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1 Introduction

In oil sands process-affected water (OSPW), naphthenic acids (NAs) are regarded as the most
problematic organic compound group as they have acute toxicity to aquatic organisms. It is
suggested that biodegradation is responsible for the natural, but slow dissipation of NAs in
tailings ponds though the biodegradability (i.e., BODs/COD ratio) of OSPW is usually low.*
However, it is reported that the OSPW NAs’ in situ biodegradation half-lives could be as long as
~13 years in tailings ponds.> To promote the biodegradation of OSPW NAs, it is essential to
develop engineered biological processes that are efficient in mitigating OSPW organic
compounds. Membrane bioreactor (MBR) has been widely used for municipal and industrial
wastewater treatment because of its compactness, high treatment capacity, low sludge
production and excellent effluent quality.® 7 To investigate the performance of MBR for OSPW
treatment, two identical anoxic-aerobic MBRs were operated in parallel for raw and ozonated
OSPW, respectively.1® The report is focused on the biodegradation of NAs and membrane
fouling of the two MBRs. The effects of various operating conditions and low-dose ozone
pretreatment on the biodegradation of NAs and microbial community structure are investigated.

2 Methodology

The various operating conditions over the whole operation are tabulated in Table 1. Detailed
description on system operation and analyses is provided elsewhere.'3
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Table 1 Operating conditions examined

Supplemented nitrogen
Stage NH4-N NOs-N

Hydraulic retention time (HRT)

mg/L mg/L h
| 25 50 48
1] 75 0 48
" 50 25 48
v 25 50 72
\Y 25 50 12
Vi 25 50 24

3 Key results

The HRTs of 48-, 72-, 12-, and 24-h demonstrated classical NA degradation efficiency of 33.7%,
26.8%, 37.6%, and 36.0%, respectively, in the raw OSPW MBR; whereas the ozonated OSPW
MBR showed NA degradation of 37.0%, 39.6%, 50.0%, and 32.6%, respectively. 12 h was
considered as the optimal HRT based on the system’s NA degradation performance and
efficiency. The combined process of ozonation and MBR biological treatment achieved an NA
removal rate of 94.0% with an HRT of 12 h. At Stage V (25 mg NH4-N/L and 12-h HRT), the
calculated half-lives of classical NAs in the raw OSPW and ozonated OSPW MBRs were 17.6
and 12.6 h, respectively. The half-lives of classical NAs in all the six operating conditions were
substantially shorter than estimated half-life of 44 — 240 days in Mahdavi et al.® and Han et al.%’s
suspended biological systems. The shortest half-life exhibited by our previous batch suspended
reactors was 20 days.* Therefore, the performance of MBR for OSPW NA degradation is
advantageous over conventional activated sludge systems. And the low-dose ozone pretreatment
remarkably enhanced the MBR’s performance in degrading OSPW NAs. Illlumina MiSeq
sequencing delineated the microbial community structures of the two MBR. Microbial species
(e.g., Rhodocyclales, Burkholderiales, Cytophagales, etc.) known to be capable of degradation
recalcitrant organic contaminants of petroleum origini®-1” were found of numerical significance in
the systems. Certain microorganisms might be closely correlated with the biodegradation of NAs
with particular molecular structures. For instance, Rhodocyclales demonstrated strong positive
correlations to the removal of NAs with 12 — 17 carbon atoms and 3 — 4 rings. Moreover, ozone
pretreatment apparently affected the microbial community structures in the MBR by restricting the
growth of certain bacteria (e.g., Rhodocyclales and Burkholderiales) known for facilitating biofilm
(biofouling) formation.

4 Conclusions

The MBR system is efficient in degrading OSPW NAs. A half-life of 17.6 h was achieved without
ozone pretreatment, which is enormously shorter than the in situ half-life in tailings ponds and
calculated half-life in all previous engineered bioreactors. The low-dose o0zone pretreatment not
only substantially enhanced the MBR’s NA biodegradation performance, but also significantly
altered the microbial community structure. The combination of low-dose ozone pretreatment (i.e.,
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30 mg Os/L) and MBR is a competent candidate for OSPW treatment on a large scale in the

future.
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