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Composition analysis and biological toxicity evaluation of coal pyrolysis wastewater

GAI Hengjun,PANG Xinran, FENG Bingxiao, WANG Zhendong, XIAO Meng
(School of Chemical Engineering ,Qingdao University of Science and Technology ,Qingdao 266042, China)

Abstract : In order to improve the biodegradability of coal pyrolysis wastewater and ensure the stable operation of biochemical device, it is
necessary to clarify the toxicity source of wastewater and evaluate the toxicity reduction performance of pretreatment process. In this paper,
the pollutants were classified by trioctylamine extraction combined with macroporous resin fractional adsorption to overcome the analysis
problems of peak area overlap and large difference. Then the toxicity of the analyzed pollutants was evaluated by luminescent bacteria
method, and the key pollutants in wastewater were determined. Finally, the reduction of biological toxicity, chemical oxygen demand,
total phenol content and key pollutant content of wastewater treated by four conventional liquid—liquid systems were evaluated to provide
theoretical support for the improvement of pretreatment process. The results show that phenols are the most important pollutants
contributing to the biological toxicity of coal pyrolysis wastewater, and p—cresol is the most toxic. The type, position and number of substit-
uents on the benzene ring of phenolic compounds have a significant impact on biological toxicity. Heterocyclic compounds have more resi-
dues in biochemical effluent and contribute greatly to the toxicity of wastewater. The toxicity reduction rates of four conventional extractants
to wastewater are butyl acetate (96.6% ), methyl isobutyl ketone (95.1% ), isopropyl ether (92.4%) and trioctylamine (79.5% ). The
reduction rate of total phenol content in the wastewater after trioctylamine extraction is the highest, but the reduction rate of chemical oxy-
gen demand and biological toxicity is the lowest. It indicates that the complex extractant is not suitable for the treatment of complex phe-
nol containing wastewater. Butyl acetate and methyl isobutyl ketone can widely remove various key pollutants, so the reduction rate
of chemical oxygen demand and toxicity is high, which is suitable for the extraction treatment of pyrolysis wastewater.
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Fig.1 Key pollutants identification steps
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Table 1 Mass concentration of main organic matter content in effluent after aerobic treatment
s AHLY Fm e/ (mg - L71) 75 AHLY B EE/ (mg - L)
1 3-Z 5 5.98 18 3 Lk g 1.83
2 2-FR - 5- LML 3.48 19 CRULE SRR = i) 1.02
3 2~ 1P UK YRR TP i 3.08 20 2T 347 1 1.96
4 4-H A DR 2.02 21 2 F LB — 1 - 1.45
5 4-Z HLniknE 0.88 22 2,4,6-=HILIK LI 1.38
6 IR IE 0.91 23 P R T e 1.28
7 Ry 1.07 24 X FRER LG 1.32
8 4B 2.36 25 2,4- T 3R 0.45
9 2~ Mk A ) 0.68 26 Frieme £ g 1.28
10 [1] FFY Py 5.05 27 A2 R 5% T e 1.85
11 Tk 3.83 28 RVAY ) 5.37
12 1- 2~ 4R BE TR 1.06 29 1 i 1.64
13 2,4- " W IEZEE 2.43 30 A2 R — T g 1.15
14 2 H DR A 1.12 31 SRR TP g 1.12
15 3,4- W3k 2.25 32 T ) T iz 0.54
16 PR 2 Bk 3.14 33 AR R B R i 2.13
17 2, 3-AE AR IR 1.73 34 Mt e 1.51
F2 BAKERPBREXBSEYRERE
Table 2 Mass concentration of candidate key pollutants in wastewater samples
75 AHLY PR/ (mg - L) Aa=s HHLY FBUEEE/ (mg - L71)
