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Why is this topic 
important?

From first-hand experience:

• Ionophore antibiotics in sludge killed dogs-
company reputation damaged

• Venlafaxine found in drinking water-company 
reputation damaged

• Hormone found in pig feed and soft drinks-
criminal investigation, fine and damage to 
company reputation

• Very potent chemotherapy drug being 
discharged at 10,000 time the predicted no effect 
level (PNEC)-company built WWTP to address 
risk

• Multiple large-scale pharmaceutical facilities (US 
and Switzerland) discharging inadequately 
treated wastewater to rivers
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Typical Concentrations in the Water Cycle

17 April 2024

1
 0

0
0

 -
1
0
 0

0
0

 n
g
/L

1
 0

0
0

 -
5
 0

0
0

 n
g
/L

1
 –

1
 0

0
0

 n
g
/L

1
 –

1
 0

0
0

 n
g
/L

1
 -

 1
0
0

 n
g
/L

0
.1

 -
 1

 n
g
/L

0

2000

4000

6000

8000

10000

12000

WASTEWATER 
INFLUENT

WASTEWATER 
EFFLUENT

SURFACE 
WATER

SOIL DRINKING 
WATER

GROUND 
WATER

C
O

N
C

E
N

T
R

A
T

IO
N

, 
n

g
/L

© Arcadis 2024 3



Thread
1. Define the scope and magnitude of the problem

• Understand the APIs and risks

2. Spend time understanding manufacturing

• Insight into waste stream characteristics and volumes

• Learn where waste streams are generated and how they might be segregated or treated at source

• Develop sampling strategy

3. Understand what you need to treat (APIs and matrix)

• This dictates unit processes

• Informs us about unit sizing, treatment process complexity and cost

4. Treatability

• Theory vs reality

• Pretreatment (bulk organics and solids removal) required to get to molecules of concern

• Final scale up decisions can be made after treatability (stoichiometry and kinetics get defined here)

• Energy

• Process safety
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API Categories and Effects
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Measuring effects is just as important as measuring APIs and both can be very difficult and time 
consuming!

Toxic 

Effects

Endocrine 

Effects

Antibiotic 

Effects

API Effects

• Endocrine Disrupting Compounds (EDCs) 

• Toxic Compounds

• Antibiotic/Antimicrobial Agents

API Categories

© Arcadis 2024 5



Antibiotic Focus
Types of antibiotics and basis for concern

Real World Perspective

Antibiotics are among the most important drugs we make and consume, 
and they have saved millions of lives. However, there are three properties 
that we must never forget:

1. They are designed to kill certain kinds of cells and therefore have a 
toxicity threshold

2. The dose makes the poison

3. Bacteria are clever and evolve quickly and can develop resistance to 
antibiotics rendering them ineffective. 



Source: https://www.reactgroup.org/toolbox/understand
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Pathways to the Environment

Schematic flow of antibiotic resistance-
carrying bacteria (ARBs) and antibiotic 
resistance genes (ARGs) from hotspots of 
evolution and transmission (red circles) to 
the environment (green circle). 

Blue circles indicate possible vectors that 
may aid transmission between specific 
environments including air, surface 
waters, humans, and other animal 
vectors. 

Black arrows indicate known flows of 
ARBs and ARGs, grey arrow indicates a 
possible transmission route from a 
contaminated environment back to the 
general populace.

17 April 2024

Source: https://www.mdpi.com/2076-2607/7/6/180
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The mechanics of gene 
transfer and acquired 
antimicrobial resistance

A plasmid is a small, circular, double-stranded DNA 
molecule that is distinct from a cell's chromosomal 
DNA. Plasmids naturally exist in bacterial cells, and 
they also occur in some eukaryotes. Often, the genes 
carried in plasmids provide bacteria with genetic 
advantages, such as antibiotic resistance.
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PlasmidsBacterial DNA
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Estimates and Measurements
Arriving at a Predicted Environmental Concentration (PEC)

How do we know how much we are releasing to the 
environment?

Real World Perspective

This is tedious and high precision work that can be very time consuming. 
Estimates and measurements can span the range from kilograms (103 
grams) to less than 0.1 nanograms (10-9 grams) meaning  that the range 
spans 12 orders of magnitude or 1,000,000,000,000.



