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Abstract
The occurrence an d infestations of chlorine-resistant invertebrates in drinking water distributions have
attracted concerns on water quality in China, making effective deactivation imperative. This study
presents a no vel strategy for nematode ( Caenorhabditis elegans ) deactivation using
peroxymonosulfate (PMS)/UV-C. The results indicated that 100% deactivation e�ciency was obtained
under optimal conditions. An acidic pH and 0.25 mg/L Fe(II) were bene�cial to the PMS/UV-C-triggered
deactivation of nematodes. A mechanism study demonstrated that  was activated by UV-C to produce ·
OH and · SO 4 - , which resulted in oxidative stress and stimulated the occurrence of cell apoptosis,
leading to nematode deactivation. The results reveal PMS/UV-C as an alternative to chlorination in water
treatment plants (WTP) or an emergency application when chlorine-resistant invertebrates breed in a
second-supply water tank, is a promising strategy for disinfection. This approach afforded the
advantages of avoiding the production of chlorine disinfection by-products (DBP) and greater e�cacy of
nematode deactivation. This work will provide ideas for on-going research efforts into chlorine-resistant
invertebrate deactivation, and eventually achieve the direct drinking of municipal tap water.

1. Introduction
Infestations of invertebrates at waterworks and complaints by water users about the presence of
invertebrates in tap water are of growing concern (van Lieverloo et al. 2012). Invertebrates are found in a
water supply system due to the intensi�ed pollution of source water and the widespread application of
advanced treatment technologies, i.e., previous research showed granular activated carbon (GAC) �lters
provided ideal habitats for invertebrates (Schreiber et al. 1997, Wang et al. 2014, Weeks et al. 2007). Most
species of invertebrates can be deactivated by conventional chlorination, but a few invertebrates such as
nematodes and red worms, namely chironomid larvae, Tubifex worms and Calamaria pavimentata, are
di�cult to be deactivated and thus de�ned as chlorine-resistant invertebrates (Wu &Chen 2019).
Nematodes were reported to be abundant in treated water and distribution systems (Bichai et al. 2009,
Kos et al. 2019). A survey conducted by almost all water companies in the Netherlands revealed common
invertebrates in treated water and in tap water were rotifers and nematodes (van Lieverloo et al. 2012).
Inactivation of Chironomid larvae with chlorine (Sun et al. 2005), chlorine dioxide (Sun 2006, Sun et al.
2007) , ozone (Sun 2006) were previously reported. Chlorine inactivation of Tubifex in drinking water and
the synergistic effect of sequential inactivation with UV irradiation and chlorine was studied by Nie et al.
(2017). In addition, inactivation of Tubifex by copper (Huang et al. 2010) and six common disinfectants
including sodium hypochlorite, liquid chlorine, chloramines, chlorine dioxide, hydrogen peroxide, and
potassium permanganate composite (Chen et al. 2009) were researched before. Compared with
chironomid larvae and Tubifex worms, there has been little research on the deactivation of nematodes.

Free living nematodes can ingest viruses and pathogenic bacteria as well as (oo)cysts (Bichai et al. 2010,
Chang et al. 1960, Levy 1990), although there are no indications that free living nematodes pose a threat
to public health. The associated pathogens were found to be Escherichia coli, Bi�dobacterium,
Salmonella sp., Vibrio cholera, Cryptosporidium and Giardia etc., and they are related to intestinal
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infection, tuberculosis, typhoid fever, cholera and diarrhea (Li &Chen 2019). Cryptosporidium and Giardia
often cause waterborne outbreaks of disease due to their zoonotic potential and impact on human health
(Ligda et al. 2020). The estimated number of bacteria that could be associated with a single invertebrate
(based on average invertebrate numbers) ranged from 10 to 4,000 bacteria per organism (Wolmarans et
al. 2005). In addition, ingested (oo)cysts were found to remain intact, viable and infectious within the
digestive tract of the nematode (Bichai et al. 2008). Hence, potential oral exposure to bacterial-laden
nematodes, their decaying parts and endotoxins released from bacteria poses high risks to public health
under the worst case scenario. (Levy 1990)

