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2000 m*d ™ 4 .
1.1.2
75%
1.1.3
2010 10 5 d( :10. 15—10. 19) . 5 3
1 : (W1) | (wW2) .
(W3) . (W4) (W5). MilliQ
TSP 0.77 wm
PUF N N 1 2
12 h (G1) . (G2) . 1 (G3) .
2 (G4). 5 cm
(S)
4 C 10 d.
1.2
( phenol) .2- ( 2-cresol) 3- ( 3-cresol) 4- (4-cresol) .
2 4- (2 4=ylenol) 4- 3- (4-C3-MP) .2- (2-CP) .2 6- (2 6CP) .2 4-
(2 4CP) 2 4 6- (2 4 6ICP) 2 4 5- (2 4 50ICP) 2 3 4 6- (2 3 4 6-TECP) .
2- (2NP)  4- (4NP) 2000 pgeml " -
24 6- 1000 pgemL~"; 10 1000 pgemL";
Supelco ( Supleco Co. USA) . ( . . . )
Merck ( Darmstadt Germany) .
1.3
1.3.1
10 pgeL™!
CNW + ( Bellefonte ) . Oasis 200 mg  HLB
5 mL \5 mL 10 mL MilliQ 4 mL min"~"' .
10 mL W1 10 mL. W2 10 mL W3 2200 mL. W4 500 mL. W5
4 mLemin "' 10 mL MilliQ 30 min.
10 mL MTBE/  (9:1) 3 (4 mLa3 mLa3 ml) . 20 °C
2 mL
1.3.2
PUF 30 pL
46 °C 400 mL 48 h S5¢ 30 pL
46 C 200 mL 48 h
20 C . : 2:1
(V:V) 72 h 180°C  12h
3% 15 mL 70 ml, ; (3:7)

30 mL
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2 mL
1.3.3
BSTFA 2 mL 10 mL.  PTFE
( KIMAX USA) 2 mL 10% pH <2 6 mL
2 200 plL 50 pL 10%
50 wl.2%  BSTFA 1h 2 mL
I mL  GC/MS
1.3.4
Shimadzu GC/MS ( Shimdzu 2010 QP-plus) RXI-5MS (30 m x
0.25 mm x 0.25 wm) . GC/MS : : : : 1 mLemin"; 1 280 °C;
: 70 eV; : 250 C; © 50°C 8 Cemin”' 280 °C 280 C 10 min;
S 1 opl 10:1. . 0.01—0. 56 pg-L~'.0.02—
0.95 pgem ™ 0.01—0.14 pgeg™". N
3 91% —106% 85% —116% .
2
2.1
5
° (W1)
37.17—186.04 mg-L"' 538 mgeL"'
4.38 pgel.™" 11.84 pg-L™ 7
- (lgk,,) 2.5
2.2
2.2.1
1 w2 19.50—98.97 mg-L "'
285.53 mgeL™' 2.41 pgeL™" 5.87 pgel™'; W3
18.37—86.90 mg*L"' 1.78 pgL.™"  1.56 pgeL™";
w2 W3 Wi
W4
45.65 gL 0.1466 pgeL.™"  0.095 pgeL™".
( GB8978—1996) ( The federal Clean Water Act 33 U.S.C.)
2.2.2
R= (C,-C,) /C,x 100% (1)
C, C. 2
1 14 \ \
R
: Ry;, (1) ¢, w2c, W4
R, (1) ¢, w4c, W5 R,
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(1) c, w2cC, Ws.
99.9% T74. 4%
98. 8%
1
Table 1 The concentrations of phenolic compounds in various stages
W1/(mgeL"") W2/( mgeL.™") W3/(mgeL."") Wa/(pgL™") W5/( pgeL™")
Phenol 179.86 98.97 86.90 10.40 4.81
2—-cresol 88.26 42.85 39.89 6.60 2.68
3-cresol 186.04 98.53 95.81 14.70 4.86
4cresoll 47.13 25.68 24.29 5.88 2.83
2 4xylenol 37.17 19.50 18.37 8.07 5.61
4-C3-MP 0.49 x1073 0.25 %1073 0.12x1073 0.018 0.0032
2-CP 1.13x1073 0.66 x10 3 0.41 x1073 0.023 0.0046
2 4-DCP 0.35x1073 0.17 x10 73 0.15x1073 0.063 0.0035
2 6-DCP 0.046 x10 3 0.021 x10 3 0.0052 x10 =3 0.0022 0.0012
2 4 6-TCP 2.63 x1073 1.21 x1073 1.01 x10 73 0.012 0.010
2 4 5-CP 0.036 x10 3 0.016 x10 73 0.015 %103 0.0024 0.0011
2 3 4 6-TECP 0.19x1073 0.086 x10 73 0.071 x10 3 0.026 0.022
2NP 5.75x1073 2.63 x1073 0.72 x10 73 0.045 0.036
4-NP 6.09 x10 3 3.24 x10 3 0.84 x10 3 0.050 0.038
A/01/02 4
B_
- 3- 4
A 3- 4- A 0.
Medsan 2 4 6-
2 4- 4- !
B- ?o4- 4
13
14
(1gK.,) " IgK,, (2. 15—
4. 81)
2 . . (%)
Table 2 The removals of phenolic compounds in various stages and total treatment( % )
Rmi Rbm Rmd an
phenol 45.0 99.99 53.75 100. 00
2-cresol 51.4 99.98 59.39 99.99
3-cresol 47.0 99.98 66.94 100. 00
4-eresoll 45.5 99.77 51.87 99.99
2 4xylenol 47.5 99.59 30.48 99.97
4-C3-MP 49.0 92. 80 82.22 98.72
2-CP 41.6 65.15 80. 00 99.30
2 4DCP 51.4 62.94 94. 44 97.94
2 6-DCP 54.3 89.52 45.45 94.28
2 4 6-ICP 54.0 99.01 16.67 99.17
2 4 5-ICP 55.6 85.00 54.17 93.12
2 3 4 6-TECP 54.7 69.77 15.38 74.42
2-NP 54.3 98.29 20.00 98.83
4-NP 50. 4 98.38 24.00 98.82
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2.2.3
3 (G1) . (G2) . 1 (G3). 2 (G4)
. Gl 50 C
; G2 ( phenol) 3- (3-cresol) 4- 3-
(4-C3-MP) ;
3- ( 3-cresol) .4- (4-cresol) 2 4-
(2 4=ylenol) 4- 3- (4-C3-MP) 2- (2-CP)
(IgK,,) 1.50—2.35
16 _
(2.15—4.81)
( N
) pH-
17-18
G1.G2.G3.G4 0.1:0.5:30:10
3
Table 3 The concentrations of phenolic compounds in various gas samples
Gl1/( ngem~3) G2/( ngem~3) G3/( ngem~3) G4/( ngem3)
phenol 2010.8 114.90 156.31 62.41
2-¢resol 99.76 1.28 0.94 0.16
3-cresol 440.16 29.48 18.95 2.28
4-¢resol 300. 82 7.19 7.40 1.06
2 4~xylenol 67.76 0.86 7.92 0.92
4-C3-MP 21.18 34.56 48.33 12.88
2CP 11.30 4.30 5.66 2.15
2 6-DCP 0.83 0. 54 0.94 0.52
2 4-DCP 1.06 0.69 1.44 1.26
2 4 6-ICP 1.22 0.88 1.84 1.25
2 4 5-ICPp 0.45 0.16 0.26 0.10
2 3 4 6-TECP 1.48 0.80 1.60 0.83
2-NP 1.53 0.42 1.64 0. 44
4NP 1.36 0.38 1.80 0.60
2.2.4
4 5 V7 2
3.29.9.16 1.74 p,g‘gfl. .
- (IgK,,) 2 34 6-
1.98 pgeg™ 234 6- - 4.81
. (9.16 ug'g_l) (1.14—10. 28 Mg'g_l) (9.8—
60.5 pgrg ) 1920 (0.41 pgeg™)
2324

