
 

 
 

Appendix II 

Pharmaceuticals considered in the Risk assessment on the use of sewage sludge 
as fertiliser  

Hazard identification and Hazard characterisation  
(sorted with regard to ATC groups) 

 
 
 
Abbreviations used 
LO(A)EL Lowest Observed (Adverse) Effect Level 
LOEC Lowest Observed Effect Concentration 
NO(A)EL No Observed (Adverse) Effect Level 
NOEC No Observed Effect Concentration 
ADI Acceptable Daily Intake 
PDE Permitted Daily Exposure 
ARfD Acute Reference Dose 
RfDoc: Oral Chronic Reference Dose 
TDI Tolerable Daily Intake 
TDLo Toxic Dose Low: The lowest dose of a substance 
introduced by any route, other than inhalation, over any 
given period of time, and reported to produce any toxic 
effect in humans or to produce tumorigenic or reproductive 
effects in animals.  
LDLo Lowest Lethal Dose: Lowest amount of a substance, 
ingested or administered by routes other than inhalation, 
reported to cause death in humans or animals. 
LDad (Lethal Dose-acute dietary)  
MDE Maximum daily exposure 
MTD Maximum Tolerated Dose 
ADE Acceptable daily exposure 
SED Systemic exposure 
EDI Estimated daily intake 
DLT: dose-limiting toxicity (DLT 360 mg/m2, ca. 580 mg/d po) 
TTC: Threshold of toxicological concern 

ATC main group 
A - Alimentary tract and metabolism 

B - Blood and blood forming organs 

C - Cardiovascular system 

D - Dermatologicals 

G - Genito urinary system and sex 
hormones 

H - Systemic hormonal preparations, 
excl. sex 
hormones and insulins 

J - Antiinfectives for systemic use 

L - Antineoplastic and 
immunomodulating agents 

M - Musculo-skeletal system 

N - Nervous system 

P - Antiparasitic products, 
insecticides and repellents 

R - Respiratory system 

S - Sensory organs 

V - Various 



 

ATC A ALIMENTARY TRACT AND METABOLISM 

ATC A02 DRUGS FOR PEPTIC ULCER AND GASTROOESOPHAGEAL REFLUX DISEASE 
ATC A03 DRUGS FOR FUNCTIONAL GASTROINTESTINAL DISORDERS 
ATC A06 DRUGS FOR CONSTIPATION 
ATC A07 ANTIDIARRHEALS INTESTINAL ANTIINFLAMMATORY/ANTIINFECTIVE AGENTS 
ATC A10 DRUGS USED IN DIABETES 

 
Hazard identification 

Drug CAS No. Median Conc. 
sludge Q90 

UB 

Max. Conc. 
sludge Q90 

UB 

Samples in 
Norway/ 

> LOQ 

BCF 
Ås_leaf 

 

Log 
KOW 

Dtsoil 
20°C 

Biodegrad
ability 

New 
RQ-
Q90 

New 
rank 

DDD Prescriptions 
in N (2021) 

Absorption 
F (oral) 

Distributio
n VD 

Metabolism 
 

Elimination 
t1/2 

Toxicity 
LD50 (oral) 

  µg/kg dw µg/kg dw  mg/kg  d 20°C, soil   /1000 persons/d  % L/kg bw   h mg/kg bw 

Omeprazole 73590-58-6 n.a. n.a. n.a. n.a. 2.09 158 n.a. n.a. n.a. 5.50 (20 mg) 39 148 30-40 0.3 extensive 0.5-1 4000 (mouse) 
2210 (rat) 

Pantoprazole 102625-70-7 n.a. n.a. n.a. n.a. 1.45 158 n.a. n.a. n.a. 35.03 (40 mg) 357 887 77 0.2-0.4 extensive 1 747 (rat) 
cancerogenic 

Lansoprazole 103577-45-3 n.a. n.a. n.a. n.a. 2.98 158 n.a. n.a. n.a. 4.12 (30 mg) 29 290 80-90 0.4 extensive 
prodrug 0.9-2.1 >1000 (mouse) 

>1000 (rat) 
Esomeprazole 

(S-isomer of omeprazole) 119141-88-7 n.a. n.a. n.a. n.a. n.a n.a. n.a. n.a. n.a. 28.7 (30 mg) 207 869 64-90 0.3 extensive 1-1.5 > 4000 (mouse) 

Metoclopramide 364-62-5 n.a. n.a. n.a. n.a. 2.62 158 n.a. n.a. n.a. 1.2 (30 mg) 73 843 84 3.5 
intermediate 
20% excreted 

unchanged 
5-6 750 (rat) 

Macrogol 37225-26-6 n.a. n.a. n.a. n.a. n.a n.a. n.a. n.a. n.a. 3.98 (10 g) 85 674 <10 0.7 none 4.1 22000 (rat) 

Nystatin 1400-61-9 n.a. n.a. n.a. n.a. n.a n.a. n.a. n.a. n.a. 0.22 (1.5 MU) 35 044 not 
absorbed none none none 10000 (rat) 

Loperamide 53179-11-6 26.5 80 129/129 11 5.09 1000 n.a. <0.01 716 1.55 (10 mg) 27 874 < 1 high 
extensive 

1% excreted 
unchanged 

9-14 185 (rat) 
105 (mouse) 

Glibenclamide 10238-21-8 9.1 79 136/20 n.a. 1.79 1000 inh. biod. 0.11 480 0.04 (7mg) 615 45 0.3-0.8 extensive 4-13.4 

>3200 (rat) 
> 1500 (mouse) 
>10000 (rabbit) 

10000 (dog) 
15000 (guinea pig) 

Glimepiride 93479-97-1 <0.023 <0.023 64/0 n.a. n.a. 1000 n.a. n.a. n.a. 3.76 (2 mg) 17 884 >95 0.1 extensive 5-8 
>10000 (rat) 

10000 (mouse) 
TDLo 28 µg/kg/d (human) 

Mesalazine 89-57-6 n.a. n.a. n.a. n.a. 0.81 15.8 n.a. n.a. n.a. 5.87 (1.5 g) 23 645 22 0.3 extensive 
1-300 
high 

variability 

2800 (rat) 
3370 (mouse) 

LDLo 3000 mg/kg (monkey) 
TDLo 8 mg/kg/d (human) 

Semaglutide 
(Ozempic) 910463-68-2 n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. 3.99 (0.11 mg) 36 984 89 0.1 extensive 

but slow 
168 

46 (pigs) not defined 

Empagliflozin 864070-44-0 n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. 3.71 (17.5 mg) 26940 78 1.1 
low 

excreted 
unchanged 

12.4 
2000 (rat) 

2500 (mouse) 
LOAEL 100 µg/kg/d (dog) 
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LOAEL 100 µg/kg/d (rat) 

Bromocryptine 25614-03-3 <25 <250 7/0 154 2.68 1000 inh. biod. 12.3 133 n.d. n.d. 28 0.9 completely 2-8 
200 (mouse) 
1000 (rabbit) 

TDLo 8mg/kg/d (human) 

Metformin 657-24-9 34 140 6/6 11 0.38 158 n.a. 0.03 553 16.64 (2 g) 140 651 50-60 10 
low 

excreted 
unchanged 

6.2 

1000 (rat) 
1450 (mouse) 

383 mg/L (Rice fish) 
907 mg/L (Rotifers)  

Colecalciferol 
(Vitamin D3) 67-97-0 n.a. n.a. n.a. n.a. 8.37 1000 n.a. n.a. n.a. - 199 929 55-99 3.6 intermediate 50 d 

42 (rat) 
42.5 (mouse) 

80 (dog) 
2000 (duck) 

TDLo 39 mg/kg/d (human) 

Guanylurea 141-83-3 2.4 49 6/2 104 -0.94 158 n.a. 
stable <0.01 656 n.d. n.d. 45 similar to 

metformin 

extensive 
metabolite of 
metformin in 
aquatic envir. 

4 500 (rat) 
EC50 544 mg/L (Rotifers) 

 
Hazard characterisation 

Drug Frequency in 
sludge 

Environmental 
toxicity 

BAF 100Y 
soil 

plant parts 

Upconc. Y1 
root/tuber 

leaf 
seed 

Animal toxicity  NOAEL Human toxicity 
ADI 

or ADIp 

Risk 
evaluation 

ratings 

Risk 
characterisation 

 
Σ ratings 

Loperamide high frequency 
intermediate level 

high soil t1/2, 

very low RQ-Q90 
2.1 
2.1 

0.0180 
0.0076 
0.0001 

TDLo 3 mg/kg (mouse) 
TDLo 1 mg/kg (rat) >10 mg/kg/d TDLo 125 µg/kg 

ADIp 1.3 µg/kg/d 

Sludge level: 3 
Freq: 3 

BAF 100Y: 4 
UpConc Y1: 2 

ADIp: 4 

16 

Metformin high frequency 
intermediate level 

high soil t1/2, 

very low RQ-Q90 
1.0 
1.0 

0.0026 
0.0066 
0.0020 

LOAEL 270 mg/kg iv (pig) 
NOEC 11.7 mg/L (zebrafish) 

MAC-EQS 640 µg/L 
PNEC children 890 µg/L ADI 62 ug/kg/d 

Sludge level: 3 
Freq: 3 

BAF 100Y: 3 
UpConc Y1: 1 

ADI: 2 

12 

Glibenclamide low frequency 
low level 

high soil t1/2, 

low RQ-Q90 
1.0 
1.0 

0.0380 
0.0100 
0.0150 

LOAEL 0.12 mg/kg/d (rat) 
LOAEL >0.5 mg/kg/d (pig) >5.2 mg/kg/d (rat) TDLo 147 µg/kg 

ADIp 1.5 µg/kg/d 

Sludge level: 2 
Freq: 1 

BAF 100Y: 3 
UpConc Y1: 2 

ADIp: 4 

12 

Guanylurea intermediate frequency 
low level 

high soil t1/2, 

very low RQ-Q90 
1.0 
1.0 

0.0026 
0.0590 
0.0023 

NOEC 8 mg/L (water flea) 
EC50 40 mg/L (Daphnia magna) 

MAC-EQS 529 µg/L 
>1000 µg/L (brown trout) 

n.d. n.d. 
ADIp 80 µg/kg/d 

Sludge level: 2 
Freq: 2 

BAF 100Y: 2 
UpConc Y1: 2 

ADIp: 2 

10 
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Pantoprazole n.a. 
n.a. 

high soil t1/2, 

n.a. 
n.a. 
n.a. 

n.a. 
n.a. 
n.a 

used for cats and dogs 
LOAEL <1 mg/kg iv (alpaka) 
LOAEL <1.5 mg/kg iv (foal) 
LOAEL <1 mg/kg iv (cattle) 
LOAEL <1 mg/kg iv (goat) 

LOAEL <1 mg/kg iv (sheep) 

5 mg/kg (rats) TDLo 3 mg/kg/d 
ADIp 30 µg/kg/d 

Sludge level: n.a. 
Freq: n.a. 

BAF 100Y: n.a. 
UpConc Y1: n.a. 

ADIp:3 

3+ 
much used, 

cancerogenic, data 
should be acquired 

Esomeprazole n.a. 
n.a. 

high soil t1/2, 

n.a. 
n.a. 
n.a. 

n.a. 
n.a. 
n.a 

ED50 0.4 mg/kg (dog) 
used in cats, dogs, horses 

270 µmol/kg (rats) 
80 µmol/kg (dogs) 
>1.2 mg/kg (rabbit) 

LOAEL <0.6 mg/kg 
ADIp 0.6 µg/kg/d 

Sludge level: n.a. 
Freq: n.a. 

BAF 100Y: n.a. 
UpConc Y1: n.a. 

ADIp:5 

5+ 
much used, data 

should be acquired 

Semaglutide n.a. 
n.a. 

high soil t1/2, 

n.a. 
n.a. 
n.a. 

n.a. 
n.a. 
n.a 

<0.4 mg/kg/w sc (pig) 
30 µg/kg sc (rat) 

62 µg/kg sc (rabbit) 
20 µg/kg sc (monkey) 

TDLo 4 mg/kg 
ADIp 40 µg/kg/d 

Sludge level: n.a. 
Freq: n.a. 

BAF 100Y: n.a. 
UpConc Y1: n.a. 

ADIp:3 

3+ 
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ATC B BLOOD AND BLOOD FORMING ORGANS 

ATC B01 ANTITHROMBOTIC AGENTS 
ATC B03 VITAMIN B12 AND FOLIC ACID 
 

Hazard identification 

Drug CAS No. 
Median 

Conc. sludge 
Q90 UB 

Max. Conc. 
sludge Q90 

UB 

Samples in 
Norway/  

> LOQ 

BCF 
Ås_leaf 

 

Log 
KOW 

Dtsoil 
20°C 

Biodegrad
ability 

New 
RQ-
Q90 

New 
rank 

DDD Prescriptions 
in N (2021) 

Absorption F 
(oral) 

Distribution 
VD 

Metabolism Elimination 
t1/2 

Toxicity 
 LD50 (oral) 

  µg/kg dw µg/kg dw  mg/kg  d 20°C, soil   /1000 persons/d  % L/kg bw   h mg/kg bw 

Warfarin 81-81-2 <40 50 50/1 15 2.70 48 n.a. 16.3 121 3.12 (7.5 mg) 25 905 >95 0.14 extensive 37-89 (R) 
21-43 (S) 

3 (mouse) 
1.6 (rat) 

800 (rabbit) 
1 (pig) 
3 (dog) 
6 (cat) 

942 (chicken) 
180 (guinea pig) 

Clopidogrel 113665-84-2 n.a. n.a. n.a. 56 2.92 158 n.a. 1.18 290 7.63 (75 mg) 49 030 50 0.6 

extensive 
prodrug, 2 steps 

reaction to an 
active thiol-
containing 
metabolite 

6 
active 

metabolites 
0.5h 

1500 (rat) 
1500 (mouse) 
3000 (baboon) 

Apixaban 503612-47-3 n.a. n.a. n.a. n.a. 2.51 158 n.a. n.a. n.a. 15.13 (10 mg) 110 490 50 
0.32 

distributes 
into milk 

intermediate 
50% excreted 

unchanged 
12.7 

> 4000 (mouse) 
> 4150 (rat) 
>1500 (dog) 

> 300 (cyn. monkey) 

Rivaroxaban 366789-02-8 n.a. n.a. n.a. n.a. n.a. 1000 n.a. n.a. n.a. 4.92 (20 mg) 32 755 > 80 
0.77 

distributes 
into milk 

intermediate 
30% excreted 

unchanged 
5-9 

300 (mouse) 
500-980 (rat) 
3200 (rabbit) 

Dalteparin 9005-49-6 n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. 2.76 (2.5 TU) 30 334 87 0.05 low 2 
1950 (rat) 

TDLo 48 mg/kg sc 
(human) 

Phenindione 83-12-5 <20 <20 12/0 108 2.90 158 n.a. 1.03 300 n.d. n.d. 100 0.14 extensive 5-10 

175 (mouse) 
163 (rat) 

TDLo 22 mg/kg 17d 
(human) 

Acetylsalicylic acid 50-78-2 n.a. n.a. n.a. 14 n.a. n.a. n.a. n.a. n.a. 57.08 (1 UD) 338 381 100 0.1-0.2 
extensive  

prodrug of 
salicylate 

0.3 
(3.5-4.5 

salicylate) 

0.9-1.5 g/kg (rat) 
1.1 g/kg (mouse) 

1.2 g/kg (guinea pig) 
1.8 g/kg (rabbit) 

1 g/kg (cat) 
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1 g/kg (dog) 
1 g/kg (human) 

Cyanocobalamin 68-19-9 n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. 20.35 (1 mg) 201 324 50 0.7-2.35 (rat) 
extensive 

prodrug of 
methylcobalamin 

144 5000 (mouse) 

Hydroxocobalamin 13422-51-0 n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. 10.21 (0.02 mg) 57 819 50 0.45 
extensive 

prodrug of 
methylcobalamin 

144 26700 mol/kg (rat) 

Folic acid 59-30-3 n.a. n.a. n.a. n.a. -0.03 158 n.a. n.a. n.a. 28.13 (0.4 mg) 95 783 85-100 0.4 

extensive, 
prodrug of 

tetrahydrofolic 
acid 

1.5 10000 (mouse) 
8000 (rat) 

 
Hazard characterisation 

Drug Frequency in 
sludge 

Environmental 
toxicity 

BAF 100Y 
soil 

plant parts 

Upconc. Y1 
root 
leaf 
seed 

Animal toxicity NOAEL Human toxicity 
ADI 

or ADIp 

Risk 
evaluation 

ratings 

Risk 
characterisation 

 

Σ ratings 

Clopidogrel n.a. 
n.a. 

long soil t1/2 
low RQ-Q90 

1.0 
1.0 

0.00820 
0.03700 
0.00097 

LOAEL <10 mg/kg (pigs) 
LOAEL <4.2 mg/kg/d (cats) NOAEL <1.15 mg/kg/d LDLo >60 mg/kg 

ADIp 12 µg/kg/d 

Sludge level: n.a. 
Freq: n.a. 

BAF100Y: 3 
UpConc Y1: 2 

ADIp:3 

8+ 

Warfarin low frequency 
< LOQ 

low soil t1/2 
intermediate RQ-Q90 

1.0 
1.0 

<0.001 
0.00570 
0.00073 

LOAEL <60 µg/kg/d (pigs) 
used to treat dogs RfD 0.3 µg/kg/d 

TDLo 250 µg/kg/d 
LDLo 6.7mg/kg 
ADI 2.5 µg/kg/d 

Sludge level: n.a. 
Freq: 1 

BAF100Y: 3 
UpConc Y1: 1 

ADI:4 

9+ 

Apixaban n.a. 
n.a 

short soil t1/2 
n.a. 

n.a. 
n.a. 

n.a. 
n.a. 
n.a 

12% dose excreted in milk (rat) 

NOAEL 200 mg/kg/d (rat) 
NOAEL 1500 mg/kg/d (mouse) 

NOAEL 100 mg/kg/d (dog) 
NOAEL 5 mg/kg/d (rabbit) 

EC50 >3.1 mg/kg 
ADIp 50 µg/kg/d 

Sludge level: n.a. 
Freq: n.a. 

BAF 100Y: n.a. 
UpConc Y1: n.a. 

ADIp:3 

3+ 
much used,  

data should be 
acquired 

Rivaroxaban n.a. 
n.a 

high soil t1/2 
n.a. 

n.a. 
n.a. 

n.a. 
n.a. 
n.a 

2% dose excreted in milk (rat) NOAEL 35 mg/kg/d (rat) 
NOAEL 2.5 mg/kg/d (rabbit) 

LD50 >20 mg/kg 
ADIp 25 µg/kg/d 

Sludge level: n.a. 
Freq: n.a. 

BAF 100Y: n.a. 
UpConc Y1: n.a. 

ADIp:3 

3+ 

 

  

https://pubchem.ncbi.nlm.nih.gov/compound/135398658
https://pubchem.ncbi.nlm.nih.gov/compound/tetrahydrofolic%20acid
https://pubchem.ncbi.nlm.nih.gov/compound/tetrahydrofolic%20acid
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ATC C CARDIOVASCULAR SYSTEM 

ATC C01 CARDIAC THERAPY 
ATC C03 DIURETICS 
ATC C04 PERIPHERAL VASODILATORS 
ATC C07 BETA BLOCKING AGENTS 
ATC C08 CALCIUM CHANNEL BLOCKERS 
ATC C09 AGENTS ACTING ON THE RENIN-ANGIOTENSIN SYSTEM 
ATC C10 LIPID MODIFYING AGENTS 
 

Hazard identification 

Drug CAS No. 
Median 

Conc. sludge 
Q90 UB 

Max. Conc. 
sludge Q90 

UB 

Samples in 
Norway/  

> LOQ 

BCF 
Ås_leaf 

 

Log 
KOW 

Dtsoil 
20°C 

Biodegrad
ability 

New 
RQ-
Q90 

New 
rank 

DDD Prescriptions 
in N (2021) 

Absorption 
F (oral) 

Distribution 
VD 

Metabolism Elimination 
t1/2 

Toxicity 
 LD50 (oral) 

  µg/kg dw µg/kg dw  mg/kg  d 20°C, soil   /1000 persons/d  % L/kg bw   h mg/kg bw 

Amiodarone 1951-25-3 1200 1200 7/6 10 7.57 1000 inh. biod. 0.25 415 0.93 (200mg) 7 854 35-65 

6-21 
high variation, 
accumulates 

in fat 

low 

3.2-80 
up to 142 
days with 

daily dosing 

>3000 (rat) 

Propafenone 54063-53-5 <5 <5 7/0 n.a. 3.33 1000 n.a. 0.05 534 <0.1 (0.3 g) 10 5-50 3.9 
extensive 

active 
metabolites 

2-10 
440 (mouse) 

TDLo 36 mg/kg (human) 
LDLo 4.3 mg/kg (human) 

Epinephrine 51-43-4 n.a. n.a. n.a. n.a. -1.20 15.8 n.a. n.a. n.a. 0.22 (0.5 mg) 30 370 <5 0.12 extensive 0.03-0.05 LDLo 10000 (mouse) 
Glyceryl trinitrate 55-63-0 n.a. n.a. n.a. n.a. 1.62 158 n.a. n.a. n.a. 0.96 (2.5 mg) 36 778 40 3 extensive 0.05 105 (rat) 

Furosemide 54-31-9 <20 <20 12/0 14 2.03 158 n.a. 0.95 308 11.63 (40 mg) 79 256 60 0.18 extensive 4.5 2600 (rat) 
TDLo 6.3 (human) 

Bumetanide 28395-03-1 n.a. n.a. n.a. n.a. 2.82 158 n.a. n.a. n.a. 10.14 (1 mg) 43 382 80 0.4 
intermediate 
45% excreted 

unchanged 
1-1.5 >6000 (rat) 

4624 (mouse= 

Pentoxifylline 6493-05-6 <5 <5 7/0 n.a. 0.29 158 n.a. n.a n.a. 0.06 (1 g) 484 20-30 4.2 extensive 0.8 239 (mouse) 
230 (rat) 

Spironolactone 52-01-7 n.a. n.a. n.a. n.a. 2.78 1000 n.a. n.a n.a. 1.79 (75 mg) 24 835 90 0.83-4.2 extensive 1.4 

>1000 (rat) 
>1000 (mouse) 
>1000 (rabbit) 

TDLo 5.6 (human) 

Hydrochlorothiazide 58-93-5 140 320 57/46 36 986 -0.07 158 n.a. 1.34 282 1.87 (25 mg) 15 917 65-75 
3.6-7.8 

distributes 
into milk 

low 
excreted 

unchanged 
5.6-15 >10000 (rat) 

> 10000 (mouse) 

Bendroflumethiazide 73-48-3 <5 <5 7/0 10 457 1.54 158 n.a. 3.34 225 <0.01 18 >95 1.5 low 
excreted 8.5 10000 (mouse) 

TDLo 0.3 (human) 
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unchanged 

Disopyramide 3737-09-5 0.26 12 58/17 n.a. 2.58 158 inh. biod. n.a. n.a 0.01 (0.4 g) 39 >95 0.8-2 
Intermediate 
50% excreted 

unchanged 
6.7 

333 (rat) 
352 (mouse) 

