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Abstract 
Ultraviolet-based advanced oxidation processes (UV-AOPs) are techniques 
that utilize the synergistic action of ultraviolet light and oxidants to generate 
highly oxidative active radicals (SO₄•−, •OH, etc.) to degrade organic pollu-
tants. Currently, research on degrading various pollutants using UV-AOPs 
mainly focuses on degradation efficiency, toxic by-products, and mineraliza-
tion rate. However, studies are limited on how the photochemical reactions of 
organic pollutants that absorb ultraviolet light themselves affect the advanced 
oxidation degradation process. As one of refractory pharmaceutical and per-
sonal care products (PPCPs), the ionic contrast agent sodium diatrizoate 
(DTZ) has excellent ultraviolet absorption, but there are no reports on how its 
optical behavior influences the photo-oxidative degradation process. In this 
study, spectroscopic techniques were employed to investigate the photodegra-
dation pathways of DTZ under different wavelengths. It was found that under 
UVC irradiation, DTZ undergoes a deiodination pathway to form DTZ-I, 
which in turn affects the target of photoactivated generation of active radicals 
(SO₄•−), leading to a DTZ advanced oxidation degradation pathway different 
from that under UVA irradiation. These results provide theoretical support 
and research insights for understanding the degradation processes of pollu-
tants that can directly undergo photoreactions with ultraviolet light in UV 
based advanced oxidation processes. 
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1. Introduction 

Iodinated X-ray contrast media (ICMs) are indispensable agents in medical diag-
nostics, extensively utilized for imaging soft tissues and internal organs. The 
chemical structures and properties of iodinated contrast agents are highly stable, 
rendering them resistant to degradation and classifying them as persistent phar-
maceutical and personal care products (PPCPs) [1]-[4]. Among these, sodium di-
atrizoate (DTZ) stands out as a representative ionic contrast agent. As shown in 
Figure 1, the free carboxyl group on the phenyl ring side chain imparts high po-
larity and robust biological and chemical stability to DTZ, leading to its prolonged 
accumulation in aquatic environments [5]-[9]. Furthermore, DTZ can degrade 
into secondary pollutants such as absorbable organic halogens (AOX) and io-
dinated disinfection by-products (I-DBPs) [10]-[12], posing irreversible threats to 
mammalian health. 
 

 

Figure 1. Structural formula of sodium diatrizoate (DTZ). 
 

Extensive research has been conducted on the degradation of DTZ in aquatic 
environments [13] [22]. While ionizing radiation techniques have demonstrated 
high degradation efficiency, they often exhibit low mineralization capacity, typi-
cally breaking down pollutants into disinfection by-products and other secondary 
pollutants [13]. Norman Hack and colleagues reported a biological treatment 
method; however, the degradation rate was relatively slow [14] [15]. Additionally, 
studies have indicated that nitrifying bacteria or anaerobic bacteria possess the 
ability to degrade iodinated contrast agents, though these methods still have room 
for improvement in degradation efficiency and process precision [13] [16]-[21]. 
In recent years, direct UV degradation of pollutants has gained favor due to its 
efficiency and the absence of secondary pollution. However, Allard et al. found 
that the iodinated by-products generated during the photodegradation of contrast 
agents increase with enhanced UV light exposure [22]. Xiang and colleagues de- 
monstrated that advanced oxidation processes (AOPs) [23], which utilize highly 
reactive and oxidative radicals (such as SO₄•− and •OH) to attack the stable struc-
tures of pollutants, effectively transform refractory organic pollutants into carbon 
dioxide, water, inorganic salts, and other small molecules [24]. Meanwhile, Ma-
nuel Sánchez-Polo et al., demonstrated that the UV/K₂S₂O₈ system exhibits supe-
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rior degradation efficiency for DTZ compared to other advanced oxidation pro-
cesses, such as the Fenton process [25]. Introducing UV light into these technol-
ogies enhances the photolysis of oxidants, producing a substantial amount of ac-
tive radicals, thereby more effectively degrading emerging pollutants. Previous 
studies on the UV photolysis of oxidants generating active radicals for DTZ deg-
radation have primarily focused on improving degradation efficiency and miner-
alization rates, as well as detecting various stable products to assess reaction safety 
and infer possible degradation pathways [24]. However, research has shown that 
certain contrast agents undergo deiodination under UV exposure, forming stable 
deiodinated products [26]-[28]. This raises the question of whether DTZ also un-
dergoes similar deiodination and generates corresponding deiodinated products. 
If deiodination occurs, it is crucial to determine whether active radicals primarily 
attack DTZ itself or its photo transformed products. These issues have been scarcely 
discussed in the literature but are vital for understanding the degradation mecha-
nisms of DTZ in UV-AOPs [29]. 

