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Abstract:

In an effort to examine the persistence and degradation of three toxic fipronil metabolites including fipronil
sulfide, fipronil sulfone and desulfinyl fipronil in water as a function of pH, a laboratory study was conducted
following treatment of each of these metabolites separately in water maintained to pH 4.0, 7.0 and 9.2. The
dissipation of each of these metabolites followed a first order Kinetics. The results also indicated that the
persistence of fipronil sulfide was much higher followed by fipronil sulfone and desulfinyl fipronil regardless of
pH with half life varying from 35- 770, 27.50- 630 and 21.79- 495 days respectively. Moreover, the persistence
of these metabolites decreased in the order of pH 4 > 7 > 9.2. GC-MS analysis of experimental solution
confirmed the identity of two new additional hydrolytic metabolites, which were characterized as 5-amino-1-
[2,6-dichloro-4-(trifluoromethyl)phenyl]-4 [(trifluoromethyl)sulfanyl]-1H-pyrazole-3-carboxamide, the amide
derivative  of fipronil sulphide (FS-1) and 5-amino-1-[2,6-dichloro-4-(trifluoromethyl)phenyl]-4-
[(trifluoromethyl)sulfonyl]-1H-pyrazole-3-carboxamide, the amide derivative of fipronil sulfone (FS-I1).
Keywords: desulfinyl fipronil, fipronil sulphide, fipronil sulphone, pH 4.0, pH 7.0, pH 9.2, transformed
hydrolytic metabolite
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I. INTRODUCTION:

The phenyl-pyrazole insecticide fipronil (5-amino-1-[2,6-dichloro-4- (trifluoromethyl)phenyl]-4-
[(trifluoromethyl)sulfinyl]-1H-pyrazole-3-carbonitrile); is applied to control diverse insect pests of a number of
crops worldwide [Colliot et al. 1992]. It is noteworthy that substances belonging to the phenyl-pyrazole family
though reputed for its herbicidal effects, but fipronil, is a potent insecticide. The fipronil gains importance
especially in controlling insects that have developed resistance or tolerance to pyrethroid, cyclodiene,
organophosphorus, and carbamate insecticides [Colliot et al. 1992; Hosie et al. 1995; Aajoud et al. 2003]. The
multidimensional use of fipronil viz. crop protection against herbivorous insects and mites, household pest
control, veterinary applications and fish farming (Barbee and Stout 2009; Chagnon et al. 2014) apparently looks
good but because of the impacts of fipronil on the populations of aquatic organisms, there is likely to be
environmental consequences of its use. Recently, in cities of China the occurrence of fipronil and fipronil
sulfone in indoor dust samples were detected (Shi et al. 2020). It also binds to GABA receptors (Tingle et
al. 2003) and to glutamate receptor coupled to chloride channels (Barbara et al. 2005) and has favorable
selective toxicity towards insects rather than mammals (Hainzl and Casida 1996; Ikeda et al. 2004; Hainzl et al.
1998). Its mode of action is antagonistic. Glutamate receptors being insect specific, is more effective on
invertebrates than on vertebrates (Narahashi et al. 2007). The toxicity profile of fipronil and its metabolites in
the various environmental compartments have been reported (Hainzl and Casida, 1996) and on an acute basis to
freshwater invertebrates the sulfone and desulfinyl metabolite found to be 6.6 and 1.9 times more toxic than the
parent compound (U.S. EPA 1996). There are several reports on the persistence of fipronil in a number of crops,
and other environmental substrates (Gupta et al. 2008; Lin et al. 2009; Lao et al. 2010; Mohapatra et al. 2010;
Chopra et al. 2011; Bhardwag et al. 2012; Kumar and Singh 2013). It has been documented that fipronil
undergoes degradation involving chemical, biochemical and photochemical mechanism yielding metabolites viz.
fipronil sulfide, fipronil sulfone and fipronil desulfinyl, which are even more toxic than parent insecticide and
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thus considered in residue analysis. The hazards caused to the ecological environment coupled with chronic
neurotoxic effects makes fipronil and its metabolites as class C carcinogens (Qian et al. 2020). Fipronil and its
metabolites have also shown to occur in treated wastewater effluent (Sadaria et al. 2017; Supowit et al. 2016).
Fipronil degrades in water and soil through various metabolic pathways via hydrolysis to the amide metabolite;
oxidation to fipronil-sulfone; and reduction to fipronil-sulfide, mainly under anaerobic conditions (Raveton et
al. 2007). Under alkaline conditions fipronil is unstable and readily degrades via base-catalyzed hydrolysis and
leads to the formation of fipronil-sulfide and fipronil-amide (Bobe et al. 1998b; Ramesh and Balasudramanium
1999). Fipronil sulfide, sulfone and desulfinyl are reported to be more toxic and persistent than the parent
molecule to freshwater invertebrates, avian species, freshwater fish and to a variety of animals (Madsen et al.
2003). Thus, it seems reasonable to assume that the traces of this compound and its metabolites, or its
transformation products are likely to be found in water (Aajoud et al. 2003). However, hardly is understood
relating to persistence of toxic metabolites of fipronil such as sulfide, sulfone and desulfinyl in water as a
function of pH. We, therefore, extended our study to examine the persistence and transformation of these
metabolites at different pH values viz. 4.0, 7.0 and 9.2 under laboratory condition as pH is a relevant factor
determining metabolism. Thus, considering the toxicity of fipronil metabolites the use of fipronil needs more
caution in residential and agricultural application.