LDLo 11.4 mg/kg (human) 
TDLo 4.3 mg/kg (human) 

Metoprolol 51384-51-1 170 305 135/130 839 1.88 n.a. n.a. n.a. n.a. 22.76 (150 mg) 291 670 >95 4.2 extensive 3-7 
3090 (rat) 

1050 (mouse) 
<120 (dog) 

Bisoprolol 66722-44-9 1.75 50 141/64 n.a. 1.87 158 n.a. <0.01 721 3.24 (10 mg) 36 925 90 3.5 
intermediate 
50% excreted 

unchanged 
10-12 730 (mouse) 

90 (dog) 

Propranolol 525-66-6 27.3 104 131/126 92 3.48 158 inh. biod. 2.06 258 0.83 (160 mg) 17 514 25 4 extensive 3-8 
660 (rat) 

289 (mouse) 
120 (dog) 

Sotalol 3930-20-9 28.5 210 129/61 347 0.24 158 inh. biod. 2.39 246 0.41 (160 mg) 2 953 90-100 
1.2-2.4 

distributes 
into milk 

low 
excreted 

unchanged 
10-20 3450 (rat) 

2600 (mouse) 

Carvedilol 72956-09-3 310 310 7/6 n.a. 4.19 1000 n.a. 0.03 564 2.33 (37.5 mg) 19 440 25-35 1.5-2 extensive 7-10 

8000 (mouse) 
1000 (dog) 

LDLo 8000 mg/kg (rat) 
LC50 0.99 mg/l (fish) 

Nebivolol 99200-09-6 <5 <5 6/0 n.a. 4.04 1000 n.a. <0.01 693 0.02 (5 mg) 140 12 0.2 extensive 12-19 483 (rat) 

Amlodipine 88150-42-9 n.a. n.a. n.a. n.a 3.00 158 n.a. n.a n.a. 39.11 (5 mg) 173 708 64-90 21 extensive 30-50 37 (mouse) 
LC50 14 mg/L (trout) 

Felodipine 72509-76-3 <5 <5 12/0 15 3.86 158 n.a. 0.23 426 3.31 (5 mg) 13 856 15 10 intermediate 8.5-19.7 
1050 (rat) 

250 (mouse) 
200 (dog) 

Nifedipine 21829-25-4 n.a. n.a. n.a. n.a. 2.53 158 n.a. n.a. n.a. 5.84 (30 mg) 25 637 45-68 0.62-0.77 extensive 2 

1022 (rat) 
202 (mouse) 
504 (rabbit) 

100 (cat) 
TDLo 0.14 (human) 

Lercanidipine 100427-26-7 n.a. n.a. n.a. n.a. 5.34 1000 n.a. 220 36 13.41 (10 mg) 56 094 10-40 2-2.5 extensive 8-10 
657 (mouse) 

>900 (rat) 
>300 (dogs) 

Diltiazem 42399-41-7 4.4 19.6 129/17 n.a. 2.70 158 n.a. 0.29 404 0.58 (0.24 g) 3581 40 4.7 extensive 3-4.5 
560 (rat) 

415 (mouse) 
50 (dog) 

Verapamil 52-53-9 13.5 53.6 136/103 n.a. 3.79 1000 n.a. <0.01 681 1.43 (0.24 g) 10 645 20-30 4.6-7.7 extensive 2-5 

150 (rat) 
163 (mouse) 

140 (guinea pig) 
114 (rabbit) 

Enalapril 75847-73-3 <2 <2 12/0 2 677 0.07 158 n.a. 0.39 377 9.59 (10 mg) 46 284 40 1-2.4 extensive 35-38 2973 (rat) 
>1000 (mouse) 

Ramipril 87333-19-5 <5 <5 7/0 n.a. 2.01 158 n.a. <0.01 708 29.39 (2.5 mg) 72 374 28-44 1.2 prodrug, 9-18 10000 (rat) 
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converted to 
ramiprilat 

60% excreted 
unchanged 

10500 (mouse) 
1000 (dog) 

Cilazapril 88768-40-5 <0.21 <0.21 45/0 n.a. 1.34 158 inh. biod. 0.01 645 n.d. n.d. 60 0.4-0.7 
low 

excreted 
unchanged 

46 >4000 (rat) 
>2500 (mouse) 

Losartan 114798-26-4 450 450 7/6 n.a. 3.47 1000 inh. biod. 0.02 570 15.51 (50 mg) 71 868 33 
0.53 

0.16 active 
metabolite 

prodrug, 
metabolite 

40 times 
more active 

1.5-2.5 
active 

metabolite 
6-9 

TDLo 1000 (rat) 
TDLo 2000 (mouse) 

Valsartan 137862-53-4 1500 3900 136/124 n.a. n.a. 1000 inh. biod. n.a. n.a. 11.89 (80 mg) 47 126 10-35 0.26 low 6 2000 (rat) 
1000 (marmoset) 

Eprosartan 133040-01-4 160 160 7/6 16 3.56 1000 inh. biod. 1.28 284 0.09 (600 mg) 507 13 0.2 
low 

 excreted 
unchanged 

5-9 
>3000 (rat) 

>3000 (mouse) 
>1000 (dog) 

Candesartan 139481-59-7 349 620 52/47 170 4.14 158 inh. biod. 0.27 410 42.55 (8 mg) 163 966 40 0.13 
low 

 excreted 
unchanged 

4-9 
2000 (rat) 

2000 (mouse) 
2000 (dog) 

Telmisartan 144701-48-4 500 15000 110/110 10 6.86 1000 inh. biod. <0.01 653 1.35 (40 mg) 5 855 42-58 7.69 low 24 

>2000 (rat) 
>2000 (dog) 

3.7 mg/L (rain. trout) 
18 mg/L (Daphnia) 

Irbesartan 138402-11-6 73.5 280 136/136 n.a. 3.89 1000 inh. biod. <0.01 720 3.88 (0.15 mg) 16 035 60-80 0.8-1.4 extensive 11-15 >2000 (rat) 
>2000 (mouse) 

Oxodolin 77-36-1 <5 <5 4/0 31 865 0.85 158 n.a. 8.86 150 n.d. n.d. 61 3.9 

intermediate 
 50% 

excreted 
unchanged 

40-50 
5000 (rat) 

5000 (rabbit) 
TDLo 12 (human) 

Fluvastatin 93957-54-1 <250 <250 7/0 13 3.51 1000 n.a. 1.04 298 1.12 (60mg) 5 254 24 0.35 
extensive 

2% excreted 
unchanged 

3 

300-2000 (rat) 
2000 (mouse) 

LOAEL <2000 µg/kg 
LOAEL<5 mg/kg (rats) 

LOAEL 10 mg/kg/d 
(rabbits) 

LOAEL 40 mg/kg/d 
(hamster) 

LOAEL 1 mg/kg/d (dogs) 

Atorvastatin 134523-00-5 355 2400 131/131 16 6.18 1000 inh. biod. 0.01 615 117.7 (20mg) 416 549 14 
5.8 

distributes 
into milk 

extensive 
active 

metabolites 

14 
metabolites 

30 

>2000 (rat) 
>5000 (mouse) 

2.6 mg/L (acorn barnacle) 

Simvastatin 79902-63-9 <500 <500 12/0 22 4.68 1000 

readily, 
but failing 

10-day 
window 

0.15 461 24.2 (30mg) 149 993 5 3.8 
extensive 

active 
metabolite 

5 
4438 (rat) 

3000 (mouse) 
5000 (dog) 
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Rosuvastatin 287714-41-4 5.5 50 26/17 14 2.53 158 inh. biod. 0.81 320 12.5 (10mg) 50 111 20 
2.1 

distributes 
into milk 

extensive 
major 

metabolite 
50% activity 

19 

>300-<2000 (rat) 
>1000 mg/L (Bluegill 

sunfish) 
TDLo 4.5 (mouse) 

Fenofibrate 49562-28-9 9.8 29 129/69 n.a. 4.94 158 inh. biod. 0.58 342 0.04 (0.2 g) 241 69 
62 (pig) 0.89 

extensive 
fenofibric 
acid active 
metabolite 

19-27 
23 

fenofibric 
acid 

2000 (rat) 
1600 (mouse) 

5000 (hamster) 
4000 (dog) 

Bezafibrate 41859-67-0 5.3 61 76/3 n.a. 3.78 1000 inh. biod. 0.01 620 0.01 (0.6 g) 55 >95 0.3 
intermediate 
40% excreted 

unchanged 
1-2 

1082 (rat) 
723 (mouse) 

2000 (monkey) 

Ezetimibe 163222-33-1 n.a. n.a. n.a. n.a. 4.03 1000 n.a. 0.17 451 12.58 (10 mg) 79 904 35 1.65 extensive 22 
>2000 (rat) 

>5000 (mouse) 
>3000 (dog) 

Gemfibrozil 25812-30-0 <2 <2 12/0 16 4.43 3.5 

readily, 
but failing 

10-day 
window 

n.d. n.d. 0.1 (1200mg) 49 70 0.8 
extensive 

2% excreted 
unchanged 

1.5-2.4 

1414 (rat) 
2218 (mouse) 

0.85 mg/L (zebrafish) 
LDLo 2000 (dog) 

TDLo 18000 (human) 
TDI 1 µg/kg/d 

LOAEL <300 mg/kg/d 
(monkeys) 

LOAEL <300 mg/kg/d 
(pigs) 

Clofibric acid 882-09-7 <2 <2 12/0 13 2.57 3.5 n.a. 0.72 328 n.d. n.d. >95 0.1-0.2 

metabolite of 
clofibrate 

further 
metabolised 

25 
19 (rats) 

897 (rat) 
1170 (mouse) 

TDLo 260 (human) 
NOAEL < 1 mg/L (fish) 
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Hazard characterisation 
Drug Frequency in 

sludge 
Environmental 

toxicity 
BAF 100Y 

soil 
plant parts 

Upconc. Y1 
root 
leaf 
seed 

Animal toxicity NOAEL Human toxicity 
ADI 

or ADIp 

Risk 
evaluation 

ratings 

Risk 
characterisation 

 

Σ ratings 

Hydrochlorothiazide high frequency 
high level 

high soil t1/2 
low RQ-Q90 

1.0 
1.0 

<<0.01 
1.8 

0.0081 
LOAEL <2 mg/kg (pig) 300 mg/kg/d (rat) TDLo 0.25 mg/kg 

ADIp 2.5 µg/kg/d 

Sludge level: 4 
Freq: 3 

BAF100Y: 3 
UpConc Y1: 4 

ADIp: 4 

18 

Disopyramide low frequency 
low level 

high soil t1/2 
n.a. 

1.0 
1.0 

n.a. 
n.a. 
n.a. 

LOAEL 60 mg/kg/d (rat) 100 mg/kg/d (dog) 
TDLo 84 mg/kg/d 
LDLo 11.3 mg/kg 
ADIp 840 µg/kg/d 

Sludge level: 2 
Freq: 1 

BAF100Y: 3 
UpConc Y1: n.a. 

ADIp: 1 

7+ 

Metoprolol high frequency 
high level 

n.a. 
n.a. 

0.66 
n.a. 

n.a. 
n.a. 
n.a. 

LOAEL <0.25 mg/kg (pig) 200 mg/kg/d (rat) 
40 mg/kg/d (dog) 

TDLo 17 mg/kg 
ADIp 170 µg/kg/d 

Sludge level: 4 
Freq: 3 

BAF100Y: 3 
UpConc Y1: n.a. 

ADIp: 1 

11+ 

Bisoprolol intermediate frequency 
low level 

high soil t1/2 
very low RQ-Q90 

1.3 
1.3 

0.0850 
0.1400 
0.0062 

LOAEL <0.05 mg/kg (pig) 0.02 mg/kg/d (human) 
<2 mg/kg/d (rat) 

TDLo 0.14 mg/kg 
ADIp 1.4 µg/kg/d 

Sludge level: 2 
Freq: 3 

BAF100Y: 4 
UpConc Y1: 3 

ADIp: 4 

16 

Propranolol high frequency 
intermediate level 

high soil t1/2 
low RQ-Q90 

1.8 
1.8 

0.0330 
0.0670 
0.0029 

LOAEL <0.2 mg/kg (dog) 
LOAEL <0.4 mg/kg (cat) 

LOAEL <0.2 mg/kg (chicken) 
10 mg/kg/d (rat) 

TDLo 3.2 mg/kg 
LDLo 0.8 mg/kg 
ADIp 32 µg/kg/d 

Sludge level: 3 
Freq: 3 

BAF100Y: 4 
UpConc Y1: 2 

ADIp: 3 

15 

Carvedilol high frequency 
high level 

high soil t1/2 
very low RQ-Q90 

3.4 
3.4 

0.013 
0.015 

0.00047 

LOEL 100 mg/kg/d (rat) 
EC50 0.29 mg/l (rb. trout) 
EC50 1.8 mg/l (water flea) 

30 mg/kg/d (rat) 
NOEC <0.025 mg/l/d (rb. trout) 

NOEC 0.25 mg/l (water flea) 
ADIp 300 µg/kg/d 

Sludge level: 4 
Freq: 3 

BAF100Y: 4 
UpConc Y1: 2 

ADIp: 1 

14 

Valsartan high frequency 
very high level 

high soil t1/2 
n.a. 

2.8 
2.8 

0.0140 
0.0081 
0.0140 

LOAEL <3 mg/kg (pig) 
LOAEL < 10 mg/kg (dog) 

20 mg/kg/d (rat) 
12 mg/kg/d (marmoset) 

<15 mg/kg/d (rabbit) 

LOAEL <40 mg/kg 
ADIp 40 µg/kg/d 

Sludge level: 5 
Freq: 3 

BAF100Y: 4 
UpConc Y1: 2 

ADIp: 3 

17 

Candesartan high frequency 
high level 

high soil t1/2 
low RQ-Q90 

1.0 
1.0 

0.0017 
0.0860 LOAEL <3 mg/kg (rabbit) <3 mg/kg/d (rat) LOAEL <0.49 mg/kg 

ADIp 0.5 µg/kg/d 
Sludge level: 4 

Freq: 3 18 
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0.0066 BAF100Y: 3 
UpConc Y1: 3 

ADIp: 5 

Telmisartan high frequency 
high level 

high soil t1/2 
low RQ-Q90 

7.6 
7.6 

0.0026 
0.0070 

0.00007 

LOAEL <5 mg/kg (dog) 
LOEC 1.9 mg/L (rainbow trout) 

LOEC 3.1 mg/L (zebrafish) 

1 mg/kg/d (rat) 
15 mg/kg/d (rabbit) 

NOEC 1 mg/L (zebrafish) 

LOAEL <0.31 mg/kg 
ADIp 0.3 µg/kg/d 

Sludge level: 4 
Freq: 3 

BAF100Y: 5 
UpConc Y1: 1 

ADIp: 5 

18 

Irbesartan high frequency 
high level 

high soil t1/2 
very low RQ-Q90 

1.0 
1.0 

0.0028 
0.0092 
0.0210 

n.d. 

50 mg/kg/d (rat) 
<350 mg/kg/d (mouse) 
100 mg/kg/d (rabbit) 

2 mg/kg/d (marmoset) 

TDLo 30 mg/kg/d 
ADIp 300 µg/kg/d 

Sludge level: 4 
Freq: 3 

BAF100Y: 3 
UpConc Y1: 3 

ADIp: 1 

14 

Atorvastatin high frequency 
high level 

high soil t1/2 
very low RQ-Q90 

1.0 
1.0 

0.0220 
0.0077 
0.0005 

LOAEL <50 mg/kg/d (rabbit) 
LOAEL<1 mg/kg (rat) 

LOAEL<10 mg/kg (diabetic rat) 
10 mg/kg/d (dog) LOAEL <160 µg/kg 

TDI 1 µg/kg/d (ADI) 

Sludge level: 4 
Freq: 3 

BAF100Y: 3 
UpConc Y1: 2 

ADI: 4 

16 

Rosuvastatin high frequency 
low level 

high soil t1/2 
very low RQ-Q90 

1.0 
1.0 

<<0.01 
0.0046 
0.0015 

LOAEL 6 mg/kg/d (dog) 20 mg/kg (rat) 
LOAEL <5 mg/kg/d 

TDLo 4 mg/kg/d 
ADIp 40 µg/kg/d 

Sludge level: 2 
Freq: 3 

BAF100Y: 3 
UpConc Y1: 1 

ADIp: 3 

12 

Fenofibrate high frequency 
low level 

high soil t1/2 
low RQ-Q90 

2.1 
2.1 

0.0160 
0.0089 

0.00015 
n.d. 

<10 mg/kg/d (rat) 
15 mg/kg/d (rabbit) 
<25 mg/kg/d (dog) 

ADIp 100 µg/kg/d 

Sludge level: 2 
Freq: 3 

BAF100Y: 4 
UpConc Y1: 2 

ADIp: 2 

13 

Bezafibrate low frequency 
low level 

high soil t1/2 
low RQ-Q90 

1.0 
1.0 

0.0037 
0.0100 
0.0013 

LOAEL 20 mg/kg/d (dog) 
<12 mg/kg/d (rat) 

<33 mg/kg/d (mouse) 
<75 mg/kg/d (rabbit) 

TDLo 12 mg/kg/d 
LOAEL <3 mg/kg/d 
ADIp 30 µg/kg/d 

Sludge level: 2 
Freq: 1 

BAF100Y: 3 
UpConc Y1: 2 

ADIp: 3 

11 

Amiodarone high frequency 
very high level 

high soil t1/2 
low RQ-Q90 

7.7 
7.7 

0.0018 
0.0070 

0.00007 

LOAEL <1mg/kg (pig) 
LOAEL <4 mg/kg (dog) 

3.7 mg/kg/d (rat) 
3 µM (zebrafish) 

LDLo 64 mg/kg 
LOAEL <3 mg/kg 
TDLo 48 mg/kg 

ADIp 30 µg/kg/d 

Sludge level: 5 
Freq: 3 

BAF100Y: 5 
UpConc Y1: 1 

ADIp: 3 

17 

Sotalol intermediate frequency 
low level 

high soil t1/2 
low RQ-Q90 

1.0 
1.0 

0.0011 
0.1700 
0.0052 

LOAEL <1 mg/kg (dog) 
LOAEL <1 mg/kg (cat) 

LOAEL <50 mg/kg (rabbit) 

NOAEL <25 mg/kg (human) 
NOAEL 2 mg/kg (rat) 

NOAEL 0.7 mg/kg (dog) 
NOAEL 2.5 mg/kg (Rh. monkey) 

LDLo 288 mg/kg 
TDLo 3.4 mg/kg 
ADIp 34 µg/kg/d 

Sludge level: 2 
Freq: 2 

BAF100Y: 3 
UpConc Y1: 3 

ADIp: 3 

13 

Amlodipine n.a. high soil t1/2 n.a. n.a. LOAEL <0.3 mg/kg (pig) NOAEL <2.5 mg/kg (human) LDLo 1.4 mg/kg Sludge level: n.a. 4+ 
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n.a. n.a. n.a. n.a. 
n.a. 

EC50 9.9 mg/L (Daphnia) NOAEL 2 mg/kg/d (rat) 
NOAEL 25 mg/kg/d (rabbit) 

NOAEL 0.5 mg/kg/d (mouse) 

TDLo 0.4 mg/kg 
ADIp 4 µg/kg/d 

Freq: n.a. 
BAF100Y: n.a. 

UpConc Y1: n.a. 
ADIp: 4 

Lercanidipine n.a. 
n.a. 

high soil t1/2 
very high RQ-Q90 

7.7 
7.7 

0.0021 
0.0070 
<<0.01 

n.d. ED50 <0.04 mg/kg (human) LOAEL <10 mg/kg/d 
ADIp 10 µg/kg/d 

Sludge level: n.a. 
Freq: n.a. 

BAF100Y: 5 
UpConc Y1: 1 

ADIp: 4 

10+ 

Diltiazem low frequency 
low level 

high soil t1/2 
low RQ-Q90 

1.0 
1.0 

0.0025 
0.0240 

0.00072 
LOAEL <2 mg/kg (pig) 30 mg/kg/d (mouse) 

100 mg/kg/d (rat) 
TDLo 68 mg/kg 

ADIp 680 µg/kg/d 

Sludge level: 2 
Freq: 1 

BAF100Y: 3 
UpConc Y1: 2 

ADIp: 1 

9 

Verapamil high frequency 
intermediate level 

high soil t1/2 
very low RQ-Q90 

7.6 
n.a. 

n.a. 
n.a. 
n.a. 

LOAEL < 1.38 mg/kg iv (pig) 
LOAEL 300 µg/kg iv (piglet) 

25 mg/kg/d (rat) 
15 mg/kg/d (rabbit) 
<12.5 mg/kg/d (dog) 

64 mg/kg/d (monkey) 

TDLo 14.4 mg/kg 
ADIp 140 µg/kg/d 

Sludge level: 3 
Freq: 3 

BAF100Y: 5 
UpConc Y1: n.a. 