Free chlorine is widely used for the disinfection of drinking water, but the challenge remains that
invertebrates often display a higher level of resistance to chlorine disinfection than bacteria and viruses
(Matsumoto et al. 2002, Yan et al. 2010). Previous research attributed invalid chloride disinfection of
pathogenic bacteria to the shelter provided by higher organisms such as nematodes. (Bichai et al. 2008).
It was noted that nematodes have been shown to ingest, harbor and transport pathogenic bacteria and
protect them against UV disinfection and chemical disinfectants (Bichai et al. 2010, Bichai et al. 2009).
Smerda et al. (1971) fed Salmonella sp. to nematodes, surface sterilized them via 10 ppm free chlorine
solution and later recovered viable Salmonella in the excreta. These fecal-associated bacteria may be
protected from disinfection by virtue of this association, and can continue to survive in spite of residual
disinfectant (Levy 1990). Thus, deactivation of chlorine-resistant nematodes is vital to ensure drinking
water safety and an effective alternative to conventional chlorination is urgently needed.

Recently, peroxymonosulfate (PMS)/UV has attracted increasing attention in the deactivation of fungi
and bacteria due to growing demands to control disinfection by-products (DBPs) while providing e�cient
microbial control (Ao et al. 2016). The oxidative environment produced by free radicals such as ·OH and
 (Eq. 1) (Yang et al. 2015) played an important role in microorganism deactivation (Umar et al. 2019, Xiao
et al. 2019). And the lifespan of C. elegans under high oxygen concentrations were shorter than those
under normoxic conditions (Honda &Honda 2002). Judging from this, the strong oxidative conditions
produced by PMS/UV are highly likely to cause rapid deactivation of nematodes. To the best of our
knowledge, research on applying PMS/UV to the deactivation of nematodes and the potential mechanism
has not been previously reported. Current research on the deactivation mechanisms of ·OH and  were
mainly limited to bacteria, fungi, algae and viruses, but huge knowledge gap still existed in higher
organisms in higher organisms (Xiao et al. 2019).

In this study, a PMS/UV-C system was applied to deactivate nematodes. The nematode C. elegans was
chosen as the experimental subject (Bichai et al. 2009, Bichai et al. 2008), because it is a member of the
Rhabditidae family, which appears ubiquitous detection in drinking water (Bichai et al. 2008, Tombes et
al. 1979). This paper examined deactivation e�ciency and the underlying mechanisms of nematodes by
PMS/UV-C. The implications of these �ndings are discussed in the context of providing direct drinking
water.

2. Materials And Methods
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2.1. Microorganisms and chemicals

Reagents are concisely provided in the Supporting Information (SI) Text S1.

C. elegans (strain N2, wild type) were cultured on nematode growth media (NGM) plates fed on
Escherichia coli strain OP50 (Brenner 1974). In a typical experiment, nematodes were cultured in NGM in
a 20°C constant temperature incubator, and then rinsed with deionized water.

2.2. Experimental procedure

Nematodes of the same adult period length were selected and transferred to a 35mm petri dish with a
pipette under a microscope (Olympus SZ61, Japan). Each individual experiment contained ~30
nematodes. Then, 5-mL aliquots of PMS at different concentrations were added to the 35-mm Petri
dishes containing the nematodes. The Petri dishes were put into a homemade device (Fig. S1) and then
irradiated at 254 nm with a UV-C lamp (8W, Cnlight, China). The UV irradiation intensity was measured to
be ~50 μW/cm2 by a UV radiometer (UV-B Photoelectric Instrument Factory of Beijing Normal University,
China). At different time intervals, Petri dishes were removed from the device and the numbers of live
nematodes were counted. Except where otherwise speci�ed, the system temperature was maintained at
25 ± 1°C and all experiments were conducted at least in triplicate. The effects of different PMS
concentrations and temperatures were investigated. To determine the in�uence of pH, appropriate
amounts of H2SO4 (0.1 M) or NaOH (0.1 M) were added to adjust the initial pH value.