Il. Materials and Methods
2.1 Preparation of water samples:
100 mL distilled water was adjusted to different pH values viz. 4.0, 7.0 and 9.2 using buffer powder
for each pH. The pH of the solution was verified by a pH meter.

2.2 Treatment of water with desulfinyl fipronil, fipronil sulfide and fipronil sulfone:

Acetone solution (50 mg L™) of each of the fipronil metabolites (desulfinyl fipronil, fipronil sulfide and
fipronil sulfone) was prepared separately by dilution of secondary stock solution (100 mg L™) of each
metabolites. The water samples (50 mL) of different pH (4, 7 and 9.2) were fortified separately with these
fipronil metabolites by adding 1mL of 50 mg L™ or 1 mL of 100 mg L™ to maintain a final concentration of 1
mg L™ (T1) and 2 mg L™ (T2) respectively for each of these metabolites along with an untreated control (TO0).
Each treatment was replicated thrice. To avoid any loss, the bottles were tightly corked and stored at room
temperature (23 £ 2°C).

2.3 Sampling

The water samples with a gradient of pH from each treatement replications, were collected periodically
at 0 (1 hr after application), 3, 7, 15, 30, 60, 90 and 120 days after treatment and was subsequently analyzed for
each of these parent metabolites and identification of degradation products.
Each treated water samples was extracted thrice with 50 mL portions of ethyl acetate and 10 g sodium chloride
each time in a 500 mL separatory funnel. The upper organic phase was collected over anhydrous Na,SO, in a
pear shaped flask and subsequently dried in a rotary vacuum evaporator (40°C). The residues were reconstituted
with acetone (10 mL) for estimation by GC-MS. The recovery experiment was carried out to find out the
efficiency and reliability of the analytical methods adopted in the present study after fortification each of these
metabolites at a concentration of 0.01, 0.05 and 0.10 mg L™. The parameters used for GC-MS analysis were
summarized in Table 1.

I11. RESULTS AND DISCUSSION
3.1 Recovery study and Detector Linearity : Multi-residue recovery of fipronil metabolites following treatment
with respective metabolites at the level ranging from 0.01-0.10 mg L™ in water of different pH values (4, 7 and
9.2) led to overall recovery from 88.0- 97.20% with RSD of 2.84- 10.0% and signal to noise ratio > 10
suggesting the suitability and efficiency of the method. Thus, the quantification limit for each of these
compounds was set at 0.01 mg L™ irrespective of pH from the recovery study.
Linearity of detector response for each metabolite was established in GC-MS from the five point calibration
curves ranging from 0.01-1.0 mg L™ based on correlation coefficient > 0.997. The ions present in the mass
spectrum of desulfinyl fipronil, fipronil sulfide and fipronil sulfone were comparable to earlier reports (Kaur et
al. 2015; Jimenez et al. 2007; Bichona et al. 2008).