In this study, we employed ultraviolet light of varying wavelengths to activate 
oxidants such as sodium persulfate (PS) and hydrogen peroxide (H₂O₂), generat-
ing highly reactive radicals (SO₄•− and •OH) to degrade DTZ. By monitoring 
changes in absorption spectra, we investigated the photodegradation pathways of 
DTZ. Notably, we observed that under UV light exposure, DTZ exhibits de-
iodination behavior, leading to a shift in the primary target of active radicals and 
resulting in two distinct degradation pathways. These findings not only enhance 
our understanding of DTZ degradation behavior but also provide theoretical in-
sights for applying UV-based advanced oxidation technologies to treat photosen-
sitive pollutants in wastewater treatment [23] [24]. 

2. Materials and Methods 
2.1. Materials 

The reagents used in this study are listed in Table 1. All reagents were purchased 
without further purification and used directly in the experiments. High-purity wa-
ter was obtained using a Millipore purification system. 
 

Table 1. Reagents used in current experiments. 

Reagent Purity Supplier 
Sodium Diatrizoate (C₁₁H₈I₃N₂NaO₄, DTZ) ≥98% Shanghai Yuanye Biotechnology Co., Ltd. 

Hydrogen Peroxide (H₂O₂) 30% Tongguang Fine Chemicals Co., Ltd. 
Sodium Persulfate (Na₂S₂O₈, PS) ≥99% Shanghai Macklin Biochemical Technology Co., Ltd. 

2.2. Experimental Methods 

Steady-State UV-Visible Absorption Spectroscopy: In this study, steady-state UV-
visible absorption spectra were acquired using a Hitachi U-3900 UV-Visible spec-
trophotometer. The scanning speed was set at 600 nm/min, with ultrapure water 
as the background. Spectra were collected in the wavelength range of 200 – 600 
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nm at room temperature. 
Theoretical Computational Methods: Gaussian 09 software was employed for 

theoretical calculations at the B3LYP level of theory. The 6-31G* basis set was used 
for most atoms, while the Stuttgart-Dresden (SDD) basis set was applied for io-
dine atoms. Optimized geometries of the deiodinated analogs of diatrizoate (DTZ) 
were calculated, and time-dependent density functional theory (TD-DFT) was 
utilized to compute their absorption spectra. The Polarizable Continuum Model 
(PCM) was applied to simulate the solvent effect of water. 

3. Results and Discussion 
3.1. Effect of UV-Based Advanced Oxidation Processes on the  

Degradation Efficiency of Sodium Diatrizoate 

In the field of environmental pollutant remediation, advanced oxidation processes 
(AOPs) based on hydroxyl radicals (•OH) and sulfate radicals (SO₄•−), particularly 
UV/H₂O₂ and UV/Na₂S₂O₈ (PS) degradation systems, have been widely applied 
to degrade persistent organic pollutants in the environment.  

In this study, we first investigated the degradation of sodium diatrizoate (DTZ) 
in advanced oxidation processes. The UV-visible absorption spectrum of DTZ is 
shown in Figure 2(a), with a maximum absorption peak at 236 nm. Therefore, we 
evaluated the degradation efficiency of DTZ by monitoring the change in absorb-
ance at 236 nm, calculated using the formula 1-C/C₀. In the preliminary experi-
ments, we screened the experimental conditions based on spectral absorbance and 
degradation effects, and then set up six optimized control experiments, including: 
50 μM DTZ, 50 μM DTZ + 4 mM PS, 50 μM DTZ + 4 mM H₂O₂, 50 μM DTZ + 
254 nm UV, and 50 μM DTZ + 4 mM PS/H₂O₂ + 254 nm UV. The degradation 
period was observed for 3 hours, with UV absorption spectra of the mixed solu-
tions measured every half hour. The degradation results are shown in Figure 2(b). 
 

