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COAEPKAHMUE ITINM®OCATA B 3EPHE IIPU JIECUKALIUU ITOCEBOB
B ITPUOBBE

CX) Janunaosa A.A., Utacs 10.B., Koaoun C.A.
Cubupckuii ghedepanvhwiti HayuHbll YeHmp azpoouomexnonozuti Poccutickou akademuu Hayk

Poccust, HoBocubupckas o6macts, p.im. KpacHooOck
<D e-mail: danilova7alb@yandex.ru

OmnpeneneHbl 0OCTaTOYHBIE KOJMYECTBa TM(ocaTa B 3epHE MIIEHHIIBI MOCTIE JECHKALUH 0Ce-
BOB. [docar — Hanbosee npuMeHsIeMblii B MUpE TepOUIH]. YPOBEHb €r0 SKOTOKCHYHOCTH IIH-
POKO OOCYXIAIOT B HAyYHOH JIUTEpaType Mocie OTHECEHHs COCTMHEHHSI K KATETOPHU «BEPOSITHO
KaHLEPOreHHbIX» necTuiuaos. [Ipeanonarator, 4To 0CTaTOYHOE KOJIMYECTBO I'epOUIMIIOB MOXKET
ObITh HanOoJIee BHICOKUM IIPU JIECHKALMU [IOCEBOB Iepes yoopkoi. VccienoBaHus IPOBEACHEI B
2018 r. (uentpanpHas aecocrens HoBocubupckoro Ilpuodns — 54°53'13,5"N, 82°59'36,7"E). B
JKCIIEPUMEHTE JIECUKAIIMIO TIOCEBOB OCYILECTBIIN repOutaom 3epo Cyrmep (comepikaHue U30Ipo-
nuIaMUHHON conu miudocara 750 r/kr) B peKOMeHI0BaHHOH J103e, paBHOH 1,5-2,0 kr/ra. OcTtarou-
HOE KOJIMYECTBO TepOMIINIOB B PACTUTEILHON OMoMacce ONpe/ielisuid PH TTOMOIIIN TeCT-CHCTEMBI,
OCHOBAHHOW Ha NPHHLUIIE UMMYHO(GEPMEHTHOTO aHanu3a. IIpeanoaroToBky pacTUTeNbHBIX MPo0
OCYILECTBIISUIM COIIAaCHO pekoMeHnanuu ¢Gupmsl Stylab, mpoBomuBILeil Banuaanuio MeTona uis
ornpeneneHus rmudocara B 3epHe. OcTaToUHOE KOJMYECTBO reponinia oOHapyKeHo BO Bcex 37 uc-
MBITAHHBIX 0Opa3nax. HezaBucuMo OT cpoka oTOOpa oOpas3loB MOcCie JeCHKalUuh MOKazaTelb B
3epHe He npesbiian 4,4 mr/kr. Criycts 14 qHel nocie AecCuKalud ypoBEHbh MUHUMAJIbHOTO KOJIU-
yecTBa necruiuaa obut HUKe (0,5 MIV/KT) B CpaBHEHHH C JJAHHBIMH, TIOJYYEHHBIMH CITYCTs 7 THEH
(2,6 mr/kr). ComepikaHWe OCTAaTOYHOTO KOJWYECTBA TEPOUIIMIOB B COJIOME MIIICHHIIBI OKa3aI0Ch
BhILIE, YeM B 3epHe. Hamnbonee BbIcOKMe 3HAaUCHMS MOKa3aTesst oOHapyKeHbl B OMomMacce COpHOH
PacTUTENBLHOCTH, BBICOXIICH MPH Aecukauu (10 9 Mr/kr). B 3epHe, XpaHuBIIeMcs: OOUH TOA, CO-
JepKaHUe OCTaTOYHOTO KOJMYECTBA TepOUIMI0B HE CHU3WIOCH. [lomydeHHbIe JaHHbIe CPAaBHIIIH C
yposusimu [1/IK ocTaroyHoro xonmvectsa reOUIMI0B B 3€pHE MIICHUIIBI, IPUHSATHIMHA B MHPE.