2.3. Analytical methods

2.3.1 Nematode dead judgement

Nematodes were considered dead if they became straight and immobile for more than 5 seconds.

2.3.2 Free radicals measurement

To identify the major oxidants involved in the C. elegans deactivation by PMS/UV-C, the radicals (  and
·OH) and singlet oxygen (1O2) were detected by employing electron paramagnetic resonance (EPR, EM
Xplus-10/12, Bruker, Germany) spectroscopy with 25 g/L 5,5-dimethyl-1-pyrroline-N-oxide (DMPO) (Li et
al. 2018, Nosaka &Nosaka 2017, Rao et al. 2019) and 2,2,6,6-tetramethyl-4-piperidinol (TEMP) (Li et al.
2018, Yang et al. 2018) as the spin traps. The solutions containing 1 mM PMS at pH 6.0 were irradiated
for 10 min and heated for 20 min before the EPR measurement. Further details are given in Text S2. The
·OH production was measured using coumarin as the trapping agent. A solution containing 1 mM
coumarin and 1 mM PMS was prepared and irradiated (or heated) for different duration. At given time
intervals, aliquots were taken and monitored using a �uorescence spectrometer (HORIBA MAX, Japen) at
an emission wavelength of 460 nm.

2.3.3 Concentrations of
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A modi�ed rapid spectrophotometric determination method was adopted to determine the concentration
changes of  during the activation of PMS by UV-C or heat at 254 nm according to a reported method (Li et
al. 2018, Liang et al. 2008) using a UV-1800 UV spectrophotometer (SHMADZU, Japan).

2.3.4 FTIR spectra and SEM test

The changes in functional groups of the nematodes were measured by FTIR spectrometer NICOLET 5700
(Thermo, USA) in the range of 4000-400 cm-1 using the potassium bromide (KBr) pellet method. The
appearance of nematode structures before and after PMS/UV-C treatment was detected by scanning
electron microscope (SEM, FEI Nova Nano SEM 450, USA).

2.3.5 Bioassay

Enzyme proteins were extracted from nematode homogenates according to a previous  protocol (Zhang
et al. 2017), and analyzed using a Total Superoxide Dismutase Assay Kit with WST-8 (S0101, Beyotime,
China). Details of the analysis of superoxide dismutase (SOD) are presented in Text S3. Reactive oxygen
species (ROS) and cell apoptosis were measured by a Nikon laser confocal microscope (Nikon A1R,
Japan) and details were presented in Text S4.

2.3.6 Statistical Analysis

The data obtained were averaged, and the corresponding standard deviations were determined.

ROS and cell apoptosis were expressed in relative �uorescence units (RFU) by Image J software and
detailed in Text S4.

3. Results And Discussion

3.1. Nematode deactivation e�ciency of the PMS/UV-C
system

A deactivation overview of 30 C. elegans nematodes at different concentrations of PMS against reaction
time under UV-C irradiation (254 nm) is shown in Fig. 1a. The deactivation e�ciency was highly
correlated with the PMS concentration in the PMS/UV-C system. A deactivation e�ciency of 36.7% ± 0%
was found when the PMS concentration was 0 mM, which can be attributed to the UV-C irradiation alone.
When the PMS concentration was increased to 1 or 2 mM, the deactivation e�ciency was greatly
improved and 100% ± 0% deactivation could be achieved within 90 min, which was signi�cantly higher
than that of 0 mM and 0.5 mM PMS solutions (p 0.01). During the nematode deactivation process in the
PMS/UV-C system, a rapid decrease in pH was observed and became more obvious with increasing PMS
concentration as shown in Fig. S2. When the PMS concentration was 2 mM, the pH decreased from 6.0 to
3.4. The reason for the pH decrease may be partially due to H+ generation during the consumption of  
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(Eq. 2) (Rao et al. 2019, Sharma et al. 2015). Previous researchers found that endo- and exo-bacterial
organic compounds attacked by  -derived ROS released aliphatic acids, which also contributed to the pH
decrease (Rincon &Pulgarin 2004).  In this study, however, the pH variations of the PMS/UV-C system
were similar with or without nematodes, so we inferred no acid was released by the nematodes during
deactivation.