 

Figure 2. (a) UV-Vis absorption spectra of 50 μM DTZ, (b) Degradation of DTZ in different systems. 
 

From Figure 2(b), it is obvious that in the system without 254 nm UV light, 
DTZ was almost not degraded. When 254 nm UV light was used alone, DTZ be-

https://doi.org/10.4236/jep.2025.163012


Y. Y. Wang et al. 
 

 

DOI: 10.4236/jep.2025.163012 243 Journal of Environmental Protection 
 

gan to show slight degradation, indicating that 254 nm UV light has some degra-
dation effect on DTZ. Further introduction of hydrogen peroxide (H₂O₂) and so-
dium persulfate (PS) as oxidants into the 254 nm UV light system significantly 
improved the degradation efficiency of DTZ, suggesting the key role of active rad-
icals in the degradation process. Notably, when using PS as the oxidant, the deg-
radation rate of DTZ was significantly faster than that in the H₂O₂ system. This 
experimental result further indicates that, compared to hydroxyl radicals (•OH), 
sulfate radicals (SO₄•−) exhibit superior effectiveness in degrading DTZ. The re-
action processes of UV photolysis of oxidants are shown in equations (1) and (2). 

 
hυ

2 2H O 2 OH→    (1) 

 
hυ

2
2 8 4S O 2SO− −→    (2) 

M. Sprehe et al. observed deiodination behavior of non-ionic contrast agents 
(iopromide and iopamidol) during photochemical oxidation reactions [28]. Tao 
Ye et al. also emphasized the presence of deiodination behavior of iodinated con-
trast agents (ICMs) under UV light, leading to the formation and accumulation 
of iodinated disinfection by-products (I-DBPs) in aquatic environments [30]. 
These studies raise a key question: Does the photoreaction process of DTZ also 
exhibit deiodination behavior? Does the main target of active radicals in the UV 
photolysis oxidation process of oxidants change due to deiodination behavior? To 
explore these issues, we conducted systematic analysis and interpretation by in-
troducing UV light of different wavelengths, aiming to reveal the impact of UV 
light on the molecular structure of DTZ and the specific mechanisms of free rad-
icals in the degradation process. 

3.2. Influence of Different Wavelengths of Ultraviolet Light on the  
Photoreaction Process of Sodium Diatrizoate 

The molecular structure of a substance imparts unique absorption characteristics, 
which are crucial in studies involving the photodegradation of pollutants under 
ultraviolet (UV) light. Therefore, selecting appropriate UV wavelengths is a key 
factor when exploring the impact of UV light on pollutant degradation. As shown 
in Figure 2(a), sodium diatrizoate (DTZ) exhibits significant absorption below 300 
nm and minimal absorption above 300 nm. Therefore, we conducted comparative 
experiments using UV light at wavelengths where DTZ has substantial absorption 
(254 nm and 266 nm) and at wavelengths where it has minimal absorption (355 
nm and 365 nm) to investigate whether DTZ undergoes deiodination and to eluci-
date the specific mechanisms of free radicals in the reaction. By observing and com-
paring the effects of different UV wavelengths on the degradation process of so-
dium diatrizoate, we aimed to uncover the involved reaction mechanisms. 

As depicted in Figure 3(a), under 254 nm UVC irradiation, the maximum ab-
sorption wavelength of DTZ shifted from 236 nm to 225 nm over time, accompa-
nied by an increase in absorbance at 225 nm. Additionally, weak absorption ap-
peared in the 275 - 350 nm range. This phenomenon indicates that under UVC  
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Figure 3. (a) Spectral evolution of 50 μM DTZ under 254 nm UV irradiation, (b) UV absorption spectra of DTZ-I substances 
calculated at the level of PCM/B3LYP/6-31G*. 
 

