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STUDY OF FUNGICIDE PROTHIOCONAZOLE
RESIDUES IN CROPS UNDER FIELD CONDITIONS
IN UKRAINE

l. Lepeshkin, PhD, L. lvanova, PhD, O. Bagatska, PhD, P. Aleynov, M. Lepeshkina
«L.l. Medved's Research Center of Preventive Toxicology, Food and Chemical Safety, Ministry of Health,
Ukraine (State Enterprise)», Kyiv, Ukraine

Summary. Objectives. The determination and assessment of new pesticides active ingredient — prothioconazole residues
after crops treatment.

Methods. Prothioconazole-desthio (the prothioconazole main metabolite) residue decline studies were conducted in two
main agro-climatic zones of Ukraine during of prothioconazole-based fungicides field trials in 2002-2013. The recom-
mended by manufacturer application rates were used: for seed treatment up to 270 g a.i./1000 kg seed ( 1 application) and
for foliar spray up to 225 g a.i./ha (3 applications). Residues of prothioconazole-desthio in treated crops were determined
by gas-liquid chromatography and high-performance liquid chromatography.

Results. The obtained data of field trials showed that prothioconazole-desthio residue in the harvest of treated crops were
below limits of quantitation. The half-life (DT ) values of prothioconazole degradation in cereals, rape and sunflower were
calculated. The possible daily intake of prothioconazole-desthio were lower than allowable level.

Conclusion. Prothioconazole in terms of degradation rate of in the crops belongs to the pesticides of hazard class 3 in
accordance (moderately persistent) with the Hygienic classification of pesticides by hazard. Dietary intake of prothiocona-
zole-desthio residues is unlikely to present public health concern. MRLs for prothioconazole (prothioconazole—desthio)

and values of pre-harvest interval (PHI) for safety use were recommended.

Key words: pesticide, prothioconazole, residues, field trials

Prothioconazole is a new active ingredient of pesti-
cides produced by Bayer CropScience. This com-
pound belongs to the new chemical class of tria-
zolinthiones and has fungicidal properties. It is a
broad-spectrum systemic pesticide to control fungal
diseases of crops. It acts on ergosterol biosynthesis,
formation, stability and functioning of fungal cell
membrane.

There are a lot of prothioconazole-based fungicides
have been registered in Ukraine: Lamardor 400 FS,
Lamardor PRO FS 180, Yunta Quattro 373,4 FS, Fever
300 FS, Redigo M 120 FS and Scenic 80 FS, Soligor
425 EC, Tilmor 240 EC, Medison 263 SC, Propulse
250 SE, Aviator Xpro 225 EC according to the List of
pesticides in Ukraine [1, 2].

These fungicides are used in Ukraine as fungicides
for seed treatment and foliar spray application and
provide protection to such crops as cereals (barley
and wheat), soybean, rape, maize and sunflower.

The purpose of our study was to determine and esti-
mate prothioconazole (prothioconazole-desthio)
residues after crops treatment of prothioconazole
containing pesticides.

Materials and methods

The different commercial prothioconazole formula-
tion were used. All tested formulations and technical
grades prothioconazole were obtained from manu-
facturer (tabl. 1).

The review and assessment of data concerning pro-
thioconazole and prothioconazole-desthio toxicity was
carried out before field trials according to requirement
for pesticide state registration in Ukraine [3].

Field trials were conducted in Ukraine during 2002-
2013 in two main agro-climatic zones (Steppe and
Forest Steppe). Prothioconazole residue decline trials
in treated crops were carried out in accordance with
the basic principles outlined in the guidelines [4, 5].

Experimental plots received the standard agronom-
ic practices through experimental period. The treat-
ments were carried out by knapsack sprayer
equipped with one nozzle. In each trial one application
was made with different formulation. The plots were
treated at recommended by manufacturer rates of
formulations: for seed treatment up to 270 g/1000 kg
seed and for foliar spray application from 53-160 g/ha
(2 applications) to 225 g/ha (3 applications).
Untreated plots were left to serve as control.