Focus on Manufacturing

Many unique manufacturing processes!

To estimate the PEC, we need:

• Process understanding/map

• Mass balances & losses

• Attenuation (dilution/treatment/stream flows)

To measure actual environmental concentrations, we 
need:

• Production schedules & sampling plan

• Transit times in sewers and treatment systems

• Highly sophisticated analytical methods that can 
detect APIs as low as 0.1 parts per trillion (ppt or 
nanograms per liter)
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Good estimates start with a process map and mass balance

API loss estimates for fermentation are among 
the most complex. Most losses occur in the 
downstream crystallization, washing/purification 
and conversion to solid dosage form steps… 
not the fermenters.

Centrifuges and filter presses tend to be the 
largest source of losses

It is important to identify where 
in the process the API is 
created
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© Arcadis 2024 12



Mass Balances
Real World Perspective

API manufacturing processes are very complex with 
dozens of steps. Missing a step, failure to account for 
heels, losses to solvent recovery systems, losses to dust 
collectors during charging and discharging, and missed 
rinse steps all contribute to errors in mass balances.



Process Mass Balance Example 1

Notes on Losses:

• Biological growth/activity in fermenter 
displaces volume

• All waste streams are aqueous – low solvent 
concentrations

• Elution process includes discharge of trails 
outside the target brix range

• Solids can be a large source of API

Total Losses per batch: 0.2 – 0.3%

…in a 5000 L batch ~15 kg vs. a 
150,000L batch ~350kg of losses!
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Process Mass Balance Example 2

Notes on Losses:

• A contaminated fermenter can be 
a large source of API, depending 
on how far into the process it has 
progressed. Also, a large organic 
and nutrient load on a 
downstream biological WRRF.

• Keep track of solvent waste 
streams – if treated onsite, will be 
another vector of API to WW.

Total Losses per batch: 
0.15 – 0.2%
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Complete Mass Balance: Source to Sink
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Doing the Math

API Mass Balance 

Excel Spreadsheet & Sensitivity Analysis
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Sampling Methods
Reference: ebo.13.476 (futuremedicine.com)
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Analytical Methods (USEPA)

• Method 1694: Pharmaceuticals and Personal Care Products in Water, Sediment, and Biosolids by 

HPLC/MS/MS that covers seventy-three pharmaceuticals and personal care products. 

https://www.epa.gov/sites/default/files/2015-10/documents/method_1694_2007.pdf

• Method 1698: Steroids and Hormones in Water, Soil, Sediment and Biosolids by High Resolution Gas 

Chromatography/High Resolution Mass Spectroscopy (HRCG/HRMS) that covers twenty-seven steroids 

and hormones by isotope dilution and internal standard calibration. 

https://www.epa.gov/sites/default/files/2015-10/documents/method_1698_2007.pdf

• Method 542: Determination of Pharmaceuticals and Personal Care Products in Drinking Water by Solid 

Phase Extraction and Liquid Chromatography Electrospray Ionization (ESI) Tandem Mass Spectrometry 

(LC/ESI-MS/MS) that covers twelve analytes. 

https://www.epa.gov/sites/default/files/2016-09/documents/method-542-determination-pharmaceuticals-personal-care-

products-drinking-water.pdf

There are >20,000 APIs in the marketplace and analytical methods that cover <120 APIs.

It is also important to understand that we need analytical methods that have detection limits (in a wastewater 
matrix) below the PNEC for the API of concern.
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Treatment
One of the single most important approaches to reducing risks and 
protecting our environment!

Real World Perspective

A well designed and operated industrial wastewater 
treatment plant can be a strategic asset that enables a site 
to take on products and processes that others can not 
handle without incurring huge environmental risks and 
potential liabilities for damage.



In some cases, combination of technology is required to treat different 

compounds or arrive at most efficient operating strategy.

