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Farmaci nell’ambiente – Fonti di Immissione

Pharmaceuticals are ubiquitous contaminants in the environment

Human Use

Wastewater Treatment Plants Effluents 

Veterinary Use

Direct discharge of wastewater

Industrial discharge

Animal farms and acquaculture 

Local contamination

Active compounds in complex mixtures



3

Pharmaceuticals in the environment
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Monitoring fate and removal

of pharmaceuticals and antibiotics
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Emerging Contaminants Investigated – MARIO NEGRI 

PHARMACEUTICALS ILLICIT DRUGS 

Antibiotics Cocaine and metabolites 

Amoxicillin Benzoylecgonine 

Ciprofloxacin Norbenzoylecgonine 

Clarithromycin Cocaine 

Erythromycin Norcocaine 

Dehydro-erythromycin Cocaethylene 

Lincomycin Ecgonine methyl ester 

Ofloxacin Ecgonine 

Oxytetracycline Anhydroecgonine 

Spiramycin Anhydroecgonine methyl ester 

Sulfamethoxazole Opioids 

Vancomicin Morphine 

Anticancer 6-acetylmorphine 

Cyclophosphamide Morphine-3β-D-glucuronide 

Methotrexate Morphine-6β-D-glucuronide 

Tamoxifen Oxycodone 

Antiinflammatory Hydrocodone 

Diclofenac Codeine 

Ibuprofen 6-acethylcodeine 

Ketoprofen Methadone 

Naproxen 2-ethylidene-1,5-dimethyl-3,3-diphenylpyrrolidine (EDDP) 

Paracetamol Amphetamines 

Bronchodilator Amphetamine 

Salbutamol Methamphetamine 

Cardiovascular 3,4-methylenedioxyamphetamine (MDA) 

Atenolol 3,4-methylenedioxymethamphetamine (MDMA) 

Enalapril 3,4-methylenedioxyethamphetamine (MDEA) 

CNS drug 1,3-Benzodioxolyl-N-methylbutanamine (MBDB) 

Demetyl-diazepam Ketamine 

Diazepam Ketamine 

Carbamazepine Cannabinoids 

Diuretics 11-nor-9-carboxy-Δ9-tetrahydrocannabinol (THC-COOH) 

Furosemide 11-hydroxy- Δ9-tetrahydrocannabinol (OH-THC) 

Hydrochlorothiazide PERSONAL CARE PRODUCTS 

Estrogens Benzophenone-3 

17-β estradiol Benzophenone-4 

Estrone 4-methylbenzylidene camphor (4-MBC) 

17-α ethynilestradiol Phenylbenzimidazole sulfonic acid (PBSA) 

Gastrointestinal DISINFECTANTS 

Omeprazole Triclosan 

Ranitidine Triclocarban 

Lipid Regulators ANTHROPOGENIC MARKERS 

Atorvastatine Caffeine 

Bezafibrate Paraxanthine 

Clofibric acid 1-methylxanthine 

Gemfibrozil Nicotine  

Erectile dysfunction drug Cotinine 

Sildenafil OTHERS 

PERFLUORINATED SUBSTANCES Bisphenol A 

Perfluorooctanoic acid (PFOA) Nonylphenol 

Perfluorooctane sulfonate (PFOS) 4-octylphenol 

 4-teroctylphenol 
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Antibiotics in Surface Water (Lambro, Seveso, Olona)

In: Gli antibiotici spiegati bene – Silvio Garattini- Edizioni LSWR, 2020
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Assessing antibiotics burden in surface water

Monitoring the presence of antibiotics for human and veterinary use and other 
pharmaceuticals in surface water in the North of Italy

Study area Sampling period

Three sampling campaigns

1. Autumn – winter 2020- 2021

2. Spring 2021

3. Summer 2021

Supported by 
Regione 

Lombardia
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Assessing antibiotics burden in surface water

Selected Analytes

Antibiotics were selected 
among the most used in 

veterinary medicine
(with some for human use)

Other pharmaceuticals were 
selected among the most used 

in human medicine
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Method of analysis for pharmaceuticals

Sample preparation

Filtration on 1.6 and 0.45 μm filters

Sample extraction

Cartridges Oasis MCX ed HLB (60 mg)
Two different protocols 

Sample analysis

HPLC- MS/MS
(API 5500 QqQ)

• Multiple reaction Monitoring 
(MRM)

• Two/three most abundant 
fragmentation products of the 
protonated pseudo-molecular ions

• Positive and negative ionization 
mode
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Pharmaceuticals in surface water – Overall Results

Mean Mass Loads (g/day) from three analytical campaigns
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Pharmaceuticals in surface water – Seasonal variability

First campaign: autumn – winter; second campaign: spring; third campaign: summer 
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Conclusions and future investigations

Increasing burden of pharmaceuticals along the investigated rivers

Local contamination of specific substances in some sampling sites

Quantitative Assessment of  most abundant substances along the rivers

Identification of potential sources of contamination for specific substances
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