Fig. 1b shows that 1 mM PMS alone had no toxic effect on C. elegans. Under UV-C irradiation alone, 33%
± 4.7% deactivation e�ciency was achieved, owing to the deactivating effect of UV on the organisms
(Beber de Souza et al. 2015, Cadet &Wagner 2013), but the UV-C deactivation e�ciency in this study was
not the same as previously reported. In former report, The irradiation time required to achieve 100%
elimination of nematode larvae and adults were 9 and 10 min, respectively (Dehghani et al. 2013), and
this difference could possibly be attributed to a different UV reactor set-up, nematode species and
whether stirring was employed. It is worth mentioning that PMS/UV-C greatly improved the deactivation
e�ciency compared to UV-C (p<0.01), and the damage to the nematodes was irreversible because there
was no sign of life if the deactivated nematodes were re-cultured in NGM for 48 h at 20°C after the 90-min
PMS/UV-C deactivation.

3.2. Factors affecting the PMS/UV-C system

3.2.1 Effects of temperature on PMS activation
The successful generation of  and ·OH and consumption of in the PMS/UV-C system were con�rmed as
shown in Fig. S4.  ·OH generation was monitored at different temperatures as shown in Fig. 2a. The high
�uorescence intensity indicated a large amount of ·OH was produced, which was consistent with the high
nematode deactivation e�ciency at 35°C. Moreover, the radical generation was further veri�ed by EPR
spectroscopy. As shown in Fig. 2b, the obvious signals of DMPO-·OH and DMPO-  were observed at 35°C.
The appearance of the TEMP signal (Fig. 2c) was clear evidence of 1O2 production whether heated or not,

which supported the view that PMS self-decomposed spontaneously to form 1O2 (Zhou et al. 2015). The
corresponding PMS decomposition rate was determined as shown in Fig. S5.

Since UV-C irradiation may cause a successive temperature rise during the reaction process, to test the
possibility of PMS activation by heat, the effects of different temperatures on nematode deactivation
were investigated without UV/C illumination, and the results are shown in Fig. 2d. Though 30.0% ± 9.4%
of deactivation e�ciency was obtained at 30°C in 90 min, a small amount of ·OH could be detected (Fig.
2a), which may mean that the generated radicals were not su�cient to overwhelm the nematode defense
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systems, resulting in negligible nematode death. However, complete deactivation was found when the
temperature was increased to 35°C. The effects of heating without PMS were measured as 1.67% ± 0.3%
and 30.0% ± 9.4% at 30°C and 35°C, respectively. Therefore, the intrinsic heat effect at 35°C played a
minor role and the nematode deactivation was mainly due to the effect of activated PMS, which also
suggested that temperatures higher than 30°C would be more effective for PMS activation within 90 min
(p 0.01). Note that the temperature of the PMS/UV-C system was maintained below 30°C, so the
observed PMS activation was attributed to UV-C irradiation.

 

3.2.2 Effects of pH, Fe(II) and common anions
 

The nematode deactivation e�ciency in the PMS/UV-C system was found to be highly dependent on pH
values. Acidic reaction condition exhibited a better deactivation performance, and a signi�cant decline in
deactivation e�ciency was observed with increasing pH values. When the pH value increased to ~9.0, the
deactivation e�ciency of the nematodes dropped signi�cantly to 55.0% ± 2.4% (p 0.01) (Fig. 3a). A
possible reason is that   ions are stable in neutral and acidic solutions, but will apparently be converted to
·OH at pH > 8.5 (Eq. 2) (Huang &Huang 2009). Compared with ·OH,  exhibits a higher oxidation-reduction
potential and longer half-life (Chen et al. 2019b, Rastogi et al. 2009). Therefore, the role of  was more
important than that of ·OH for nematode deactivation (Wang et al. 2019). In addition, the pH was
monitored to remain rather stable under acidic and neutral conditions, while decreased signi�cantly from
9.0 to 6.4 in an alkaline environment (Fig.S6a). This result was consistent with previous studies, which
showed that when the pH was ~9.0, PMS exhibited the poorest stability as  decomposed to  and H+

(Wang &Wang 2018). E�ciencies at different pH values without PMS in the dark were determined to
examine the impacts of sole pH on nematode deactivation, and no nematode deactivation was observed
in the pH range of 5.0–9.0 (Fig. S6b).