ADIp: 1 

10 

Losartan high frequency 
high level 

high soil t1/2 
very low RQ-Q90 

1 
1 

0.0045 
0.0082 
0.0200 

LOAEL <1mg/kg/d (pig) 
LOAEL <30 µM (chicken) 

NOAEL 10 mg/kg (rat) 
NOAEL 10 mg/kg (rabbit) 

TDLo 7 mg/kg 
ADIp 70 µg/kg/d 

Sludge level: 4 
Freq: 3 

BAF100Y: 3 
UpConc Y1: 2 

ADIp: 1 

13 

Eprosartan high frequency 
high level 

high soil t1/2 
low RQ-Q90 

5.8 
5.8 

0.02100 
0.01200 
0.00028 

n.d. NOAEL 4.5 mg/kg/d (human) n.d. 
ADIp 45 µg/kg/d 

Sludge level: 4 
Freq: 3 

BAF100Y: 5 
UpConc Y1: 2 

ADIp: 3 

17 

Simvastatin low (n.d.) 
<LOQ 

high soil t1/2 
low RQ-Q90 

3.4 
3.4 

0.035 
0.016 

0.00048 

LOAEL <25 mg/kg/d (rat) 
LOAEL <1 mg/kg/d (mouse) 
LOAEL 50 mg/kg/d (rabbit) 

LOAEL 2 mg/kg/d (dog) 
LOAEL <250 µg/kg/d (pig) 

NOAEL 5 mg/kg (rat) 
NOAEL 10 mg/kg (rabbit) 

LDLo 2.8 mg/kg 
ADIp 28 µg/kg/d 

Sludge level: n.a. 
Freq: 1 

BAF100Y: 4 
UpConc Y1: 2 

ADIp: 3 

10+ 
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ATC D DERMATOLOGICALS 

ATC D01 ANTIFUNGALS FOR DERMATOLOGICAL USE 
ATC D02 EMOLLIENTS AND PROTECTIVES 
ATC D05 ANTIPSORIATICS 
ATC D06 ANTIBIOTICS AND CHEMOTHERAPEUTICS FOR DERMATOLOGICAL USE 
ATC D07 CORTICOSTEROIDS, DERMATOLOGICAL PREPARATIONS 
ATC D10 ANTI-ACNE PREPARATIONS 
 

Hazard identification 

Drug CAS No. 
Median Conc. 

sludge Q90 
UB 

Max. Conc. 
sludge Q90 

UB 

Samples in 
Norway/  

> LOQ 

BCF 
Ås_leaf 

 

Log 
KOW 

Dtsoil 
20°C 

Biodegra
dability 

New 
RQ-
Q90 

New 
rank 

DDD Prescriptions 
in N (2021) 

Absorption 
F (oral) 

Distribution 
VD 

Metabolism Elimination 
t1/2 

Toxicity 
LD50 (oral) 

  µg/kg dw µg/kg dw  mg/kg  d 20°C, soil   /1000 persons/d  % L/kg bw   h mg/kg bw 

Pyrazole 288-13-1 410 720 6/6 69 0.26 15.8 n.a. 873 11 - n.d. n.d. n.d. extensive 1.5 (mouse) 
405 (mouse) 

1010 (rat) 
endocrine disrupting 

Miconazole 22916-47-8 390 390 7/7 10 4.28 158 n.a. 1664 4 - 2 525 25-30 21.5 extensive 24 

500 (rat) 
519 (mouse) 

276 (guinea pig) 
>160 (dog) 

Tebuconazole 107534-96-3 198 390 7/6 144 3.70 158 inh. biod. 46.8 80 - n.d. 98 n.d. 

extensive 
active triazole 
metabolites in 

soil 

1.7 (rabbit) 
32-53 total 

radioactivity 
(rat) 

3352 (rat) 
1615 (mouse) 
1000 (rabbit) 

4488 (chicken) 
2912 (quail) 

625 (dog) 
LC50 300 (sunfish) 

Ketoconazole 65277-42-1 658 658 12/12 26 4.35 1000 n.a. 8.62 152 - 24 375 76 0.36 extensive 8 

166 (rat) 
618 (mouse) 

178 (guinea pig) 
> 80 (dog) 

Clotrimazole 23593-75-1 250 250 6/6 10 4.80 1000 inh. biod. 245 34 - 10 851 <5 very large extensive 3.5-5.5 

708 (rat) 
761 (mouse) 
1000 (rabbit) 

2000 (dog) 
1000 (cat) 

LC50 >0.29 mg/l 
(zebrafish) 

Benzotriazole 95-14-7 760 4700 60/53 3 941 1.44 158 n.a. n.a. n.a. - n.d. 6 moderate intermediate <10 560 (rat) 
615 (mouse) 
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500 (guinea pig) 

Terbinafine 91161-71-6 190 726 116/116 10 5.99 158 n.a. 108 57 1.31 (250 mg) 45 663 40 
16.6 

distributes 
into milk 

extensive 
36 

200-400 
from fat 

>2000 (rat) 
4000 (mouse) 

Carbamide 57-13-6 n.a. n.a. n.a. n.a. -1.88 15.8 n.a. n.a. n.a. - 186 582 low 0.6 excreted 
unchanged 0.5 

14000 (rat) 
11500 (mouse) 

lower in ruminants 

Calcipotriol 112965-21-6 n.a. n.a. n.a. n.a. 4.41 1000 n.a. n.a. n.a. - 26 578 5-6 
high, 

distributes 
into fat 

extensive 0.17 (rat) 
1 (sheep) 5-50 (rat) 

Fusidic acid 6990-06-3 n.a. n.a. n.a. n.a. 3.03 1000 n.a. n.a. n.a. - 70 701 22.5 4-10 extensive 5-6 
1500 (mouse) 

TDLo 420 mg/kg/d 
(human) 

Hydrocortisone 50-23-7 <2 2 12/0 n.a. 1.61 475 

readily, 
but 

failing 
10-day 
window 

<0.01 728 - 41 594 94 0.6 extensive 1.9 5000 (rat) 

Betamethasone 378-44-9 n.a. n.a. n.a. n.a. 1.92 1000 n.a. n.a. n.a. - 36 923 65 (rat) 1.4-1.7 extensive 6.5 

>5000 (rat) 
>4500 (mouse) 

NOAEL 1 µg/kg/d (rat) 
ADI 0.01 µg/kg/d 

Adapalene 106685-40-9 n.a. n.a. n.a. n.a. 6.09 1000 n.a. 128 53 - 34 936 <10 (rat) 

high 
distributes 
into foetus, 

milk, fat 

low 
75% excreted 

unchanged 
>7 

>5000 (rat) 
>5000 (mouse) 

 

Hydrocortisone butyrate 13609-67-1 n.a. n.a. n.a. n.a. 3.12 475 n.a. n.a. n.a. - 118 146 80-100 n.d. 
extensive 

hydrocortisone 
is active form 

1.2-2 3000 (rat) 
3000 (mouse) 

Clobetasol 25122-41-2 n.a. n.a. n.a. n.a. 2.48 1000 n.a. n.a. n.a. - 84 097 <1 2.3 extensive 5.2 3000 (rat) 
[2-(Bromomethyl)-2-

(2,4-dichlorophenyl)-1,3-
dioxolan-4-yl]methyl 

benzoate 

61397-56-6 <5 <5 6/0 10 n.a. 158 inh. biod 2.78 234 - n.d. n.d. n.d. n.d. n.d. >2000 (rat) 
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Hazard characterisation 
Drug Frequency in 

sludge 
Environmental 

toxicity 
BAF 100Y 

soil 
plant parts 

Upconc. Y1 
root 
leaf 
seed 

Animal toxicity NOAEL Human toxicity 
ADI 

or ADIp 

Risk 
evaluation 

ratings 

Risk 
characterisation 

 

Σ ratings 

Ketoconazole high frequency 
very high level 

high soil t1/2 
low RQ-Q90 

3.1 
3.1 

0.051 
0.018 

0.00069 

LOAEL <40 mg/kg/d (rat) 
LOAEL <25 mg/kg/d (dog) 

LOAEL <85 mg/kg/d (monkey) 

NOAEL 40 mg/kg (rat) 
NOAEL <20 mg/kg (mouse) 

LOAEL < 14 mg/kg/d 
RFDoc 0.029 mg/kg/d 

ADIp 29 µg/kg/d 

Sludge level: 5 
Freq: 3 

BAF100Y: 4 
UpConc Y1: 2 

ADIp: 3 

17 

Terbinafine high frequency 
high level 

high soil t1/2 
very high RQ-Q90 

1.0 
1.0 

0.00073 
0.00630 

0.000052 

distributes into milk 
LOAEL <30 mg/kg/d (dog) 
LOAEL <10 mg/kg/d (cat) 

NOAEL >16 mg/kg/d (mouse) 
NOAEL 6.9 mg/kg/d (rat) 

LOAEL <105 mg/kg/d (mouse) 
LOAEL <27 mg/kg/d (rat) 

NOAEL < 10 mg/kg/d (rabbit) 
LOAEL 300 mg/kg/d (rabbit) 

LOAEL <3.13 mg/kg/d (guinea pig) 

LOAEL <3.8 mg/kg/d 
TDLo 89 mg/kg/d 
ADIp 70 µg/kg/d 

Sludge level: 4 
Freq: 3 

BAF100Y: 3 
UpConc Y1: 1 

ADIp: 2 

13 

Pyrazole high frequency 
high level 

low soil t1/2 
very high RQ-Q90 

1.0 
1.0 

<<0.01 
0.0035 
<<0.01 

LDad >98 mg/kg (blackbird) 
LC50 2200 mg/L (golden orfe) 
EC50 >100 mg/L (water flea) 

NOAEL 1.5 mg/kg/d (rat) 
(fungicide) 

n.d. 
ADIp 15 µg/kg/d 

Sludge level: 4 
Freq: 3 

BAF100Y: 3 
UpConc Y1: 1 

ADIp: 3 

14 

Miconazole high frequency 
high level 

high soil t1/2 
very high RQ-Q90 

1.0 
1.0 

0.00027 
0.00630 

0.000052 

LOAEL < 10 mg/kg (pig) 
used mostly topically 

NOEL 20 mg/kg/d (human) 
LOAEL >640 mg/kg (mouse) 

NOAEL <80 mg/kg (rat) 
NOAEL <80 mg/kg (rabbit) 

MDE 0.6 mg/kg/d 
ADIp 600 µg/kg/d 

Sludge level: 4 
Freq: 3 

BAF100Y: 3 
UpConc Y1: 1 

ADIp: 1 

12 

Tebuconazole high frequency 
high level 

high soil t1/2 
intermediate RQ-Q90 

1.0 
1.0 

0.017 
0.093 
0.006 

LOAEL 10 mg/kg/d (mouse) 
LOEL 290 ppm (quail) 
LOEL 611 ppm (duck) 

LOEC 0.025 ppm (rb trout) 

9 mg/kg/d (rat) 
3 mg/kg/d (dog) 

ArfD 0.03 mg/kg 
limit drinking water 

0.1 µg/L 
ADI 30 µg/kg/d 

Sludge level: 4 
Freq: 3 

BAF100Y: 3 
UpConc Y1: 2 

ADI: 3 

15 

Clotrimazole high frequency 
high level 

high soil t1/2 
very high RQ-Q90 

7.1 
7.1 

0.0063 
0.0071 

0.000074 

NOEC >8.3 µg/l (water flea) 
NOEC 0.01 mg/l (zebrafish) 
LOEC 0.03 mg/l (zebrafish) 

LOEC <0.025 mg/L (rb. trout) 

NOAEL 50 mg/kg/d (rat) 
NOAEL 200 mg/kg/d (mouse) 
NOAEL 180 mg/kg/d (rabbit) 

TDLo 28 mg/kg/d 
(topical) 

ADIp 500 µg/kg/d 

Sludge level: 4 
Freq: 3 

BAF100Y: 5 
UpConc Y1: 1 

ADIp: 1 

14 

Benzotriazole high frequency 
very high level 

high soil t1/2 
n.a. 

1.0 
1.0 

<<0.01 
0.54 

0.018 
LOEC 0.01 mg/L (medaka) NOAEL 30 mg/kg/d (rat) 

LOAEL 335 mg/kg/d (rat) 

(fungicide) 
0.037 µg/kg/d 

est. exp. fr. food, air 
ADIp 300 µg/kg/d 

Sludge level: 5 
Freq: 3 

BAF100Y: 3 
UpConc Y1: 3 

ADIp: 1 

15 
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Adapalene n.a. 
n.a. 

high soil t1/2 
very high RQ-Q90 

2.7 
2.7 

0.0280 
0.0084 

0.00015 
LOAEL <6 mg/kg/d (dog) 

LOAEL > 5 mg/kg/d (rat) 
LOAEL > 5 mg/kg/d (rabbit) 

LOAEL <1 mg/kg/d (dog) 
NOAEL 1.2 mg/kg/d (minipig) 

ADIp 12 µg/kg/d 

Sludge level: n.a. 
Freq: n.a. 

BAF100Y: 4 
UpConc Y1: 2 

ADIp: 3 

9+ 
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ATC G GENITO URINARY SYSTEM AND SEX HORMONES 

ATC G03 SEX HORMONES AND MODULATORS OF THE GENITAL SYSTEM 
ATC G04 UROLOGICALS 
 

Hazard identification 
Drug CAS No. Median Conc. 

sludge Q90 
UB 

Max. Conc. 
sludge Q90 

UB 

Samples in 
Norway/ 

> LOQ 

BCF 
Ås_leaf 

 

Log 
KOW 

Dtsoil 
20°C 

Biodegra
dability 

New 
RQ-
Q90 

New 
rank 

DDD Prescriptions 
in N (2021) 

Absorption 
F (oral) 

Distribution 
VD 

Metabolism Elimination 
t1/2 

Toxicity 
LD50 (oral) 

  µg/kg dw µg/kg dw  mg/kg  d 20°C, soil   /1000 persons/d  % L/kg bw   h mg/kg bw 

Levonorgestrel 797-63-7 <25 <25 6/0 712 3.07 1000 inh. biod. 268 30 125621 (1.5 mg) 149 993 100 
1.8-2.5 

distributes 
into milk 

extensive 24 

5010 (rat) 
5010 (mouse) 
>2000 (rabbit) 

>1000 (dog) 

Ethinylestradiol 
(EE2) 57-63-6 <2 <2 12/0 21 3.67 1000 inh. biod. 173 43 18871 (0.025 mg) 218 712 43 4.1 

low 
>90% excreted 

unchanged 
8.4 960 (rat) 

950 (mouse) 

Drospirenone 67392-87-4 n.a. n.a. n.a. n.a. 3.00 1000 n.a. n.a. n.a. 33150 36 518 76-85 4 extensive 30 >2000 (rat) 

Desogestrel 54024-22-5 n.a. n.a. n.a. 10 5.02 1000 n.a. n.a. n.a. 68174 123 956 60-80 1.5 extensive 30 >2000 (rat) 
>2000 (mouse) 

Etonogestrel 54048-10-1 n.a. n.a. n.a. n.a. 3.16 1000 n.a. n.a. n.a. 30200 (implants) 28 363 82 
3.1 

distributes 
into milk 

extensive 
metabolite of 
desogestrel 

25 >2000 (rat) 
<2000 (rat) 

Testosterone 58-22-0 <2 <2 12/0 10 3.32 1000 inh. biod. <0.01 734 9654 (120 mg) 18 482 3.6 1.1 
extensive 

E2 is major 
metabolite 

0.2-1.7 

>500 (rat) 
1350 (mouse) 

NOAEL 1.7 µg/kg/d 
ADI 2 µg/kg/d 

Estradiol (E2) 50-28-2 <5 <5 12/0 25 3.91 158 inh. biod. 668 16 39790 (0.05 mg) 162 909 2-10 0.08 extensive 1-12 960 (rat) 

Estrone (E1) 53-16-7 50 50 12/3 288 3.13 158 inh. biod. 514 20 n.d. n.d. 43 
3.3 

distributes 
into milk 

extensive 
major 

metabolite of 
E2 

11-19 
>2000 (rat) 

LC50 >1186 (zebrafish) 
LC50 > 1500 (water flea) 

Estriol (E3) 50-27-1 <10 <10 12/0 582 2.45 158 inh. biod. 9.22 147 14 650 (2 mg) 12 789 10-20 3.1 
extensive 

metabolite of 
E1 & E2 

1.5-5.3 >2000 (rat) 
>2000 (mouse) 

Norethisterone 68-22-4 <2 <2 12/0 314 2.97 158 inh. biod. 0.01 595 24690 (5 mg) 56 810 64 4 extensive 8-10 
>6000 (mouse) 

TDLo 42 mg/kg/d 
(human) 

Progesterone 57-83-0 185 185 12/4 n.a. 3.87 1000 inh. biod. 0.02 582 6040 (30 mg) 14 339 <10 

1.75 
(monkeys) 
distributes 
into milk 

extensive 0.08 -1.5 
327 (rats) 

LC50 1 mg/l (water flea) 
LC50 1 mg/l (zebrafish) 

Drospirenone 67392-87-4 n.a. n.a. n.a. n.a. 3.00 1000 n.a. n.a. n.a. 33150 37 016 76-85 4 extensive 30 >2000 (rat) 
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Alfuzosin 81403-80-7 <0.1 <0.1 19/0 1 341 1.21 158 n.a. <0.01 722 <0.01 (7.5 mg) 21 49-64 3.2 
extensive 

11% excreted 
unchanged 

3-5 1950 (mouse) 

Mirabegron 223673-61-8 n.a. n.a. n.a. n.a. n.a. 1000 n.a. n.a. n.a. 6.27 (50 mg) 51 832 29-35 25.7 extensive 50 
>2000 (rat) 
500 (rabbit) 

500 (monkey) 

Sildenafil 139755-83-2 n.a. n.a. n.a. n.a. 2.75 158 n.a. n.a. n.a. 11534 (50 mg) 51 730 25-63 1.6 extensive 3-5 

300 (rat) 
EC50 14 mg/l (waterflea) 
LC50 20 mg/L (rb. trout) 
MTD 10 mg/kg/d (rat) 
NOEL 50 mg/kg/d (rat) 

NOAEL 5 mg/kg/d 
(mouse) 

MRHD 1.5 mg/kg 
(human) 

Tadalafil 171596-29-5 n.a. n.a. n.a. n.a. 1.94 1000 n.a. n.a. n.a. 11341 (10 mg) 54 990 80 0.97 extensive 15-17.5 

>800 (rat) 
>800 (mouse) 

LOAEL <25mg/kg/d (dog) 
NOAEL 10 mg/kg/d (dog) 

Tamsulosin 106133-20-4 n.a. n.a. n.a. n.a. 2.35 1000 n.a. n.a. n.a. 9.31 (0.4 mg) 98 947 90 
0.25 

excreted in 
milk 

extensive 
9% excreted 
unchanged 

5-15 650 (rat) 

Raloxifene 84449-90-1 <5 <5 7/0 10 4.41 1000 n.a. 0.27 412 140 (60 mg) 156 2 47 extensive 27-32 
>5000 (rat) 

>1000 (monkey) 
LOAEL <0.1 mg/kg/d (rat) 

 

Hazard characterisation 
Drug Frequency in 

sludge 
Environmental 

toxicity 
BAF 100Y 

soil 
plant parts 

Upconc. Y1 
root 
leaf 
seed 

Animal toxicity NOAEL Human toxicity 
ADI 

or ADIp 

Risk 
evaluation 

ratings 

Risk 
characterisation 

 

Σ ratings 

Estrone (E1) low frequency 
intermediate level 

high soil t1/2 
very high RQ-Q90 

1.0 
1.0 

0.0100 
0.1900 
0.0066 

LOEC 0.5 µg/L (J. medaka) 
LOAEC 15.6 ng/L (S. minnow) 

EC50 0.8 (zebrafish) 

LOAEL < 250 µg/kg (mouse) 
NOAEC 25 ng/L (rb. trout) 

NOAEC 1.7 ng/L (S. minnow) 
NOEC 0.2 µg/L (J. medaka) 

PNEC 6 ng/L 

NOAEL 5 µg/kg/d 
relative biol. activity 0.1 

ADI 0.007 µg/kg/d 

Sludge level: 3  
Freq: 1 

BAF100Y: 3 
UpConc Y1: 3 

ADI: 5 

15 

Estradiol (E2) n.d. 
low <LOQ 

high soil t1/2 
very high RQ-Q90 

1.0 
1.0 

0.016 
0.016 

0.0028 

LOEC <0.001 µg/l (rb. trout) 
EC50 0.6 (zebrafish) 

NOAEL 2.5 µg/kg/d (rat) 
NOAEL 1 µg/kg/d (mouse) 
NOAEC 10 ng/L (rb. trout) 

PNEC 2 ng/L 

TDLo 21 mg/kg/d 
NOAEL 5 µg/kg/d 

relative biol. activity 1 
ADI 0.05 µg/kg/d 

Sludge level: n.d.  
Freq: n.d. 

BAF100Y: 3 
UpConc Y1: 3 

ADI: 5 

11 
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Estriol (E3) n.d. 
low <LOQ 

high soil t1/2 
low RQ-Q90 

1.0 
1.0 

0.0073 
0.380 
0.015 

n.d. PNEC 60 ng/L 
relative biol. activity 

0.038 
ADI 0.007 µg/kg/d 

Sludge level: n.d.  
Freq: n.d. 

BAF100Y: 3 
UpConc Y1: 2 

ADIp: 5 

10 

Ethinylestradiol (EE2) n.d. 
low <LOQ 

high soil t1/2 
very high RQ-Q90 

2.1 
2.1 

0.010 
0.015 

0.00051 

LOAEC 0.001 µg/l (rb. trout) 
EC50 0.02 µg/l (zebrafish) 

LOAEL < 15 µg/kg/d (rabbit) 
LOAEL < 200 µg/kg/d (dog) 

LOAEL <1.5 µg/kg/d (rat) 
NOAEL 0.1 µg/kg/d (human) 

NOEC 0.3 ng/l (zebrafish) 
PNEC 0.1 ng/L 

TDLo 21 mg/kg/d 
relative biol. activity 10 

ADI 0.001-0.007 µg/kg/d 

Sludge level: n.d. 
Freq: n.d. 

BAF100Y: 4 
UpConc Y1: 2 

ADI: 5 

11 

Levonorgestrel n.d. 
low <LOQ 

high soil t1/2 
very high RQ-Q90 

1.2 
1.2 

0.140 
0.500 
0.021 

LOAEL <20 µg/kg/d (minipig) 
LOEC <0.8 ng/l (fish) 

LOAEL <0.5 µg/kg/d (rat) 
NOAEL 0.25 µg/kg/d (cyn. monkey) 

LOAEL <0.46 µg/kg/d 
ADIp 0.003 µg/kg/d 

Sludge level: n.d. 
Freq: n.d. 

BAF100Y: 4 
UpConc Y1: 3 

ADIp: 5 

12 
much used 

Desogestrel n.a. 
n.a. 

high soil t1/2 
n.a. 

9.2 
9.2 

0.0043 
0.0071 

0.000074 

LOAEL 5 µg/kg/d (dog) 
NOEC 59 µg/l (fath. minnow) 

EC50 1.2 mg/l (water flea) 

LOAEL 5 µg/kg/d (rat) 
PEC <3 ng/l 

LOAEL <1.2 µg/kg/d 
ADIp 0.005 µg/kg/d 

Sludge level: n.a. 
Freq: n.a. 

BAF100Y: 5 
UpConc Y1: 1 

ADIp: 5 

11+ 
much used 

Etonogestrel n.a. 
n.a. 

high soil t1/2 
n.a. 

n.a. 
n.a. 

n.a. 
n.a. 
n.a. 

LOAEL <625 µg/kg/d (dog) 
NOEC 1.2 mg/l (water flea) 
NOEC 2.7 ng/l (J. rice fish) 

LOAEL <12 µg/kg/d (rat) 
LOAEL <50 µg/kg/d (rabbit) 

LOAEL <500 µg/kg/d 

LOAEL <0.6 µg/kg/d 
ADIp 0.006 µg/kg/d 

Sludge level: n.a. 
Freq: n.a. 

BAF100Y: n.a. 
UpConc Y1: n.a. 

ADIp: 5 

5+ 
metabolite of 
desogestrel 

Progesterone intermediate frequency 
high level 

high soil t1/2 
very low RQ-Q90 

1.6 
1.6 

0.1400 
0.0360 
0.0057 

NOEC 10 µg/l (fh.minnow) 
NOEC 100 µg/l (water flea) LOAEL <325 µg/kg/d (rat) 

LOAEL 3.3 mg/kg/d 
est. excess intake 500 

ng/p/d 
ADI 30 µg/kg/d 

Sludge level: 4 
Freq: 2 

BAF100Y: 3 
UpConc Y1: 3 

ADI: 3 

15 

Tamsulosin n.a. 
n.a. 

high soil t1/2 
n.a. 

n.a. 
n.a. 

n.a. 
n.a. 
n.a. 

LOAEL <10 µg/kg/d (dog) LOAEL <5.4 µg/kg/d (rat) 
LOAEL < 27 µg/kg/d (rabbit) 

LOAEL <6.2 µg/kg/d 
ADIp 0.006 µg/kg/d 

Sludge level: n.a. 
Freq: n.a. 

BAF100Y: n.a. 
UpConc Y1: n.a. 