(0.34—3.85 pgeg')

2122
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4
Table 4 The concentrations of phenolic comounds in dewatered sludge
/(mgekg™') 1gK,,
phenol 2.40 1.50
2-cresol 0.15 1.98
3—cresol 0.28 1.98
4-resol 0.18 1.97
2 4=ylenol 0.28 2.35
4-C3-MP 1.88 3.10
2-Cp 0.36 2.15
2 6-DCP 0.89 2.57—2.86
2 4-DCP 0.84 3.08
2 4 6-TCP 1.77 3.69
2 4 5-OCP 1.44 -
2 3 4 6-TECP 1.98 4.10—4.81
2-NP 0.46 1.78
4-NP 1.28 1.90
3
(1)
x10* mgeL"~' x 10" pgeL™'
(2) A701/02( 64 h)
74.42% 90% .
(3)
1 J. 2007 27(7) :1094-1100
2 Sarfaraz S Thomas S Tewari U K et al. Anoxic treatment of phenolic wastewater in sequencing batch reactor J . Water Research
2004 38(4): 965971
3 Ramos A F Gomez M A Hontoria E et al. Biological nitrogen and phenol removal from saline industrial wastewater by submerged fixed—
film reactor J . Journal of Hazardous Materials 2007 142(1/2): 175-183
4 A/0? J. 2007 27(7):
1107-1112
5 . A/0/0 J. 2010 4(2): 253-
238
6 Gavalas G R. Coal Pyrolysis. New York: Elsevier 1982 1139
7 Marianna C. Determination of selected organic pollutants in ground water—A method of analysis ] . Fresenius Environmental Bulletin
2002 11(2): 9197
8 Keith C L. Bridges R L. Fina L R et al. Anaerobic decomposition of benzoic-acid during methane fermentation. 4. De-Aromatization of
Ring and volatile fatty-acids formed on ring rupture J . Archives of Microbiology 1978 118(2): 173-176
9 Fina L R Bridges R L Coblentz T H et al. Anaerobic decomposition of benzoic-acid during methane fermentation. 3. fate of carbon
four and identification of propanoic acid J . Archives of Microbiology 1978 118(2): 169-172
10 Heider ] Fuchs G. Microbial anaerobic aromatic metabolism J . Anaerobe 1997 3(1): 1-22
11 Madsen T Aamand J. Anaerobic transformation and toxicity of trichlorophenols in a stable enrichment culture J . Applied and
Environmental Microbiology 1992 58(2): 557-561
12 Rudolphi A Tschech A Fuchs G. Anaerobic degradation of cresols by denitrifying bacteria J . Archives of Microbiology 1991 155
(3): 238248
13 Hopper D J Bossert I D Rhodes-Roberts M E. P-eresol methylhydroxylase from a denitrifying bacterium involved in anaerobic degradation
of P-Cresol J . Journal of Bacteriology 1991 173(3): 1298-1301
14 MeloJ S Kholi S Patwardhan A W et al. Effect of oxygen transfer limitations in phenol biodegradation J . Process Biochemistry
2005 40(2): 625-628
15 Pham T T Proulx S. PCBs and PAHs in the Montreal Urban Community ( Quebec Canada) wastewater treatment plant and in the effluent

