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𝑑𝐶𝑏𝑖𝑜𝑚𝑎𝑟𝑘𝑒𝑟

𝑑𝑡
= − (𝑘𝑎 + 𝑘𝑊𝑊 + 𝑘𝑏𝑖𝑜𝑓𝑖𝑙𝑚

𝐴

𝑉
) 𝐶𝑏𝑖𝑜𝑚𝑎𝑟𝑘𝑒𝑟



𝐴/𝑉𝑒𝑞 =  
∑ 𝐻𝑅𝑇𝑖∙𝐴

𝑉𝑖𝑖

∑ 𝐻𝑅𝑇𝑖𝑖
    



 

 

A B - HRTdisp C - HRTadv D 

Transport and quality 

simulation 
Transport simulation  

Hydraulic simulation 

(without tracer)  

Expert Estimate (local 

sewer operator) 

 Processes 

considered  

Hydraulic software (e.g., 

SWMM) 

Advection, dispersion, 

reaction (quality) 

Advection, dispersion, Advection 

experience (e.g.,  

qualified guess, tracer 

experiment, hydraulic 

simulation)  

𝑀 = 𝑀0 exp [−𝐻𝑅𝑇 (𝑘𝑎 + 𝑘𝑊𝑊 + 𝑘𝑏𝑖𝑜𝑓𝑖𝑙𝑚
𝐴

𝑉𝑒𝑞
)]

(𝑀0)



 



Scenarios S11% S20.01% S2temp S3shortHRT S4longHRT 

Prevalence (% of population consuming 

drug on a particular day) 
1% 0.01% 

Drug user location randomly distributed in the catchment 

closest flow 

distance to 

sampling 

location 

longest flow 

distance 

from 

sampling 

location 

Transformation rates Temperature 22°C 

Rates halved 

(temperature 

10°C) 

Temperature 22°C 

 



 





 



 

 



Half-lives t0.5 [hour] 

considered process Overall transformation 

ka  kWW kbiofilm 
A/V 17 m

-1 
kbiofilm 
A/V 33 m

-1 
kbiofilm 
A/V 66 m

-1 
koverall 
A/V 17 m

-1 
koverall 
A/V 33 m

-1 
koverall 
A/V 66 m

-1 

AC 6-acetylcodeine 85 54 0.5 0.3 0.1 0.5 0.3 0.1 

AMP amphetamine 150 113 9 5 2.3 8 4 2.2 

BE benzoylecgonine 1185 1567 72 37 19 65 35 18 

CBZ carbamazepine 1821 3801 610 314 157 408 250 139 

COC cocaine 20 101 58 30 15 13 11 8 

COE cocaethylene 35 181 45 23 12 18 13 8 

DCF diclofenac 1443 3417 330 170 85 249 146 78 

EDDP 
2-ethylidene-1,5-dimethyl-3,3-

diphenylpyrrolidine 
251 756 351 181 90 123 92 61 

HMMA 4-hydroxy-3-methoxymethamphetamine 393 21 77 40 20 16 13 10 

KET ketamine 695 1553 374 193 96 210 137 80 

MAM 6-monoacetylmorphine 72 70 3 1.5 0.8 3 1.4 0.7 

MDMA (±)-3,4-methylenedioxymethamphetamine 1029 1754 156 80 40 126 71 38 

MDPV methylenedioxypyrovalerone 270 703 260 134 67 111 79 50 

MEPH mephedrone 18 392 307 158 79 16 16 14 

METH methamphetamine 745 663 236 122 61 141 90 52 

MPA methiopropamine 1296 2381 156 80 40 131 73 38 

MTO methoxetamine 830 2212 943 486 243 368 269 173 

NorCOC norcocaine 14 25 106 54 27 8 8 7 

NorKET norketamine 1113 32 945 487 243 31 30 28 

ODMT O-desmethyltramadol 473 34 1108 571 285 31 30 28 

PMA 4-methoxyamphetamine 167 220 102 53 26 49 34 21 

PMMA methoxymethamphetamine 835 1367 176 91 45 131 77 42 

TRA tramadol 1326 2918 751 387 193 412 272 160 

ZOL zolpidem 513 805 310 160 80 156 106 64 



 





Catchment small medium large 

 
q10% mean median q90% q10% mean median q90% q10% mean median q90% 

AVeq [m
-1
] 44.52 98.92 81.60 173.95 9.45 30.87 26.25 55.07 8.31 29.60 23.67 56.84 

HRTadv [h]  0.41 1.89 1.58 3.89 1.90 3.80 3.37 6.77 2.11 4.88 4.19 8.57 

HRTdisp [h] 0.46 1.91 1.67 3.85 1.96 3.94 3.52 6.83 2.19 4.97 4.36 8.64 
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https://www.epa.gov/water-research/storm-water-management-model-swmm