ADIp: 5 

5+ 

 

  



Risk assessment of contaminants in sewage sludge used as fertilising product – fate and effects in the food chain and the environment in Norway • Vitenskapskomiteen for 
mat og miljø   

 

 

ATC H SYSTEMIC HORMONAL PREPARATIONS, EXCL. SEX HORMONES AND INSULINS 

ATC H02 CORTICOSTEROIDS FOR SYSTEMIC USE 
ATC H03 THYROID THERAPY 
 

Hazard identification 

Drug CAS No. 
Median Conc. 

sludge Q90 
UB 

Max. Conc. 
sludge Q90 

UB 

Samples in 
Norway/  

> LOQ 

BCF 
Ås_leaf 

 

Log 
KOW 

Dtsoil 
20°C 

Biodegra
dability 

New 
RQ-
Q90 

New 
rank 

DDD Prescriptions 
in N (2021) 

Absorption 
F (oral) 

Distribution 
VD 

Metabolism Elimination 
t1/2 

Toxicity  
LD50 (oral) 

  µg/kg dw µg/kg dw  mg/kg  d    /1000 persons/d  % L/kg bw   h mg/kg bw 

Prednisolone 50-24-8 n.a. n.a. n.a. n.a. 1.62 475 n.a. n.a. n.a. 12.11 (10 mg) 183 226 70 0.5-0.7 
extensive 
prodrug of 
prednisone 

2.1-3.5 1680 (rat) 
TDLo 9 mg/kg/d (human) 

Methylprednisolone 83-43-2 <10 <10 12/0 n.a. 1.72 1000 

readily, 
but 

failing 
10-day 
window 

<0.01 712 0.65 (7.5 mg) 4433 90 1.4 extensive 2.3 >4000 (rat) 

Triamcinolone 124-94-7 n.a. n.a. n.a. n.a. 1.16 475 n.a. n.a. n.a. 0.41 (7.5 mg) 29 767 <5 2 
intermediate 
20% excreted 

unchanged 
2.7 1451 (rat) 

2168 (mouse) 

Levothyroxine sodium 
(T4) 55-03-8 n.a. n.a. n.a. n.a. 4.25 158 n.a. 0.51 350 25.23 (0.15 mg) 225 029 40-80 

0.2 
distributes 
into milk 

extensive 6-7 d 
2.5 d (cow) 20 (rat) 

 

Hazard characterisation 
Drug Frequency in 

sludge 
Environmental 

toxicity 
BAF 100Y 

soil 
plant parts 

Upconc. Y1 
root 
leaf 
seed 

Animal toxicity NOAEL Human toxicity 
ADI 

or ADIp 

Risk 
evaluation 

ratings 

Risk 
characterisation 

 

Σ ratings 

Levothyroxine sodium n.a. 
n.a. 

high soil t1/2 
low RQ-Q90 

1.0 
1.0 

0.0021 
0.0072 

0.000088 

LOAEL <0.29 mg/kg/d (pig) 
LOAEL <10 µg/kg/d (cattle) n.d. 

LOAEL <1 µg/kg/d 
TDLo 20 µg/kg/d 
ADIp 0.2 µg/kg/d 

Sludge level: n.a. 
Freq: n.a. 

BAF100Y: 3 
UpConc Y1: 1 

ADIp: 5 

9+ 
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ATC J ANTIINFECTIVES FOR SYSTEMIC USE  

ATC J01 ANTIBACTERIALS FOR SYSTEMIC USE 
ATC J02 ANTIMYCOTICS FOR SYSTEMIC USE 
ATC J05 ANTIVIRALS FOR SYSTEMIC USE 
 

Hazard identification 
Drug CAS No. Median Conc. 

sludge Q90 
UB 

Max. Conc. 
sludge Q90 

UB 

Samples in 
Norway/ 

> LOQ 

BCF 
Ås_leaf 

 

Log 
KOW 

Dtsoil 
20°C 

Biodegra
dability 

New 
RQ-
Q90 

New 
rank 

DDD Prescriptions 
in N (2021) 

Absorption 
F (oral) 

Distribution 
VD 

Metabolism Eliminatio
n t1/2 

Toxicity 
LD50 (oral) 

  µg/kg dw µg/kg dw  mg/kg  d    /1000 persons/d  % L/kg bw   h mg/kg bw 
Tetracyclines                  

Doxycycline 564-25-0 416 416 12/7 14 605 -0.03 158 inh. biod. 205 39 1.3 (600mg) 86 401 

100 
6-17 

(horse) 
8-20 (pig) 
35 (sheep) 
69 (calve) 
75 (dog) 

0.6 
distributes 
into milk 

low 
41% excreted 

unchanged 

10-18 
15-28 (calf) 

 

2000 (rat) 
500 (dog) 

Tetracycline 60-54-8 4540 4540 12/11 25 -1.30 1000 inh. biod. 48 77 0.27 (1000mg) 10 737 60-80 
1.2-1.6 

distributes 
into milk 

low 
58% excreted 

unchanged 
6-14 808 (mouse) 

Oxytetracycline 79-57-2 113 113 12/1 27 -0.90 1000 inh. biod. 0.01 601 <0.1 (1000mg) 18 

5-20 
3 (pig) 
5 (rb. 
trout) 

1.7-1.9 
low 

distributes into 
milk 

9 -16 

3600 (mouse) 
125 (dog) 

LC50 116 mg/l (rb. trout) 
LC50 102 mg/kg (water flea) 

Lymecycline 992-21-2 n.a. n.a. n.a. n.a. -0.69 158 n.a. n.a. n.a. 1.11 (1000 mg) 31 210 77-88 1.3-1.7 
low 

distributes into 
fat 

8 980-3200 (rat) 
181-678 (mouse) 

Penicillins                  

Ampicillin 69-53-4 <5 <5 7/0 3 669 1.35 158 inh. biod. 252 31 0.03 (6000mg) 68 30-62 0.25 low 
 1-2 

> 5000 (rat) 
100 mg/L (rb. trout) 

160 mg/kg TDLo 
NOAEL 25 µg/kg bw/d 

ADI 3 µg/kg/d 
ARfD 12 µg/kg/d 

MRL 50 µg/kg fish, meat 
MRL 4 µg/kg milk 

Flucloxacillin 5250-39-5 <25 <25 7/0 50 2.58 158 n.a. 141 48 < 0.1 (2000mg) 82 50-70 2.2 intermediate 0.75-1 3800 (mouse) 
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distributes 
into milk 

ADI 3 µg/kg/d 
ARfD 12 µg/kg/d 

MRL 50 µg/kg fish, meat 
MRL 4 µg/kg milk 

Amoxicillin 26787-78-0 <5 <5 9/0 5 701 0.87 158 inh. biod. 38 84 0.67 (1500mg) 85 238 60 
31 (pigs) 1.7 extensive 1 

>15 000 (rat) 
TDLo 7.14 mg/kg 

ADI 3 µg/kg/d 
ARfD 12 µg/kg/d 

MRL 50 µg/kg fish, meat 
MRL 4 µg/kg milk 

Benzylpenicillin 
(Penicillin G) 61-33-6 <25 <25 8/0 29 1.83 158 inh. biod 17.8 115 < 0.1 (3600mg) 175 15-30 0.5-0.7 extensive 0.4-0.9 

8900 (rat) 
ADI 0.5 µg/kg/d 

MRL 50 µg/kg fish, meat 
MRL 4 µg/kg milk 

Penicillin G benzathine 41372-02-5 <2 <2 12/0 n.a. 0.78 n.a. n.a. n.a. n.a. < 0.1 (3.6 g) 77 <30 0.5-0.6 extensive 336 2000 (mouse) 

Pivmecillinam 32886-97-8 <5 <5 9/0 158 3.60 48 

readily, 
but 

failing 
10-day 
window 

9.4 146 1.49 (600mg) 192 717 25-35 0.5 
mecillinam 

predrug of 
mecillinam 

35-44% 
excreted 

unchanged 

1-3 

>10 000 (rat) 
mecillinam 

ADI 3 µg/kg/d 
MRL 50 µg/kg fish, meat 

MRL 4 µg/kg milk 

Piperacillin 61477-96-1 <5 <5 7/0 n.a. 0.50 158 inh. biod. n.a. n.a. 0.06 (14 g) 79 <5 1.6 
low 

excreted 
unchanged 

0.6-1.2 >10000 (rat) 
>10000 (mouse) 

Phenoxymethylpenicillin 87-08-1 n.a. n.a. n.a. n.a. 2.09 148 n.a. n.a. n.a. 2.56 (2000 mg) 310 271 25-60 
0.5 

distributes 
into milk 

intermediate 0.5 >1040 (rat) 
6578 (mouse) 

Dicloxacillin 3116-76-5 n.a. n.a. n.a. n.a. 2.91 158 n.a. n.a. n.a. 0.79 (2000 mg) 114 243 35-76 0.1 
low 

65% excreted 
unchanged 

0.7 3579 (rat) 

Cloxacillin 642-78-4 <5 <5 7/0 n.a. 2.16 158 inh. biod. n.a. n.a. 0.16 (2 g) 203 37-49 0.1-0.3 intermediate 0.4-0.5 
5000 (rat) 

5000 (mouse) 
TDLo 200 mg/kg/d (human) 

Quinolones                  

Norfloxacin 70458-96-7 <20 <20 12/0 15 602 -1.02 158 n.a. 23 103 n.d. n.d. 30-50 

1.7 (rabbit) 
1.8 (dog) 

4.5 (sheep) 
2.2 (horse) 

Intermediate 
25-40% 

excreted 
unchanged 

3-4 

> 4000 (rat) 
LOAEL <333 mg/kg (chicken, 

dog, rabbit) 
NOAEL 100 mg/kg/d  

(Cyn. Macaque) 
TDLo 48 mg/kg 

ADI 190 µg/kg/d 
Moxifloxacin 151096-09-2 <50 <50 7/0 4 133 2.60 158 inh. biod. 16.8 118 0.01 (400mg) 1 800 90 1.7-2.7 Intermediate 11.5-15.6 1320 (rat) 
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45% excreted 
unchanged 

435 (mouse) 
1500 (c.monkey) 

NOAEL 6.5 mg/kg/d (rat) 
NOAEL 10 mg/kg/d (dog) 

Ciprofloxacin 85721-33-1 998 998 12/9 14 0.28 1000 n.a. 2.9 232 0.25 (1000mg) 27 075 

60-80 
10.5 

(horse) 
53 (calf) 
37 (pig) 

2-3 
distributes 
into milk 

extensive 4 
5.8 (horse) > 2000 (rat) 

Ofloxacin 82419-36-1 <20 <20 14/0 12 -0.39 1000 n.a. 0.02 577 0.01 (400mg) 593 > 95 
1.2-1.4 

distributes 
into milk 

low 
65-80% 

excreted 
unchanged 

3.9-4.5 5450 (mouse) 

Enrofloxacin 93106-60-6 <25 <25 7/0 11 0.13 1000 n.a. 0.01 633 n.d. 
n.d. 

not approved 
for humans 

75 (rats) 
78 

(chicken) 
83 (pigs) 

90 (goats) 

4 (goats) 
4 (cats) 

2.4 (dogs) 
2.3 (horse) 
3 (cattle) 
3.6 (pig) 

11 (chicken) 
distributes 
into meat 

ciprofloxacin is 
metabolite of 
enrofloxacin 

(36% 
conversion 

rate) 

1.2 (goat) 
7 (cat) 

2.5 (dog) 
6.2 (horse) 
2.8 (cattle) 

16 (pigs) 

5000 (rat) 
4300 (mouse) 
500 (rabbit) 

NOAEL 5 mg/kg/d 
ADI 2 µg/kg bw/d 

MRL 30 µg/kg meat 
NOEL 1.2 mg/kg bw/d (dog) 

Macrolides                  

Clindamycin 18323-44-9 12.1 76 136/83 490 2.12 158 inh. biod. 90 60 0.22 (1200mg) 40 245 90 
0.6-1.1 

distributes 
into milk 

extensive 4 2190 (rat) 
2540 (mouse) 

Clindamycin sulfoxide 22431-46-5 3.3 15 129/51 2 874 0.60 n.a. n.a. 0.69 331 n.d. n.d. n.d. n.d. 
low 

metabolite of 
clindamycin 

n.d. >10000 (rat) 

Azithromycin 83905-01-5 245 520 136/115 171 4.02 1000 n.a. 16.8 117 0.18 (300mg) 26 897 

34-52 
59 (cat) 
97 (dog) 

39-56 
(foal) 

100 (pig) 

31 
23 (cat) 
12 (dog) 
35 (goat) 
22 (foal) 

5.6 (horse) 
3.1 (pig) 

intermediate 
14% excreted 

unchanged 

68 
35 (cat) 

3.5 (dog) 
33 (goat) 
16 (foal) 

15 (horse) 
7-9 (pig) 

>2000 (rat) 
3000 (mouse) 

LC50 84 mg/L (rb. trout) 

Clarithromycin 81103-11-9 23.5 250 136/70 60 3.16 1000 inh. biod. 1.3 285 0.10 (500mg) 10 276 
55 

56 (foal) 
69 (dog) 

1.8 
intermediate 
20% excreted 

unchanged 
3-4 

1270 (rat) 
1230 (mouse) 

5000 (dog) 

Roxithromycin 80214-83-1 9.8 100 26/1 118 2.92 13.6 n.a. 0.21 435 <0.01 (300mg) <5 72-85 
>90 (dog) 

3 (chicken) 
distributes 

low 
60% excreted 

12 
8 (chicken) 

830 (rat) 
665 (mouse) 
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57 
(chicken) 

into meat, 
milk 

unchanged 200 (dog) 

Erythromycin 114-07-8 21 250 26/1 n.a. 3.06 1000 inh. biod. 0.09 492 0.17 (2000 mg) 26 321 18-45 
0.64 

distributes 
into milk 

high 3.5 

4600 (rat) 
2580 (mouse) 

3018 (hamster) 
LC50 349 mg/l (Str. bass) 

N-Demethyl-
erythromycin A 992-62-1 <50 <50 7/0 n.a. n.a. 1000 n.a. n.a. n.a. n.d n.d. <5 n.d. metabolite of 

erythromycin <3 n.d. 

Spiramycin 8025-81-8 <7 <7 2/0 n.a. n.a. 1000 n.a. n.a. n.a. <0.1 (3 g) 604 30-39 4.6 low 4.5-6 

3553 (rat) 
2900 (mouse) 

ADI 50 µg/kg/d 
MRL 200 µg/kg meat 
MRL 200 µg/kg milk 

Sulfonamides and  Trimetho prims                

Sulfapyridine 144-83-2 53 106 129/129 8 770 0.35 158 n.a. 65 67 n.d. n.d. 60-80 low 
extensive 

metabolite of 
sulfasalazine 

6-14 
15 800 (rat) 

16 600 (mouse) 
20 000 (rabbit) 

4,4′-Diamino- 
diphenylsulfone 80-08-0 <25 <25 6/0 16 013 0.97 158 n.a. 9.0 148 n.d. 

n.d. 
no longer 

used 
70-80 0.7 extensive 28 (10-50) 

1000 (rat) 
250 (mouse) 

300 (guin. pig) 
LDLo 200 mg/kg (sheep) 

TDLo 5-18 mg/kg (human) 

Trimethoprim 738-70-5 3.9 99 141/54 n.a. 0.91 158 n.a. 0.01 590 0.31 (400 mg) 130 913 >85 
1-3 

distributes 
into milk 

extensive 
20% excreted 
unchanged in 

sheep 

8-10 >5300 (rat) 
2764 (mouse) 

4-Demethyl- 
trimethoprim 21253-58-7 <5 <5 6/0 177 0.37 158 n.a. 7.0 162 n.d. n.d. n.d. n.d. 

metabolite of 
trimethoprim; 
glucuronidated 

n.d. >2000 (rat) 

Sulfamethoxazole 723-46-6 2.4 11.4 139/45 76 0.89 158 n.a. 3.5 222 n.d. 69 446 85-90 0.2 
Intermediate 
20% excreted 

unchanged 
10 2300 (mouse) 

Acetyl sulfamethoxazole 21312-10-7 22 64 52/1 38 0.60 158 inh. biod. 2.1 255 n.d. n.d. n.d. 0.47 
very low 

metabolite of 
Sulfamethoxazole 

11.2 8400 (rat) 
3471 (mouse) 

Sulfamerazine 127-79-7 <0.21 <0.21 52/0 29 506 0.14 158 inh. biod. 0.90 495 n.d. 
n.d. 

no longer 
used 

>80 n.d. 
intermediate 
16% excreted 

unchanged 
26 

25 000 (mouse) 
LOAEL <0.5% (chicken) 

ADI 50 µg/kg China 
MRL meat 100 µg/kg 

Sulfamethizole 144-82-1 1.6 50 52/3 38 0.54 158 inh. biod. 0.62 335 n.d. n.d. >80 0.14 
(rabbits) 

low 
95% excreted 

unchanged 
3-8 3500 (rat) 

>10 000 (mouse) 
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Sulfamethazine 57-68-1 1.1 250 71/1 2 721 0.19 158 n.a. 0.01 596 n.d. n.d. 87 
0.4 (cattle 
0.6 (sheep) 

0.8 (pig) 

extensive 
(horse) 

1.7-5.4 
7.5 (cattle) 

9.8 (pig) 
50 (mouse) 

Sulfadiazine 68-35-9 5.1 50 117/43 687 -0.09 158 n.a. 2.0 259 <0.01 (600 mg) < 5 95 0.29 extensive 8-17 
1500 (mouse) 

5000 (dog) 
TDLo 138 mg/kg/d (human) 

Carbapenems                  

Meropenem 96036-03-2 <13 <13 2/0 34 646 0.73 158 n.a. 0.78 322 0.02 (3000mg) 75 75-94 
0.2 (cats) 
0.4 (dogs) 
0.06 (ewe) 

low 
>70% excreted 

unchanged 

1-1.5 
1.4 (cat) 
0.6 (dog) 
0.4 (ewe) 

5000 (rat) 
5000 (mouse) 

Cephalosporins                  

Cefotaxime 63527-52-6 <4.8 <4.8 2/0 12 0.29 158 inh. biod. 4.22 208 0.11 (4 g) 186 <5 0.5 
intermediate 
36% excreted 

unchanged 
1 20000 (rat) 

Cefalotin 153-61-7 <11 <11 2/0 14 -0.41 158 inh. biod. 5.46 185 0.02 (4 g) 11 <5 0.2-0.3 
low 

75% excreted 
unchanged 

0.5 
0.3 (horse) >10000 (rat) 

Others                  

Urotropine 100-97-0 <14 <14 6/0 301 -0.16 158 inh. biod. <0.01 715 3.94 (2000 mg) 

35 379 
 

feed additive 
for pig, 
poultry, 

cattle, sheep, 
goat, rabbit, 

horse 

>70 
degrades 
in acidic 

conditions 
to 

formaldeh
yde and 

ammonia 

0.5-0.6 
distributes 
into milk 

low 
70-90% 

excreted 
unchanged 

4 

569 (mouse) 
150 µg/kg/d ADI 

E 239: food additive 
no MRL defined 

Nitrofurantoin 67-20-9 n.a. n.a. n.a n.a. -0.47 158 n.a. n.a. n.a. 0.224 (200 mg) 34 576 39-44 0.6-0.8 
0.5 (dogs) 

intermediate 
50% excreted 

unchanged 
0.7-0.8 

604 (rat) 
360 (mouse) 
53 (chicken) 

RfDoc 0.07 mg/kg/d 
TDLo 24 mg/kg/d 

Florfenicol 73231-34-2 <5 <5 7/0 28 880 0.39 158 n.a. 0.1 485 n.d. n.d. <44 (dog) 1.2 (dog) intermediate 3 (dog) 
4 (chicken) > 5000 (chicken) 

Sulfathiazole 72-14-0 <5 <5 7/0 29 380 0.05 158 n.a. 0.01 619 n.d. n.d. 73 (pig, 
sheep) 0.5 (pig) 

low 
63% excreted 

unchanged 

1.1 (sheep) 
1.4 (pig) 

4500 (mouse) 
ADI 50 µg/kg/d 

Benzethonium chloride 121-54-0 27 31 6/6 78 1.48 1000 inh. biod. 0.28 407 n.d. n.d. <5 3.4 (rat) extensive 1.3 (rat) 

242 (rat) 
242 (mouse) 

LC50 0.1ppm (water flea) 
LC50 0.5ppm (fish) 
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Benzothiazolone 934-34-9 170 560 22/10 625 1.76 158 n.a. 1.56 271 n.d. n.d. 63 (rat) n.d. 2-hydroxy-
benzothiazole n.d. n.d. 

Benzothiazole-2-yl-
amine 136-95-8 41 81 11/2 178 1.91 158 n.a. n.a. n.a. n.d. n.d. n.d. n.d. benzo[d]thiazol

-2-amine n.d. 1000 (mouse) 

Sulfaguanidine 57-67-0 <5 <5 7/0 65 872 -1.22 158 n.a. 1.16 291 n.d. n.d. 13 (rat) n.d. intermediate 3 20000 (mouse) 

Tiamulin 55297-95-5 <5 <5 7/0 n.a. 4.24 1000 inh. biod. 0.01 624 n.d. n.d. 85 (pig) high 
extensive  

(pig, turkey, 
chicken) 

4-5 (pig) 
3-6 (duck) 
3 (goose) 

2230 (rat) 
710 (mouse) 

1550 (chicken) 
1345 (turkey) 

Antimycotics                  

Fluconazole 86386-73-4 <5 <5 7/0 2 231 0.50 158 n.a. 0.16 456 78.24 (200 mg) 38 392 90 0.65 
low 

80% excreted 
unchanged 

20-50 

1271 (rat) 
1408 (mouse) 

300 (dog) 
TDLo 60 mg/kg/d 

Antivirals                  

Valaciclovir 124832-26-4 n.a. n.a. n.a. n.a. 0.57 158 n.a. n.a. n.a. 147.44 (3 g) 43 284 55 

1.3 
acyclovir 

distributes 
into milk 

extensive 
prodrug of 
acyclovir 

2.5-3.3 
(acyclovir) 904 (rat) 

Nelfinavir 159989-64-7 <5 <5 7/0 10 3.65 1000 inh. biod. 0.54 345 n.d. n.d. 20-80 2-7 
low 

86% excreted 
unchanged 

3.5-5 5000 (rat) 

 

Hazard characterisation 
Drug Frequency in 

sludge 
Environmental 

toxicity 
BAF 100Y 

soil 
plant parts 

Upconc. Y1 
root 
leaf 
seed 

Animal toxicity NOAEL Human toxicity 
ADI 

or ADIp 

Risk 
evaluation 

ratings 

Risk 
characterisation 

 

Σ ratings 

Doxycycline high frequency 
high level 

high soil t1/2 
very high RQ-Q90 

1.0 
1.0 

0.000053 
4.9 

0.091 

LOAEL <5 mg/kg (cat) 
LOAEL <10 mg/kg (dog) 
LOAEL <3.6 mg/kg (pig) 

LOAEL <10 mg/kg (horse) 
LOAEL <5 mg/kg (calf) 

250 mg/kg/d (rat) 
50 mg/kg/d (monkey) 

<10 mg/kg/d (dog) 

TDLo 68 mg/kg/d 
MRL200 µg/kg meat 
MRL 100 µg/l milk 
MRL 400 µg/kg egg 

ADI 3 µg/kg/d 

Sludge level: 4 
Freq: 3 

BAF100Y: 3 
UpConc Y1: 4 

ADI: 4 

18 

Tetracycline high frequency 
very high level 

high soil t1/2 
intermediate RQ-Q90 

7.3 
7.3 

0.0011 
0.018 

0.00057 

LOAEL <10 mg/kg (cat) 
LOAEL <10 mg/kg (dog) 
LOAEL <6 mg/kg (pig) 

LOAEL <6 mg/kg (horse) 

NOEL  125 µg/kg/d (mouse) 
NOEL 33 µg/kg/d (human) 

estimated daily intake 6.2 µg/kg/d 
(at MRL) 

LDLo  310 mg/kg 
MRL200 µg/kg meat 
MRL 100 µg/l milk 
MRL 400 µg/kg egg 

ADI 30 µg/kg/d 

Sludge level: 5 
Freq: 3 

BAF100Y: 5 
UpConc Y1: 2 

ADI: 3 

18 

Oxytetracycline low frequency high soil t1/2 7.3 0.0011 LOAEL <10 mg/kg (cat) LOAEL 1250 mg/kg/d (rat) TDLo 24 mg/kg Sludge level: 4 15 
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high level very low RQ-Q90 7.3 0.0200 
0.00065 

LOAEL <10 mg/kg (dog) 
LOAEL <6 mg/kg (pig) 

LOAEL <6 mg/kg (horse) 
LOAEL <6 mg/kg (cattle) 

NOAEL 18 mg/kg/d (rat) 
NOAEL 93 mg/kg/d (mouse) 

NOAEL 0.05 mg/kg (dog) 
cRfD = 1 mg/kg/d 

MRL200 µg/kg meat 
MRL 100 µg/l milk 
MRL 400 µg/kg egg 

ADI 30 µg/kg/d 

Freq: 1 
BAF100Y: 5 

UpConc Y1: 2 
ADI: 3 

Lymecycline n.a. 
n.a. 

high soil t1/2 
n.a. 

n.a. 
n.a. 

n.a. 
n.a. 
n.a. 

