
 





 



 
 



INVESTIGATION OF THE UV/PERSULFATE PROCESS FOR THE ELIMINATION OF 
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Trimethoprim
• antibiotic
• applied in large quantities in 

husbandry
• persistent, difficult to biodegrade
• detected regularly in surface 

waters worldwide (μg/L)

UV photolysis of S2O8
2– results in reactive SO4

•–

S2O8
2– + hv254nm ® 2 SO4

•– F(SO4
•–)254nm = 1.4 ± 0.3

TRIM + SO4
•– ® products k = 3.88×109 M−1 s−1

The aim of this work was the investigation of the
Ø TRIM transformation and mineralization by UV/PDS and UV/VUV/PDS processes
Ø effects of PDS concentration
Ø role of radicals (•OH and SO4

•–) and the importance of VUV photolysis
Ø effect of biologically treated domestic wastewater and inorganic ions of the matrix

(Cl- and HCO3
-)

Pharmaceuticals are essential elements of medical 
and veterinary practice, but conventional wastewater 

treatment plants are not designed to eliminate 
wastewater.

Upgrading of wastewater and drinking water treatment plants is necessary 
® Effective post-treatment methods are required ® Advanced Oxidation 

Processes?

Releasing human and veterinary drugs into the environment 
results in antibiotic-resistant bacterial strains. Drug-resistant 
infections already cause 700,000 deaths each year globally. 

This number is estimated to increase to 10 million by 2050….

The COVID-19 pandemic has caused a considerable increase in the 
use of antibiotics in recent years with unpredictable consequences…

N

N

NH2

NH2
O

O
O

Low-pressure mercury vapor lamp in water treatment

254 nm UV

185 nm VUV

UV photons are absorbed by dissolved organic or inorganic substances.

VUV photons absorbed by the water and result in reactive radicals



You

TRIM + •OH 

k = 8.66×109 M–1 s–1

TRIM + SO4
•–

k = 3.88×109 M–1 s–1

Transformation and mineralization of TRIM –
effect of PDS and VUV photolysis
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Mineralization

Ø UV photolysis is not efficient for TRIM transformation
Ø Low-intensity VUV light enhances the transformation and

mineralization due to the �OH formation from water
Ø The UV/VUV/PDS method is more efficient than UV/PDS at

each investigated PDS concentration.
Ø The relative contribution of low-intensity VUV light is

significant, even in the case of the UV/VUV/PDS process.
Ø The mineralization rate of TRIM increases with increasing 

PDS concentration in both cases.
Ø Above 2.0×10-3 M PDS there is no difference between the 

mineralization rate of UV/PDS and UV/VUV PDS processes.

Initial transformation rate of TRIM

UV/VUV/PDSUV/PDS

SO4
•–

TRIM

•OH 

You are
my destiny…..



Matrix effect

UV/1.0×10–3 M PDS
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UV/VUV/1.0×10–3 M PDS
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Ø The matrix (biologically treated domestic wastewater (btww)) reduced the 

transformation and mineralization rate in all cases
Ø The VUV light significantly reduced the negative matrix effect.

Ø For the UV/PDS method, the matrix completely inhibited the transformation 

in the case of 1.0×10-3 M PDS.
Ø The increase of PDS concentration reduces the matrix negative effect

UV/2.0×10–3 M PDS UV/VUV/2.0×10–3 M PDS
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Secondary radicals react with TRIM:

CO3
•– + TRIM   k = 1.3×107 M–1 s–1

Cl2•–+ TRIM      k = 2.0 ×108 M–1 s–1 

Cl•+ TRIM         k = 2.1 × 109 M–1 s–1

The reactions of Cl• generate • OH

Cl• + Cl–® Cl2•–

Cl•/Cl2•– + H2O® ClOH•–

ClOH•–® • OH + Cl–

Cl– + SO4
•– ® Cl• + SO4

2– k = 3.6×108 M-1 s-1

HCO3
– + SO4

•– ® CO3
•– + SO4

2– k= 2.8×106 M-1 s-1

Both organic and inorganic compounds in the matrix can 
act as radical scavengers.

Cl– + •OH ® Cl• + HO– k = 4.3×109 M-1 s-1

HCO3
– + •OH ® CO3

•– + H2O            k = 8.6×106 M–1 s–1

Analytical parameters

pH 7,8

Conductivity (µS cm–1) 1258

COD (mg L–1) 24.4

HCO3
– – C (mg L–1) 103.4

NO3
– – N (mg L–1) 3.37

Cl– (mg L–1) 120
TOC (mg L–1) 5-7

Biologically
treated domestic
wastewater was

used as a matrix.

Matrix effect

The effect of the inorganic ions together does not 
reflect well the inhibition effect of the matrix. 
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The role and contribution of new reactive species to the transformation and mineralization can be 

significant. In particular, the additional role of Cl• is important due to the possibility of forming 
chlorinated products. AOX measurements proved the formation and significant contribution of Cl•

in Cl-containing solution. The chlorination of organic subtances was moderated in the presence of 

HCO3
– due to the reaction between HCO3

– and Cl • .

Summary

Ø PDS addition (UV/PDS and UV/VUV/PDS process) enhances the
transformation and mineralization rate

Ø additive effect of VUV light is essential even in the case of the
UV/VUV/PDS process – due to the �OH formation from water
and probably via direct VUV photolysis of PDS

Ø At higher PDS concentrations, SO4•– is the dominant reaction
partner for both UV/PDS and UV/VUV/PDS process

Ø Biologically treated domestic wastewater as a matrix
significantly reduced the transformation and mineralization rate
– VUV light diminished the inhibitory effect

Ø The role and importance of secondary radicals formed from Cl–
and HCO3– could not be neglected, even though the inhibition
effect of inorganic ions is much smaller than that of the matrix.
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