t kK 9 0.33 85 M) 0.59, B COD
RN 91%, I K COD ¥ EE R 170~190
mg/L. 4Mil 100 mg/L 2k Sk 2 )5, A&

PEREAL 0.08, KA AN #% AF 7K COD %
BRR TR 8% 2 £, W AEALPE T % 0.14; S1Min 100
mg/L MEWKA 50 mg/L MEHEZ S5, A9k 1k S0 2%
AF 7k COD EBRZFFFAKL 8%, nA:fbHEFEMK 0.08;
KAEYR I & AF H7K COD ZBRFFEAL 15%,
Al AL PEREAR 0.10. i 3d GC-MS 4381, FMinZ3n
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