LOAEL <2.2 mg/kg (chicken) LOAEL <4.5 mg/kg/d (human) gives 
rise to Cmax 1.5-4 µg/mL 

MRL not defined 
tetracycline antibiotic 

values should be applied 
ADIp 4.5 µg/kg/d 

Sludge level: n.a. 
Freq: n.a. 

BAF100Y: n.a. 
UpConc Y1: n.a. 

ADIp: 4 

4+ 

Phenoxymethylpenicillin n.a. 
n.a. 

intermediate soil t1/2 
n.a. 

n.a. 
n.a. 

n.a. 
n.a. 
n.a. 

LOAEL <8 mg/kg (cat) 
LOAEL <8 mg/kg (dog) 

LOAEL <20 mg/kg (foal) 
LOEL 750 mg/kg/d (rat) 

MRL 50 µg/kg fish 
MRL 25 µg/kg meat 
MRL 25 µg/kg egg 
MRL 4 µg/l milk 

TDLo 10 mg/kg/d 
ADI 3 µg/kg/d 

Sludge level: n.a. 
Freq: n.a. 

BAF100Y: n.a. 
UpConc Y1: n.a. 

ADI: 4 

4+ 

Dicloxacillin n.a. 
n.a. 

high soil t1/2 
n.a. 

n.a. 
n.a. 

n.a. 
n.a. 
n.a. 

LOAEL <11 mg/kg (dog) n.d. 

MRL 300 µg/kg fish 
MRL 300 µg/kg meat 

MRL 30 µg/l milk 
ADI 3 µg/kg/d 

Sludge level: n.a. 
Freq: n.a. 

BAF100Y: n.a. 
UpConc Y1: n.a. 

ADI: 4 

4+ 
much used 

Ciprofloxacin high frequency 
very high level 

high soil t1/2 
low RQ-Q90 

7.7 
7.7 

0.00079 
0.01000 
0.00021 

LOAEL <15mg/kg/d (chicken) 
LOAEL <10mg/kg/d (pig) 
LOAEL <25 mg/kg (dog) 

NOAEL 50 mg/kg (rat) 

TDLo 10 mg/kg 
LDLo 5.7 µg/kg 
ADE 12 µg/kg/d 

MRL 30 µg/kg meat 
ADI 0.6 µg/kg/d 

ADI 0.15 µg/kg/d (China) 

Sludge level: 5 
Freq: 3 

BAF100Y: 5 
UpConc Y1: 2 

ADI: 5 

20 

Clindamycin high frequency 
intermediate level 

high soil t1/2 
high RQ-Q90 

1.0 
1.0 

0.0038 
0.29 

0.016 

LOAEL <7.5 mg/kg (cat) 
LOAEL <5 mg/kg (dog) 

LOAEL <20 mg/kg (chicken) 

NOAEL 300 mg/kg/d (rat) 
LDLo 1 mg/kg (rabbit) 

LDLo 1 mg/kg (hamster) 

ADI not defined, 
probably like lincomycin 

ADIp 30 µg/kg/d 

Sludge level: 3 
Freq: 3 

BAF100Y: 3 
UpConc Y1: 3 

ADIp: 3 

15 

Clindamycin sulfoxide intermediate frequency 
low level 

n.a. 
low RQ-Q90 

n.a. 
n.a. 

n.a. 
n.a. 
n.a. 

n.d. similar to parent compound 
clindamycin 

n.d. 
ADIp 30 µg/kg/d 

Sludge level: 2 
Freq: 2 

BAF100Y: n.a. 
UpConc Y1: n.a. 

ADIp: 3 

7+ 

Azithromycin high frequency 
high level 

high soil t1/2 
intermediate RQ-Q90 

3.1 
3.1 

0.0310 
0.1200 
0.0059 

LOAEL <50 mg/kg/d (chicken) 
LOAEL <10 mg/kg/d (pig) 

LOAEL <5 mg/kg/d (sheep) 
LOAEL <10 mg/kg/d (foal) 
LOAEL <5 mg/kg/d (dog) 
LOAEL <5 mg/kg/d (cat) 

LOEL 10 mg/kg/d (rat) 
LOEL 10 mg/kg/d (dog) 

EC50 120 mg/l (water flea) 
LOAEL <5 mg/kg/d (human) 

LOAEL 250 mg/kg 
TDLo 21 mg/kg/d 

RfD 70 µg/Kg bw/d 
ADE 12 µg/kg/d 

Sludge level: 4 
Freq: 3 

BAF100Y: 4 
UpConc Y1: 3 

ADI: 4 

18 

Clarithromycin high frequency 
intermediate level 

high soil t1/2 
low RQ-Q90 

2.0 
2.0 

0.0060 
0.0410 
0.0018 

LOAEL <7.5 mg/kg/d (chicken) 
LOAEL <5 mg/kg/d (foal) 
LOAEL <5 mg/kg/d (dog) 

LOAEL <5.6 mg/kg/d (rat) 
LOAEL 7.14 mg/kg/d 

TDLo 30 mg/kg/d 
TDI 7 µg/kg/d 

Sludge level: 3 
Freq: 3 17 
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LOAEL <7.5 mg/kg/d (cat) ADI 1.4 µg/kg/d 
ADI 0.2 µg/kg/d (China) 

BAF100Y: 4 
UpConc Y1: 2 

ADI: 5 

Roxithromycin low frequency 
low level 

low soil t1/2 
low RQ-Q90 

1.8 
1.8 

0.0140 
0.0830 
0.0038 

not authorised for livestock 
LOAEL <7.5 mg/kg/d (flounder) LOAEL <2.3 mg/kg/d (human) (drug no longer used) 

ADI 0.4 µg/kg/d (China) 

Sludge level: 2 
Freq: 1 

BAF100Y: 4 
UpConc Y1: 3 

ADI: 5 

15 

Erythromycin low frequency 
intermediate level 

high soil t1/2 
very low RQ-Q90 

3.2 
3.2 

0.0240 
0.0340 
0.0013 

LDLo 100 mg/kg (dog) 
LOAEL <10 mg/kg/d (foal) 
LOAEL <15 mg/kg/d (cat) 

NOAEL 15 mg/kg (rat) 
NOEL 0.25 mg/kg/d (human) 

TDLo 10 mg/kg 
MRL 100 µg/kg meat 
MRL 50 µg/kg eggs 

ADI 0.7 µg/kg/d 

Sludge level: 3 
Freq: 1 

BAF100Y: 4 
UpConc Y1: 2 

ADI: 5 

15 

Sulfapyridine high frequency 
high level 

high soil t1/2 
high RQ-Q90 

1.0 
1.0 

0.00062 
4.0 

0.099 
LOAEL <104 mg/kg (rabbit) n.d. ADI 10 µg/kg/d (China) 

Sludge level: 4 
Freq: 3 

BAF100Y: 3 
UpConc Y1: 4 

ADI: 4 

18 

Trimethoprim intermediate frequency 
low level 

high soil t1/2 
very low RQ-Q90 

1.0 
1.0 

0.0022 
0.019. 

0.00098 

LOAEL <5 mg/kg/d (pig) 
LOAEL <5 mg/kg/d (cattle) 
LOAEL <15 mg/kg/d (goat) 

LOAEL <15 mg/kg/d (horse) 
LOAEL <7.5 mg/kg/d (chicken) 

LOAEL >14 mg/kg/d rat 
NOEL 3.3 mg/kg/d (rat) 

NOEL 30 mg/kg/d (rabbit) 
NOEL 2.5 mg/kg/d (dog) 

NOEL <10 mg/kg/d (hamster) 
LOAEL <100 mg/kg/d (monkey) 

TDLo 56 mg/kg/d 
MRL 50 µg/kg meat, fish 

MRL 50 µg/l milk 
ADI 4.2 µg/kg/d 

Sludge level: 2 
Freq: 2 

BAF100Y: 3 
UpConc Y1: 2 

ADI: 4 

13 

Sulfamethoxazole intermediate frequency 
low level 

high soil t1/2 
low RQ-Q90 

1.0 
1.0 

0.0029 
0.043 
0.069 

LOAEL <2.5 mg/kg/d (pig) 
LOAEL <5 mg/kg/d (chicken) 

LDLo 3000 mg/kg (dog) 
LOAEL <25 mg/kg/d (rat) 

LOAEL <23 mg/kg/d (human) 

TDLo 160 mg/kg/d 
ADI 50 µg/kg China 

MRL meat 100 µg/kg 
ADI 130 µg/kg/d 

Sludge level: 2 
Freq: 2 

BAF100Y: 3 
UpConc Y1: 2 

ADI: 1 

10 

Acetyl sulfamethoxazole low frequency 
intermediate level 

high soil t1/2 
low RQ-Q90 

1.0 
1.0 

0.000016 
0.012 
0.015 

n.d. n.d. 
readily taken up by roots 

n.d. 
ADIp 150 µg/kg/d 

Sludge level: 3 
Freq: 1 

BAF100Y: 3 
UpConc Y1: 2 

ADIp: 1 

10 

Sulfamethizole low frequency 
low level 

high soil t1/2 
low RQ-Q90 

1.0 
1.0 

0.00067 
0.01800 
0.01300 

n.d. EC50 235 mg/l (Fh. minnow) 
EC50 2 mg/l (water flea) 

n.d. 
ADIp 200 µg/kg/d 

Sludge level: 2 
Freq: 1 

BAF100Y: 3 
UpConc Y1: 2 

ADIp: 1 

9 

Sulfamethazine low frequency 
low level 

high soil t1/2 
very low RQ-Q90 

1.0 
1.0 

0.0072 
1.4 

0.22 
LOAEL >80 mg/kg (pig) LOAEL 1500 mg/kg/d (rat) 

NOEL 5 mg/kg/d (rat) 

MRL 100 µg/kg meat 
MRL 25 µg/l milk 
ADI 50 µg/kg/d 

Sludge level: 2 
Freq: 1 

BAF100Y: 3 
UpConc Y1: 4 

ADI: 3 

13 
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Sulfadiazine intermediate frequency 
low level 

high soil t1/2 
low RQ-Q90 

1.0 
1.0 

0.0053 
0.3700 
0.2400 

n.d. EC50 8.8 mg/l (water flea) TDLo 138 mg/kg/d 
ADI 20 µg/kg/d (China) 

Sludge level: 2 
Freq: 2 

BAF100Y: 3 
UpConc Y1: 3 

ADI: 3 

13 

Benzethonium chloride high frequency 
intermediate level 

high soil t1/2 
low RQ-Q90 

1.0 
1.0 

0.034 
0.047 
0.016 

LOAEL <12.5 mg/kg/d (dog) 
NOAEL 1.5 mg/kg/d (mouse) 

NOAEL 3.6 mg/kg/d (rat) 
NOAEL 1 mg/kg/d (rabbit) 

SED 14 µg/kg/d 
ADIp 10 µg/kg/d 

Sludge level: 3 
Freq: 3 

BAF100Y: 3 
UpConc Y1: 2 

ADIp: 4 

15 

Benzothiazolone 
(2-OH-benzothiazole) 

intermediate frequency 
high level 

high soil t1/2 
low RQ-Q90 

1.0 
1.0 

0.0027 
0.31 
0.24 

n.d. 
n.d. 

NOEC 2.74 mg/L (water flea) 
NOAEL SH-BTH 14 mg/kg/d (mouse) 

additive in foods, 
textiles, scaffold for 

drugs 
EDI 4.8-18.2 µg/d Σ6BTHs 

dermal exposure 
(textiles) 

ADIp 14 µg/kg/d 

Sludge level: 4 
Freq: 2 

BAF100Y: 3 
UpConc Y1: 3 

ADIp: 3 

15 

Benzothiazole-2-yl-amine 
(2-NH2-benzothiazole) 

low frequency 
intermediate level 

high soil t1/2 
n.a. 

1.0 
1.0 

0.0012 
0.0840 
0.0200 

n.d. in vitro: EC50 comp. to 2-OH-BTH 

EDI 4.8-18.2 µg/d Σ6BTHs 
dermal exposure 

(textiles) 
ADIp 14 µg/kg/d 

Sludge level: 3 
Freq: 1 

BAF100Y: 3 
UpConc Y1: 2 

ADIp: 3 

12 

 

  



Risk assessment of contaminants in sewage sludge used as fertilising product – fate and effects in the food chain and the environment in Norway • Vitenskapskomiteen for 
mat og miljø   

 

ATC L ANTINEOPLASTIC AND IMMUNOMODULATING AGENTS 

ATC L01 ANTINEOPLASTIC AGENTS 
ATC L04 IMMUNOSUPPRESSANTS 
 

Hazard identification 
Drug CAS No. Median Conc. 

sludge Q90 
UB 

Max. Conc. 
sludge Q90 

UB 

Samples in 
Norway/ 

> LOQ 

BCF 
Ås_leaf 

 

Log 
KOW 

Dtsoil 
20°C 

Biodegra
dability 

New 
RQ 

New 
rank 

DDD Prescriptions 
in N (2021) 

Absorption 
F (oral) 

Distribution 
VD 

Metabolism Elimination 
t1/2 

Toxicity 
LD50 (oral) 

  µg/kg dw µg/kg dw  mg/kg  d 20°C, soil   /1000 persons/d  % L/kg bw   h mg/kg bw 

Azathioprine 446-86-6 <25 <25 7/0 1 662 0.10 158 inh. biod. 220 37 240 (150 mg) 7 075 50 0.9 
extensive 

prodrug of 6-
mercaptopurine 

5 2500 (mouse) 
400 (rat) 

Methotrexate 59-05-2 <2 <2 12/0 33 140 -1.85 158 n.a. 27.1 92 2103 (2.5 mg) 40 479 64-90 1 
low 

80% excreted 
unchanged 

3-10 146 (mouse) 
135 (rat) 

Bortezomib 179324-69-7 <1200 <1200 2/0 1 105 1.93 158 inh. biod. 622 18 52 g/year 42 
only iv 
data 

available 

11-20 
distributes 
into tissues 

intermediate 10-31 

20 iv (mouse) 
3 iv (rat) 

NOAEL 45 µg/kg/d iv 
(monkey) 

NOAEL 25 µg/kg/d iv (rabbit) 
TTC 3 μg/d (human) 

 

Doxorubicin 23214-92-8 2911 5571 9/2 587 1.27 158 n.a. 279 29 678 g/year n.d. 1 (rat) 

5-36 
1.8-2.3 (rat) 

3-13 (mouse) 
17 (dog) 

intermediate 
active metab. 

doxorubicinol in 
milk 

0.5-23 
2 (rat) 

7-10 (mouse) 
20 (dog) 

22 (mouse) 
12.5 (rat) 
2 (dog) 

Doxorubicinol 54193-28-1 <3500 <3500 2/0 n.a. 1.17 158 inh. biod. n.a. n.a. n.d. n.d. n.d. 48 
intermediate 
metabolite of 

doxirubicin 
7 >10000 

Toremifene 89778-26-7 <5 <5 7/0 10 5.83 1000 n.a. 23 102 n.d. n.d. 100 8.9 extensive 120 

1700 (rat) 
NOAEL 2 µg/kg/d po (rat) 

TTC 1.2 µg/d (human) 
NOAEL 2 µg/kg/d (human) 

Paclitaxel 33069-62-4 640 640 2/2 217 2.01 475 

readily, 
but 

failing 
10-day 
window 

67 65 4888 g/year n.d. 

30-50 
6.5 (rat) 

11 (mouse) 
 

4.6 (rat) 

extensive 
10% excreted 

unchanged 
6-OH-paclitaxel 
main metabolite 

(sludge conc. 
<650 µg/kg) 

13-52 
4.5 (rat) 

1.7 mouse) 
7 (rabbit) 

3000 (rat) 
LD50 (iv) 12 (mouse) 

Docetaxel 114977-28-5 <500 <500 2/0 466 2.21 1000 inh. biod. 19.6 109 1006 g/year n.d. 8 1.7 extensive 21-116 >2000 (rat) 

https://pubchem.ncbi.nlm.nih.gov/compound/doxorubicinol
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4 (mouse) 4-33.7 (rat) 
9-42 (dog) 

1.6 (mouse) 

<8% excreted 
unchanged 

1.1 (mouse) 
0.8 (rat) 
6.8 (dog) 

156 iv (mouse) 
2.5 iv (dog) 

NOAEL 50 µg/kg/d iv (rat) 
TDLo 24 mg/kg po (human) 

TTC 3 μg/d (human) 

Irinotecan 97682-44-5 <1100 <1100 2/0 10 2.99 1000 n.a. 47.3 79 3952 g/year n.d. 9 2.7-5.8 
extensive 

active metabolite 
SN-38, t1/2 10-20h 

6-12 

867 (rat) 
1045 (mouse) 

LOAEL 16mg/kg (dog) 
LOAEL 1.2 mg/kg/d (rat) 

LOAEL 6 mg/kg/d (rabbit) 
NOAEL 20 µg/kg/d iv (rat) 

TTC 3 μg/d (human) 
DLT 4.9 mg/kg iv 

Cyclophosphamide 50-18-0 <2 <2 10/0 67 0.64 158 n.a. 0.01 612 17405 g/year 219 >75 0.46-0.77 

extensive 
10-20% excreted 

unchanged 
active metab. 

phosphoramide 
mustard, acrolein 

3-12 

100 (rat) 
137 (mouse) 

763 (hamster) 
45.1 iv (goat) 

45.1 iv (sheep) 
LOAEL <10 mg/kg (goat) 

NOAEL 140 µg/kg/d ip (rat) 
TDLo 2.5 mg/kg po (human) 

TTC 3 μg/d (human) 

Ifosfamide 3778-73-2 <1 <1 12/0 62 0.86 158 n.a. 0.02 583 12040 g/year n.d. >95 0.64-0.72 

extensive 
12-18% excreted 

unchanged 
active metab. 

