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Pharmaceuticals in the environment

✓ Used in high quantities

✓Heterogeneous group

✓ Continuos discharge

✓ Biologically active substances

✓ Complex mixtures – potential toxic effects

✓ Polar compounds (generally small)

✓Not regulated



Where pharmaceuticals comes from?

Main sources: therapeutic treatment in human and veterinary medicine



Environmental contamination pathways
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Fate and behaviour in a wastewater treatment plant



Metabolism in man

(% excretion as parent compound)

Selection of molecules with the greates loads

Environmental fate

persistence in the environment

List refined

priority pharmaceuticals

List of "theoretical" priority pharmaceuticals

Predicted environmental loads

Sales loads

(prescriptions)

(Zuccato et al. Lancet 2000; Calamari et al. ES&T  2003)

Pharmaceuticals Prioritisation 



Pharmaceuticals Prioritisation 

Riva et al., Journal of Pharmaceutical and Biomedical Analysis, 2015



Pharmaceuticals occurrence in the environment

The Lancet, 2000, 355, 1789-1790

First monitoring study of pharmaceuticals
in surface, drinking water and river sediments 

in Italy



Environmental Science and Technology, 
2006, 407, 357-363

Pharmaceuticals occurrence in the environment



Aim of the study

Evaluate presence and distribution of selected emerging 
contaminants in the aquatic environment 

in the area of Milan

➢ Selection of  environmental pollutants

➢ Set up of analytical methods

➢ Monitoring occurrence and fate in: 

✓ wastewater (raw and treated)

✓ surface water 

✓ groundwater

➢ Mass balance of pollutants in the River Lambro basin

➢Environmental and Human Risk Assessment



Sampling sites

North of Italy, Milan Area 

First layer 
(depth 0-30m)

Second layer
(depth 30-100m)

Third layers
(depth 100-200m)

Groundwater - Milan
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Therapeutic drugs -Raw Wastewater 

36 Compounds investigated
9 compounds < LOQ ng/L

20-120 ng/L 3-10 ng/L

Pharmaceuticals in Untreated Wastewater

Three plants, 7 days sampling for each plant, March 2011

Castiglioni et al. Water Research 2018



Removal of pharmaceuticals in WWTPs

Therapeutic drugs: different removals among STPs

Plant 1 and 2: Activated sludge secondary treatment followed by disinfection

Plant 3: Biofilters secondary treatment and UV disinfection
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Removal of emerging contaminants in WWTPs

Removals depends on compounds and treatment 
Plant 1 and 2: Activated sludge secondary treatment followed by disinfection

Plant 3: Biofilters secondary treatment and UV disinfection

Influent Effluent Influent Effluent Influent Effluent

PLANT 1 PLANT 2 PLANT3

(7 samples) ( 7 samples) ( 7 samples) ( 7 samples) ( 7 samples) ( 7 samples) 

(g/d) (g/d) (g/d) (g/d) (g/d) (g/d)

Atenolol 731±189 100±15 593±53 161±45 132±18 108±105 86 73 18

Bezafibrate 66±42 5±2 36±8 50±22 226±208 132±105 92 0 42

Carbamazepine 138±40 73±12 104±13 88±8 133±143 23±3 47 15 83

Ciprofloxacin 172±47 35±9 229±35 51±16 53±34 30±8 80 78 43

Clarithromycin 445±90 73±14 152±29 92±11 89±16 81±10 84 39 9

Furosemide 326±148 117±32 115±49 528±57 55±22 49±3 64 0 11

Ibuprofen 668±192 1.2±0.1 485±106 7±5.2 87±18 17±6 100 99 80

Hydrochlorothiazide 323±127 417±403 139±19 289±28 38±7 13±9 0 0 66

Ketoprofene 621±296 76.4±26 265±17 152±61 86±21 17±10 88 42 80

Naproxene 612±224 23±5 286±140 55±69 57±9 51±6 96 81 11

Ofloxacin 106±28 50±8 191±28 78±6 47±29 39±11 53 59 17

Ranitidine 36±11 1.3±0.3 45±13 31±3 11±3 15±3 96 31 0

Selected 

Pharmaceuticals

Removal rate (%)

PLANT 1 PLANT 2 PLANT 3

Castiglioni et al. Water Research 2018



Pharmaceuticals in Surface Water

36 Compounds investigated

Castiglioni et al. Water Research 2018



Rivers

Concentrations Lambro

ng/L Linate Carpianello San Zenone
San 

Colombano

Atenolol 252 291 264 224

Carbamazepine 71 131 98 119

Clarythromicin 202 323 305 261

Diazepam 0.3 0.8 84 52

Demetil-Diazepam 0.9 1.4 122 72

Salbutamol 1.9 2.7 453 288

Suspected source:
Use in livestock 
holdings

Pharmaceuticals in Surface Water

Castiglioni et al. Water Research 2018



Mass Loads are calculated considering the mean concentrations 
of  two analytical campaigns (March - September)

Mass Loads increase in the river Lambro basin

South of Milan

Pharmaceuticals in Surface Water

Castiglioni et al. Water Research 2018



Classes of 

compounds

Rivers

before 

Milan

WWTPs 

Effluents in 

Milan

Closure of 

the Lambro 

River basin

Sources in 

the south 

of Milan

Loads (g/day)

Therapeutic Drugs 1105 3009 6634 2520

All ECs 6822 3872 22967 12273

Mass Balance of the Emerging Contaminants
in the Lambro River Basin 

Olona

Seveso

Lambro

Mass balance  of emerging contaminants 

Castiglioni et al. Water Research 2018



Ground Water Contamination

Castiglioni et al. Water Research 2018



Ground Water Contamination

Different pattern of contamination 
between the layers analyzed

First layer groundwater (depth 0-30m)
Concentrations 1.5-152 ng/L

Second and third layer groundwater
(depth 40-200 m)

Concentrations 0.2-32 ng/L



Mass balance  of emerging contaminants 



Conclusions

✓ Most of the pharmaceuticals investigated were ubiquitous in the 
River Lambro basin in a highly urbanised area

✓ Mass Balance calculation allowed the identification of different 
sources of contamination

- domestic from treated or untreated wastewater
- livestock in the river Lambro basin

✓ Behaviour and fate in WWTPs depends on chemicals structure and 
type of treatment adopted

✓ Potential environmental risks related to the reuse of surface water in 
a number of activities were identified

✓ Groundwater resulted affected by pharmaceuticals contamination 
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