KuroueBsle ciioBa: rimgocar, 0CTaTouHbIe KOJIMYECTBa, 3¢pHO MiIeHuIbl, [Ipnodne
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The residual amounts of glyphosate in wheat grain after desiccation of crops were determined.
Glyphosate is the most widely used herbicide in the world. The level of its ecotoxicity is widely
discussed in the scientific literature after the compound was classified as “a likely carcinogenic”
pesticide. It is assumed that glyphosate residues can be highest when the crops are desiccated
before harvesting. The studies were carried out in 2018 (central forest-steppe of the Novosibirsk
Ob region (54°53'13.5"N, 82°59'36.7"E). In the experiment, desiccation of wheat was carried out
with the herbicide Zero Super (the content of isopropylamine salt of glyphosate was 750 g/kg) at the
recommended dose of 1.5— 2.0 kg/ha. Glyphosate residues in plant biomass were determined using
the test system, based on the principle of enzyme immunoassay. Pre-preparation of the samples for
the analysis was carried out according to the recommendation of Stylab laboratory, which validated
the method for the determination of glyphosate in grain. Glyphosate residues were found in all of
the 37 samples tested. Regardless of the sampling period after desiccation, herbicide residues in
the grain did not exceed 4.4 mg/kg. In 14 days after desiccation, the minimum pesticide level was
lower (0.5 mg/kg) compared to the data obtained in 7 days (2.6 mg/kg). The content of the herbicide
residues in wheat straw was higher than in grain. The highest values of glyphosate residues were
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found in the dry biomass of weed vegetation (up to 9 mg/kg). In the grain stored for 1 year, the
content of GR has not decreased. The data obtained were compared with the MRL for the residual
amount of glyphosate in wheat grain accepted in the world.
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INTRODUCTION

Obtaining stable output yields to provide
the growing population of the planet with a suf-
ficient amount of food and raw materials in the
face of dwindling land resources is impossible
without the use of plant protection chemicals,
which is fraught with environmental pollu-
tion with residual amounts of pesticides [1].
To solve this problem, the world community
is taking comprehensive measures: it searches
for new formulas of chemicals with a low dose
of use, improves approaches and methods for
controlling the residual amount of pesticides in
environmental objects, develops new technolo-
gies for cleaning contaminated areas, etc. [2—4].

The agrarian sector of the Siberian Federal
District is in line with the global trend towards
the built-up of crop protection chemicals. At
the same time, the assessment of the safety of
the pesticides used is based on the recommen-
dations of the manufacturers, developed for
areas with more favorable climatic conditions
in comparison with Siberia. In this regard, it
becomes necessary to study the features of the
degradation of pesticides in crop products and
environmental objects in the specific conditions
of a short, often dry growing season in Siberia.
The Novosibirsk Region is one of the largest
grain producers in the Siberian Federal District.
A significant part of the production on farms is
obtained with the help of intensive technologies
for growing crops, and this tendency in the de-

velopment of agriculture will only intensify. In
addition, in recent years, agricultural technolo-
gies have been increasingly actively mastered,
implying a partial or complete abandonment of
mechanical soil cultivation (direct sowing sys-
tem, no-till, etc.), which requires an increased
use of pesticides. One of the most widely used
pesticides in such agricultural technologies are
continuous herbicides based on glyphosate. In
the Russian Federation, herbicides based on
this compound account for 1/3 of the volume of
applied herbicides and are represented by more
than 40 names [5].

Glyphosate is the active ingredient in a
spectrum of non-selective systemic herbicides,
first patented as commercial products such as
Roundup® (Monsanto Co) or Touchdown®
(Syngenta Co) in 1974. Since then, these her-
bicides have become one of the most widely
used in the world and their consumption rates
are increasing [6, 7]. An increase in the sow-
ing of transgenic crops resistant to this group of
herbicides and an increase in the resistance of
weeds contribute to the expansion of the market
for herbicides based on glyphosate [8, 9].