 

Figure 4. (a) Spectral evolution of 100 μM DTZ under 266 nm laser irradiation; (b) Evolution of UV absorption spectra of 1 mM 
DTZ during irradiation, where the inset shows the difference spectrum of UV-vis absorption spectra before and after 2 min of light 
exposure to 1 mM DTZ; (c) Spectral evolution of DTZ under 365 nm UV irradiation; (d) Spectral evolution of DTZ under 355 nm 
laser irradiation Laser wavelength: 266 nm; laser energy: 10 mJ. 

 

irradiation, the structure of DTZ undergoes transformation. According to litera-
ture reports, UV absorption due to C-I bonds occurs around 240 – 245 nm, with 
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a molar extinction coefficient of approximately 3 × 10⁴ M−1·cm−1 [28]-[30]. There-
fore, when the C-I bond breaks, a significant decrease in the extinction coefficient 
and a shift of the absorption spectrum to shorter wavelengths are observed.  

Based on these observations and literature evidence, we hypothesize that under 
254 nm UVC irradiation, DTZ undergoes deiodination to form a deiodinated an-
alog (hereafter referred to as DTZ-I). 

To further explain this phenomenon, we performed time-dependent density 
functional theory (TD-DFT) calculations to obtain the UV absorption spectrum 
of the DTZ deiodinated analog (Figure 3(b)). The calculated spectrum closely 
matches the experimental observations in Figure 3(a), with a maximum absorp-
tion wavelength at 225 nm and weak absorption features in the 275 – 350 nm 
range, confirming that under 254 nm UVC irradiation, DTZ undergoes structural 
transformation to form the deiodinated analog DTZ-I. In order to capture the 
spectral evolution of DTZ more rapidly under UVC irradiation, we employed a 
higher energy density 266 nm UVC laser to irradiate a higher concentration of 
DTZ. As shown in Figure 4(a), when a 100 μM DTZ solution was irradiated with 
a 266 nm laser, the spectral evolution within 2 minutes of laser irradiation exhib-
ited the same trend as the 3-hour reaction under 254 nm UVC irradiation: the 
maximum absorption peak shifted from 236 nm to 225 nm, accompanied by an 
increase in absorbance. Furthermore, we increased the DTZ concentration to 1 
mM and continued irradiation with the 266 nm laser. As shown in Figure 4(b), 
during this process, we observed a significant increase in absorbance at 288 nm 
and 350 nm, and the solution color turned yellow (Figure 5(a), right). This further 
indicates that new substances were generated during the 266 nm UVC irradiation 
of DTZ. These substances could turn colorless potassium iodide-starch paper blue 
(Figure 5(b), right). The inset in Figure 4(b) reveals that approximately 2 minutes 
after laser irradiation, new substances were produced. Combining experimental 
results and literature reports, we attribute these new substances to the triiodide 
anion I3

− [31].  
 

 

Figure 5. (a) Color change of 1 mM DTZ before (left) and after (right) laser irradiation at 266 nm; (b) Experimental phenomena 
observed with potassium iodide starch test paper before (left) and after (right) laser irradiation at 266 nm; laser wavelength: 266 nm; 
laser energy: 10 mJ. 
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These experimental results suggest that under UV light wavelengths where DTZ 
has substantial absorption (254 nm and 266 nm), DTZ molecules tend to undergo 
deiodination, forming triiodide anions I3

− and the deiodinated analog DTZ-I. Sub-
sequently, we irradiated DTZ with UV light at wavelengths where it has minimal 
absorption (355 nm and 365 nm) and observed the spectral evolution (Figure 
4(c)-(d)). The results showed that under 355 nm and 365 nm UVA irradiation, 
the UV absorption spectrum of DTZ did not undergo significant changes, indi-
cating that under UVA irradiation, the molecular structure of DTZ remains stable 
without deiodination. 