3.2 Fate of fipronil metabolites in water of different pH under laboratory conditions

The results relating to persistence and dissipation pattern of desulfinyl fipronil, fipronil sulfide and
fipronil sulfone in aqueous solution kept in dark for 120 days (Figure 1 & 2) indicated that 15.17-16.83% of
desulfinyl fipronil, 10.67-12.00 % of fipronil sulfide and 12.11-13.50% of fipronil sulfone persisted under acidic
pH even after120 days. The degradation of fipronil metabolites followed a first order kinetics with the predicted
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half life values ranging from 462 — 495, 693-770 and 577.50-630 days for desulfinyl fipronil, fipronil sulfide
and fipronil sulfone depending on treatment. Thus, similar to fipronil, its metabolites were quite stable under
acidic pH (Bobe et al. 1998b; Ramesh and Balasudramanium 1999). Under neutral conditions, the degradation
of desulfinyl fipronil, fipronil sulfide and fipronil sulfone increased marginally over acidic condition with their
persistence ranging from 26.20-28.00, 20.00-24.09, 22.17-26.00 % respectively after 120 days. The half life
values, worked out based on first order dissipation kinetics, were found to be 238.97-266.54, 301.30-364.73 and
277.20-301.30 days for desulfinyl fipronil, fipronil sulfide and fipronil sulfone respectively (Table 2). In
contrast to acid and neutral pH, the degradation rate of these metaboltites was much faster under alkaline
condition that registered half life values ranging from 21.79 — 22.57, 31.50-35.53 and 24.57-27.50 days for
desulfinyl fipronil, fipronil sulfide and fipronil sulfone respectively. Similar to parent molecule, fipronil
metabolites also undergo rapid degradation under alkaline condition (Bobe et al. 1998; Ramesh and
Balasudramanium 1999) but without characterization of additional hydrolytic transformed products. The rank
order of persistence of these metabolites were very similar under different pH values and stability increased in
the order desulfinyl fipronil < fipronil sulfone < fipronil sulfide. The experimental results fitted well with first
order kinetics for all the three compounds as the R? values for desulfinyl fipronil, fipronil sulfide, fipronil
sulfone were in the range of 0.98-0.99, 0.98-0.99 and 0.96-0.99 respectively.

A careful scrutiny of the total ion chromatograms for each of these compounds at different time
intervals revealed that two additional peaks with the retention time of 27.202 (Figure 3) and 38.057 minutes
(Figure 5), designated as FS-1 and FS-II, were observable in water samples treated with fipronil sulfide and
fipronil sulfone respectively but not in samples treated with desulfinyl fipronil. It was further evident that an
additional peak was detectable on 15 days onwards in the water samples at different pH with its abundance at
pH 9.2. The gradual increase in height of this peak throughout the experimental period supported the
corresponding increase in its concentration. Bobe et al. 1998b reported that fipronil in water in absence of light
undergoes hydrolysis involving nucleophilic attack of the hydroxide ion to a polar nitrile bond of fipronil to
yield an unstable hydroxyimine intermediate, which on total tautomerization produces the corresponding
fipronil amide. Similarly, all the fipronil metabolites such as desulfinyl fipronil, fipronil sulfide and fipronil
sulfone bears a polar nitrile bond and thus prone to nucleophilic attack by one of the ionic components of water,
the hydroxide ion, which leads to the formation of the corresponding amide derivative.