The high ecotoxicity of most of the pesti-
cides has been experimentally proven. Glypho-
sate (N- (phosphonomethyl) glycine) is prob-
ably no exception. In 2015, the WHO Agency
for Research on Cancer (IARC) classified
glyphosate as a “possibly carcinogenic” pesti-
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cide'. The IARC announcement attracted pub-
lic and scientific attention around the world.
The European Union has recommended that the
use of glyphosate as a desiccant be restricted
and its use in public gardens and parks must be
stopped’. Public movements have formed for
a complete ban on the use of the drug in the
agricultural sector. Since the publication of the
document (see footnote 1), a lot of research has
been done on various aspects of the problem. A
great deal of very contradictory data has been
obtained. In general, the authors believe that
the number, duration and the design of studies
are insufficient for final conclusions so far [8,
9]. To date, the use of glyphosate in the EU is
allowed only until 2022, a number of countries
(Belgium, Colombia, the Netherlands, Sri Lan-
ka, France, many countries of the Middle East)
have legally restricted the use of glyphosate in
agriculture [10, 11].

However, the appearance of glyphosate at
one time made it possible to move to a new
stage in the development of soil-protective and
resource-saving agriculture in the world. At
present, it is difficult to imagine the agricultural
sector without this drug. In recent years, pos-
sible parameters for food production have been
studied if the use of glyphosate is prohibited.
Calculations have shown that in this case, the
gross harvest of soybeans, corn, rapeseed in
the world may decrease by 18.6; 3.1; 1.5 mil-
lion tons per year, respectively. To compensate
for these losses, an increase in the arable land
area by 0.76 million hectares will be required.
At the same time, the cost of weed control will
increase by $ 20-30. US / ha. The use of alterna-
tive herbicides will not lead to a decrease in the
pesticide load on agrocenoses [12, 13].

As our brief review shows, despite the ec-
otoxicity, agriculture is unlikely to be able to
stop using glyphosate. There is only one way
out of the situation - strict control of the resid-

ual amount of the pesticide in the environment,
primarily in products, in order to minimize its
entry into the food chain.

The aim of the study is to determine the val-
ue of the residual amount of glyphosate in grain
and wheat straw after desiccation of crops in
the recommended doses and timing of harvest-
ing in the ODb region, to clarify the degree of its
decomposition during grain storage throughout
the year.

MATERIALS AND METHODS

The studies were carried out in 2018 on
the territory of the scientific and experimental
base of the Siberian Research Institute of Ag-
riculture and Chemicalization of the Siberian
Federal Scientific Center of the Russian Acad-
emy of Sciences (central forest-steppe of the
Novosibirsk Ob region, 54° 53'13.5 "N, 82°
59'36.7" E). Desiccation of spring wheat crops
was carried out on September 3 with the herbi-
cide Zero Super (content of isopropylamine salt
of glyphosate 750 g / kg) at the recommended
dose of 1.5-2 kg / ha®. The wheat was Novo-
sibirskaya 31. The moisture content of grain
before desiccation was 25-28%. The sprayer
OP-2000. The consumption rate of the working
solution is 270 1 / ha. Harvesting took place 21
and 25 days (in 2017 and 2018, respectively)
after desiccation. The sampling was carried out
by the sheaf method (1 m?) in triplicate on the
plot and three repetitions of the experiment (9
sheaves). In the period after desiccation, the
air temperature was close to the average mul-
tiyear norm. Precipitation in 2017 (harvesting
09.09.2017) 20 mm with an average annual rate
of 33 mm, in 2018 (harvesting 09.13.2018) -
60 mm with a rate of 40 mm.

Grain, straw and biomass of weeds dried
up under the influence of the preparation
were analyzed. To determine the possibility of
glyphosate decomposition during storage of

'TARC Monograph on Glyphosate (https://www.iarc.fr/en/.../iarcnews/.../glyphosate TARC2016).