7-15 

390-1005 (mouse) 
150-190 (rat) 

LDLo 66 mg/kg iv (dog) 
NOAEL 750 µg/kg/d iv 

(rabbit) 
TDLo 100 mg/kg po (human) 

TTC 3 μg/d (human) 

Tamoxifen 10540-29-1 11.5 50 119/90 10 6.24 1000 inh. biod. 0.62 336 286 (20mg) 5 279 75 50-60 

extensive 
N-desmethyl-

tamoxifen active 
metabolite 

5-7 d 
metab. 9-14 

d 

4100 (rat) 
2150 (mouse) 

Flutamide 13311-84-7 <5 <5 7/0 949 3.35 158 inh. biod. 0.33 393 1 (0.75g) 31 >90 
6.6 (horse) 

0.83 (horse) 
all tissues 

(rat) 

extensive 
α-hydroxylated 

active metabolite 

6 
1 (horse) 

787 (rat) 
>2000 (dog) 

TDLo 310 mg/kg/d (human) 
TTC 3 μg/d (human) 

NOAEL 600 µg/kg/d po (rat) 
LOAEL <50 mg/kg/d (pig) 

Fluorouracil 51-21-8 n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. 86297 g/year 4 018 28-100 0.1-0.4 
intermediate 
20% excreted 

unchanged 
0.17-0.33 

115 (mouse) 
18.9 (rabbit) 

30 (dog) 
TDLo 450 mg/kg/d (human) 

Capecitabine 154361-50-9 n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. 240231 g/year 1 280 100 2.9 extensive 
prodrug of 0.75 >2000 (rat) 

TDLo 2120 mg/kg/d 
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fluorouracil (human) 

Gemcitabine 95058-81-4 n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. 14768 g/year < 5 10 0.6 extensive 0.7-1.6 >500 (rat) 
333 (mouse) 

Rituximab 174722-31-7 n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. 141666 g/year < 5 n.d. n.d. 

genetically 
engineered 

chimeric 
murine/human 

monoclonal 
antibody 

18-32 d LOAEL <0.4 mg/kg iv 
(monkey) 

Bleomycin 11056-06-7 n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. 42165 g/year < 5 45 0.2 intermediate 1.9-2.3 
200 (rat) 

2000 (mouse) 
100 (dog) 

Hydroxycarbamide 127-07-1 n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. 611400 g/year 2 391 >95 0.5-0.9 intermediate 2-3 

5760 (rat) 
7330 (mouse) 

2000 (dog) 
TDLo 14 mg/kg/d (human) 

Olaparib 763113-22-0 n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. 34432 g/year 273 36 2.4 
intermediate 
15% excreted 

unchanged 
6.1 240 (rat) 

 
Hazard characterisation 

Drug Frequency in 
sludge 

Environmental 
toxicity 

BAF 100Y 
soil 

plant parts 

Upconc. Y1 
root 
leaf 
seed 

Animal toxicity NOAEL Human toxicity 
ADI 

or ADIp 

Risk 
evaluation 

ratings 

Risk 
characterisation 

 

Σ ratings 

Paclitaxel high frequency 
very high level 

high soil t1/2 
high RQ-Q90 

1.1 
1.1 

0.0670 
0.1500 
0.0059 

n.d. NOAEL 500 µg/kg/d iv (rat) 
LDLo 5 mg/kg iv 128 (mouse) 

DLT 580 mg/d 
TTC 3 μg/d 

ADIp 0.05 µg/kg/d 

Sludge level: 5 
Freq: 3 

BAF100Y: 4 
UpConc Y1: 3 

ADIp: 5 

20 

Tamoxifen high frequency 
intermediate level 

high soil t1/2 
low RQ-Q90 

2.3 
2.3 

0.0020 
0.0069 

0.000068 

LOAEL <0.8mg/kg/d (dog) 
LOAEL <1 mg/kg im (ewe) NOAEL 100 µg/kg/d po (rat) 

TDLo 5.6 mg/kg 
TTC 3 μg/d 

ADIp 0.05 µg/kg/d 

Sludge level: 3 
Freq: 3 

BAF100Y: 4 
UpConc Y1: 1 

ADIp: 5 

16 

Doxorubicin low frequency 
very high level 

high soil t1/2 
very high RQ-Q90 

1.0 
1.0 

0.082 
0.35 

0.013 
LOAEL <1.5 mg/kg/d NOAEL 1 mg/kg ip (rat) 

LOAEL 0.05 mg/kg/d iv (rat) 

TDLo 15 mg/kg/d iv 
LDLo 243 µg/kg 

TTC 3 μg/d 
ADIp 0.05 µg/kg/d 

Sludge level: 5 
Freq: 1 

BAF100Y: 3 
UpConc Y1: 3 

ADIp: 5 

17 
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ATC M MUSCULO-SKELETAL SYSTEM 

ATC M01 ANTIINFLAMMATORY AND ANTIRHEUMATIC PRODUCTS 
ATC M04 ANTIGOUT PREPARATIONS 
 

Hazard identification 

Drug CAS No. 
Median Conc. 

sludge Q90 
UB 

Max. Conc. 
sludge Q90 

UB 

Samples in 
Norway/  

> LOQ 

BCF 
Ås_leaf 
 

Log 
KOW 

Dtsoil 
20°C 

Biodegrad
ability New 

RQ 
New 
rank 

DDD Prescriptions 
in N (2021) 

Absorption 
F (oral) 

Distribution 
VD 

Metabolism Elimination 
t1/2 

Toxicity  
LD50 (oral) 

  µg/kg dw µg/kg dw  mg/kg  d 20°C, soil   /1000 persons/d  % L/kg bw   h mg/kg bw 

Diclofenac 15307-86-5 300 900 141/141 11 4.52 158 inh. biod. 571 19 5.46 (100 mg) 277 953 60 0.1-0.2 
extensive 

active 
metabolite 

2 
6 (cattle) 
3.5 (pig) 

53 (rat) 
170 (mouse) 
125 (rabbit) 

1250 (guinea pig) 
>800 (dog) 

3200 (monkey) 

Ibuprofen 15687-27-1 <20 <20 12/0 14 3.74 158 inh. biod. 706 15 17.49 (1200 mg) 239 226 >95 
90 (piglet) 

0.1 
0.3 (piglet) extensive 1.2-2 

1.6 (piglet) 

636 (rat) 
740 (mouse) 

495 (guinea pig) 
1690 (hamster) 

1400 (rabbit) 

Naproxen 22204-53-1 131 250 14/7 11 3.18 158 n.a. 21.4 105 4.16 (500 mg) 90 214 >95 0.16 extensive 12-17 

248 (rat) 
360 (mouse) 

665 (guinea pig) 
1000 (dog) 

1400 (hamster) 
Etoricoxib 202409-33-4 n.a. n.a. n.a. n.a. 2.61 158 n.a. n.a. n.a. 5.31 (60 mg) 112 232 >95 1.8 extensive 22 1499 (rat) 

Allopurinol 315-30-0 n.a. n.a. n.a. n.a. -0.55 158 n.a. n.a. n.a. 4.64 (400 mg) 63 527 90 1.3-1.6 
extensive 
predrug of 
oxypurinol 

1-2 

500 (rat) 
78 (mouse) 
100 (rabbit) 

TDLo 10 mg/kg (rat) 
TDLo 100 mg/kg (mouse) 

TDLo 21 mg/kg/d (human) 

Alendronic acid 66376-36-1 n.a. n.a. n.a. n.a. -1.31 158 n.a. n.a. n.a. 6.97 (10 mg) 48 249 64 
0.43 

distributes 
into bones 

very low 10 years 552 (rat) 
978 (mouse) 

Carprofen 53716-49-7 <25 <25 7/0 11 4.84 1000 inh. biod. 1.13 293 n.d. n.d. 90 0.09-0.25 
(dog) extensive 13-26 

8 (dog) 
186 (mouse) 

74 (rat) 

Chlorzoxazone 95-25-0 <5 <5 10/0 n.a. 1.41 158 n.a. 0.93 312 <0.01 (1.5 g) 188 58 (rat) 0.4 (rat) extensive 1.1 
0.5 (rat) 

440 (mouse) 
763 (rat) 
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662 (hamster) 
TDLo 50 mg/kg/d (human) 

 

Hazard characterisation 
Drug Frequency in 

sludge 
Environmental 

toxicity 
BAF 100Y 

soil 
plant parts 

Upconc. Y1 
root 
leaf 
seed 

Animal toxicity NOAEL Human 
toxicity 

ADI 
or ADIp 

Risk 
evaluation 

ratings 

Risk 
characterisation 

 

Σ ratings 

Diclofenac high frequency 
high level 

high soil t1/2 
very high RQ-Q90 

1.0 
1.0 

0.0062 
0.0065 

0.00024 

LOAEL <0.3 mg/kg/d (dog) 
LOAEL <0.8 mg/kg (birds) 

0.3 mg/kg/d (mouse) 
0.1 mg/kg (rat) 

0.3 mg/kg/d (dog) 
2 mg/kg/d (minipig) 

LOEL 1.2 mg/kg/d 
TDLo 29 mg/kg 

MRL 5 µg/kg meat 
ADI 0.5 µg/kg/d 

Sludge level: 4 
Freq: 3 

BAF 100Y: 3 
UpConc Y1: 1 

ADI: 5 

16 

Naproxen intermediate frequency 
high level 

high soil t1/2 
intermediate RQ-Q90 

1.0 
1.0 

0.0024 
0.0060 
0.0018 

NOAEL 45 mg/kg/d (minipig) 
NOAEL 45 mg/kg/d (Rh. monkey) 

LOAEL <5 mg/kg/d (dog) 

<30 mg/kg/d (rat) 
36 mg/kg/d (mouse) 

TDLo 40 mg/kg/d 
ADIp 400 µg/kg/d 

Sludge level: 4 
Freq: 2 

BAF 100Y: 3 
UpConc Y1: 1 

ADIp: 1 

11 

Ibuprofen n.d. 
low <LOQ 

high soil t1/2 
very high RQ-Q90 

1.0 
1.0 

0.0074 
0.0063 
0.0063 

NOAEL 5 mg/kg/d (piglet) 40 mg/kg/d (rat) 
1 mg/kg/d (dog) 

TDLo 8 mg/kg/d 
TDI 400 µg/kg/d 
ADI 110 µg/kg/d 

Sludge level: n.d. 
Freq: n.d. 

BAF 100Y: 3 
UpConc Y1: 1 

ADI: 1 

5 

Etoricoxib n.a. 
n.a. 

high soil t1/2 
n.a. 

n.a. 
n.a. 

n.a. 
n.a. 
n.a. 

n.d. 10 mg/kg/d (rat) ADIp 100 µg/kg/d 

Sludge level: n.a. 
Freq: n.a. 

BAF 100Y: n.a. 
UpConc Y1: n.a. 

ADIp: 2 

2+ 

much used 
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ATC N NERVOUS SYSTEM 

ATC N02 ANALGESICS 
ATC N03 ANTIEPILEPTICS 
ATC N04 ANTI-PARKINSON DRUGS 
ATC N05 PSYCHOLEPTICS 
ATC N06 PSYCHOANALEPTICS 
 

Hazard identification 

Drug CAS No. 
Median 

Conc. sludge 
Q90 UB 

Max. Conc. 
sludge Q90 

UB 

Samples in 
Norway/  

> LOQ 

BCF 
Ås_leaf 

 

Log 
KOW 

Dtsoil 
20°C 

Biodegra
dability New 

RQ 
New 
rank 

DDD Prescriptions 
in N (2021) 

Absorption 
F (oral) 

Distribution 
VD 

Metabolism Elimination 
t1/2 

Toxicity 
 LD50 (oral) 

  µg/kg dw µg/kg dw  mg/kg  d 20°C, soil   /1000 persons/d  % L/kg bw   h mg/kg bw 

Phenazone 60-80-0 <5 <5 5/0 30 0.31 158 n.a. 2.2 253 0.93 (500 mg) 1 460 97 0.58 extensive 12 
1700 (rat) 

NOAEL 400 mg/kg bw/d (rat) 
NOAEL 63 mg/kg bw/d (dog) 

Propyphenazone 479-92-5 <5 <5 5/0 26 1.94 158 inh. biod. 0.51 351 n.d. n.d. >80 2 
extensive 

active 
metabolites 

2-3 

860 (rat) 
960 (mouse) 

1050 (guinea pig) 
LDLo 500 mg/kg (rabbit) 

LDLo 150 mg/kg (cat) 

Paracetamol 103-90-2 28 50 14/5 400 0.46 158 inh. biod. 0.05 530 50.8 (3 g) 682 627 70-90 
74 (pig) 

0.9 
distributes 
into muscle 

extensive 2.5 

1944 (rat) 
338 (mouse) 

2620 (guinea pig) 
500 (dog) 

Ketoprofen 22071-15-4 <2 <2 12/0 12 3.12 158 inh. biod. 0.50 353 0.37 (150 mg) 3 111 >95 0.1-0.2 extensive 1.1 - 4 

62.4 (rat) 
ED50 2.5 mg/kg (pig) 

NOAEL 3 mg/kg (human) 
ADI 5 µg/kg/d 

Lidocaine 137-58-6 <25 <250 7/0 1 688 2.35 158 inh. biod. 0.01 592 n.d. 7 177 35 0.7-1.5 extensive 1.5 - 2 

459 (rat) 
LOAEL <5mg/kg (pig) 
LOAEL <7 mg/kg (kid) 

NOAEL 0.306 mg/kg iv (human) 
NOAEL 3-4 mg/kg po (human) 

Codeine 76-57-3 30.5 76 110/104 n.a. 1.14 1000 inh. biod. <0.01 695 7.72 (0.1 g) 345 989 
60 

6 (dog) 
8 (rat) 

3-6 
distributes 
into milk 

intermediate 
16% excreted 

unchanged 
morphine 

active 
metabolite 

3 
0.5 (rat) 

427 (rat) 
250 (mouse) 

26 (dog) 
LDLo 75 mg/kg (human) 

Acetanilide 103-84-4 <5 <50 7/0 9 481 1.16 158 inh. biod. 0.42 369 n.d. n.d. n.d. 0.4 extensive 1.5 - 2 800 (rat) 
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NOAEL 67 mg/kg/d (rat) 
LOAEL <108 mg/L (fish) 

Oxycodone 76-42-6 n.a. n.a. n.a. n.a. 1.24 1000 n.a. n.a. n.a. 2.45 (75 mg) 65 951 60-87 2.6 
extensive 

9% excreted 
unchanged 

3.2 
426 (mouse) 

LOAEL <8 mg/kg/d (rat) 
TDLo 0.14 mg/kg (human) 

Buprenorphine 52485-79-7 3.4 5.2 6/6 n.a. n.a. n.a. n.a. n.a. n.a. 0.78 (1.2 mg) 22675 10-15 2.9-5.2 extensive 31-42 260 (mouse) 

Tramadol 27203-92-5 22 58 136/113 n.a. 2.51 158 n.a. 0.25 414 3.94 (300 mg) 214 467 75 
2.6-2.9 

distributes 
freely 

extensive 
active 

metabolites 
5-6 

350 (mouse) 
228 (rat) 

800 (guinea pig) 
450 (rabbit) 

4-Acetamido 
antipyrine 83-15-8 <25 <25 7/0 17 845 1.63 158 n.a. 0.08 498 n.d. n.d. n.d. n.d. 

non-active 
metabolite of 
metamizole 

3.8 n.d. 

Sumatriptan 103628-46-2 n.a. n.a. n.a. n.a. 0.93 158 n.a. n.a. n.a. 1.92 (50 mg) 72 060 >95 2.7 
intermediate 
22% excreted 

unchanged 
1.7 LDLo 500 mg/kg (mouse) 

LDLo 2000 mg/kg (rat) 

Rizatriptan 144034-80-0 n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. 0.89 (10 mg) 38 520 90 2.2 
Intermediate 
14% excreted 

unchanged 
2-3 2227 (rat) 

700 (mouse) 

Lamotrigine 84057-84-1 61 421 52/52 2 077 2.57 158 n.a. 2.3 249 4.75 (300mg) 33 085 98 
0.9-1.3 

distributes 
into milk 

extensive 
10% excreted 

unchanged 
23-37 205 (rat) 

245 (mouse) 

Gabapentin 60142-96-3 120 430 52/46 2 086 -1.10 16 n.a. 0.05 529 4.38 (1.8g) 61 683 60 0.9 
low 

excreted 
unchanged 

5-7 >8000 (rat) 

Pregabalin 148553-50-8 n.a. n.a. n.a. n.a. -1.99 16 n.a. n.a. n.a. 3.94 (300 mg) 26 937 >90 0.5 
low 

excreted 
unchanged 

6.3 >5000 (rat) 
>5000 (mouse) 

Primidone 125-33-7 <5 <5 7/0 21 852 0.91 158 inh. biod. 0.36 386 0.02 (1.25g) 450 80 0.5-0.8 
intermediate 

prodrug of 
phenobarbitol 

7-22 

1500 (rat) 
280 (mouse) 

TDLo 5 mg/kg/d (human) 
LOAEL < 3.8 mg/kg/d 

Ropinirole 91374-21-9 0.1 0.87 45/1 140 2.70 158 n.a. 0.02 587 0.45 (6 mg) 2598 45-55 7.5 extensive 6 862 (rat) 

Orphenadrine 83-98-7 0.42 11.8 64/27 n.a. 3.77 158 n.a. 0.03 558 <0.01 (0.2 g) 9 80 3.3-6.8 
1.9 (camel) 

intermediate 
active 

metabolites 

13-20 
6 (camel) 

255 (rat) 
100 (mouse) 

Carbamazepine 
(Tegretol) 298-46-4 4100 20000 143/140 2 504 2.45 158 inh. biod. 377 25 0.86 (1g) 8 813 75-85 0.7-1.4 extensive 27-37 

1957 (rat) 
529 (mouse) 
5620 (dog) 

2680 (rabbit) 
920 (guinea pigs) 

LC50 1.1 mg/kg (midge) 
Dihydroxy-

carbamazepine 35079-97-1 7 37 45/33 n.a. -1.42 158 n.a. 0.86 314 n.d. n.d. n.d. n.d. inactive 
metabolite of 13.5 NOEC > 1.2 mg/kg (midge) 



Risk assessment of contaminants in sewage sludge used as fertilising product – fate and effects in the food chain and the environment in Norway • Vitenskapskomiteen for 
mat og miljø   

 

carbamazepine 

Carbamazepine 
10,11-epoxide 36507-30-9 <0.52 <0.52 45/0 n.a. 2.09 158 n.a. 0.01 597 n.d. n.d. >95 1.1 

toxic 
metabolite of 

carbamazepine 
5-10 420 i.p. (mouse) 

LC50 0.2 mg/kg (midge) 

Oxcarbazepine 28721-07-5 4.3 50 117/55 n.a. 2.17 158 n.a. 0.1 487 0.51 (1 g) 3743 >95 0.8 
extensive 

active 
metabolite 

2 >300 (rat) 
960 (mouse) 

Memantine 19982-08-2 2.3 1700 129/89 n.a. 3.28 48 

readily, 
but 

failing 
10-day 
window 

0.01 593 0.7 (20 mg) 3111 >95 9-11 
intermediate 
48% excreted 

unchanged 
60-80 328 (rat) 

437 (mouse) 

Entacapone 130929-57-6 159 159 12/3 187 1.60 158 inh. biod. 2.42 242 0.02 (1000 mg) 142 35 0.31 extensive 0.4-0.7 >2000 (rat) 

Quetiapine 111974-69-7 n.a. n.a. n.a. n.a. 2.77 158 n.a. n.a. n.a. 3.18 (400 mg) 81 199 9 
10 

distributes 
into milk 

extensive 6-7 

2000 (rat) 
LOAEL <20 mg/kg/d (rat) 

LOAEL <75 mg/kg/d (mouse) 
LOAEL <100 mg/kg/d (rabbit) 

Oxazepam 
(Serax) 604-75-1 23 110 129/106 6 169 2.24 158 n.a. 27.6 91 4.83 (50 mg) 133 738 93 

12.3 
distributes 
into milk 

intermediate 
21% excreted 

unchanged 
8.2 >8000 (rat) 

1540 (mouse) 

Diazepam 
(Valium) 439-14-5 n.a. n.a. n.a. n.a. 2.91 158 n.a. n.a. n.a. 4.73 (10 mg) 84 732 >90 

0.8-1 
distributes 
into milk 

extensive 
active 

metabolite 
1-2 d 

48 (mouse) 
249 (rat) 

328 (rabbit) 
TDLo 143 µg/kg (human) 

Clonazepam 1622-61-3 3.7 28.8 64/5 n.a. 2.41 158 inh. biod. 0.59 341 0.18 (8 mg) 5081 90 
3 

distributes 
into milk 

low 
50-70% 

excreted 
unchanged 

30-40 
>4000 (rat) 

>4000 (mouse) 
>2000 (rabbit) 

Alprazolam 
(Xanax) 28981-97-7 <6.2 <6.2 45/0 473 2.12 158 inh. biod. 7.6 158 0.8 (1 mg) 2 429 84-91 0.8-1.3 extensive 11.2 

331 (rat) 
770 (mouse) 

TDLo 75 µg/kg (human) 

Hydroxyzine 68-88-2 n.a. n.a. n.a. n.a. 2.99 158 n.a. n.a. n.a. 1.06 (75 mg) 34 391 80 
16 

distributes 
into milk 

extensive 
active 

metabolite 
cetirizine 

14-25 840 (rat) 
400 (mouse) 

Donepezil 120014-06-4 5.4 11 110/35 n.a. 4.43 1000 inh. biod. 0.06 516 1.39 (7.5 mg) 7413 >95 
11-16 

distributes 
into milk 

extensive 70 32.6 (rat) 

Buspirone 36505-84-7 <25 <25 7/0 156 2.63 158 n.a. 38 83 0.16 (30 mg) 2 201 5 5.3 
extensive 

active 
metabolite 

2-3 

196 (rat) 
655 (mouse) 

586 (dog) 
356 (monkey) 

TDLo 399 mg/kg/d (human) 

Zopiclone 43200-80-2 n.a. n.a. n.a. n.a. 2.24 158 n.a. n.a. n.a. 24.13 (7.5 mg) 272 722 70-80 1.4-1.6 
distributes extensive 3.5-6.5 2174 (mouse) 

827 (rat) 
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into milk 

Zolpidem 82626-48-0 n.a. n.a. n.a. n.a. 3.45 158 n.a. n.a. n.a. 6.1 (10 mg) 76 473 67-70 0.5-0.7 intermediate 2.6 695 (rat) 
TDLo 200 µg/kg (human) 

Melatonin 73-31-4 n.a. n.a. n.a. n.a. 0.61 158 n.a. n.a. n.a. 16.8 (2 mg) 148 064 10-50 0.5-25 extensive 0.6-0.8 >3200 (rat) 
1250 (mouse) 

Haloperidol 52-86-8 14 49 19/5 25 4.29 158 n.a. 0.12 477 0.17 (8 mg) 4 242 40-75 
9.5-21.7 

distributes 
into milk 

extensive 14-26 

71 (mouse) 
128 (rat) 
90 (dog) 

EC50 1.9 mg/l (zebrafish) 

Amisulpride 71675-85-9 210 690 52/50 1 009 1.10 158 n.a. 0.07 512 0.13 (400 mg) 871 48 
2-2.2 

distributes 
into milk 

low 
excreted 

unchanged 
4-5 1024 (mouse) 

Sertraline 79617-96-2 365 700 138/138 10 4.81 158 n.a. 495 21 10.48 (50 mg) 45 471 44 
20 

distributes 
into milk 

extensive  
norsertaline 

active 
metabolite 

26 1327 (rat) 
419 (mouse) 

Norsertraline 87857-41-8 175 210 13/7 11 5.17 1000 n.a. 9.6 145 n.d. n.d. n.d. distributes 
into milk 

intermediate 
metabolite of 

sertraline 
65 n.d. 