By introducing UV light of different wavelengths, we found that DTZ under-
goes different photoreaction processes. Under UV light wavelengths where it has 
substantial absorption (254 nm and 266 nm), DTZ first undergoes C-I bond cleav-
age, generating triiodide anions I3

− and the deiodinated analog DTZ-I. Under UV 
light wavelengths where it has minimal absorption (355 nm and 365 nm), DTZ 
undergoes minimal photoreaction. Therefore, the essence of DTZ's photoreaction 
is closely related to its own UV absorption characteristics. Thus, when studying 
the photoreaction behavior of such substances, it is essential to pay particular at-
tention to their inherent properties. Moreover, as the energy density of UV light 
increases, the photoreaction rate of DTZ accelerates, allowing the molecular struc-
tural evolution to be observed over a shorter period using spectroscopic tech-
niques. These findings further confirm the significant impact of UV light wave-
length and energy on the degradation behavior of organic pollutants and provide 
a reasonable perspective for understanding the mechanisms of UV light in pollu-
tant treatment processes. 

3.3. Mechanism of Active Free Radicals in the Degradation of  
Sodium Diatrizoate 

Based on the previous studies, we observed significant differences in the photore-
action processes of sodium diatrizoate (DTZ) under different wavelengths of ul-
traviolet (UV) light. This observation raises an important question: what is the 
specific role of active free radicals in the photodegradation of DTZ within ad-
vanced oxidation processes? To address this question, we designed a series of 
comparative experiments combining the oxidant sodium persulfate (PS) with UV 
light of varying wavelengths. Actually, we performed experiments using peroxy-
monosulfate (PDS) as an oxidant for DTZ degradation, and the results demon-
strated a satisfactory degradation effect. However, compared to sodium persulfate 
upon decomposition produces solely sulfate radicals (SO₄•−), PDS generates both 
SO₄•− and hydroxyl radicals (•OH), which may lead to competitive reactions be-
tween SO₄•− and •OH with DTZ, thereby complicating the reaction system. This 
approach by PS allowed us to better observe the key role of sulfate radicals (SO₄•−), 
which possess high reactivity and strong oxidative capabilities, in the efficient deg-
radation of DTZ. 

As shown in Figure 6(a), in the system where 365 nm UVA UV light activates 
the oxidant PS, DTZ undergoes some degradation. Considering the findings from  
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Figure 6. (a) Evolution of UV-Vis absorption spectra of DTZ/PS system under irradiation with 365 nm UV light, (b) 254 nm UV 
light. 

 

previous sections, where 365 nm UV light does not affect the molecular structure 
of DTZ, we conclude that 365 nm UVA UV light can photolyze PS to generate 
sulfate radicals, which then degrade DTZ. The degradation pathway under UVA 
UV light is proposed as shown in Equation (3). 

 4DTZ SO product−+ →   (3) 

Subsequently, we introduced 254 nm UVC UV light into the DTZ degradation 
system with PS as the oxidant. We observed rapid degradation of DTZ under 254 
nm UV light. What is the degradation pathway for this process? Given that DTZ 
exhibits its own photochemical deiodination behavior at this wavelength, does 
this affect the primary target of SO₄•−? We then varied the concentration of PS to 
control the amount of SO₄•− in the system. By observing the degradation extent of 
the pollutant corresponding to different concentrations of SO₄•−, we inferred the 
main target of the free radicals and the overall degradation pathway. 
 

 

Figure 7. Evolution of UV-visible absorption spectra of the system during laser irradiation; laser wavelength: 266 nm; laser energy: 
40 mJ. (a) DTZ; (b) DTZ/200 μM PS; (c) DTZ/1 mM PS. 

 

We irradiated 100 μM DTZ, 200 μM PS + 100 μM DTZ, and 1 mM PS + 100 
μM DTZ systems with 266 nm UVC laser light and observed the spectral evolution 
in these systems. As shown in Figure 7(a), under 266 nm laser irradiation, the 
absorption spectrum of DTZ blue-shifts, and its structure undergoes significant 
changes, consistent with our findings in Section 3.1. In this system, we further 
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introduced different concentrations of PS to generate SO₄•− for DTZ degradation, 
as shown in Figure 7(b) and Figure 7(c). When the initial concentration of PS in 
the system was 200 μM, the reaction rate of DTZ was slower, and the entire ab-
sorption spectrum exhibited a blue-shift, consistent with the changes observed in 
DTZ under 266 nm laser irradiation. However, when the initial concentration of 
PS was 1 mM, the reaction rate of DTZ was faster, and the intermediate reaction 
process was hardly observable, further indicating that the amount of SO₄•− in the 
system significantly impacts the degradation process of DTZ. 

