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Abstract: While polycyclic aromatic hydrocarbons ( PAHs) are an important persistent toxic organic contaminant, the toxicities of
substituted polycyclic aromatic hydrocarbons (SPAHs) are much higher than PAHs. Water and sludge samples were collected from the
Qingdao Chengyang Sewage Treatment Plant (STP). The distribution and removal of 16 PAHs and nitro-PAHs ( NPAHs), methyl-
PAHs (MPAHs), and oxy-PAHs (OPAHs) in the SBR/MBBR process were analyzed. The results showed that 16 PAHs and 13
SPAHs were detected. In the influent water, the total concentrations of PAHs and SPAHs were 3 835. 14 ng-L™' and 6 889. 46
ng-L™", respectively, which were much higher than those of STPs in other regions. In the effluent, the total concentrations of PAHs
and SPAHs were 1148. 18 ng-L™" and 1724.57 ng:L™", respectively, and the removal rates were up to 70.06% and 74.97% ,
respectively. The SBR/MBBR process presented a more effective removal capacity for PAHs and SPAHs. The removal of PAHs was
mainly by the biodegradation of low-ring polycyclic aromatic hydrocarbons (LMW-PAHs) in the aqueous phase; while the removal of
PAHsin the particle phase mainly relied on the adsorption and precipitation of LMW-PAHs in the primary sedimentation tank and the
biosorption of high-ring polycyclic aromatic hydrocarbons (HMW-PAHs) in the bio-unit. For SPAHs, the removal efficiency of MPAHs
(up to 89.15% ) was the best under the functions ofparticle adsorption and biodegradation. The removal rate of OPAHs was 63.36% ,
which was mainly removed by the adsorption of primary particles in the aqueous phase and the biosorption from the biological treatment
unit in the particlephase, and the removal rate of NPAHs was 48. 85% and largely occurred in the biological treatment unit. The
removal mechanism of SPAHs in SBR/MBBR process was not the same. Therefore, STPs should take adequate control measures
according to the distribution characteristics of PAHs and SPAHs in different treatment units. Additionally, the concentrations of PAHs
and SPAHs in sludge were higher than those in the effluent. Thus, the management of PAHs and SPAHs in sludge should be improved.
Key words: polycyclic aromatic hydrocarbons ( PAHs) ; substituted polycyclic aromatic hydrocarbons ( SPAHs) ; sewage treatment
plant; SBR/MBBR process; removal
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Fig. 1 Sewage treatment plant process and sampling points
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Table 1  Concentrations of PAHs and SPAHs in water and sludge samples

TiH K Dl P SBR Hefphit T VLTS I S e
IMW-PAHs  3557.61433.82  4793.82+796.86  2740.54542.99  1141.95+123.68  1131.85119.85  999.51+92.04  1111.92:100.67  1578.78 +125.57
HMW-PAHs ~ 277.53£19.58  284.51+26.36 202.36 £6.02 157.51 £5.54 159.72£5.15 148.67 +4.53 145.60 +22. 44 198.36 +37.79

Z PAHs 3835.14£370.13  5078.33+654.12  2942.90 +437. 44
NPAHs ~ 2036.51 £673.94  1808.99+637.12  2547.23 +999. 30
OPAHs 606. 34 +107. 06 439.75 £90. 36 412.53 £80.73

MPAHs ~ 4246.61£1142.50 3612.81+783.96  1885.81 +440.53

Z SPAHs 6889.46+792.98  5861.56 +633.44  4845.57 £646.74

1299.46 +105. 46

1089. 09 +405. 26
241.90 £47. 13
474.21 £87.05

1805. 19 £248.96

1291. 58 £102.47

998. 55 +368.79
270.79 £54.25
488.03 £81.73

1757.37£225.95

1148.18 £80.64  1257.51£90.21 1777.14 £117. 61
1041.66£391.62  4982.31+1982.98 4443.55£1342.48
222.18 £37.05 756.69 £125. 11 681.07 £112.40
460.73 £83.94 1124.19£352.70  4149. 60 +936.99

1724.57£240.20 6863.19+1223.02  9274.22 +984.65
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