Directive 2009/128/EC, 2009b (Article 4) of the European Parliament and of the Council of 21 October 2009. Regulation
(EC) No 1107/2009 of the European Parliament and of the council of 21 October 2009 concerning the placing of plant protection
products on the market and repealing Council Directives 79/117/EEC and 91/414/EEC https://eur-lex.europa.eu/LexUriServ/

LexUriServ.do?uri=0J: L: 2009:309:0001:0050: EN:PDF.

3State catalog of pesticides and agrochemicals approved for use on the territory of the Russian Federation.
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grain products, grain of the 2017 harvest was
analyzed, which was stored for a year in a cool
and dry room. The residual amount of glypho-
sate was determined using the Abraxis Glypho-
sate Plate ELISA test system. The preparation of
plant samples was carried out according to the
recommendation (procedure R091313) of the
Stylab company (Moscow), which validated the
method for the determination of glyphosate in
grain (www Stylab.ru). Samples of the samples
were derivatized, then added together with an-
tibodies specific to glyphosate into the wells of
a microtiter plate, coated with anti-species anti-
bodies to antibodies to glyphosate, and incubat-
ed for 30 min. The enzyme conjugate glyphosate
was then added. At this point, a competitive re-
action occurs between glyphosate, which may be
contained in the sample, and the labeled glypho-
sate enzyme for binding sites with antibodies on
the plate. After washing and adding the substrate
(color solution), a colored signal (blue color) de-
velops. The presence of glyphosate is detected
by the addition of a colored solution that con-
tains an enzyme substrate (hydrogen peroxide)
and a chromogen (3,3, 5,5 -tetramethylbenzi-
dine). The antibody-bound glyphosate-enzyme
conjugate catalyzes the conversion of the sub-
strate / chromogen mixture into blue-colored
reaction products. After incubation, the reaction
was stopped and stabilized by adding dilute acid
(stop solution). Since there was competition be-
tween labeled glyphosate (conjugate) and un-
labeled (sample) for binding to antibodies, the

color intensity is inversely proportional to the
concentration of glyphosate in the sample.

RESULTS AND DISCUSSION

Residual amounts of glyphosate were found
in all 37 samples tested. Regardless of the time
of sampling after desiccation in grain, it did not
exceed 4.4 mg / kg (see Table 1). At 14 days
after desiccation, the minimum amount level
was lower (0.5 mg / kg) compared to the data
obtained after 7 days (2.6 mg / kg). The residual
amount of glyphosate in wheat straw was found
to be higher than in grain. The highest values
of the indicator were found in the biomass of
weeds dried up during desiccation.

In grain stored for a year in a cool dry room,
the residual amount of glyphosate was slightly
higher compared to the data obtained in the
analysis of grain from the 2018 harvest.

For the first time for Siberia, data were ob-
tained on the content of the residual amount of
herbicides in wheat grain after desiccation with
the recommended doses of herbicide.

It should be noted that the MRL (maximum
residual level) or MRL for the residual amount
of glyphosate in unprocessed wheat grain, var-
ies significantly across the world. In the USA
this value is taken equal to 30 mg / kg, in the
EU - 10, in Canada - 5 mg / kg 4. This is prob-
ably due to the different background value of
the content of the residual amount of pesticide
in the product. As noted by the authors of the
review [9], these limits are constantly growing,

Ta6a. 1. CoxgepxkaHue 0CTaTOYHOTO KOJIMYECTBA IM(Ocara B HAI3EMHOI OnoMacce 3epHOBOTO

arponcHo3a 1mocJje JeCruKaiuu noceBoB

Table 1. Concentration of glyphosate residues in the aboveground biomass of grain agrocenosis after

desiccation of crops

Sample The day after Herbicide dose, Glyphosate content, mg / kg
selection year n desiccation kg /ha Substrate
lim average
2018 7 7 1,5 Grain 2,644 3,6
12 14 1,5 » 0,5-3.9 2,5
6 14 1,5 Straw 5,5-6,0 5,7
6 14 1,5 Weeds 8-9 8,5
2017 6 After a year of storage 2 Grain 4,1-5,4 42