1 ENi) 3 531.480 15 3,4- " H 3L -2 - 3R A 42.366
2 X} R Ty 1 886.845 16 3—FH Jnk g 41.070
3 [i] FFY gy 1 368.980 17 2,4,6- = H L 37.035
4 AR H 1 367.784 18 2,6-—H ik nE 36.625
5 3-LHE Wy 919.719 19 3-S5 NN 30.241
6 2,4- AL 439.371 20 2-2, 3 -5-F ki 27.415
7 3,4- " HIIERE 337.865 21 % 26.380
8 3-2H-5-HISL 229.837 22 3,4- I JEnk g 25.234
9 2,3- H -2 - e TR 174.899 23 4, 4- " -2 3R R TR 23.557
10 2,3- " HIHE 170.827 24 3,4,4- = 32 -F R 15.656
11 25 56.672 25 24— F kg 14.059
12 e 52.979 26 2 ek g 11.798
13 Nt g 50.912 27 4-Z FEne e 9.493
14 3—HI B -2 R A 47.045 28 I I 8.106
F3 RANHMNXBETLEYHNSEER
Table 3 Toxicity indicators of identified key pollutants
Yy LB L R? C,0/(mg - L") Uy {8
X gy y=16.73+53.71exp( —0.036x) 0.999 1 13.30 141.87
3-2 3 y=37.55+153.23exp(-0.27x) 0.996 9 9.38 98.05
&1 A 1y y=15.58+115.84exp( —0.028x) 0.998 7 43.34 31.56
[i] P P y=33.43+38.06exp( —0.018x) 0.986 2 46.20 29.63
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Yy AR5 e R? Coso/ (mg + L") Un {8
ZE y=17.98+141.21exp( -0.57x) 0.992 5 2.59 21.88
A ¥=39.17+65.51exp( —0.005x) 0.989 7 359.97 9.81
3,4- W AL y=37.46+440.42exp ( —0.054x) 0.992 9 65.69 5.14
2,4,6— = H3H; y=29.04+66.31exp( —0.14x) 0.971 0 8.05 4.60
2,4- " FIEEW y=40.84+3 463.72exp(=0.057x) 0.997 1 104.19 4.22
2,3- I3 y=44.57+2 307.38exp(-0.079x) 0.987 3 76.91 2.22
% y=46.79+79.09exp( —0.186x) 0.986 5 17.23 1.53
2,6- HI RN y=16.62+182.12exp( ~0.048x) 0.983 2 35.56 1.03
3— P Stk g y=41.49+284 9exp( —0.07x) 0.982 9 45.85 0.89
s Btk y=-34.63+337.74exp(~0.06x) 0.998 8 22.63 0.36
Mt y=42.67+66.21exp( =0.007x) 0.996 9 305.25 0.17
H1 8 3 FIHI, 3% 28 P 7K v I 26 2 0 2 1 BTk A 100
KM — 257550, 1 2 A2 AL R K v T A ol [ u N
X, BAS B O SRR SRR AR AR AT S 4 i ]
W3 PR 1 T i, A ST R 1 2 1 5 o vy,
TN, MR A DA EESEE 2 | ——
SR, R TR d A, (HORER A7 AR B U ) T
WAL A DI FEE 0P SEA B K ML 2T
FLICHA 9255t FE T30 1 SRR 30— 1 L8
WEINT R L DR I R A R TR,
PRUARBLIEE AT | 3 — 2 5 Py 1% 8 P S5 T PP RE s 7E A H2 AR R U, .COD B 5 B % & xt
MEN B RGP, I IFE RO, aTH P T 2% Fig.2 COD, total phenol and U, reduction rate
1y B e R A PE A AR R K s P T S 2R AR, &% of different extraction systems
Wy RIS | ABGSE T 54952 Rmdi L A 9 25 R4 FAEEIERLGEELESAYRIIRE
FIE 7 T R P 2 0 gi[w] o [F o HUAC 2 5 Table 4 Content of key pollutants after treatment
Z B YRt st R | o = P A EE R T with different extraction systems mg/L
PR RE P A — P ke Ah, IBUPREE A UL B 2 Selys b PGS e
?‘3”@%ﬁ,ﬂﬂgﬁﬁ%ﬂg%‘@j{?lﬁjqﬂ%o @%%5[\ YL R MIBK =W SNBE BER THE
EHRRERUAWEARBEBENELERE o st e 1as 2005 2560
BEAR P 7 Jok e v ] ) A X A Y R 3-Z K 919.719 1636  13.50  23.60  18.98
{5 . DNA AT A A o MRIHIXIRER 408 F 1367.784  17.30 9.50 27.26 15.65
MERESS  ZEIS R B /K 1 A= W B PR RE AR K 1] 1 1368.980 18.14 407 2994  19.45
T LAE AL, 2K 56.672 350 550 7.40 4.20
HY T B0 A B K 2H B L B 2 4% ks ey 2 ES 3531480 1592  6.81 1420 1575
(AL o L 2 T FE P LA P 7 L A 7 zjj;?jfg@f;} TR e
B A MR ERTE 2,4-"HIEy 439371 18.94 920  21.50 18.06
2.2 BT ZXWHRBEKENSEREKFPX 2,3-"HIE®  170.827 914  — 1192 8.26
BT YR ERR T 2,6-—HUIMIE  36.625  3.05 450 555 343
THAL S R K B9 A B i PE  COD 1A 1 1 v 3— Bk g 41.070 6.10 12.12 7.50 5.60
WL 2 F% , X Hs e 4 S (A 2% 4, = 26380 330 B2 40 360
sk 8.106 1.60 321  2.00 1.40

I 2 5535 4 WA, 8 HTEY 4 T A€ JBGR) 0 32K

i i 50.912 8.65 22.45 10.43 2.23

TEMEI IR F R B IMEUCHBEIR T 8 (96.6% ) MIBK
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