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Renal failure, death due to 

Diclofenac in carcasses
Environmental Pollution, 2007

Diclofenac, 5µg / L, 28 days

Kidney damage

Bioaccumulation: kidney, liver, 

gills and muscle
Aquatic Toxicology, 2004

Clofibrate, 500 µg / L,

Growth retardation, 

malabsorption syndrome
Toxicology and Applied 

Pharmacology, 2008

Population decline due to 

sexual immaturation in 1980

Apopka lake, Florida
Florida Science, 1993

Tramadol 1 µg/L in water for 42 

days, impairs chub behavior 

with anxiolytic-like effects, less 

bold and less social individuals
Ecotoxicology and Environmental Safety, 

2021

Some effects 

observed

Diclofenac: 0,025 grammes/kg

Mediterranean Sea
Scientific Council of the Lérins Islands 2020
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58 small preserved lakes

3 successive summers

Ethinylestradiol  ng/L

Near extinction small fish

Reduction in the number of large fish

3 years later: normal return

Palace, V.P., R.E. Evans, K.G. Wautier, K.H. Mills, P.J. Blanchfield, B.J. Park, C.L. Baron, K.A. Kidd. 2009. Ethynylestradiol (EE2) added to a whole lake 

induced different biochemical, histopathological and population level responses in four species of wild fish. Can. J. Fish. Aquat. Sci. 66: 1920-1935. 
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➢Mechanism for removal from water
• Sorption on soils and sediments

• Bioaccumulation

• Biodegradation

• Photodegradation

➢Related to the molecule:
• pKa

• log Kd

• log Koc → Kd = Koc x foc and Koc = Corg.carbon / Cwater

• Log Kow

Log Kow > 5: sorbed to soils and sediments, remove from water

Log Kow < 2.5: poorly absorbed, mainly in water phase

• KH

➢Related to environment
• Temperature

• Sun light: main abiotic elimination route
New organic compounds : acridine carcinogenic and mutagenic photodegradation metabolite from CBZ

t1/2 cbz 2400-10 000 h ; t1/2 ibu 19-230 h  

• Nature of the soil

• Microorganism communities

• Presence of divalent cations (Ca2+, Mg2+) → complexes with tetracyclines

• Humic acids content → reversible association with cationic macrolides

• Water salinity → adsorption to the sediment of estrone increases in see water 

Physicochemical parameters conditioning the fate of 

pharmaceuticals

Hydrophobic 

interactions are the 

main mechanism of 

sorption

+ others mechanisms



Risk assessment

• Assessment of 

contamination of water & 

drinking water resources

• Hazard assessment

Risk = exposure x hazard



First case:
Environmental risk assessment for a given 

location

Which molecules? what effects? on which species?

Environmental risk? Health risk?