Amitriptyline 50-48-6 240 590 67/67 n.a. 4.92 1000 n.a. 0.05 532 3.34 (75 mg) 75 280 30-60 
16 

distributes 
into milk 

extensive 
nortriptyline 

active 
metabolite 

25 
320 (rat) 

99 (mouse) 
LC50 0.25 mg/l (rb. trout) 

Fluoxetine 
(Prozac) 54910-89-3 50 50 10/2 12 4.05 158 n.a. 6.6 164 2.62 (20 mg) 13 582 <90 

0.3-0.7 
distributes 
into milk 

extensive 
norfluoxetine 

active 
metabolite 

1-3 d 825 (rat) 
464 (mouse) 

Paroxetine 61869-08-7 50 50 12/2 36 3.37 47 n.a. 0.08 506 2.04 (20 mg) 10 840 30-60 
high 

distributes 
into milk 

extensive 21 350 (rat) 

Clomipramine 303-49-1 9.4 29 129/118 10 5.19 158 n.a. 19 111 0.15 (100 mg) 1 654 50 
17 

distributes 
into milk 

extensive 
active 

metabolite 
32 

613 (rat) 
380 (mouse) 

575 (guinea pig) 
700 (rabbit) 

Mianserin 24219-97-4 39 130 117/111 11 4.24 158 n.a. 10 141 1.03 (60 mg) 17 375 20-70 963 
extensive 

active 
metabolites 

10-17 780 (rat) 
365 (mouse) 

Fluvoxamine 54739-18-3 <5 <5 7/0 n.a. 1.86 158 n.a. 0.08 503 0.08 (0.1 g) 503 53 0.4 extensive 15.6 300 (rat) 
1100 (mouse) 

Escitalopram 128196-01-0 n.a. n.a. n.a. n.a. 2.50 158 n.a. n.a. n.a. 19.84 (10 mg) 111 048 80 12-26 
extensive 

8% excreted 
unchanged 

27-32 300 (rat) 

Mirtazapine 85650-52-8 67 240 84/84 n.a. 1.53 158 n.a. 6.0 174 6.65 (30 mg) 56 566 50 107 extensive 20-40 
4-5 (horse) 

600 (mouse) 
320 (rat) 

Venlafaxine 93413-69-5 73 832 136/134 47 3.13 158 n.a. 7.1 161 7.32 (100 mg) 34 985 45 7.5 extensive 5 336 (rat) 
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distributes 
into milk 

active 
metabolite 

405 (mouse) 

O-Desmethyl-
venlafaxine 93413-62-8 43 140 129/121 113 2.46 158 n.a. 9.8 144 n.d. n.d. 80 

3.4 
distributes 
into milk 

intermediate 
45% excreted 

unchanged 
metabolite of 
venlafaxine 

11 

>1800 (mouse) 
>2500 (rat) 
>500 (dog) 

TDLo 30 mg/kg (rat) 

Citalopram 59729-33-8 205 830 141/141 n.a. 2.50 158 n.a. 0.3 400 2.52 (20 mg) 14 324 80 12 
intermediate 
23% excreted 

unchanged 
35 500 (rat) 

900 (mouse) 

N-Desmethyl-
citalopram 62498-67-3 110 210 71/71 88 1.89 158 n.a. 13.2 131 n.d. n.d. n.d. n.d. metabolite of 

citalopram 50 >10000 

Methylphenidate 113-45-1 n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. 9.08 (30 mg) 47 754 30 20 extensive 3.5 
150 (mouse) 

367 (rat) 
TDLo 2.5 mg/kg/d (human) 

Trazodone 19794-93-5 3.2 7.5 45/26 176 2.42 158 inh. biod. 23 101 <0.01 (300 mg) 46 63-91 0.5-0.8 extensive 6-9 
690 (rat) 

584 (mouse) 
560 (rabbit) 

Maprotiline 10262-69-8 81 220 45/44 10 4.24 1000 inh. biod. 0.07 510 n.d. n.d. 66-70 0.4 
intermediate 

active 
metabolite 

27-58 
760 (rat) 

660 (mouse) 
90 (human) 

 
Hazard characterisation 

Drug Frequency in 
sludge 

Environmental 
toxicity 

BAF 100Y 
soil 

plant parts 

Upconc. Y1 
root 
leaf 
seed 

Animal toxicity NOAEL Human toxicity 
ADI 

or ADIp 

Risk 
evaluation 

ratings 

Risk 
characterisation 

 
Σ ratings 

Paracetamol intermediate frequency 
intermediate level 

high soil t1/2 
very low RQ-Q90 

1.0 
1.0 

0.0027 
0.26 

0.025 

LDLo 2000 mg/kg (dog) 
LOAEL <15 mg/kg/d (pig) 5 mg/kg bw/d (rat) 

LOEL 5 mg/kg/d 
TDLo 5 µg/kg/d 

PDE 25 mg/d 
ARfD 50 µg/kg/d (AU) 
MRL 100 µg/kg meat 

ADI 50 µg/kg/d 

Sludge level: 3 
Freq: 2 

BAF 100Y: 3 
UpConc Y1: 3 

ADI: 3 

14 

Codeine high frequency 
intermediate level 

high soil t1/2 
very low RQ-Q90 

1.9 
1.9 

0.0039 
0.056 

0.0056 
LOAEL >8 mg/kg/d (guinea pig) 8 mg/kg/d (rat) 

10 mg/kg/d (hamster) 

NOAEL <0.63 mg/kg/d 
LOEL 5 mg/kg/d 
ADI 2 µg/kg/d 

Sludge level: 3 
Freq: 3 

BAF100Y: 4 
UpConc Y1: 2 

ADI: 4 

16 

Buprenorphine high frequency 
low level 

n.a. 
n.a. 

n.a. 
n.a. 

n.a. 
n.a. 
n.a. 

LOAEL <75 mg/kg/d (dog) 50 mg/kg/d (rat) 
LOEL <2 mg/kg/d 

TDLo 17 µg/kg 
ADIp 0.2 µg/kg/d 

Sludge level: 2 
Freq: 3 

BAF100Y: n.a. 
UpConc Y1: n.a. 

10+ 
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ADIp: 5 

Tramadol high frequency 
intermediate level 

high soil t1/2 
low RQ-Q90 

1.0 
1.0 

0.0093 
0.061 

0.0029 

LOAEL <25 mg/kg/d (rat) 
LOEC <2 µg/l (zebrafish) 

10 mg/kg/d (rat) 
10 mg/kg/d (dog) 

TDLo 16 mg/kg/d 
NOAEL <0.8 mg/kg 

ADIp 8 µg/kg/d 

Sludge level: 3 
Freq: 3 

BAF100Y: 3 
UpConc Y1: 3 

ADIp: 4 

16 

Lamotrigine high frequency 
high level 

high soil t1/2 
low RQ-Q90 

1.0 
1.0 

0.011 
1.1 

0.11 

LOAEL <3.4 mg/kg (dog) 
LOAEL <5 mg/kg (cat) 5 mg/kg/d (rat) 

LOEL <3 mg/kg/d 
TDLo 2 mg/kg/d 
ADIp 3 µg/kg/d 

Sludge level: 4 
Freq: 3 

BAF 100Y: 3 
UpConc Y1: 4 

ADIp: 4 

18 

Gabapentin high frequency 
high level 

low soil t1/2 
very low RQ-Q90 

1.0 
1.0 

<<0.01 
0.15 

0.0014 

LOAEL <10 mg/kg (cattle) 
LOAEL <30 mg/kg/d (rabbit) 

LOAEL <5 mg/kg/d (dog) 
LOAEL <5 mg/kg/d (cat) 

LOAEL <2.5 mg/kg/d (horse) 

250 mg/kg/d (rat) 
1000 mg/kg/d (mouse) 
250 mg/kg/d (monkey) 

TDLo 2.9 mg/kg/d 
ADIp 29 µg/kg/d 

Sludge level: 4 
Freq: 3 

BAF100Y: 3 
UpConc Y1: 3 

ADIp: 3 

16 

Orphenadrine intermediate frequency 
low level 

high soil t1/2 
very low RQ-Q90 

1.0 
1.0 

0.0034 
0.0130 

0.00044 
n.d. n.d. 

LOEL <0.5 mg/kg 
TDLo 7.1 mg/kg 
ADIp 5 µg/kg/d 

Sludge level: 2 
Freq: 2 

BAF100Y: 3 
UpConc Y1: 2 

ADI: 4 

13 

Carbamazepine high frequency 
very high level 

high soil t1/2 
very high RQ-Q90 

1.0 
1.0 

0.0072 
1.5 

0.049 

LOAEL 0.2 mg/kg (chick. embryos) 
LOAEL <12 mg/kg/d (rabbits) 
LOAEL <100 mg/kg/d (dog) 

LOAEL 25 mg/kg/d (rat) 

50 mg/kg/d (dog) 

LDLo 54 mg/kg 
TDLo 7.6 mg/kg/d 
LOEL 3.3 mg/kg/d 

TTC 0.0025 µg/kg/d 
ADI 15.9 μg/kg/d 

Sludge level: 5 
Freq: 3 

BAF100Y: 3 
UpConc Y1: 4 

ADI: 3 

18 

Oxcarbazepine intermediate frequency 
low level 

high soil t1/2 
low RQ-Q90 

1.0 
1.0 

0.0018 
1.2 

0.074 
LOAEL <3 mg/kg/d (rabbit) LOAEL 10 mg/kg/day (rat) 

LOAEL <20 mg/kg/d (rabbit) 
TDLo 73 mg/kg 

ADIp 10 µg/kg/d 

Sludge level: 2 
Freq: 2 

BAF100Y: 3 
UpConc Y1: 4 

ADIp: 4 

15 

Memantine high frequency 
low level 

low soil t1/2 
very low RQ-Q90 

1.1 
1.1 

0.030 
0.0024 

0.00093 
LOAEL <10 mg/kg/d (guinea pig) 

1 mg/kg/d (rat) 
10 mg/kg/d (rabbit) 

9 mg/kg/d (dog) 
<2 mg/kg/d (monkey) 

LOEL <5 mg/kg/d 
ADIp 10 µg/kg/d 

Sludge level: 2 
Freq: 3 

BAF 100Y: 4 
UpConc Y1: 2 

ADIp: 3 

14 

Donepezil intermediate frequency 
low level 

high soil t1/2 
very low RQ-Q90 

2.0 
2.0 

0.020 
0.013 

0.00036 
LOAEL <5 mg/kg/d (pig) 

LOEL <90 mg/kg/d (mouse) 
1 mg/kg/d (rat) 

3 mg/kg/d (rabbit) 
1 mg/kg/d (dog) 

LOEL <5 mg/kg/d 
TDLo 1 mg/kg 

ADIp 10 µg/kg/d 

Sludge level: 2 
Freq: 2 

BAF 100Y: 4 
UpConc Y1: 2 

ADIp: 4 

14 

Entacapone low frequency 
high level 

high soil t1/2 
low RQ-Q90 

1.0 
1.0 

0.00097 
0.090 n.d. LOAEL  100 mg/kg (mouse) 

LOAEL <100 mg/kg/d (rat) 
LOEL <3 mg/kg/d 
ADIp 30 µg/kg/d 

Sludge level: 4 
Freq: 1 14 
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0.26 TDLo 10 mg/kg (rat) 
LOAEL <100 mg/kg/d (rabbit) 

BAF 100Y: 3 
UpConc Y1: 3 

ADIp: 3 

Oxazepam high frequency 
intermediate level 

high soil t1/2 
intermediate RQ-Q90 

1.0 
1.0 

0.0024 
3.1 

0.084 

LOAEL >20 mg/kg/d (squirrel 
monkey) 

LOEL <0.04 mg/kg (dog) 
LOEL <0.2 mg/kg (cat) 

Group 2B: poss. carcinogenic  
LOAEL <20 mg/kg/d (rat) 

LOAEL <10 mg/kg/d (mouse) 

TDLo 8 mg/kg/d 
LOEL <0.2 mg/kg/d 
ADIp 0.2 µg/kg/d 

Sludge level: 3 
Freq: 3 

BAF100Y: 3 
UpConc Y1: 4 

ADIp: 5 

18 

Diazepam n.a. 
n.a. 

high soil t1/2 
n.a. 

n.a. 
n.a. 

n.a. 
n.a. 
n.a. 

LOEL <0.5 mg/kg (dog) 
LOEL <0.1 mg/kg (cat) 

Group 3: not classifiable  
LOAEL <10 mg/kg/d (rat) 

LOAEL 0.5 mg/kg/d (mouse) 
LOAEL <0.5 mg/kg/d (monkey) 

8 mg/kg/d (rabbit) 
5 mg/kg/d (dog) 

LOEL <2 mg/kg/d 
TDLo 0.14 mg/kg 
ADIp 0.2 µg/kg/d 

Sludge level: n.a. 
Freq: n.a. 

BAF 100Y: n.a. 
UpConc Y1: n.a. 

ADIp: 3 

3+ 

Clonazepam low frequency 
low level 

high soil t1/2 
low RQ-Q90 

1.0 
1.0 

0.0092 
1.2 

0.04 
LOEL <0.5 mg/kg (dog) <2 mg/kg/d (rat) 

<0.2 mg/kg/d (rabbit) 

LOEL <0.1 mg/kg/d 
TDLo 1.3 mg/kg/d 
ADIp 13 µg/kg/d 

Sludge level: 2 
Freq: 1 

BAF 100Y: 3 
UpConc Y1: 4 

ADIp: 3 

13 

Haloperidol low frequency 
intermediate level 

high soil t1/2 
low RQ-Q90 

1.0 
1.0 

0.0056 
0.0160 

0.00042 

LOAEL <1 mg/kg i.m. (pig) 
LOAEL <0.25 mg/egg (chicken) 

<0.5 mg/kg/d (rat) 
<0.5 mg/kg/d (mouse) 
<0.5 mg/kg/d (rabbit) 

LOEL <16 µg/kg/d 
TDLo 71 µg/kg/d 
ADIp 0.2 µg/kg/d 

Sludge level: 3 
Freq: 1 

BAF 100Y: 3 
UpConc Y1: 2 

ADIp: 5 

15 

Amisulpride high frequency 
high level 

high soil t1/2 
very low RQ-Q90 

1.0 
1.0 

0.013 
0.600 
0.021 

LOEL <70 mg/kg/d (pig) 160 mg/kg/d (rat) 
210 mg/kg/d (rabbit) 

TDLo 4.3 mg/kg 
ADIp 43 µg/kg/d 

Sludge level: 4 
Freq: 3 

BAF 100Y: 3 
UpConc Y1: 3 

ADIp: 3 

16 

Sertraline high frequency 
high level 

high soil t1/2 
very high RQ-Q90 

2.2 
2.2 

0.01 
0.0069 

0.00007 
n.d. 

<10 mg/kg/d (mouse) 
<10 mg/kg/d (rat) 
<30 mg/kg/d (dog) 

LOEL <3 mg/kg/d (rat) 

LOEL <15 mg/kg/d 
TDLo 2 mg/kg 

ADIp 20 µg/kg/d 

Sludge level: 4 
Freq: 3 

BAF 100Y: 4 
UpConc Y1: 1 

ADIp: 3 

15 

Norsertraline high frequency 
high level 

high soil t1/2 
low RQ-Q90 

2.1 
2.1 

0.017 
0.0073 

0.000089 
n.d. in vitro 10-25 times less 

potent than sertraline ADIp 300 µg/kg/d 

Sludge level: 4 
Freq: 3 

BAF 100Y: 4 
UpConc Y1: 2 

ADIp: 1 

14 

Amitriptyline high frequency 
high level 

high soil t1/2 
very low RQ-Q90 

9.7 
9.7 

0.00083 
0.0073 

0.000076 

in vivo toxicity (rabbit): 
amitriptyline > maprotiline >> 

mianserin 
LOAEL <15 mg/kg (rabbit) 

<25 mg/kg/d (rat) 
<60 mg/kg/d (rabbit) 

40 mg/kg/d (dog) 

LDLo 29 mg/kg 
TDLo 2 mg/kg/d 

<LOEL 0.17 mg/kg/d 
ADIp 20 µg/kg/d 

Sludge level: 4 
Freq: 3 

BAF 100Y: 5 
UpConc Y1: 1 

16 
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ADIp: 3 

Fluoxetine low frequency 
intermediate level 

high soil t1/2 
low RQ-Q90 

2.0 
2.0 

0.025 
0.0087 

0.00015 
LOAEL <98.5 µg/kg/d i.v. (sheep) 

3.1 mg/kg/d (rat) 
2.5 mg/kg/d (rabbit) 

LOEL <3 mg/kg/d (rat) 

TDLo 2 mg/kg/d 
ADI 2.9 µg/kg/d 

Sludge level: 4 
Freq: 1 

BAF 100Y: 4 
UpConc Y1: 2 

ADI: 3 

14 

Paroxetine high frequency 
high level 

low soil t1/2 
very low RQ-Q90 

1.0 
1.0 

0.000044 
0.018 

0.00037 

EC50 0.4 mg/kg (mouse) 
EC50 0.4 mg/kg (rat) 

3 mg/kg/d (rat) 
4.3 mg/kg/d (rabbit) 

3.5 mg/kg/d (monkey) 
20 mg/kg/d (dog) 

NOEC 0.18 mg/l (sunfish) 

TDLo 400 µg/kg 
ADI 2.9 µg/kg/d 

Sludge level: 4 
Freq: 3 

BAF 100Y: 3 
UpConc Y1: 2 

ADI: 4 

16 

Ropinirole low frequency 
very low level 

high soil t1/2 
very low RQ-Q90 

1.0 
1.0 

0.0054 
0.092 

0.0034 
LOAEL 0.1 mg/kg i.v. (dog) 

LOAEL <0.3 mg/kg (rat) 
1.5 mg/kg/d (rat) 

5 mg/kg/d (mouse) 
15 mg/kg/d (monkey) 

NOEC 3.7 mg/l (sunfish) 

LOEL 80 µg/kg/d 
ADIp 8 µg/kg/d 

Sludge level: 1 
Freq: 1 

BAF 100Y: 3 
UpConc Y1: 3 

ADIp: 4 

12 

Clomipramine high frequency 
low level 

high soil t1/2 
intermediate RQ-Q90 

1.0 
1.0 

0.0014 
0.0064 

0.000055 
LOEL <0.5 mg/kg/d (dog) 

<10 mg/kg/d (rat) 
<10 mg/kg/d (mouse) 
<30 mg/kg/d (rabbit) 

4 mg/kg/d (dog) 

LDLo 51 mg/kg 
TDLo 357 µg/kg 
ADIp 1 µg/kg/d 

Sludge level: 2 
Freq: 3 

BAF100Y: 3 
UpConc Y1: 1 

ADIp: 4 

13 

Mianserin high frequency 
intermediate level 

high soil t1/2 
intermediate RQ-Q90 

1.0 
1.0 

0.0035 
0.0071 

0.00034 

LOAEL 3 mg/kg/d (dog) 
LOAEL <144 mg/kg (rabbit) 

30 mg/kg/d (mouse) 
LOAEL 3 mg/kg/d (rat) 

TDLo 1.2 mg/kg 
ADIp 12 µg/kg/d 

Sludge level: 3 
Freq: 3 

BAF 100Y: 3 
UpConc Y1: 1 

ADIp: 3 

13 

Mirtazapine high frequency 
high level 

high soil t1/2 
low RQ-Q90 

0.67 
0.60 

0.0590 
0.0130 
0.0018 

LOEL <0.5mg/kg/d (cat) 
LOAEL 0.6 mg/kg/d (dog) 
LOEL < 3mg/kg/d (rabbit) 

40 mg/kg/d (rabbit) 
LOAEL 15 mg/kg/d (rat) 

NOEC 3.6 mg/l (fish) 
2 mg/kg/d (horse) 

LOEL <2.5 mg/kg/d 
TDLo 0.15 mg/kg 
ADIp 1.5 µg/kg/d 

Sludge level: 4 
Freq: 3 

BAF100Y: 3 
UpConc Y1: 2 

ADIp: 4 

16 

Venlafaxine high frequency 
high level 

high soil t1/2 
low RQ-Q90 

1.0 
1.0 

0.0035 
0.0290 
0.0024 

LOEL <1 mg/kg/d (cat) 
LOEL <0.6 mg/kg/d (dog) 

6.3 mg/kg/d (rat) 
<45 mg/kg/d (rabbit) 
<22 mg/kg/d (dog) 

LOAEL <25 mg/kg/d (rat) 
NOAEL < 1 mg/l (zebrafish) 

LOEL 0.54 mg/kg/d 
RefD 5.4 µg/kg/d 

PDE 5 µg/kg/d 
ADIp 5.4 µg/kg/d 

Sludge level: 4 
Freq: 3 

BAF100Y: 3 
UpConc Y1: 2 

ADIp: 4 

16 

O-Desmethyl-
venlafaxine 

high frequency 
intermediate level 

high soil t1/2 
low RQ-Q90 

1.0 
1.0 

0.0038 
0.0700 
0.0046 

LOEL <100 mg/kg (dog) 

30 mg/kg/d (rat) 
50 mg/kg/d (dog) 

LOAEL <75 mg/kg/d (rat) 
NOEC 8.2 mg/l (water flea) 

LOEL <0.8 mg/kg/d 
RefD 7.1 µg/kg/d 
ADIp 8 µg/kg/d 

Sludge level: 4 
Freq: 3 

BAF100Y: 3 
UpConc Y1: 2 

ADIp: 4 

16 

Citalopram high frequency 
high level 

high soil t1/2 
low RQ-Q90 

1.0 
n.a. 

n.a. 
n.a. n.d. 12.8 mg/kg/d (rat) 

<4.8 mg/kg/d (rabbit) 
LOEL <0.15 mg/kg/d 

ADIp 1.5 µg/kg/d 
Sludge level: 4 

Freq: 3 14+ 
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n.a. 3 mg/kg (dog) BAF100Y: 3 
UpConc Y1: n.a. 

ADIp:4  

N-Desmethyl-
citalopram 

high frequency 
high level 

high soil t1/2 
intermediate RQ-Q90 

1.0 
1.0 

0.0066 
0.058 

0.0022 
n.d. 

2 times less active than 
citalopram (NOAEL 12.8 

mg/kg/d (rat)) 
ADIp 120 µg/kg/d 

Sludge level: 2 
Freq: 3 

BAF100Y: 3 
UpConc Y1: 2 

ADIp: 1 

11 

Trazodone high frequency 
low level 

high soil t1/2 
intermediate RQ-Q90 

1.0 
1.0 

0.0062 
0.11 

0.0069 
LOEL >2.5 mg/kg/d (horse) <50 mg/kg/d (dog) 

<40 mg/kg/d (rat) 

LOEL <0.4 mg/kg/d 
TDLo 8 mg/kg/d 
ADIp 4 µg/kg/d 

Sludge level: 2 
Freq: 3 

BAF100Y: 3 
UpConc Y1: 3 

ADIp: 4 

15 

Maprotiline high frequency 
high level 

high soil t1/2 
very low RQ-Q90 

7.8 
7.8 

0.0160 
0.0071 

0.00011 

in vivo toxicity (rabbit): 
amitriptyline > maprotiline >> 

mianserin 
LOAEL <40 mg/kg (rabbit) 

30 mg/kg/d (rat) 
30 mg/kg/d (mouse) 

10 mg/kg/d (dog) 
3 mg/kg/d (rabbits) 

LOEL <0.4 mg/kg/d 
TDLo 26 mg/kg 
ADIp 4 µg/kg/d 

Sludge level: 4 
Freq: 3 

BAF100Y: 5 
UpConc Y1: 2 

ADIp: 4 

18 
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ATC P ANTIPARASITIC PRODUCTS, INSECTICIDES AND REPELLENTS 

ATC P01 ANTIPROTOZOALS 
ATC P02 ANTHELMINTICS  
 

Hazard identification 
Drug CAS No. Median Conc. 

sludge Q90 
UB 

Max. Conc. 
sludge Q90 

UB 

Samples in 
Norway/ 

> LOQ 

BCF 
Ås_leaf 

 

Log 
KOW 

Dtsoil 
20°C 

Biodegra
dability 

New 
RQ 

New 
rank 

DDD Prescriptions 
in N (2021) 

Absorption 
F (oral) 

Distribution 
VD 

Metabolism Elimination 
t1/2 

Toxicity 
LD50 (oral) 

  µg/kg dw µg/kg dw  mg/kg  d 20°C, soil   /1000 persons/d  % L/kg bw   h mg/kg bw 

Metronidazole 443-48-1 <2 <2 12/0 4 814 -0.02 158 n.a. 0.01 621 0.21 (2000mg) 74 659 

>80 
75 (pig) 

75 (chicken) 
>60 (dog) 
65 (cat) 

85 (horse) 

0.5-1.1 
1.0 (dog) 
0.6 (cat) 

0.9 (horse) 

Intermediate 
20% excreted 

unchanged 
37% (pig) 

45% (chicken) 

7.3 
5.3 (cat) 

2.5 (horse) 

5000 (rat) 
3800 (mouse) 

TDLo 3.6 mg/kg/d 

Mebendazole 31431-39-7 50 50 7/5 1 997 2.83 158 n.a. 62.5 69 0.16 (200 mg) 1 599 5-10 1-2 
intermediate 

>50% excreted 
unchanged 

2.5-9 

714 (rat) 
620 (mouse) 
640 (rabbit) 

640 (cat) 
1280 (dog) 
80 (goat) 

40 (chicken) 

Dimetridazole 551-92-8 <25 <25 7/0 17 0.31 158 n.a. 0.96 305 n.d. n.d. 76 (pig) 
84 (pigeon) 

high 
distributes 
into eggs 

extensive 4 (pigeon) 

