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A B S T R A C T   

Ultrasonication using low frequencies of sound can increase cell organogenesis, which is beneficial for various 
industrial applications. This study demonstrates a novel approach of integrated phycoremediation and 
ultrasonication-irradiation treatment (iPUT) used for improving the degradation of sulfonamide antibiotics via a 
cumulative effect of combined treatments. Variable ultrasonication treatment (UT) (20 %-2 min to 40 %-10 min) 
was given to a model microalga, Chlamydomonas mexicana in two ways, 1) single ultrasonic treatment (SUT) and 
2) multiple-intermittent ultrasonic treatments (IUT). The microalgal growth was slightly affected by SUT, while 
it significantly inhibited by IUT. The removal of sulfacetamide and sulfapyridine was significantly improved by 
>1.7-fold and >1.95-fold at 20 % of SUT and IUT treatment, respectively, compared to control. In the case of 
sulfamethazine, the SUT showed maximum removal (33.5 %) at 20 %, whereas IUT could achieve 27.5 % 
removal at the same ultrasonication conditions compared to 9.5 % removal in control. The IUT accelerated the 
degradation of sulfamethoxazole and sulfadimethoxine more than SUT showing a 9- fold and 12- fold increase in 
the removal of sulfamethoxazole and sulfadimethoxine with 20 % and 40 % treatments, respectively. The 
changes in microalgal cell morphology due to ultrasonication treatment were the main cause of enforced uptake 
and subsequent degradation of these ECs.   

1. Introduction 

The presence of emerging pollutants including pharmaceuticals in 
aquatic reservoirs is becoming a global threat due to their detrimental 
effects on the aquatic flora and fauna and human health. Pharmaceutical 
compounds (PCs) are unintentionally released to the surface water and 
groundwater either directly from their manufacturing units or indirectly 
through anthropogenic activities such as sewage discharge, hospital 
waste, landfill leachate, and aquaculture runoff [1–3]. The in
termediates of partially degraded PCs with complex structure possess 
toxicity and persistence [4]. In addition to their mutagenic, carcino
genic, and estrogenic effects, their reactive biological properties can 

cause detrimental ecological impacts such as inhibition of microbial 
growth and activities, disintegration of the bacterial nitrification/deni
trification process, and decline in the diversity of core microbial com
munities even at low concentrations (ng L− 1) [3,5]. Most importantly, 
the release of PCs into the environment can develop antibiotic resistance 
genes, potentially causing antibiotic-resistant bacteria or so-called 
‘superbugs’ [6]. 

It has been observed that the conventional wastewater treatment 
systems are not efficient enough to eliminate the emerging contaminants 
[7,8]. This is related to the low concentrations and high chemical oxy
gen demands (COD) of these contaminants and their lack of interactions 
with microbial agents in wastewaters [3,4,6]. Therefore, recent 
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