Prioritization
 Inability to search for all pharmaceutical molecules

➢ Consumption → larger quantities consumed

➢ Toxicity → higher potential for toxicity

➢ Estimation of environmental concentrations

➢ Analytical capability → comparison MEC/PEC

Score of

exposure

Score of

hazard 11000 drugs 

& 2800 API 

in France



Statistics from CNAM

Specific data: dispatchers, hospitals, region…

Exposure score: Consumption data

Data for year 2023

rank Product DCI Therapeutic class Number of boxes

1 DOLIPRANE (17) PARACETAMOL ANALGESIC 308,2 M 

2 DAFALGAN PARACETAMOL ANALGESIC 71,6 M

3 LEVOTHYROX LEVOTHYROXINE SODIQUE DRUG FOR THYROIDE 31,6 M

4 KARDEGIC ACIDE ACETYLSALICYLIQUE ANTITHROMBOTIC 26,7 M

5 EFFERALGAN MED PARACETAMOL ANALGESIC 23,9 M

6 ZYMAD COLECALCIFEROL VITAMIN 23,2 M

7 SERESTA OXAZEPAM PSYCHOLEPTIC 18,4 M

8 MACROGOL MACROGOL LAXATIVE 17,8 M

9 ELIQUIS (1) APIXABAN ANTITHROMBOTIC 13,7 M

10 DAFALGAN CODEINE PARACETAMOL + CODEINE ANALGESIC 13,6 M

11 LAMALINE GELULE PARACETAMOL + OPIACE + CAFEINE ANALGESIC 13,4 M

12 VENTOLINE SALBUTAMOL PULMONARY OBSTRUCTION 12,8 M

13 METHADONE METHADONE CENTRAL NERVOUS SYSTEM DRUG 12,3 M

14 IZALGI PARACETAMOL + OPIACE ANALGESIC 12,1 M

15 AMOXICILLINE VIATRIS AMOXICILLINE ANTIBACTERIAL 11,5 M

16 PARACETAMOL BGA PARACETAMOL ANALGESIC 11,1 M

17 BISOPROLOL VIATRIS BISOPROLOL BETABLOCKER 10,7 M

18 ATORVASTATINE BGA ATORVASTATINE LIPID-MODIFYING AGENT 10,0 M

19 SPASFON CPR PHLOROGLUCINOL GASTROINTESTINAL DISORDER 9,7 M

20 BISOPROLOL REF BISOPROLOL BETABLOCKER 9,7 M



rang Product DCI
Dose / number tablets per 

box
Number of boxes

1 DOLIPRANE PARACETAMOL 500 mg / 16 308,2 M 

2 DAFALGAN PARACETAMOL 500 mg / 16 71,6 M

5
EFFERALGAN 

MED 
PARACETAMOL 500 mg / 16 23,9 M

10
DAFALGAN 

CODEINE 

PARACETAMOL + 

CODEINE
500 mg / 16 13,6 M

11
LAMALINE 

GELULE 

PARACETAMOL + 

OPIACE + CAFEINE
300 mg / 16 13,4 M

14 IZALGI 
PARACETAMOL + 

OPIACE 
500 mg / 16 12,1 M

16
PARACETAMOL 

BGA 
PARACETAMOL 500 mg / 16 11,1 M

Total 453,9 M

Assessment of quantity of paracetamol consumned

during one year



rang Product DCI
Dose / number tablets per 

box
Number of boxes

1 DOLIPRANE PARACETAMOL 500 mg / 16 308,2 M 

2 DAFALGAN PARACETAMOL 500 mg / 16 71,6 M

5
EFFERALGAN 

MED 
PARACETAMOL 500 mg / 16 23,9 M

10
DAFALGAN 

CODEINE 

PARACETAMOL + 

CODEINE
500 mg / 16 13,6 M

11
LAMALINE 

GELULE 

PARACETAMOL + 

OPIACE + CAFEINE
300 mg / 16 13,4 M

14 IZALGI 
PARACETAMOL + 

OPIACE 
500 mg / 16 12,1 M

16
PARACETAMOL 

BGA 
PARACETAMOL 500 mg / 16 11,1 M

Total 453,9 M

Assessment of quantity of paracetamol consumned

during one year

500 mg x 16 tablets x 453,9.106 x 1/1000000000 = 3630 Tons  



molecule
MM

g/mol

logKow Solubility

mg/L

pKa
UMF (%) WWTP removal

metformin 129,2 -2,64 1000000 12,4 100%

ibuprofene 206,3 3,97 21 4,91 1-10%
99% (STE, 2009)

96% (WR 2009)

carbamazépine 236,3 2,45 17,7 13,9 1-2% <0,1% (WR 2009)

- Pharmacokinetic properties: fraction not metabolized? Metabolites?

