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List of abbreviations 

 

 

DOC: Dissolved Organic Carbon 

IBAP: 4-Isobutylacetophenone 

IBP: Ibuprofen 



 

 
Figure SM1. Plot of 254 nm photolysis of IBAP in the ESC-Q-UAIC reactor, corrected for wall 

loss.  

 

 
Figure SM2: Relative kinetic control plot, corresponding to the gas-phase reaction of OH radicals 

with ( ) cyclohexane and ( ) p-benzoquinone, versus dimethyl ether in the presence of NOx.  

 



  
Figure SM3: Time profile of IBAP with OH/NOx, and the evolution of the total number and mass 

concentration of Secondary Organic Aerosol (SOA) in the ESC-Q-UAIC chamber. 

 

 

 
Figure SM4: Distribution of the mass concentration of secondary organic aerosols (SOAs) formed 

in the ESC-Q-UAIC chamber, during the OH radicals-initiated oxidation of IBAP in the presence 

Nox, as a function of IBAP consumption (ΔROG – mass concentration of the reactive organic 

(IBAP) consumed during the photooxidation process). The intercept with the x axes indicates that 

SOAs formation occurs only when a critical amount of the reactive organic is consumed (DROG), 

and transformed into initial aerosol precursor materials occurring in the gas phase. 
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Figure SM5. (a,b) Modeled formation rate constants of IBAP from IBP, as a function of water DOC. Other 

conditions: 103 M HCO3
; 105 M CO3

2; water depth d (a) 1m, (b) 10 m; inorganic nitrogen (a) [NO3
] = 

106 M & [NO2
] = 108 M (low NOx

), (b) [NO3
] = 104 M & [NO2

] = 106 M (high NOx
). (c,d) Modelled 

photodegradation rate constants of IBAP, as a function of water DOC. Other conditions: 103 M HCO3
; 105 

M CO3
2; water depth d (c) 1m, (d) 10 m; inorganic nitrogen (c) [NO3

] = 106 M & [NO2
] = 108 M (low 

NOx
), (d) [NO3

] = 104 M & [NO2
] = 106 M (high NOx

). In all the cases, photochemical modelling was 

carried out with the APEX software.S1 Average sunlight irradiance & day unit corresponding to fair-weather 

15 July at 45°N latitude. The color code highlights the different photochemical reaction pathways (d.p. = 

direct photolysis). 

 



 

 

Figure SM6. Modeled formation yields of IBAP from IBP, as a function of water DOC. Water 

conditions: 103 M HCO3
; 105 M CO3

2; water depth d = 1m or 10 m. High NOx
: [NO3

] = 104 

M & [NO2
] = 106 M; low NOx

: [NO3
] = 106 M & [NO2

] = 108 M. Sunlight irradiation 

conditions correspond to fair-weather 15 July at 45°N latitude. 



Text SM1. Mapping the parameter ν for IBAP volatilization. 

 

As described in the main manuscript, IBAP can undergo both photodegradation in, and 

volatilization from, surface waters. The fraction of IBAP that volatilizes is defined as ν = kvol (kvol + 

k’d)
1, where kvol is the volatilization rate constant of IBAP from an aqueous environment to the gas 

phase, and k’d is the overall photodegradation rate constant of IBAP in water. 

We calculated the value of ν for some European rivers, and mapped it over the region included 

between 40 and 50°N during the month of June, in the decade 1990 - 2000. The values are averaged 

over that period. Photochemical computation of k’d was mainly based on the values of DOC 

(Dissolved Organic Carbon, mgC L1) of the considered rivers.S2 This means that the photolysis rate 

constant k’d was assessed, without considering the photochemistry of nitrate and nitrite. For a 

complete description of data sources and treatment, the reader is referred to ref. S3. Briefly, the 

overall rate coefficient of IBAP photodegradation is mainly accounted for by reactions with OH 

radicals and 3CDOM*, as well as by direct photolysis. Therefore, for a given river, one has that k’d 

= 
*,3CDOMIBAP

k [3CDOM*] + OHIBAPk , [OH] + Φ  P’a(IBAP), where the values of 
*,3CDOMIBAP

k , OHIBAPk , , 

and Φ are reported in Table 1 of the main manuscript. P’a(IBAP) is the rate coefficient of solar-light 

absorption by IBAP in the considered river, and it was assessed as  

P’a(IBAP) = Σλ p°(λ) εIBAP(λ) [1 – 10-A1(λ) l DOC ](A1(λ) DOC)1 Δλ.  

In particular, p°(λ) is the spectral solar photon flux (Ein L1 s1 nm1) reaching the water body in 

mid-June, εIBAP(λ) is the molar absorption coefficient of IBAP (L mol1 cm1), A1(λ) = 0.45 

exp(0.015 λ) S1 is the specific absorbance of CDOM along an optical path length of 1 cm (units of 

L mgC
1 cm1), and l (cm) is the river optical path length (which is a function of the water depth S1). 

[3CDOM*] and [OH] were calculated with APEX,S1 from the DOC values of the considered rivers. 

With the values of k’d thus calculated (units of s1), as well as kvol = 0.052 day1 = 6.02·10-7 s1, the 

parameter ν was computed and mapped over the European region, by means of the QGIS software, 

version 3.2.2 ‘Bonn’ (QGIS Developmental Team, 2020. QGIS Geographic Information System. 

Open Source Geospatial Foundation Project; 2018). Figure SM7 shows the calculated values of ν 

for water depths of 1 and 3 m. The intermediate case (2 m) is shown in the main manuscript. 



 

 
 

Figure SM7. European maps of the parameter ν (%) for IBAP, as obtained from the adopted 

photochemical model, for water depth = 3 m (a) and 1 m (b). 
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