“BCGlobal Pesticide MRL Database https://www.bryantchristie.com/BCGlobal-Subscriptions/Pesticide-MRLs
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apparently following an increase in the content
of contaminants in products. In the Russian
Federation, the MRL for herbicide residues is
20 mg / kg of grain®. It is difficult to understand
where this figure came from. This is probably
the calculated average MRL value adopted
in the USA and the EU, since we did not find
published information on the content of the
residual amount of glyphosate in grain for the
Russian Federation in the available literature.
According to the above criteria, the content of
the residual amount of herbicides in the grain
in our experience is within acceptable limits.
Based on the decrease in the minimum detect-
able amount of glyphosate residues in the grain,
the waiting time of 14 days after desiccation is
significant.

Asnoted by the authors of a review published
in 2019 [11], there is very little documented in-
formation in the scientific literature on herbicide
residues in cereal products, particularly wheat
grain, after desiccation. The authors found only
four sources published between 2013 and 2018
(see Table 2). From these data, it appears that
herbicide residue levels in grain after desicca-
tion exceeded the MRL adopted in Canada in
one case out of four (the study was conduct-
ed in Canada). For the territory of the former
USSR, data for Ukraine are available [14]. In
Kiev region in 2002-2011, residual amounts
of herbicides in grains of three wheat variet-
ies during desiccation of crops with 3 1/ ha of
isopropyl salt of glyphosate (480 g/l r.a.) were
determined. Depending on the wheat variety
the indicator in the grain was 0.5-2.5 mg/kg. In
Table 2 we gave data on changes in the content
of herbicide residue in processed grain prod-
ucts. The bulk of it remains in bran. In a spe-
cial experiment by Canadian researchers [15],
the proportion of herbicide residue in bran was
81% of the original content in the grain. Nu-
tritionists usually suggest bran as a component
of a healthy diet. It follows that this side of the
issue should be kept in mind.

On the whole, the impression is created
that the situation with the studied indicator in

grain after desiccation is quite favorable. How-
ever, the question arises why the FAO / WHO
MRL for glyphosate residues in wheat grain is
30 mg /kg.

If there is a lot of data on the dynamics of
herbicide residues during grain processing, then
there is very little information on the change in
the pesticide content during grain storage [11].
We have received information on this issue. Our
conclusion is based on the assumption that strict
adherence to the same experimental conditions
in both years of research resulted in an approxi-
mately similar level of herbicide residues in
the grain before harvesting. When storing grain
during the year, this indicator did not decrease.
This is probably due to the well-known fact that
glyphosate is well fixed in plant biomass, as a
result of which the rate of its metabolism de-
creases [16]. Information on the herbicide resi-
dues in straw and weeds is important, since, as
follows from our data, these components of the
biomass can serve as a significant concentrator
of pesticides in the agrocenosis.

CONCLUSIONS

1. Residual amounts of glyphosate (up to 4.4
mg / kg) were found in all samples of wheat
from crops subjected to desiccation.

2. When storing contaminated grain for a
year in a dry and cool room, there was no de-
crease in the residual amount of glyphosate in
the grain.

Ta6a. 2. Coaepxanue mudocara B 3epHe
TIISHUIIBI JI0 U Tocye nepepaboTku [11]

Table 2. Concentration of glyphosate in wheat
grain before and after processing [11]

. Grain processing products
Glyphosate content in
the source grain.
> Glyphosate

mg / kg Product type content, mg / kg
Less than 0,13 Bran 0,7
0,67 Flour 0,02
1,07-1,13 Bread 0,001-0,0458
6,1-11,1 Baked goods | 0,001-0,0179

SHygienic standards for pesticide content in environmental objects (list) GN 1.2.3538-18 // Bulletin of regulatory and
methodological documents of RSES. 2019. Issue 3 (77). Pp. 7-103.
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3. A significantly higher content of the re-
sidual amount of glyphosate in straw and weed
biomass (up to 9 mg / kg) was found in com-
parison with grain. These plant residues can be
a significant source of pesticide pollution.
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