To further distinguish the primary target of SO₄•− and the degradation pathway 
of DTZ under 266 nm UVC UV light, we performed differential spectral analysis on 
the spectra of different systems at various time points. Differential spectra at differ-
ent times (subtracting the UV spectrum of the 200 μM PS + 100 μM DTZ degrada-
tion system from that of the 100 μM DTZ reaction system) are shown in Figure 
8(a). We can clearly observe that after introducing SO₄•− into the system, the mo-
lecular structure of DTZ first undergoes a transformation, with the maximum ab-
sorption wavelength shifting from 236 nm to below 230 nm, followed by a decrease 
in absorbance at this maximum wavelength. Next, we subtracted the UV spectra of 
the 1 mM PS + 100 μM DTZ degradation system from those of the 200 μM PS + 100 
μM DTZ degradation system, as shown in Figure 8(b). We can clearly see that when 
the amount of SO₄•− differs, the degradation system with a higher concentration of 
SO₄•− degrades more of the pollutant, and this pollutant has a maximum absorption 
wavelength around 225 nm, with regular changes over time (the maximum negative 
peak in Figure 8(b) is at 225 nm). These experimental results indicate that under 
266 nm UVC UV light, DTZ first tends to undergo structural transformation to 
generate DTZ-I, and SO₄•− primarily reacts with DTZ-I. Therefore, the degradation 
pathways of DTZ are proposed as shown in Equations (4) and (5). 

 
UVC

DTZ DTZ-I→   (4) 

 4DTZ-I SO product−+ →   (5) 

 

 

Figure 8. (a) Differential spectra of DTZ system and DTZ/200 μM PS system (i.e., Figure 7(a)-(b)); (b) Differential spectra of 
DTZ/200 μM PS system and DTZ/1 mM PS system (i.e., Figure 7(c)-(b)); laser wavelength: 266 nm; laser energy: 40 mJ. 
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These findings clearly indicate that under UVA light irradiation, SO₄•− primar-
ily reacts with DTZ itself, whereas under UVC light irradiation, SO₄•− primarily 
reacts with the deiodinated product DTZ-I. These observations not only align 
with the effects of different wavelengths of UV light on the photoreaction process 
of DTZ but also further confirm the close relationship between the photochemical 
properties of DTZ and its degradation behavior. This study enhances our under-
standing of the mechanisms of UV-based advanced oxidation processes (UV-
AOPs) in the degradation of DTZ, elucidating the key degradation role of highly 
reactive SO₄•− under different wavelengths of UV light and its specific interactions 
with the DTZ molecule or its deiodinated product DTZ-I. These insights not only 
enrich the existing literature but also provide a solid data foundation and theoret-
ical support for the development of degradation strategies targeting contrast 
agents and the exploration of reaction mechanisms. 

4. Conclusion 

In this study, we conducted an in-depth investigation into the degradation process 
of sodium diatrizoate (DTZ) in UV-based advanced oxidation processes (UV-
AOPs) using ultraviolet-visible (UV-Vis) absorption spectroscopy, specific wave-
length UV light, and theoretical calculations. Our findings reveal significant dif-
ferences in the photoreaction processes of DTZ under various UV wavelengths. 
Under UVC exposure, the C-I bond in DTZ undergoes cleavage, resulting in the 
formation of the deiodinated analog DTZ-I. Conversely, UVA does not induce 
structural changes in DTZ. Consequently, in systems exposed to different UV 
wavelengths, the reactive radicals in the advanced oxidation process primarily tar-
get different components, leading to distinct degradation pathways. Under UVA 
exposure, since the C-I bond in DTZ remains intact, DTZ itself becomes the main 
target for reactive radicals. Under UVC exposure, DTZ undergoes deiodination, 
and reactive radicals primarily interact with the deiodinated analog DTZ-I. This 
study not only fills the gap in the existing literature regarding the unique role of 
UV light in the degradation of DTZ during UV-AOPs but also provides a reason-
able research approach for the degradation processes of similar pollutants suscep-
tible to UV light. 
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