3.4 Characterization of FS-I and FS-I1 based on GC-MS/MS

The mass spectrum of FS-1 is shown in Figure 4. The mass spectrum showed molecular ion peak (M*)
at m/z 438 as base peak with four moderately intense diagnostic peaks at m/z 369, 352, 255 and 225. The
molecular ion peak at m/z 438 seemed to result from the addition of a water molecule across the cyano group of
fipronil sulfide. The ion peak at m/z 369 might arise from the loss of a trifluoromethyl group (CF3) from the M+
peak at m/z 438, while loss of a -NH, group from ion fragment at m/z 269 could be ascribed to radical cation
with m/z 352 (Scheme 1). The ion fragment at m/z 255 appeared to arise from m/z 438 by the cleavage of
pyrazole ring, while the ion fragment at m/z 225 formed by the cleavage of C-N bond of the phenylpyrazole
moiety. Based on the mass fragmentation pattern, the compound can be characterized as 5 — amino — 1 - [2,6-
dichloro-4-(trifluoromethyl)phenyl] — 4  (trifluoromethyl)sulfanyl] - 1H — pyrazole — 3 - carboxamide (FS-1),
the amide derivative of fipronil sulfide.

Moreover, the higher retention time (27.202) of FS-I than that of parent compound, fipronil sulfide
(20.946 minutes) indicated that FS-1 is more polar than fipronil sulfide. The presence of a -CONH; group in
place of the —CN group at 3 position of the phenyl pyrazole moiety of fipronil sulfide can possibly increase the
polarity of the compound with higher retention on the chromatographic column. Thus, it seemed reasonable to
assume that fipronil sulfide undergoes a nucleophilic attack by hydroxide ion resulting into the formation of
corresponding amide. The plausible mechanism for formation of amide derivative of fipronil sulfide was
presented in Scheme 2.

The mass spectrum of FS-11 with retention time of 38.057 minutes was shown in Figure 6 with fipronil
sulfone. FS-11 showed the molecular ion peak at m/z 470, which probably result by the addition of a water
molecule to the cyano group of fipronil sulfone and the base peak at m/z 401 by the loss of a trifluoromethyl
group (CFs3) from m/z 470. The cleavage of pyrazole ring from m/z 470 led to the formation of ion fragment at
m/z 255. The plausible mass fragmentation pattern of compound FS-11 was shown in Scheme 3. Based on the
mass spectral fragmentation pattern, the structure of FS-11 could be characterized as 5-amino-1-[2, 6-dichloro-4-
(trifluoromethyl) phenyl]-4-[(trifluoromethyl)sulfonyl]-1H-pyrazole-3-carboxamide (FS-11 ), the amide
derivative of fipronil sulfone. Moreover, the retention time of FS-11 was higher than that of the parent
compound fipronil sulfone (29.445 + 0.2 min) suggesting it’s more polar than the corresponding sulfone.
Increase in polarity of the transformed product which further supports the suggested structure of FS-11. Similar
to FS-1, a plausible mechanism for the formation of FS-11 was shown in Scheme 4. Jones et al. 2007 described
FS-1 as a microbial transformation product of fipronil sulfide in anoxic sediments. Our result, however,
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documented the formation of FS-I in water over a wide range of pH. Contrary to microbial degradation, the
formation of FS-I in water via chemical degradation can not be ruled out. Interestingly, the formation of FS-11
as a degradation product of fipronil appears to be first report.

IV. CONCLUSION:

Fipronil metabolites such as sulphide, sulfone and desulfinyl, although reported to be present in food
commodities, also finds its way to natural ecosystem and are more toxic than the parent molecule. The present
study demonstrates the rapid degradation of fipronil metabolites in alkaline pH to produce metabolites viz. FS-I
and FS-11 which needs for their toxicity evaluation. However, in water bodies with acidic to neutral pH, fipronil
metabolites are more stable and can be a threat to aquatic organisms. The result observed in the present study
might be expected to occur in natural ecosystem. Thus, both the persistence and toxicity of fipronil metabolites
are to be taken into consideration while recommending it in agriculture and public health programme.
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Table 1: GC-MS parameters for analyzing desulfinyl fipronil, fipronil sulfide and fipronil sulfone
Model Gas Chromatograph CP 3800 (make Varian)
Column VF-1701, 30m x 0.25mm % 0.25pm
Detector Mass spectrometric detector: Saturn — 2200
Carrier gas & flow Helium (99.999% pure) 1ImL min™*
Injector temperature 260°C
Injection mode split