1600 (mouse) 
1790 (rat) 

NOEL 3.8 mg/kg/d 
ADI 2 µg/kg/d 

Sulfadoxine 2447-57-6 <5 <5 7/0 1 758 0.70 158 n.a. 5.15 193 n.d. n.d. 90 0.1-0.4 low 4-9 d 5200 (mouse) 

Febantel 58306-30-2 <5 <5 7/0 224 1.41 158 n.a. 151 46 n.d. n.d. <20 (sheep) n.d. 

extensive 
active 

metabolite 
fenbendazole 

0.2 

10000 (mouse) 
10605 (rat) 

1250 (rabbit) 
10000 (dog) 

LDLo 200 (sheep) 
NOAEL 0.7 mg/kg/d (rat) 

MRL 100 µg/kg meat 
MRL 100 µg/kg milk 

ADI 7 µg/kg/d 

Fenbendazole 43210-67-9 57 57 12/1 6 738 2.64 158 n.a. 9992 2 n.d. n.d. 20-30 1.7-7.4 extensive 

15 (dog) 
13 (rabbit) 

2-3 d 
(sheep) 

10000 (rat) 
10000 (mouse) 

500 (dog) 
5000 (pig) 

5000 (sheep) 
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Flubendazole 31430-15-6 <2 <2 12/0 1 895 2.26 158 n.a. 13.5 130 n.d. n.d. <10 1.5 (dog) 
2.4 (rat) 

extensive 
active 

metabolites 

1.2 (dog) 
2.8 (rat) 

2560 (rat) 
2560 (mouse) 

2560 (guinea pig) 
2560 (rabbit) 

NOAEL 12 mg/kg/d (rat) 
MRL 10 µg/kg milk 

MRL 400 µg/kg eggs 
ADI 12 µg/kg/d 

Pyrantel 15686-83-6 <5 <5 7/0 399 2.25 158 Inh. biod. 0.5 354 n.d. n.d. <15 (cat) n.d. 
intermediate 
50 % excreted 

unchanged 
1.8 (pig) 

170 (rat) 
175 (mouse) 
2000 (dog) 

MRL 150 µg/kg meat 

Praziquantel 55268-74-1 <5 <5 7/0 1 787 1.74 158 n.a. 0.15 459 <0.01 (3 g) 28 80 118 extensive 0.8-1.5 

2840 (rat) 
2454 (mouse) 
1050 (rabbit) 

200 (dog) 

Ivermectin 70288-86-7 <20 <20 12/0 n.a. n.a. n.a. n.a. n.a. n.a. 0.03 (12 mg) 30 396  >50 3-3.5 
low 

excreted 
unchanged 

18 
1.8 d (dog) 

2.7 d (sheep) 

10 (rat) 
25 (mouse) 

80 (dog) 
24 (monkey) 

ADI 10 µg/kg/d 
MRL 15 µg/kg meat 

 
Hazard characterisation 

Drug Frequency in 
sludge 

Environmental 
toxicity 

BAF 100Y 
soil 

plant parts 

Upconc. Y1 
root 
leaf 
seed 

Animal toxicity NOAEL Human toxicity 
ADI 

or ADIp 

Risk 
evaluation 

ratings 

Risk 
characterisation 

 

Σ ratings 

Mebendazole high frequency 
intermediate level 

high soil t1/2 
high RQ-Q90 

1.0 
1.0 

0.012 
1.2 

0.039 

LOEL <8.8 mg/kg/d (horse) 
LOEL <15 mg/kg /sheep) 
LOEL <15 mg/kg/d (goat) 

2.5 mg/kg/d (rat) 
2.5 mg/kg/d (mouse) 
<10 mg/kg/d (rabbit) 

2.5 mg/kg/d (dog) 

MRL 60 µg/kg meat 
MRL 20 µg/kg meat (AU) 

ADI 12.5 µg/kg/d (EU) 
ADI 2.5 µg/kg/d (Japan) 

Sludge level: 3 
Freq: 3 

BAF100Y: 3 
UpConc Y1: 4 

ADI: 4 

17 

Fenbendazole low frequency 
high level 

high soil t1/2 
very high RQ-Q90 

1.0 
1.0 

0.00012 
2.0 

0.032 
LOEL <5 mg/kg/d (horse 0.7 mg/kg/d (rat) 

2.5 mg/kg/d (dog) 

MRL 100 µg/kg meat 
MRL 100 µg/kg milk 
MRL 400 µg/kg eggs 

ADI 7 µg/kg/d 

Sludge level: 4 
Freq: 1 

BAF100Y: 3 
UpConc Y1: 4 

ADI: 4 

16 
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ATC R RESPIRATORY SYSTEM 
ATC R01 NASAL PREPARATIONS  
ATC R02 THROAT PREPARATIONS 
ATC R03 DRUGS FOR OBSTRUCTIVE AIRWAY DISEASES 
ATC R05 COUGH AND COLD PREPARATIONS 
ATC R06 ANTIHISTAMINES FOR SYSTEMIC USE 
 

Hazard identification 

Drug CAS No. 
Median 

Conc. sludge 
Q90 UB 

Max. Conc. 
sludge Q90 

UB 

Samples in 
Norway/  

> LOQ 

BCF 
Ås_leaf 

 

Log 
KOW 

Dtsoil 
20°C 

Biodegra
dability New 

RQ 
New 
rank 

DDD Prescriptions 
in N (2021) 

Absorption F 
(oral) 

Distribution 
VD 

Metabolism Elimination 
t1/2 

Toxicity 
 LD50 (oral) 

  µg/kg dw µg/kg dw  mg/kg  d 20°C, soil   /1000 persons/d  % L/kg bw   h mg/kg bw 

Oxymetazoline 1491-59-4 <5 <5 7/0 34 2.98 158 inh. biod. 0.93 310 0.79 (0.4 mg) 2 294 43 (rat) low low 6-14 0.68 (rat) 
4.7 (mouse) 

Xylometazoline 526-36-3 <5 <5 7/0 12 3.38 158 n.a. 3.85 216 43.87 (0.8 mg) 1 203 <5 1.1 
intermediate >30 

excreted 
unchanged 

10-12 230 (rat) 
75 (mouse) 

Mometasone 
furoate (Nasonex) 83919-23-7 <25 <25 7/0 180 3.90 1000 inh. biod. 1.12 296 11.78 (0.2 mg) 

197 592 
incl. 

chemotherap
eutics 

<1 2.2 intermediate 4.4-6.9 >2000 (rat) 

Fluticasone 
propionate 90566-53-3 <5 <5 7/0 2 492 2.41 1000 n.a. <0.01 704 2.41 (0.6 mg) 136 700 <1 4.2 extensive 8-14 >2000 (rat) 

Fluticasone 
furoate 397864-44-7 n.a. n.a. n.a. n.a. 3.89 1000 n.a. 0.01 598 4.04 (0.11mg) 264 102 1.3 9.4 extensive 17-24 

>2000 (rat) 
>2000 (mouse) 

ADE 20 µg/d 

Beclometasone  4419-39-0 <2 <2 12/0 n.a. 1.98 1000 

readily, 
but 

failing 
10-day 
window 

<0.01 729 2.78 (0.8 mg) 45 810 <20 n.d. 

low 
metabolite of 

beclomethasone 
dipropionate  

15 3750 (BMP, rat) 
5000 (BMP, mouse) 

Phenylpropanola
mine 14838-15-4 n.a. n.a. n.a. n.a. 0.67 158 n.a. n.a. n.a. 1.15 (100 mg) 83 500 38 2.6-5 

low 
>80% excreted 

unchanged 
2.1-3.4 

1538 (rat) 
1060 (mouse) 

TDLo 0.5 mg/kg (human) 

Salbutamol 18559-94-9 <2 <2 22/0 2 966 1.00 158 inh. biod. <0.01 701 12.3 (0.8mg) 280 773 44 2.4 
intermediate 
40% excreted 

unchanged  
4.6 

660 (rat) 
2707 (mouse) 

TDLo 0.6 mg/kg (human) 

Salmeterol 89365-50-4 <5 <5 7/0 n.a. 3.49 1000 n.a. <0.01 705 6.88 (0.1 mg) 72 345 5 2.7 
extensive 

5% excreted 
unchanged 

5.5 >1000 (rat) 

Terbutaline 23031-25-6 <2 <2 12/0 431 0.90 158 inh. biod. <0.01 718 1.18 (20 mg) 19 638 15 1.6 low 3.4 8700 (rat) 
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>60% excreted 
unchanged 

TDLo 0.4 mg/kg (human) 

Montelukast 158966-92-8 n.a. n.a. n.a. n.a. 9.42 1000 n.a. n.a. n.a. 5.03 (10 mg) 37 755 64 0.1-0.2 extensive 2.7-5.5 >5000 (rat) 
>5000 (mouse) 

Tiotropium 
bromide 136310-93-5 n.a. n.a. n.a. n.a. -2.57 158 n.a. n.a. n.a. 4.42 (0.01 mg) 30 828 2-3 32 

low 
74% excreted 
unchanged 

24 3550 (rat) 
1217 (mouse) 

Ipratropium 
bromide 22254-24-6 <5 <5 7/0 n.a. -1.84 158 inh. biod. 0.03 559 0.03 (0.24) 1231 <3 1.6 extensive 1.6 

1663 (rat) 
1001 (mouse) 
1557 (rabbit) 

1300 (dog) 

Clemastine 15686-51-8 <0.1 <0.1 64/0 10 4.10 158 inh. biod. 0.01 594 <0.01 (2mg) 21 39 
11.4 

distributes 
into milk 

intermediate 21 3550 (rat) 

Loratadine 79794-75-5 < 5 < 5 7/0 11 5.20 1000 n.a. <0.01 672 5.88 (10 mg) 52 063 <40 
120 

distributes 
into milk 

extensive 
active 

metabolite 

10 
metabolite 

20 
<50 (rat) 

Budesonide 51333-22-3 <25 <25 7/0 n.a. 2.84 1000 n.a. <0.01 710 0.94 (0.2 mg) 103 147 9-21 2.2-3.9 extensive 2-4 
 

3200 (rat) 
4750 (mouse) 

Acetylcysteine 616-91-1 n.a. n.a. n.a. n.a. -1,63 15.8 n.a. n.a. n.a. 4.38 (500 mg) 65 879 6-10 0.47 extensive 5.6 

5050 (rat) 
4400 (mouse) 

1000 (dog) 
TDLo 8480 mg/kg/d (human) 

Ethylmorphine 76-58-4 n.a. n.a. n.a. n.a. 1.65 1000 n.a. n.a. n.a. 0.89 (50 mg) 179 888 80 3.5 
extensive 

prodrug of 
morphine 

2 810 (rat) 
520 (mouse) 

Morphine 57-27-2 <9 <9 2/0 n.a. 0.89 1000 n.a. <0.01 711 1.06 (0.1 g) 9857 80-100 5.3 extensive 2-3 

335 (rat) 
524 (mouse) 
500 (pigeon) 

TDLo 3.9 mg/kg/d (human) 

Alimemazine 84-96-8 n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. 2.94 (30 mg) 46 382 >70 1.9 extensive 4.8 210 (rat) 
300 (mouse) 

Cetirizine 
(Zyrtec) 83881-51-0 125 446 117/117 585 1.70 158 n.a. 15.4 125 39.34 (10mg) 306 471 70 0.4 

intermediate 
50% excreted 

unchanged 
metabolite of 
hydroxyzine 

8.3 365 (rat) 

Fexofenadine 
(Allegra) 83799-24-0 1690 6800 140/138 13 4.51 1000 n.a. <0.01 662 7.75 (12 mg) 61 172 33 5.4-5.8 

low 
80% excreted 

unchanged 
metabolite of 
terfenadine 

11-15 
5000 (rat) 

5000 (mouse) 
EC50 7600 mg/l (water flea) 

Desloratadine 100643-71-8 n.a. n.a. n.a. 11 3.86 1000 n.a. 0.18 447 33.63 (5 mg) 370 321 50 (rat) 
50 (monkey) 49 extensive  

active 27 250 (rat) 
353 (mouse) 
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metabolite 

Diphenhydramine 58-73-1 10 47.4 129/127 34 3.27 158 inh. biod. 2.1 257 < 0.01 (200 mg) 53 40-60 
3.3-6.8 

distributes 
into milk 

extensive 2.4-9.3 
390 (rat) 

160 (mouse) 
284 (guinea pig) 

Meclozine 569-65-3 39 88 110/110 11 5.53 158 n.a. 65.5 66 0.82 (50mg) 6023 22-32 
6.8 

distributes 
into milk 

intermediate 5-6 1750 (rat) 
1650 (mouse) 

Clenbuterol 37148-27-9 <2 <2 12/0 184 1.11 158 inh. biod. 1.2 288 n.d. n.d. 89-98 

high 
distributes 
into meat 
and milk 

low 
70% excreted 

unchanged 
35-39 159 (rat) 

MRL 0.2 ppb meat 

Chlorhexidine 55-56-1 1600 1800 11/10 38 0.08 1000 n.a. 647 17 n.d. n.d. <1 
>1 

distributes 
into milk 

low 
excreted 

unchanged 
0.6 (rat) 2515 (mouse) 

2000 (rat) 

Resorcinol 108-46-3 <10 <10 6/0 863 0.80 15.8 n.a. 1.58 270 n.d. n.d. 92 high extensive 9-14 
200 (mouse) 

202 (rat) 
LDLo 29 mg/kg 

 
Hazard characterisation 

Drug Frequency in 
sludge 

Environmental 
toxicity 

BAF 100Y 
soil 

plant parts 

Upconc. Y1 
root 
leaf 
seed 

Animal toxicity NOAEL Human toxicity 
ADI 

or ADIp 

Risk 
evaluation 

ratings 

Risk 
characterisation 

 
Σ ratings 

Cetirizine high frequency 
high level 

high soil t1/2 
intermediate RQ-Q90 

1.0 
1.0 

0.0055 
0.38 

0.013 

LOEL <1 mg/kg (dog) 
LOEL <5 mg/kg (cat) 

1 mg/kg/d (mouse) 
<5 mg/kg/d (rat) 

15 mg/kg/d (rabbit) 
<4 mg/kg/d (dog) 

45 mg/kg/d (monkey) 

LOEL <0.08 mg/kg/d 
ADIp 8 µg/kg/d 

Sludge level: 4 
Freq: 3 

BAF100Y: 3 
UpConc Y1: 3 

ADIp: 4 

17 

Fexofenadine high frequency 
very high level 

high soil t1/2 
very low RQ-Q90 

6.4 
6.4 

0.015 
0.009 

0.00016 

LOEL <2 mg/kg (dog) 
LOEL <10 mg/kg (cat) 

150 mg/kg/d (rat) 
150 mg/kg/d (mouse) 

30 mg/kg/d (dog) 

LOEL <0.3 mg/kg/d 
TDLo 144 mg/kg/d 
ADIp 30 µg/kg/d 

Sludge level: 5 
Freq: 3 

BAF100Y: 5 
UpConc Y1: 2 

ADIp: 3 

17 

Diphenhydramine high frequency 
low level 

high soil t1/2 
low RQ-Q90 

1.0 
1.0 

0.0038 
0.022 

0.0011 
LOEL <4 mg/kg i.m. (chicken) 

15 mg/kg/d (rat) 
21 mg/kg/d (mouse) 

5.7 mg/kg/d (dog) 

LDLo 10.1 mg/kg 
TDLo 0.7 mg/kg 
ADIp 7 µg/kg/d 

Sludge level: 2 
Freq: 3 

BAF100Y: 3 
UpConc Y1: 2 

ADIp: 4 

14 

Meclozine high frequency 
intermediate level 

high soil t1/2 
high RQ-Q90 

1.0 
1.0 

0.0049 
0.0070 

0.00012 
n.d. <5 mg/kg/d (rat) LOEL <12.5 mg/kg/d 

ADIp 50 µg/kg/d 

Sludge level: 3 
Freq: 3 

BAF100Y: 3 
UpConc Y1: 1 

12 
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ADIp: 2 

Chlorhexidine high frequency 
very high level 

high soil t1/2 
very high RQ-Q90 

1.8 
1.8 

0.045 
0.027 
0.002 

n.d. 0.5 mg/kg/d (rat) 
0.5 mg/kg/d (dog) ADI 5 µg/kg/d 

Sludge level: 5 
Freq: 3 

BAF100Y: 4 
UpConc Y1: 2 

ADI: 4 

18 
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ATC S SENSORY ORGANS 

ATC S01 OPHTHALMOLOGICALS 

Hazard identification 
Drug CAS No. Median 

Conc. sludge 
Q90 UB 

Max. Conc. 
sludge Q90 

UB 

Samples in 
Norway/ 

> LOQ 

BCF 
Ås_leaf 

 

Log 
KOW 

Dtsoil 
20°C 

Biodegra
dability 

New 
RQ 

New 
rank 

DDD Prescriptions 
in N (2021) 

Absorption 
F (oral) 

Distribution 
VD 

Metabolism Elimination 
t1/2 

Toxicity  
LD50 (oral) 

  µg/kg dw µg/kg dw  mg/kg  d 20°C, soil   /1000 persons/d  % L/kg bw   h mg/kg bw 

Chloramphenicol 56-75-7 n.a. n.a. n.a. n.a. 1.14 158 n.a. n.a. n.a. - 169 018 80 

0.3-1.6 
1.5 (sheep) 
distributes 
into milk 

extensive 1.5-3.5 
5.8 (sheep) 

2500 (rat) 
1500 (mouse) 

500 (guinea pig) 
300 (dog) 

LDLo 250 mg/kg (human) 

Dexamethasone 50-02-2 n.a. n.a. n.a. n.a. 1.92 1000 n.a. n.a. n.a. - 42 811 70-80 
0.8-1.5 

distributes 
into milk 

extensive 4-6.6 

6500 (mouse) 
ADI 0.015 µg/kg 

MRL 1 µg/kg meat 
MRL 0.3 µg/l milk 

Timolol 26839-75-8 n.a. n.a. n.a. n.a. 1.83 158 n.a. n.a. n.a. 6.1 37 576 78 
1.3-1.7 

distributes 
into milk 

extensive 2.9 1028 (rat) 
1137 (mouse) 

Latanoprost 130209-82-4 n.a. n.a. n.a. n.a. 4.36 158 n.a. n.a. n.a. 4.0 25 442 <5 0.14 extensive 0.3 50 (rat) 
50 (mouse) 

Levocabastine 79516-68-0 n.a. n.a. n.a. n.a. n.a. 1000 n.a. n.a. n.a. - 125 808 
58 521 (R) 60-80 1.1-1.2 

low 
70% excreted 

unchanged 
36 2560 (rat) 

2560 (dog) 

Ketotifen 34580-13-7 n.a. n.a. n.a. n.a. n.a. 1000 n.a. n.a. n.a. - 32 743 50 
1.6-9 

distributes 
into milk 

extensive 22 179 (mouse) 

Olopatadine 113806-05-6 n.a. n.a. n.a. n.a. 3.61 158 n.a. n.a. n.a. - 62 073 57 2.0 low 8-12 >1150 (mouse) 
>3870 (rat) 

 

Hazard characterisation 

Drug 

Frequency in 
sludge 

Environmental 
toxicity 

BAF 100Y 
soil 

plant parts 

Upconc. Y1 
root 
leaf 
seed 

Animal toxicity NOAEL Human toxicity 
ADI 

or ADIp 

Risk 
evaluation 

ratings 

Risk 
characterisation 

 

Σ ratings 
  

https://pubchem.ncbi.nlm.nih.gov/compound/5959
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ATC V VARIOUS 

V03 ALL OTHER THERAPEUTIC PRODUCTS 
V08 CONTRAST AGENTS 
 

Hazard identification 
Drug CAS No. Median 

Conc. sludge 
Q90 UB 

Max. Conc. 
sludge Q90 

UB 

Samples in 
Norway/ 

> LOQ 

BCF 
Ås_leaf 

 

Log 
KOW 

Dtsoil 
20°C 

Biodegra
dability 

New 
RQ 

New 
rank 

DDD Prescriptions 
in N (2021) 

Absorption 
F (oral) 

Distribution 
VD 

Metabolism Elimination 
t1/2 

Toxicity 
LD50 (oral) 

  µg/kg dw µg/kg dw  mg/kg  d 20°C, soil   /1000 persons/d  % L/kg bw   h mg/kg bw 

Ethylenediamine-
tetraacetic acid 60-00-4 1100 1100 2/2 21 784 -1.53 15.8 n.a. 0.64 333 n.d. n.d. <5 0.2 

low 
excreted 

unchanged 
0.3-1 30 (mouse) 

Diatrizoate 117-96-4 <25 <25 7/0 201 1.30 158 inh. biod. 57.8 71 n.d. n.d. <5 
0.2 

distributes 
into milk 

low 
excreted 

unchanged 
0.5-1 >7000 (rat) 

Iohexol 66108-95-0 <0.8 <0.8 2/0 6 285 -3.05 158 n.a. 5.96 175 n.d. n.d. <1 350-849 
low 

excreted 
unchanged 

2 20000 (rat) 
20000 (mouse) 

Iodixanol 92339-11-2 10 10 2/1 1 768 -1.83 1000 n.a. 3.52 224 n.d. n.d. <1 0.3 
low 

excreted 
unchanged 

2.1-4.1 23000 (mouse) 
>20000 (rat) 

Iopromide 73334-07-3 <2 <2 14/0 64 507 -2.05 158 n.a. <0.01 731 n.d. n.d. <1 0.3 
low 

excreted 
unchanged 

6.2 21400 i.v. (rat) 

Iopamidol 60166-93-0 <5 <5 12/0 42 623 -2.42 158 inh. biod. 114 55 n.d. n.d. <1 0.2 
low 

excreted 
unchanged 

1.7 49000 (rat) 
49000 (mouse) 

 

Hazard characterisation 
Drug Frequency in 

sludge 
Environmental 

toxicity 
BAF 100Y 

soil 
plant parts 

Upconc. Y1 
root 
leaf 
seed 

Animal toxicity NOAEL Human toxicity 
ADI 

or ADIp 

Risk 
evaluation 

ratings 

Risk 
characterisation 

 
Σ ratings 

Ethylenediamine-
tetraacetic acid 

high frequency 
high level 

low soil t1/2 
low RQ-Q90 

1.0 
1.0 

<<0.01 
1.9 

0.0037 
LOEC 50 mg/l (water flea) >84 mg/kg/d (rat) 

NOEC 25 mg/l (water flea) 
NOAEL >1000 mg/kg/d 

ADIp 10 mg/kg/d 

Sludge level: 4 
Freq: 3 

BAF100Y: 3 
UpConc Y1: 4 

ADIp: 1 

15 

Iodixanol intermediate frequency high soil t1/2 1.0 n.d. NOAEL >1.6 mg/kg i.v. (cattle) >0.3 g/kg (rat) NOAEL <45 mg/kg i.v. Sludge level: 2 10 
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low level low RQ-Q90 1.0 <<0.01 
<<0.01 

>0.3 g/kg (rabbit) ADIp 450 µg/kg/d Freq: 3 
BAF100Y: 3 

UpConc Y1: 1 
ADIp: 1 
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