- Percentage of removal in WWTPs

Exposure score: prediction of 

environmental levels



CBZ country concentration

WWTP 

influent

China 45

Cyprus 460-4023

Germany 1310

India 22-900

Portugal 50-673

WWTP 

effluent

China 34

Cyprus LOD-5520

Germany 1542

Greece 125

India 22-840

Japan 48-383

Jordan 0.4-3.6

Portugal 245-396

surface river

China LOD-37.4

Serbia LOD-35.5

Portugal 24.9-214

Bangladesh LOD-8.8

Sweden 0.4-0.5

USA LOD-0.17

Vietnam LOD-0.53

underground 

water

Serbia 3.4

Taiwan 0.4-37.9

Italy 1.1

drinking

water

China 0,5-38

Serbie LOD-8,7

SMX country concentration

WWTP 

influent

Cyprus 178-350

Germany 320.8

India 55-2260

Portugal 529-19118

WWTP 

effluent

Cyprus LOD-290

Germany 118.5

Greece 80

India 120-552

Jordan LOD-0.9

Portugal 340-1679

surface river

Bangladesh LOD-7.2

China 0.4-115

Portugal 43

China LOD-9

Sweden 0.075-0.14

USA LOD-3.2

underground 

water
Taiwan 0.1-1820

drinking

water

China LOD-1,8

USA ND-0,39

IBU country concentration

WWTP 

influent

Cyprus 1680-5315

India 834-4460

Portugal LOD-4927

WWTP 

effluent

Cyprus LOD-82

India 145-2140

Jordan LOD-5.7

Portugal LOD-369

surface river

China LOD-242

Serbie LOD-346

Colombie 5-62

Portugal 222-1317

South Africa 524-17600

Sweden 2.2

USA LOD-5

Vietnam 0.1-0.6

underground 

water

Serbia 92

Taiwan 7-837

drinking

water

China LOD-17

USA ND-1,2

Patel et al; Chem. Rev. 2019

Measured concentrations  

(ng/L)

review since 2013

MEC: Some data 

in the world

10%

50%

95%

Percentage of removal in STP



Pharmaceutical pollution of the world’s rivers
Proceedings of the National Academy of Sciences AS 2022 Vol. 119 No. 8

→ 1052 sampling sites; 258 rivers ; 104 countries ; all continents ; 471,4 M people ; 61 API



1 µg/L

10 µg/L



➢ Toxicity
Toxicological data: 

acute: LC50, EC50

chronic: LOEC, NOEC, ChV

Databases: https://pubchem.ncbi.nlm.nih.gov/

https://products.coastalscience.noaa.gov/peiar/

https://substances.ineris.fr/

➢ Therapeutic dosage
MRTD

https://drugcentral.org/

DDD

https://www.whocc.no/atc_ddd_index

https://www.theriaque.org/apps/contenu/accueil.php

Score of hazard: databases

Metformin 50 mg/kg

Ibuprofene 40 mg/kg

Carbamazepine 26,7 mg/kg

ATC code Name DDD U Adm. R

A10BA02 metformin 2 g O

M01AE01 ibuprofen 1.2 g O

N03AF01 carbamazepine 1 g O

https://pubchem.ncbi.nlm.nih.gov/
https://substances.ineris.fr/
http://www.whocc.no/atc_ddd_index/?code=A10BA02&showdescription=yes
http://www.whocc.no/atc_ddd_index/?code=M01AE01&showdescription=yes
http://www.whocc.no/atc_ddd_index/?code=N03AF01&showdescription=yes


ECOSAR  estimation of the water toxicity of chemicals

Acute: LC50 fish, LC50 daphnia, EC50 algae

Chronic: ChV fish, Daphnia, algae

- mathematic models (SAR)

- 40 chemical classes

Ex: acrylates log (48hLC50) = 0,00886 – 0,51136logKow  (Daphnia)

- Validation with 462 chemical products

EPI suite  estimation of physicochemical properties and behavior in 

the environment:

• Kowwin

• Kocwin

• Hydrowin

The OECD (Q)SAR Application Toolbox

Score of hazard: prediction



ECOSAR NCCOS / INERIS

Molecule

Acute toxicity

Fish: LC50, 4 days

Daphnia: EC50 2 days

Algae: LC50 4 days

Chronic toxicity

ChV Fish

ChV Daphnia

ChV Algae

Lowest toxic conc.

Fish

Daphnia

Algae

Metformin

(aliphatic amine)

14 034 mg/L

542 mg/L

52 mg/L

163 mg/L

0,04 mg/L

70 mg/L

LC50 > 982 mg/L

EC50 130 mg/L 

No data

Ibuprofene

(organic acid)

42 mg/L

31 mg/L

32 mg/L

4,9 mg/L

4,8 mg/L

16,4 mg/L

LC50 4 days 173 mg/L

EC50 2 days 108 mg/L

EC50 3 days 315 mg/L

Carbamazepine

(amide)

19,3 mg/L

11,8 mg/L

0,4 mg/L

0,11 mg/L

0,16 mg/L

0,40 mg/L

EC50 4 days 35.4 mg/L

EC50 2 Days 97,8 mg/L 

EC50 4 days 31.6mg/L





Effects of mixtures

Test variability

Daphnia immobilization test: 