Crops sampling was performed from various places
of the experimental plots according to the FAO/WHO
recommendations and Ukrainian guidelines [4, 5].
Field trials design for each fungicide formulation
included several sampling intervals. Samples of crops
were taken starting from 1 hour after pesticide appli-
cation (0 day) up to the harvest day. Within this period
we took samples with equally time intervals after treat-
ment. Terms of sampling depended on the timing of
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Table 1

Chemistry properties of prothioconazole and prothioconazole-desthio

Prothioconazole

Common name (JAU 6476)

Prothioconazole-desthio
(JAU 6476-desthio)

Chemical name

3(4H)-thione

IUPAC:2-[(2RS)-2-
propyl)-3-(2-chlorophenyl)-2-
hydroxypropyl]-2H-1,2,4-triazole-

(1-chlorocyclo-| . a-(1-chlorocyclopropyl)-a-

o(2-chlorophenyl)methyl-1H-
1,2,4-triazole-1-ethanol

CAS RN: 178928-70-6 120983-64-4
zl ?H cl OI-(|3|
CH; ¢ ﬁ' CHfdcf ,

4 H

Structural formula g CH; g Hz
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application, characteristics of crops vegetation and
agro-climatic conditions during the crops growth peri-
od. The control samples were taken in each sampling
time. After collecting the samples were placed into
polyethylene containers and frozen at — 18 °C [6].

Taking into consideration rapid degradation of pro-
thioconazole in plant and the toxicological signifi-
cance of the metabolites, residue determination of
the active ingredient in the crops samples was carried
out by prothioconazole-desthio (toxicologically rele-
vant metabolite).

Residues of prothioconazole-desthio in treated
crops has been determined using gas-liquid chro-
matography (GLC) and high-performance liquid chro-
matography (HPLC) [7-8].

The calculation of half-life (DT) of prothioconazole
in treated crops was conduct based on mathematical
modeling using single first-order kinetics [9].

Results and discussion

Based on data analysis of prothioconazole and pro-
thioconazole-desthio  toxicological properties,
acceptable daily intake (ADI) of 0.001 mg/kg bw was
established and approved in Ukraine [10]. The toxico-
logical and hygienic assessment of prothioconazole
and its metabolites [3] indicate that the prothiocona-
zole metabolite is prothioconazole-desthio determin-
ing the main toxicity properties of active ingredient,
and also is the main component of its residues in agri-
cultural commmodities.

Following brand-named formulation were used for
crop seed treatment (tabl. 2):

The results of our trials indicated that in grain (seed)
of crop grown after seed treatment on the harvest day
(83th -116th day) prothioconazole-desthio residues
were not determined.

Residues in crops treated by foliar spray appli-
cation

Cereals: barley and wheat

The data of our experiments demonstrated that
after two application of fungicide Soligor 425 EC at
rate 53 g a.i./ha in wheat grain prothioconazole-
desthio was not found in all studied samples including
harvest day (41th days).

After two applications of fungicide Tilmor 240 EC at
rate 120 g a.i./hain barley green plant on the 0 day pro-
thioconazole-desthio residues were 0,52 mg/kg; in
barley ear on the 9th days after application active ingre-
dient residues were 0,5 mg/kg. In grain barley on the
20th days after application and on the harvest day (30th
days) prothioconazole-desthio was not detected.

The prothioconazole-desthio residues in wheat ear,
treated by fungicide Medison 263 SC at rate 160 g
a.i./ha (2 applications) were: 0,58 mg/kg 0 day; 0,69
mg/kg on the 7th day and 0,79 mg/kg on the 13th day
after application. In wheat grain on the harvest day
(30th days) prothioconazole-desthio was not found.

In green plant of wheat after two applications of
fungicide Aviator Xpro 225 EC at rate 120 g a.i./ha on
the 0 day prothioconazole-desthio residues were 0,68
mg/kg; in wheat ear on the 13th days were 0,11
mg/kg, in wheat grain on the 30th days (harvest day)
- were below the LOQ (<0,1 mg/kg). In the second tri-
als with the same condition on the 32th days post-
application (harvest day) in wheat grain prothiocona-
zole-desthio residues were also below LOQ.

In wheat grain after three treatments of fungicide
Aviator Xpro 225 EC at rate 225 g a.i./ha on the 0 day
prothioconazole-desthio residues were 0,33 mg/kg,
which were declining during growth period: on the 14th
days after application and on the harvest day (28th
days) prothioconazole-desthio residues were < LOQ.

