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ABSTRACT

The release of pharmaceuticals in environmental waters has become an urgent issue due to their
pseudo-persistent traits and damage they inflict on aquatic life. The major route by which
pharmaceuticals enter environment is through wastewater treatment plant (WWTP) effluent
discharge. With high self-medication rates, partial wastewater treatment coverage, and India
being a pharmaceutical manufacturing hub, the contamination of Indian environmental waters
with pharmaceuticals is severe. Despite numerous occurrence studies of pharmaceuticals in
environmental waters of India, a comprehensive risk assessment study was still lacking.
Amongst pharmaceuticals, iodinated X-ray contrast media (ICM) is a class of pharmaceuticals
used in high quantities in medical examinations for organ imaging purposes. WWTPs have
shown incapability to degrade ICM, and disinfection of ICM containing waters has shown to
form highly cytotoxic and genotoxic iodinated disinfection byproducts. Despite several
degradation studies on other pharmaceutical classes, ICM remains as least investigated.
Considering these reasons, the present study has focused on evaluating a complete risk profile
of India from the presence of pharmaceuticals in different environmental waters, and studied
the fate of a recalcitrant pharmaceutical class- ICM in a lab-scale membrane bioreactor (MBR).
This study was also extended to assess the fate of ICM in a lab-scale photocatalytic membrane
reactor (PMR), hence mapping their complete fate in a secondary (MBR) and tertiary (PMR)

treatment stage of a typical WWTP operation.

This study calculates the risk for human health, antimicrobial resistance (AMR) selection, and
aquatic life due to the presence of a wide variety of pharmaceuticals in environmental waters.
The study also analyzed the risk from the presence of personal care products (PCPs) in Indian

environmental waters to picture the contamination of Indian water matrices from emerging



contaminants as a whole. The results of this study indicated that almost half of the detected
pharmaceuticals and personal care products (PPCPs) (out of 98) in Indian environmental waters
were found to exert a possible risk (risk quotient, RQ > 1) to either aquatic species, human

health, or cause AMR selection risk.

MBR is an advanced biological treatment technology which has shown promising results in
putting a barrier against the release of pharmaceuticals in environment owing to its potential
of having a high solids retention time (SRT) and mixed liquor suspended solids (MLSS)
concentration. Therefore, the present study has studied the fate of three ICM (iohexol,
iopromide, iopamidol) in the long-term operation of a lab-scale MBR system, and also

observed their effects on the performance of the MBR.

This study found that the presence of the ICM can aggravate the fouling in the MBR by causing
changes in the sludge characteristics such as enhanced secretion of extracellular polymeric
substances (EPS) (p < 0.05). ICM dosing caused a radical shift in the composition of EPS, as
it induced enhanced secretion of high molecular weight and aromatic proteins (tyrosine and
tryptophan). ICM also resulted in reduction of the oxygen uptake capacity of the microbial
sludge and increment in its floc-size distribution. However, no adverse effects were inflicted
on the total organic carbon (TOC) and ammonium removal performance of the MBR, even at
high ICM concentration of 5 mg/L. lohexol and iopromide were found to be moderately
degradable in the MBR (average removal efficiencies ranging ~40-50%), whereas iopamidol
was found to be highly recalcitrant (average removal of <10%). Further, potential ICM
degrading strains- Zoogloea and Bdellovibrio (which may take part in ICM removal pathway)
were identified in this study. The present study is the first study to elucidate the effects of ICM

on the fouling propensity of MBR, and identify the potential ICM degrading strains.



The fate of the two ICM (iohexol and iopamidol) was also assessed in a lab-scale PMR. To
represent real scenario, degradation of the ICM was studied in tap water and WWTP effluent
(from Busnau WWTP, Germany), and effects of different operational variables of the PMR on
the degradation of the ICM were elucidated. The maximum removal of iohexol and iopamidol
achieved was ~53 and ~22%, respectively, at 21.4 min residence time, 26 mW/cm? of UVA
fluence, and in distilled water matrix. Increasing the UVA intensity and residence time in the
PMR was found to positively affect the removal of the ICM. On the other hand, experiments
performed in tap water and WWTP effluent indicated severe inhibition in the removal of the

two ICM.

Overall, the present study has highlighted the priority PPCPs that need to be put on the watch
list for the Indian context. This study can be helpful in setting up regulatory guidelines for the
risk causing PPCPs. Further, considering the high RQ values obtained in this study, there is an
immediate requirement of upgradation of the existing treatment facilities to reduce the PPCP
load in the Indian environmental waters. The findings drawn from the lab experiments suggest
that the presence of high amount of ICM in wastewater (such as hospital effluent or waste from
radiology wards) can have adverse effects on sludge characteristics and can result in increased
running cost of MBR. Further, in this study, assessment of the fate of the ICM in a complete
treatment train, including secondary (MBR) and tertiary (PMR) treatment stage of WWTP was
done by conducting lab-scale experiments. The findings drawn from this study would be useful
for drawing insights on optimizing the process variables of MBR and PMR technology to

enhance ICM removal, and reduce their burden in the environmental waters.
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