- clofibric acid → 1% immobilization

- CBZ → 16% immobilisation

- clofibrique acid + CBZ: → 95% immobilization

NOEC algae: 

- Triméthoprime: 25,5 mg/L

- SMX: 0,6 mg/L

- SMX + TMP: 0,2 mg/L

- D. Magna, CE50, 48 h erythromycine: 22,4 or 211 mg/L

- D. Magna, CE50, 48 h ibuprofene: 9 to 1326 mg/L

- D. Magna, CE50, 24 h aspirine: 168 to 1468 mg/L



Parida et al., Journal of Environmental Chemical Engineering 9 (2021)

RQ = 
𝐌𝐄𝐂

𝐏𝐍𝐄𝐂

MEC: Environmental concentration

PNEC:  Predicted No Effect

Concentration

RQ > 1

0,1 < RQ < 1

RQ < 0,1

Toxicity assessment of 

19 substances over 4 species 





Second case:
Environmental risk assessment for a new  molecule

Request from regulatory authorities to grant the marketing 

authorization



ERA guidelines EMEA and FDA

PEC / PNEC

• Quantity consumed

PEC < 10 ng/L

EIC < 100 ng/L

• Human metabolism

• WWTP efficacy

• PBT factor (log Kow)

• Acute toxicity tests

− Daphnia

− Algaes

− Fish

• chronic toxicity

EC50, LC50, NOEC

PNEC
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Please also refer to the “Guideline on the environmental risk 

assessment of medicinal products for human use” 22 August 2024

EMEA/CHMP/SWP/4447/00 Rev. 1- Corr.*-

published on the EMEA website:   

(http://www.emea.europa.eu/pdfs/human/swp/444700en.pdf).
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General procedure

Phase I

Prescreening
Exposure estimate

PEC > 10 ng/LPEC < 10 ng/L

Phase IIA

Screening
PEC/PNEC < 1

PEC/PNEC > 1

Phase IIB

Extended Screening

ERA

EMEA/CHMP/SWP/4447/00



Phase I: Pre-screening 

Log Kow > 4,5    → PBT study

Persistance
Half-life in water or soil > 182 days

Half-life in sediment > 365 jours

Bioaccumulation Log Kow > 5

Toxicity 
EC 50 or LC 50 < 1 mg/L

NOEC < 0,1 mg/LCalculation of PEC
Aquatic compartment only

DilutionxWastew

FxDose
PEC

inhab

penai
SW =

PECSW < 0,01 µg/L
➢ no major risk for the aquatic environment

PECGW = 0,25 x PECSW

Fpen = 0,01 and Wastewinhab = 200 L/inhab and Dilution factor = 10

http://images.google.fr/imgres?imgurl=http://img.archiexpo.fr/images_ae/photo-g/barriere-levante-automatique-149284.jpg&imgrefurl=http://www.archiexpo.fr/prod/pilomat/barriere-levante-automatique-50203-149284.html&usg=__oY4EbEF5i_tercZPcL0rqoKS14Y=&h=1000&w=767&sz=38&hl=fr&start=15&tbnid=S70pp1G6NYsHKM:&tbnh=149&tbnw=114&prev=/images%3Fq%3Dbarri%25C3%25A8re%26gbv%3D2%26hl%3Dfr


Phase IIA: Screening

PEC
?

Fate in the environment:
• Biodegradability test (OCDE 301)

• Adsorption / desorption (OCDE 106 ou 121)

• Adsorption on WWTP sludge → Koc

• Transformation in sediment (OCDE 308)

Effects on aquatic organisms:
• Inhibition of algae growth (OCDE 201)

• Reproduction of daphnia (OCDE 211)

• Fish toxicity (OCDE 210)

• Respiration inhibition test, sludge (OCDE 209)