Therefore prothioconazole-desthio residues in cere-
als grain on the 28"-41™ days after multiple applica-
tion were from not detected to <0,1 mg/kg (LOQ).
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Table 2

Fungicides used for seed treatment

Pesticides formulation name

Application rate

Treated seed (crop)

Lamardor 400 FS

37,59 a.i./1000 kg seed

Barley, wheat, maize

Lamardor PRO FS 180

50 g a.i./1000 kg seed

Barley

Lamardor 400 FS

50 g a.i./1000 kg seed

Soybean

Yunta Quattro 373,4 FS

53 g a.i./1000 kg seed

Barley, wheat

Scenic 80 FS 60 g a.i./1000 kg seed Barley, wheat
Lamardor 400 FS 75¢g a.i./1000 kg seed Wheat
Redigo M 120 FS 180 g a.i./1000 kg seed Maize

Feuver 300 FS

270 g a.i./1000 kg seed

Maize, soybean

The calculated half-life (DTs,) values for prothio-
conazole in cereals ranged from 4,7 to 9,5 days (haz-
ard class 3 according to the Hygienic classification of
pesticides by hazard [11]).

Rape

In rape green plant and pods after two applications
fungicide Tilmor 240 EC at rate 80 g a.i./ha X 2 on the
20th days after application prothioconazole-desthio
residues were 0,1 mg/kg; in pods on the 30th days
and in seed on the 50th days after application prothio-
conazole-desthio was not found.

In green plant rape treated by fungicide Propulse
250 SE at rate 125 g a.i./ha (2 applications) on the 0
day and on the 7th day after application prothiocona-
zole-desthio residues were 0,17 mg/kg and 0,15
mg/kg respectively. In stems and pods rape on the
14th day after application prothioconazole-desthio
was not detected. In seed rape on the harvest day
(80th days) prothioconazole-desthio residues were
0,08 mg/kg (<LOQ).

Therefore prothioconazole-desthio residues in rape
seed on the 30th days after application were from not
detected to <0,1 mg/kg (LOQ).

The calculated half-life (DT,) value for prothio-
conazole in rape was 13 day (hazard class 3 accord-
ing to the Hygienic classification of pesticides by haz-
ard [11]).

Sunflower

In sunflower green plant on the 0 day treated by
fungicide Propulse 250 SE at rate125 g a.i./ha (2
applications) prothioconazole-desthio residues were
0,58 mg/kg; on the 14th day after application prothio-
conazole-desthio residues were 0,11 mg/kg. In sun-
flower seed on the 30th day after application prothio-
conazole-desthio residues were 0,054 mg/kg (<LOQ)
and on the harvest day (on the 52th days) active
ingredient was not detected.

In plant of sunflower after two applications fungicide
Propulse 250 SE atrate 125 g a.i./ha on the 0 day pro-
thioconazole-desthio residues were 0,23 mg/kg,
which were declining during growth period: on the 7th
and 14th day after — were below LOQ (<0,1 mg/kg)
and on the 28th days after application (on the harvest
day) — was not detected. In sunflower seed on the
63th days after application (harvest day) active ingre-
dient was not found.

After aviation applications fungicide Propulse 250
SE atrate 125 ga.i./ha (2 applications) in seed of sun-
flower on the 0 day and on the 14th days after appli-
cation prothioconazole-desthio residues were below
LOQ. On the harvest day (after 28th days application)
in sunflower seed prothioconazole-desthio was not
found.

Therefore prothioconazole-desthio residues in sun-
flower seed on the 28th-33th days after application
ranged from not detected to <0,1 mg/kg (LOQ).

The calculated DTy, values for prothioconazole in
sunflower ranged from 4.5 to 14.4 days (hazard class
3 according to the Hygienic classification of pesti-
cides by hazard [11]).

Regulation and control of prothioconazole-desthio
residues in soybean, maize, rape and sunflower oils
are not required due to fast disappearance of
residues and negligible residues on the harvest day.

Based on obtained results of our investigations we
recommended and approved [12-14] following maxi-
mum residue limits (MRLs) for prothioconazole (pro-
thioconazole-desthio), mg/kg: Cereals — 0,1 (LOQ by
HPLC — 0,1).

+ Soybean — 0,05 (LOQ by GLC — 0,05);

+ Maize — 0,1 (LOQ by HPLC — 0,1);

- Rape — 0,1 (LOQ by GLC — 0,1)

+ Sunflower — 0,1 (GLC — 0,1)

- Soybean, maize, rape and sunflower oils — not
required

The values of pre-harvest interval (PHI) were rec-



ommended: cereals — 30-35 days, rape — 30 days
and sunflower — 50 days.

The possible daily intake of prothioconazole calcu-
lated using ADI value and significance in the Ukrainian
regional diet of treated crops was lower than allow-
able level. So use of prothioconazole-desthio fungi-
cides for provide protection to cereals (barley and
wheat), soybean, rape, maize and sunflower will not
result in a consumer exposure exceeding the toxico-
logical reference value.