Oven temperature

170°C hold for 1min - increased @ 3.5°C min* to 240°C and hold for 5min - increased @ 5°
C min to 265°C hold for 10 min — increased @ 20° C min™ to 280°C hold for 5 min

Trap temperature

200°C

Manifold temperature 40°C
Transfer line temperature 280°C
Emission current 15 pamps
lonization mode Electron Impact (El)
lon preparation SIS and TIC
Details of SIS method
Segment description Start End (min) lonization lon preparation | Quantifying ion Qualifying
(min) mode ions
Solvent delay 0 17.00 - -
Desulfinyl fipronil 17.00 20.00 El SIS 333 388,390
Fipronil sulfide 351 353,420
Fipronil 20.00 27.00 El SIS 369 367,420
Fipronil sulfone 27.00 35.00 El SIS 383 385,255
Figure 1. Dissipation of three toxic metabolites of Figure 2. Dissipation of three toxic metaholites of
fipronilin waterat pH 4, 7 and 9.2 @ 1 mg/L fipronilin water at pH 4,7 and 9.2 @ 2 mg/L
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DSF: Desulfinyl fipronil. FSO: Fipronil sulfone. FS: Fipronil sulphide.
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Table 2. Half life values and rate equations for degradation of desulfinyl fipronil, fipronil sulfide and fipronil
sulfone at different pH

S g
B S
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2 5 s 5 g B
3 g gg = E 2
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£ ° €2 |4 g ==z
3 5 25 T 8x IS
4 1 C =1.01e 0% 0.9942 462.00
4 2 C = 20001 0.9944 495.00
s, 7 1 C = 000 0.9774 238.97
E= 7 2 C = 2.01e™%% 0.9898 266.54
= C
29 9.2 1 C=g0®m 0.9881 2257
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Z 7 1 C = g 000 0.9988 277.20
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T 9.2 2 C = 2¢00%% 0.9908 27.50
Here, C = concentration (in mg mL™) and t = time in days
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Figure 3. Total ion chromatogram of fipronil sulfide including an additional peak at retention time 27.202
minute
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Dissipation kinetics of three toxic fipronil metabolites in water at different pH and ..

Spectrum 14 of
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Figure 4. Mass spectrum of FS-I
kCDuntsi E
Jlon...  70:550 I= -
] E =
1|:||:|—: ) Z
] @ 14 :
. o} | :
75 % -
] ® = :
. o £ :
3 = I~ :
] = [Ty -
a0 o (= =
- — m -
3 e :
: S « :
3 b z
] o :
25 u_/I =
10 20 30 .40
minutes

Seqg 2 |

Figure 5. Total ion chromatogram of fipronil sulfone including an additional peak at 38.057 min. RT
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Dissipation kinetics of three toxic fipronil metabolites in water at different pH and ..

Spectrum 1A 0[]
(11662=100%), 38.057 min, Scan 1656, 70:550, lon: 2433 us, RIC: 87636, BC
1[']%!_: 0 1'-"];]5 .
] I
. FSC——S COMNH,
. Df’f M35
76% i }1 _
1 HNTN
_ . Cl Cl
: 250.5 4.3
5% CF, 470.2 B
1 FS-I1 M35 2965
] 1085 1624 05 a3y 42 A2
Dq.f’l:'_: TR TR Fo—
N L L LA AL [r e L L UL L
o0 200 300 40 An:quwecPEange iz
Figure 6. Mass spectrum of compound FS-11
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Scheme 1. Plausible mass fragmentation pattern of compound FS-I
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Scheme 2: Plausible mechanism for formation of amide derivative of fipronil sulfide
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Scheme 3. Plausible mass fragmentation pattern of compound FS-I1
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Scheme 4. Plausible mechanism for formation of amide derivative of fipronil sulfone
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