PNECW → NOEC lowest

PNECGW → NOEC on test daphnia

PNECµorg → NOEC for inhibition test

Safety factor of 10

Identification of an environmental risk
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http://www.google.fr/imgres?imgurl=http://www.waliboo.com/files/wp-content/uploads/dossier-photos/daphnies1.jpg&imgrefurl=http://www.waliboo.com/poissons/dossiers/alimentation/les-daphnies-c%25E2%2580%2599est-quoi/19235&h=237&w=292&sz=33&tbnid=q1zD3d9g9_1BHM:&tbnh=93&tbnw=115&prev=/images%3Fq%3Ddaphnies&hl=fr&usg=__6S245nZNi3V-noYeZtL9ha9NUHw=&ei=yINPS8GvEtTX4gaosbG3DA&sa=X&oi=image_result&resnum=1&ct=image&ved=0CAcQ9QEwAA
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Phase IIA: Screening (2)

PECSW / PNECW < 1

PECSW / PNECW > 1

PECGW / PNECGW > 1

PECSW / PNECµorg > 0,1

No major risk for the 

aquatic environment

Phase IIB, with metabolites

Kow > 1000 

Koc > 10 000 L/kg

Adsorption on sediments

➢ PEC / PNEC?

Phase IIB, with metabolites



Phase IIB: Extended Screening

Phase IIB   

→ Refining the assessment + taking into account metabolites

Reassessment of PEC:

365xInhbtsxDDD

100xAmount
Fpen =

Adsorption on suspended matter: Factor = 1 + (Foc x Koc) x MES x 10-6

% people treated in the population

DilutionxFactorxWaste

FxFxFxDose
PEC

inhab

stppenexcretaai
SW =

Fexcreta: portion eliminated unmetabolized ; Fstp : portion eliminated by WWTP ; MES: suspended matter



Refinement of effects

Toxic effect on sediment → tests on exposed species

Additional tests on aquatic and terrestrial microorganisms

Test OCDE 307
Aerobic and anaerobic transformation of 

chemicals in soil

Test OCDE 216
Soil microorganisms: nitrogen transformation 

test

Test OCDE 208
Terrestrial plant test: seedling emergence and 

seedling growth test

Test OCDE 207 Earthworm, acute toxicity testing

Test ISO 11267

Soil quality -- Inhibition of reproduction of 

Collembola (Folsomia candida) by soil

pollutants



ERA Report in CTD (Module 1.6)

➢ PEC estimate

➢ Assessment of possible risks (summary of studies)

➢ Precision of usage precautions to be taken (unused 

products)

➢ Suggested indication on the product packaging and in 

the summary of characteristics

Veterinary drugs: 
Guideline on environmental impact assessment for veterinary 

medicinal products 

EMA/CVMP/ERA/418282/2005



DilutionxWastew

FxDose
PEC

inhab

penai
SW =

Dose ai (mg) PEC phase I (ng/L)

Metformine 3000 15 000

Ibuprofène 1200 6 000

Carbamazépine 2000 10 000

DilutionxFactorxWaste

FxFxFxDose
PEC

inhab

stppenexcretaai
SW =

(1200 x 0,01)/(200 x 10)

Fpen

Data consumption

Metabolism

WWTP treatment

PEC 
adjusted

consumption

Fexcreta. Fstp

PEC 

(ng/L)
Ecotoxicological data

PNEC 

(µg/L)
RQ

Metformine 16 367 1 ? 16 367
LC50 Daphnia

64 000 µg/L (SF 1000)
64 0,26

Ibuprofène 5 480 0,10 0,10 55
NOEC Daphnia reproduction 

20 000 µg/L (SF 100)
200 0,0003

CBZ 765 0,02 0,97 15
NOEC Daphnia reproduction

25  µg/L (SF 100)
2.5 0,006

(5480 x 0,10 x 0,10)



FDA approach: 

(L/j)Qx365

10x(kg/year)usedQuantity
(µg/L)EIC

effluent

6

=

EIC < 100 ng/L
Phase I: acute toxicity on a species

CL50/MEEC > 1000

Phase II: acute toxicity « base set »

CL50/MEEC > 100

Phase III: chronic toxicity « base set »



Therapeutic solution

Urine

WWTP

Surface water

Groundwater

Acute 

toxicity

g/L

mg/L

µg/L

ng/L

Chronic 

toxicity

g/L

mg/L

µg/L

ng/L

CBZ, 

propranolol

fenofibrate 

ofloxacine 

SMX 

diclofenac 

paroxétine