Conclusions

1. The obtained data of field trials, which were con-
ducted in Ukraine during 2002-2013 in two main agro-
climatic zone, using prothioconazole containing
fungicides at the recommended by manufacturer
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rate, showed that prothioconazole residue in the har-
vest of treated crops were below limits of quantitation.

2. Results of our own experiments revealed that
prothioconazole in terms of degradation rate of in the
crops belongs to the pesticides of hazard class 3 in
accordance with the Hygienic classification of pesti-
cides by hazard.

3. On the basis of conducted research were recom-
mended MRLs for prothioconazole (prothioconazole-
desthio) safety use: cereals — 0,1 mg/kg (HPLC —
0,1), soybean — 0,05 mg/kg (GLC — 0,05); maize —
0,1 mg/kg (HPLC — 0,1); rape — 0,1 mg/kg (GLC —
0,1), sunflower — 0,1 mg/kg (GLC — 0,1).

4. Dietary intake of prothioconazole residues is
unlikely to present public health concern.
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BuBuyeHHS BMiCTY 3anULLKOBUX KinbKoCTel PpyHriunay npotiokoHazony
B Ci/IbCbKOrocnoAapchbKi NpoayKuir
1.B. JlenboLwukin, J1.11. IBaHoBa, O.M. Baraibka,
1.B. AneriHos, M.I. JlenboLikiHa
Al «HaykoBuii LLeHTP NpeBeHTUBHOI TOKCMKOIOri, Xxap40Boi Ta xiMiyHoi 6e3neku imeHi akanemika J1.I. Measeas MO3
Ykpainn», m. Knis
Pesiome. MeTa. [locniokeHHs Ta OuiHKa 3aMLLKOBUX KiIbKOCTEN HOBOI Ait04OT PEYOBUHIN NECTULMAIB — NPOTIOKOHA30/1y
B CiIbCbKOrOCMOAAPCHKIA NPOAYKLLi.
MeTtoau. BuByeHHs amMHamiki BMICTy NpOTiIOKOHA301y-AeCTio (OCHOBHOr0 MeTaboniTy MpoTiokoHa3ony) 6yno NpoBeaeHo
B 2 rOMIOBHUX arpokiMaTUyHMX 30Hax YKpaiHW MPOTAroM MNOAbOBUX AOCHIAXEHb QYHriUMAIB HA MOro OCHOBI.
Cinbcbkorocnozapchki KynbTypy 06pobnsanncs necTuumaam 3 HopMamy BUTPaT, PEKOMEHL0BaHUMMN BUPOOHUKOM: Ans
nepennocisHoi 06po0KkM HaciHHg — 10 270 r A4.p./T HaCiHHS, B YyMOBax 04HOKpaTHOI 06pobku Ta ANt 06pobku POCInH B
nepiop Beretavuii — 10 2251 A4.p./ra B yMOBax TPUKPATHOI 06p06KM. 3annLLKOBI KilbKOCTi NPOTIOKOHA30y-AeCTio B npobax
CiNbCbKOrOCMoAaPChKOI MPOAYKLT BU3HAYAIMCh 32 AOMOMOrOI0 XiMiKO-aHaNTUYHNX METOAIB ra30opiaAnHHOI XxpomaTtorpadii
(FPX) Ta BuCokoedekTUBHOI pianHHOI xpomaTtorpadii (BEPX).
Pe3ynbTaTtun. Pe3ynbtatm npoBeaeHnx nofboBrX AOCAIOKEHb CBiAYATL NMPO AOCTATHLO LLUBUAKE 3HVDKEHHS 3aMLLKOBUX
KiNnbKOCTel Ajtoyoi pe4oBuHK. BusieneHo, Lo B nepios 360py Bpoxato BMICT NPOTIOKOHA30/1y-AECTiO B 36PHi BUBHEHUX KyJib-
Typ O6YB HVXYMM 3a PiBEHb 0ro KiNbKiCHOro B13Ha4YeHHs. [poBefeHo paspaxyHok nepioAis HaniBpo3namy AOCHiLKyBaHOI
cnonyku B 00pobneHnx pocnnHax y nepiof Beretadlji.
BucHoBku. lNpoTiokoHa301 3a NOKa3HWMKOM JerpajaLii B pocnvHax BigHOCUTLCS A0 nectuumais 3 knacy HebesaneyHocTi
(nomipHo cTilikmx pevyoBwuH). PekoMeHaoBaHi BennyvHi MIP 6e3neyHoro BMiCTy NpOTIOKOHA30/1y B Cilb,CbKOrocnoAapchb-
Kir mpoayKLii.
Knio4oBi cnoBa: NpoTiOKOHA30/1, 3a/IMLLKOBI KifIbkOCTi NECTULMAIB, MONLOBI AOCAIAKEHHS.