The effects of common ions in drinking water on the PMS/UV-C system were investigated. Bicarbonate,
which can quench radicals to inhibit the oxidation process (Wu et al. 2015), is the representative of
inorganic carbon in drinking water. As shown in Fig. S6c, 1 mg/L NaHCO3 exhibited a slight inhibition;
with further addition of NaHCO3, the deactivation e�ciency decreased greatly with the presence of 10
mg/L and 20 mg/L of NaHCO3. Bicarbonate could quench  and ·OH to generate , which has a much lower
redox potential, see Eq.3, 4 (Sharma et al. 2015) In addition, the variation of pH was monitored during the
reactions (Fig. S6d). The results showed pH dropped over time and the terminal pH values dropped more
gently with increasing concentration of NaHCO3. Therefore, both the relatively higher pH and the
quenching of  and ·OH might produce detrimental effects on nematode deactivation.           
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As shown in Fig. 3b, Cl– was found to only slightly reduced the nematode deactivation. This could be due
to the scavenging of  by Cl– to produce the less reactive chlorine species ·Cl and , see Eq. 5, 6 (Fang et al.
2012, Sharma et al. 2015). The deactivating ability of reactive chlorine species was expected to
compensate for the loss of , leading to the insigni�cant in�uence of Cl–, which implied that much higher
concentrations (0.01M) than conventional applied doses might reach the same e�ciency as PMS. As for
CH3COO–, a signi�cant decline (30.0% ± 4.7%) in deactivation e�ciency was observed with the addition

of CH3COO–, which could be explained by competition for free radicals. Apart from these anions, it is well-
known that very low concentrations of Fe(II) are usually present in drinking water. Fe below 0.3 mg/L
meets the drinking water standard of China, the deactivation performance of 0.25 mg/L of Fe(II) in the
PMS/UV-C system was investigated (Fig. 3b). Rather more effective than pure PMS/UV-C, PMS/UV-
C/Fe(II) achieved 100% deactivation in a shorter time (Fig. 3b). This was because ferrous ions catalyzed
PMS to generate sulfate radicals, see Eq. 7 (Anipsitakis &Dionysiou 2004, Ghanbari &Moradi 2017, Rao et
al. 2019). Therefore, PMS/UV-C was an effective method for nematode deactivation, especially when the
drinking water contained trace Fe(II), although this was not expected to be the

3.3 Mechanism of nematode deactivation
 

Various factors, inside or outside an organism, can result in ROS production, which induce oxidative
stress. In response to such oxidative stress, organisms can deploy superoxide dismutase (SOD) to
scavenge ROS to maintain cellular homeostasis (Balaban et al. 2005). Therefore, a higher SOD activity
indicates the cells are encountering more severe oxidative stress from the environment. As shown in Fig.
4a, in the initial 60 min, SOD activity increased rapidly with irradiation time, which indicated there were
increasing numbers of ROS attacking the nematodes at the beginning of the deactivation process, with
defense systems displaying a higher SOD activity to protect the cells. This observation is consistent with
the results of Fig. 1a (1 mM PMS/UV-C), that the killing e�ciency was 0% before 60 min because the anti-
oxidative enzymes protected the nematodes up to 60 min. After 60 min, the increasing deactivation
e�ciency in Fig. 1a (1mM PMS/UV-C) could be reasonably explained by SOD activity decreased as the
deactivation process progressed. It was probable that the increasing amount of radicals eventually
overwhelmed the self-defense system and led to the downregulation of SOD activity and the



Page 9/21

accumulation of ROS in vivo, which induced severe impairment in nematode cells (Fig. 4c). In contrast,
negligible SOD activity was observed under light control (without PMS) and slight SOD activity under dark
control (without UV-C irradiation) conditions. This result further con�rmed the radical-induced oxidative
deactivation of nematodes in the PMS/UV-C system.