Collection & 
Segregation

• Reduce 
discharge 
mass

• Isolate near-
source

• Capture 
pharmaceutical 
waste streams

• Repair 
infrastructure

Pre-Treatment 
Requirements

• Equalization

• pH Control

• Solids 
Removal

• Oil & Grease 
Removal

• Dissolved Air 
Flotation

API Treatment 
Technology

• Ozone 
Oxidation 

• GAC

• Biological 
Treatment

• Membrane 
Filtration

• Evaporation

• Incineration

Post-Treatment

• pH 
Neutralization

• Cooling

• RO for Reuse

• WW Blending

• Monitoring

Pharmaceutical Discharge Reduction Process
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Always attempt to minimize API 

discharge to wastewater as close to 

the source as possible.

PEC/PNEC to ID Key Risks

Design API Manufacturing 

Processes to Minimize 

Losses
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Primary Treatment

Fractionate your COD! You may be surprised to find 
that a major portion is particulate (including insoluble 
API’s) and can be removed with simple and 
inexpensive technologies including primary clarifiers, 
sand filters and dissolved air flotation (DAF) systems.
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CWT GEM® DAF System 

https://cwt-global.com/gem-system/
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Secondary Treatment

• Typically, biological-based

• Removal pathways include biological oxidation/reduction and sorption to biological solids of contaminants 
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Images are hyperlinked to source

Relies on a symbiotic culture of microorganisms 
(biofilms, aerobes, anaerobes, anoxic organisms)

© Arcadis 2024 23

https://5.imimg.com/data5/TQ/UV/MY-46752198/trickling-filter-500x500.jpg
https://static.panoramio.com.storage.googleapis.com/photos/large/42929335.jpg
https://i.ytimg.com/vi/ZvV4hgoUP0g/maxresdefault.jpg


Testing of ionophore antibiotics using 
respirometry to identify toxicity & inhibition
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This highlights the importance of acclimation – remember production may not run continuously
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Focus on Membrane Bioreactor (MBR) for Pharmaceutical 
Production Facilities 
• Micro- or ultra-filtration membrane for 

solids/liquid separation

• Operates at high biomass concentrations

• Longer sludge age

• Improved operability

• Amenable for water reuse applications
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HT-Hormone Therapy : OC-Oral Contraceptives : Venlafaxine-SSRI
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Tertiary Treatment Categories
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Some are suited for general effluent quality improvement, 
while others specifically remove APIs.

Filtration Mass Transfer
Advanced Oxidation 

Processes
Thermal
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Advanced Oxidation Processes – "The Sledgehammer"
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https://www.researchgate.net/journal/Clean-Technologies-and-Environmental-Policy-1618-9558
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Criteria Filtration Mass Transfer AOP Thermal

API Fate
Sorbed to solids, 

RO rejection
Sorbed to media

Mineralization, 

possible daughter 

products

Destroyed or 

Concentrated

CAPEX Range Low – Medium Low – Medium Low – High Medium – High 

OPEX Requirements
Backwash / Reject 

disposal, CIPs

Backwash / Media 

disposal

Chemicals, Power, 

Chemical sludge 

disposal (process 

dependent)

Slurry/Brine/ Ash 

disposal, 

transportation, heat 

energy

Tertiary Treatment Comparison
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Treatment? This is what works!
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Putting it all 
together

Wastewater treatment is a strategic asset and 
one of the most important blocks in the overall 
manufacturing process.
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Thread Revisited
1. Define the scope and magnitude of the problem

• Understand the APIs and risks

2. Spend time understanding manufacturing

• Insight into waste stream characteristics and volumes

• Learn where waste streams are generated and how they might be segregated or treated at source

• Develop sampling strategy

3. Understand what you need to treat (APIs and matrix)

• This dictates unit processes

• Informs us about unit sizing, treatment process complexity and cost

4. Treatability

• Theory vs reality

• Pretreatment  (bulk organics and solids removal) required to get to molecules of concern

• Final scale up decisions can be made after treatability (stoichiometry and kinetics get defined here)

• Energy

• Process safety

17 April 2024© Arcadis 2024 31



Thank you for your attention!
Ed Helmig

Principal Engineer – Industrial Water Treatment & Optimization

Cell: 267-230-9544

Edward.Helmig@arcadis-us.com

Dave Riedel

Principal Engineer – Industrial Water Treatment & Optimization

Cell: 703-853-8920

David.Riedel@arcadis.com

Contacts:

mailto:Edward.helmig@arcadis-us.com
mailto:David.Riedel@arcadis.com
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