N3yuyeHune copepxaHnsi OCTaTOUYHbIX KONMYECTB PYHruumupa NnpoTMoKoHa3ona
B CE€NIbCKOXO351AICTBEHHON NPOAYKL MU
W.B. JlenewkwH, J1.I1. UBaHoBa, E.H. baratkas,
[1.B. AneriHoB, M.W. JleneluknHa
T «Hay4HbI LUeHTP MPeBEeHTUBHOM TOKCUKOIOrM, MULLEBON N XMMUNYECKO 6€30MacHOCTV MMEHU akaaemMuka
J1.M.Menseans M3 Ykpantei», r. Knes

Pesiome. Llenb. Onpenenexune v oLgHKka YPOBHEN COIEPXKaHNS OCTaTOYHbIX KONMYECTB HOBOIO AEMCTBYIOLLLEro BELecTBa
NecTMUMA0B — NPOTMOKOHA30/1a B CEIbCKOXO3ANCTBEHHON MPOAYKLMN.

MeTopapl. /13y4eHre AMHaMuky coaepxanus NpoTMOKOHa30Ma-AecTo (OCHOBHOMO MeTabonuTa NpoTUokoHasona) Obino
NPOBEAEHO B 2 rMaBHbIX arpokimmaTmyeckmnx 3oHax YkpauHel B 2002-2013 rr B xo4e NoneBbIX UCMbITaHW GYHIMUMAO0B Ha
ero ocHoBe. CeNbCKOX039MCTBEHHbIE KYNbTYpbl 06pabaTthiBanvCb NECTMLMAAMMN C HOPMaMM Pacxoa, PEKOMEHI0BaHHbI-
MW MPOM3BOAMUTENEM: 1S NPeAnoceBHo 06paboTkm cemaH — 1o 270 T 4.B. /T CEMSIH, OQHOKPATHO 1 AN 06paboTkum pac-
TEHWI B Mepuog, Beretaumn — 1o 225 A.8. /ra, TpexkpaTHo. OCTaTouHbIe KONMYeCcTBa NPOTMOKOHA301a-AeCTMO B UCChe-
Zlyembix Npobax cenbCkoX03aCTBEHHOW NPOAYKLMY ONPELENSINCL C MOMOLLbLIO XMMUKO-aHANUTUYECKMX METOL0B ra3o-
XnakocTHolt xpomaTtorpadum (MKX) 1 BbiIcokoapdeKTUBHON XMAKOCTHON xpoMaTorpadum (BIXKX).

Pe3ynbTathbl. Pe3ynbTaThl NPOBEAEHHBIX CCNEO0BaHNIA CBUAETENLCTBYIOT O LOCTAaTOYHO ObICTPOM CHUXEHUM OCTaTOou-
HbIX KONIMYECTB M3y4aemMoro BeLLecTBa. BbisBneHo, 4To B neprof cbopa ypoxas cofepkaHre NnpoTMoKoHa3ona-nAecT1o B
3epHe 13ydaeMblx KynbTyp Obi0 HUXE YPOBHS ero KONMYeCTBEHHOrO onpeaeneHus. PaccumTaHbl nepuoasl noaypacnana
BELLECTBA B N3Y4aeMbIX CENbCKOXO3ACTBEHHbIX KYbTypax.

BbiBopbl. [pOTMOKOHA301 MO MOKA3aTENO AErpaaLym B paCTEHNIX OTHOCUTCS K NecTuumaam 3 knacca onacHoCTu (yme-
PEHHO CTOVKMNM BelecTBaM). PekoMeHa0BaHbl BennyimHbl MY 6e30nacHoOro cogepyaHus NpoTMokoHa3ona B CeJIbCKOX0-
39ICTBEHHOM NPOAYKLUMN.

KnioueBble cnoBa: MPOTMOKOHA30S1, OCTATO4HbIE KONMYECTBA NECTULMAOB, NOMEBLIE UCTIbITAHNS.
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