To further con�rm the hypothesis raised above, the ROS level and degree of cell apoptosis were evaluated
after different operating durations. The intracellular ROS level was tested using a H2DCFDA probe, which
can be hydrolyzed to non-�uorescent dichloro�uorescein (DCFH) by esterases in the cells and can
subsequently be oxidized to the �uorescent dichloro�uorescein (DCF) by cellular ROS. Figure. 4b showed
signi�cant increases in ROS production were detected after exposure to PMS/UV-C for more than 20 min;
Fig. 4c reveals that signi�cant cell apoptosis was discovered  (Chen et al. 2019a, Zhou et al. 2016) after
exposure to PMS/UV-C for 40 min. It is inferred that the ROS accumulated as the time passed, and then
caused signi�cant cell apoptosis.

 

SEM spectra was applied to suggest that the nematodes suffered from cuticle wrinkling and cracking
after PMS/UV-C treatment (Fig. 5b) compared with the intact and smooth cuticles of untreated
nematodes (Fig. 5a). FTIR indicated that the effect of PMS/UV-C on the cuticle was an important
prerequisite for nematode deactivation. Fig. 5c shows that vibrations at 1660, 1548 and 3469 cm–1 were
assigned to amide I, amide II and asymmetric stretching N–H bonds of proteins (Movasaghi et al. 2008,
San-Blas et al. 2011). Vibrations at 2925 and 2856 cm–1 were assigned to asymmetric CH2 and
symmetric CH3 stretches of the lipids (Bouyan�f et al. 2018), conforming to literature reports that the
main biochemical components of the cuticle are proteins, lipids and water (Xue et al. 2012). The smooth
and dense cuticle provided a protective effect for the nematodes (Zhan et al. 2007, Zhou et al. 2010). But
after 90 min of PMS/UV-C processing, substantial changes took place. The –C=O of the phosphodiester
group stretching vibration of the triglycerides band was seen at 1727 cm–1(Wu et al. 2001); 1282 cm–1

could be assigned to collagen CH2 wagging, nucleic acids and amide III (Ci et al. 1999). The band at 1124

cm–1 was due to C–O, C–C stretching, C–O–H, C–O–C deformations of glycogen (Chiriboga et al. 1988,
Diem et al. 2004). The region around 1074 cm−1 was assigned to C–C, C–O, C–O–C stretching vibrations
of carbohydrates (San-Blas et al. 2011). This evidence indicated external oxidative stress damaged the
nematode cuticle. Therefore, the deactivation process was con�rmed to damage both the outer cuticle
and in vivo components of the nematodes.

Despite the potential role of UV-C in the deactivation of nematode (Fig. 1b), oxidative radicals generated
from PMS/UV-C were believed to play the major role in deactivating nematode. The deactivation
mechanism in the PMS/UV-C system was proposed as shown in Fig. 6.At �rst,  was activated by UV-C to
produce  and ·OH. These oxidative radicals damage the outer cuticle and induced oxidative stress in
nematode, including the accumulation of ROS and altered activities of antioxidant enzymes. Cell
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apoptosis was further con�rmed to occur in the nematode, which stimulated the cuticle wrinkling and
cracking and �nally resulted in the death of nematode.

4. Environmental Implications And Future Investigative Studies
The challenge of being able to directly drink municipal tap water calls for new technologies to ensure the
biosafety of drinking water. This study provides the �rst research on applying PMS/UV-C to nematode
deactivation by investigating its e�ciency and mechanism, �nding  and ·OH were e�cient in deactivating
chlorine-resistant nematodes. This suggested that PMS/UV-C was an alternative to chlorination in WTPs
or an emergency application when chlorine-resistant invertebrates breed in a second-supply water tank.
PMS/UV-C offers the following advantages: �rst, a superior nematode deactivation effect compared to
chlorination; second, a reduction in chlorinated DBPs (and it must be stated that the detection,
characterization and quanti�cation of other DBPs was outside of the scope of this study); third,
prevention of the dissemination of pathogens associated with nematodes. This work will
offer consideration to on-going research efforts to achieve chlorine-resistant invertebrate deactivation.