plume in the St Lawrence River J . Water Research 1997 31(8): 1887-1896



10 : 1493

16 Byrns G. The fate of xenobiotic organic compounds in wastewater treatment plants J . Water Research 2001 35( 10) : 2523-2533

17 Hamoda M F. Air pollutants emissions from waste treatment and disposal facilities J . Journal of Environmental Science and Health
2006 A41: 77-85

18  Cheng WH HsuS K Chou M S. Volatile organic compound emissions from wastewater treatment plants in Taiwan: Legal regulations and
costs of control J . Journal of Environmental Management 2008 88(4): 1485-1494

19  Webber M D Lesage S. Organic contaminants in Canadian municipal sludge J . Waste Manage Res 1989 (7): 63-82

20 Jacobs L W O’Connor G A Overcash M A et al. Effects of trace organics in sewage sludges on soil-plant systems and assessing their risk
to humans//Page A L Logan T J Ryan J A( eds). Land Application of sludge Food Chain Implication M . Chelsea: Lewis Publishers
Inc 1987. 101-143

21 Bright D A Healey N. Contaminant risks from biosolids land application: Contemporary organic contaminant levels in digested sewage
sludge from five treatment plants in Greater Vancouver British Columbia J . Environmental Pollution 2003 126( 1) : 39-49

22 JuJH LeelS Sim W] etal. Analysis and evaluation of chlorinated persistent organic compounds and PAHs in sludge in Korea J .
Chemosphere 2009 74(3) : 441447

23 Hoekstra EJ De Weerd H Deleer E W B et al. Natural formation of chlorinated phenols dibenzo-p-dioxins and dibenzofurans in soil
of a Douglas Fir forest J . Environmental Science & Technology 1999 33( 15) : 25432549

24 Oberg L G Rappe C. Biological formation of PCDD/Fs from chlorophenols J . Chemosphere 1992: 2543-2549

The degradation and transfer of phenolic compounds during the
treatment processes of coking wastewater
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ABSTRACT

Phenolic compounds ( PCs) are the major pollutants in coking wastewater and it is meaningful to
understand in treatment process. In order to evaluate the efficiency of coking wastewater treatment plant and
the environmental risk the variations of alkylphenols chlorophenols and nitrophenols were studied. Samples
of five kinds wastewater four kinds gases and one kinds dewatered sludge were collected from the plant which
had been in stable operation for five years. The A/01/02 sytem was applied in the biological stage with the
processing capacity of 2000 m’*d ~'. The analysis were extracted by solid phase extraction ( aqueous samples)
or Soxhlet extraction ( gas and sludge samples) . Qualitative and quantitative analyses were performed by gas
chromatography-mass spectrometry ( GC/MS). These results indicated that the compositions and
concentrations of PCs in coking wastewater and treated effluents have specific characters. Alkylphenols were
the dominated compounds in wastewater but they can be biodegraded easily. Chlorophenols and nitrophenols”
concentrations were in the wg*L ™' level and their removal rates were low. The concentrations of PCs in the
final effluent were lower than 5 pg*L™" below the discharge standard level. The selected PCs were also
determined in the gas samples. Due to the influence by the concentrations of PCs in wastewater and their
physical-chemical properties the detected concentrations in gas were greatly difference. The distribution of
PCs in gas samples from Songshan coking plant of Shaoguan showed an explicit health—risk. Chlorophenols
were enriched in the sludge samples which indicated that dewatered sludge from Songshan coking plant of
Shaoguan should be treated carefully. PCs were mainly removed in the biological stage but some of these
compounds could transfer into the air and sludge. Therefore the control of secondary pollution should be
considered in the future.

Keywords: environmental engineering coking wastewater phenolic compounds secondary pollution

biological treatment reduction of concentration.



