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Wastewater Reuse Techniques
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Potable

Agricultural 
Food crops; Seed crops; Aquaculture; 

Greenhouses

Urban
Irrigation of  public parks, sporting 

facilities, Street cleaning; Vehicle washing

Industrial
Processing water; Cooling water; Making 

concrete; Soil compaction

Recreational
fishing, boating, bathing

Environmental

wetlands, aquatic habitats



Water Quality Indicators
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Indicators can be categorized into:

➢ Sanitary (pH, BOD, TSS, Turbidity)

➢ Microbiological (E. Coli/Fecal Coliform)

➢ Trace Metals (Al, As, Be, Co, Cu, etc)

➢ Salinity (Conductivity, TDS, Na)



Contaminants of Emerging Concern (CECs)

Pharmaceuticals Pesticides
Personal Care 

products
Microplastics

Contaminants of  Emerging Concern

Prescription & over 
the counter drugs

Insecticides, herbicides, 
fungicides

Body washes, 
shampoos, lotions

Microbeads from cosmetics, 
microfibers from plastic based 

clothing 



Pharmaceuticals in Wastewater

- Pharmaceutical compounds in wastewater systems a global challenge

- Inadequate treatment technologies in place at wastewater treatment plants

- Even low levels (ng/L) of  pharmaceuticals in environment are toxic

Adapted from National Toxics Network Australia, Fact sheet, 2015



Shanableh, A., Semreen, M., Semerjian, L., Abdallah, M., Mousa, M., Darwish, N. and Baalbaki, Z., 2018. Contaminants of emerging concern in Sharjah waste water 
treatment plant, Sharjah, UAE. Journal of Environmental Engineering and Science, pp.1-10.

Pharmaceuticals at Sharjah Wastewater Treatment Plant

57 CECs identified
Pharmaceuticals 

Pesticides 
Personal care products

Sampling from January to November 2017
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Pharmaceuticals measured at the Sharjah WWTP

Influent (ng/L) Effluent (ng/L)

Pharmaceuticals at Sharjah Wastewater Treatment Plant

Shanableh, A., Semreen, M., Semerjian, L., Abdallah, M., Mousa, M., Darwish, N. and Baalbaki, Z., 

2018. Contaminants of emerging concern in Sharjah waste water treatment plant, Sharjah, 
UAE. Journal of Environmental Engineering and Science, pp.1-10.

Average concentrations measured over 11 months (Jan – Nov 2017)



Pharmaceuticals in WW & health effects

• Acute toxicity to aquatic organisms
• Feminization of male fish

Antibiotic resistance 
genes

Wastewater reuse 

Human health impacts?



O’neill, J. I. M. "Antimicrobial resistance: tackling a crisis for the health and 
wealth of nations." Rev. Antimicrob. Resist 20 (2014): 1-16.

Adapted from - Mahfouz, N., Caucci, S., Achatz, E., Semmler, T., Guenther, S., Berendonk, T.U. and 

Schroeder, M., 2018. High genomic diversity of multi-drug resistant wastewater Escherichia coli. Scientific 

reports, 8(1), p.8928.

Pharmaceuticals in WW & health effects

Landscape workers

Children

Adult facility users

Risk assessed based 
on toxicological data

Exposure through dermal routes and ingestion assessed
Overall risk low (RQ <1) 

Semerjian, L., Shanableh, A., Semreen, M.H. and Samarai, M., 2018. Human health risk assessment of pharmaceuticals in treated wastewater 

reused for non-potable applications in Sharjah, United Arab Emirates. Environment international, 121, pp.325-331.

Deaths attributable to AMR by 2050



Knowledge gaps & Challenges

• Effects of exposure of pharmaceutical cocktails?

• Environmental risks from accumulation in biota/aquatic food 
webs?

• Limited understanding of risks, lack of regulations

• Challenges with detection of CECs

• Better WW treatment techniques needed



Stefanakis, A.I., 2016. Modern Water Reuse Technologists: Tertiary Membrane and Activated Carbon Filtration. In Urban Water Reuse Handbook

Overview of  different treatment technologies for pollutant removal from wastewater

Performance of  the technologies is represented by L –Low, M- Medium, H- High
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Big data & contaminants in wastewater

Monitors and sensors to assess water quality -

• Continuous addition of new chemicals

• Risks unknown

• Challenges with detections limits

Big data can help with –

➢ Understanding points of origin of contaminants
- Information of medicine use among population, polluting industries

➢ Predicting treatment efficiency and additional treatment techniques required

➢ evidence-based decision making and investment planning



Summary

• CECs such as pharmaceuticals in WW a critical issue

• Conventional treatment plants have limited capacity to treat CECs

• Significant knowledge gaps in health and environmental risks

• Opportunities for big data to aid with decision making related to 
emerging contaminants
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