5. Conclusion
This is the �rst report applying PMS/UV-C to nematode deactivation by investigating its e�ciency and
mechanism. The results showed that 100% deactivation e�ciency was obtained under optimal
conditions. The acidic pH and 0.25 mg/L Fe(II) promote the PMS/UV-C-triggered nematode deactivation.
The mechanism study demonstrated that  was activated by UV-C to produce  and ·OH, which induced
oxidative stress in nematode, including the accumulation of ROS and altered activities of antioxidant
enzymes. Cell apoptosis was further con�rmed to occur in the nematode, which stimulated the cuticle
wrinkling and cracking and �nally resulted in the death of nematode. PMS/UV-C has the potential to be
an alternative to chlorination in a WTP or an emergency application, for example, chlorine-resistant
invertebrates breed in a second-supply water tank.
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Figures

Figure 1

(a) C. elegans deactivation e�ciencies in the PMS/UV-C system with different PMS concentrations; (b)
nematode deactivation e�ciencies under different conditions within 90 min. (Experimental conditions:
number of nematodes: 30; [PMS] = 1 mM ; T = 25 ± 1 °C; [pH]0 ≈ 6.0.)
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Figure 2

(a) Nematode deactivation e�ciencies at different temperatures; (b) �uorescence intensities of PMS
solution with 1 mM coumarin at different temperatures; (c) EPR spectra obtained with DMPO and (d) EPR
spectra obtained with TEMP after 20 min heating at different temperatures in the dark. (Experimental
conditions: [PMS] = 1 mM; [pH]0 ≈ 6.0).
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Figure 3

(a) Nematode deactivation e�ciencies in the PMS/UV-C system: effects of different initial pH values; (b)
effects of different ions on the bacterial deactivation e�ciency in the PMS/UV-C system. (Experimental
conditions: nematode numbers = 30; [PMS] = 1 mM; T = 25 ± 1°C; [pH]0 ≈ 6.0; [Fe2+] = 0.25 mg/L;
[inorganic anions] = 0.01M.)
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Figure 4

(a) SOD activity after different treatments; (b) effects of PMS/UV-C treatment on ROS production; (c)
effects of PMS/UV-C treatment on the degree of cell apoptosis and were quanti�ed by �uorescence
intensity. The asterisks indicate significant differences between the treatment and control groups, *p <
0.05. (Experimental conditions: [PMS] = 1 mM; T = 25 ± 1°C; [pH]0 ≈ 6.0.)
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Figure 5

SEM images of nematodes: (a) untreated; (b) 90 min treatment of PMS/UV-C; (c) FTIR spectra of
nematodes untreated or treated by PMS/UV-C for 90 min. (Experimental conditions: nematode numbers =
300; [PMS] = 1 mM; T = 25 ± 1°C; [pH]0 ≈ 6.0.)
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Figure 6

Schematic diagram of the nematode deactivation mechanism in the PMS/UV-C system.

Supplementary Files

This is a list of supplementary �les associated with this preprint. Click to download.

Supportinformation.docx

Fig.S1.tif

Fig.S2.tif

Fig.S3.tif

Fig.S4.tif

Fig.S5.tif

Fig.S6.tif

https://assets.researchsquare.com/files/rs-157126/v1/719a3a47df0ecacfef860a26.docx
https://assets.researchsquare.com/files/rs-157126/v1/318e09dcaac8f88f521ccb2a.tif
https://assets.researchsquare.com/files/rs-157126/v1/f2ec50676aaea50e1eed3a13.tif
https://assets.researchsquare.com/files/rs-157126/v1/fec20a96bd06fda7ade76f66.tif
https://assets.researchsquare.com/files/rs-157126/v1/5cb280f28f9bb757acd8c23f.tif
https://assets.researchsquare.com/files/rs-157126/v1/d38c28645838720a92c737dd.tif
https://assets.researchsquare.com/files/rs-157126/v1/1d5b9012c620982a2705fb49.tif

