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The paper dwells on the results obtained via long-term monitoring over food grain (wheat, barley, corn, oats, and rye)
contamination with mycotoxin deoxynivalenol (DON). From 1989 to 2018 6,800 grain samples from Central, Southern,
Volga, Ural, Sberian, North-Caucasian, Far Eastern, and Northwestern Federal Districts (FD) of the RF were analyzed.
Depending on a year harvest, DON occurrence varied from 0 to 42 % and maximum toxin content reached 6.65 mg/kg. Over
the whole examined period 10 % samples turned out to be contaminated and one forth of them contained the toxin in quanti-
ties exceeding maximum permissible levels (MPL). DON occurrence amounted to 24-42 % in years of mass epiphytoties
(1989, 1992 and 1993) as well as in crops gathered in 2014 and 2017; DON was detected in quantities exceeding MPL in
9-27 % of examined samples in those years. 78 % contaminated samples came from Southern and North-Caucasian FD and
another 10 % were from Far Eastern FD. A significant correlation between DON occurrence and a number of rainy and
sunny days in May was established on the example of wheat samples from Krasnodar region. Analysis of contamination dy-
namics has revealed that over the last years there has been an ascending trend in frequency of DON detection in wheat that
came not only from regions where Fusarium head blight was widely spread but also from regions in North-western, Sbherian
and Volga FD. Health risks related to DON intake with wheat grains processing products were assessed; the assessment
revealed that DON intake higher than tolerable daily intake (TDI) for the residents of Southern and North-Caucasian FD in
1992, 1993, 2014 and 2017.

Average occurrence of DON was 4.2; 11.9; 3.0 and 0.6 % for barley, corn, rye, and oats samples and its maximum
contents amounted to 8.95; 0.95; 0.96 and 0.44 mg/kg accordingly. Just as it was the case with wheat, the most of contami-
nated samples came from Southern, North-Caucasian and Far Eastern FD. Contamination tended to grow for all the exam-
ined grains and it calls for relevant measures aimed at controlling food grains safety

Key words: monitoring, mycotoxins, food grain, wheat, barley, oats, corn, rye, Fusarium head blight, occurrence, de-
oxynivalenol, health risk assessment, tolerable daily intake, weather, correlation analysis.

© Sedova 1.B., Zakharova L.P., Kiseleva M.G., Chalyy Z.A., Timonin A.N., Aristarkhova T.V., Kravchenko L.V.,
Tutelyan V.A., 2021

Irina B. Sedova — Candidate of Biological Sciences, Senior researcher at the Laboratory for Enzymology of Nutrition
(e-mail: isedova@ion.ru; tel.: +7 (495) 698-53-65; ORCID: https://orcid.org/0000-0002-6011-4515).

Ludmila P. Zakharova — Candidate of Biological Sciences, Senior researcher at the Laboratory for Enzymology of Nu-
trition (e-mail: zaharova@ion.ru; tel.: +7 (495) 698-53-65; ORCID: https://orcid.org/0000-0001-7355-5259).

Mariya G. Kiseleva — Candidate of Chemical Sciences, Senior researcher at the Laboratory for Enzymology of Nutrition
(e-mail: mg_kiseleva@ion.ru; tel.: +7 (495) 698-53-65; ORCID: https://orcid.org/0000-0003-1057-0886).

Zakhar A. Chalyy — Junior researcher at the Laboratory for Enzymology of Nutrition (e-mail: brew@ion.ru;
tel.: +7 (495) 698-53-65; ORCID: https://orcid.org/0000-0002-9371-8163).

Andrey N. Timonin — Candidate of Biological Sciences, Junior researcher at the Immunology Laboratory (e-mail:
andrey8407@mail.ru; tel.: +7 (495) 698-53-20; ORCID: https://orcid.org/0000-0001-6087-6918).

Tatyana V. Aristarkhova — Researcher at the Laboratory for Metabolomic and Proteomic Analysis (e-mail: aristarhova_tv@
ion.ru; tel.: +7 (495) 698-53-92; ORCID: https://orcid.org/0000-0001-9496-8626).

Lidiya V. Kravchenko — Candidate of Medical Sciences, Leading researcher at the Laboratory for Enzymology of Nutri-
tion (e-mail: kravchenko@ion.ru; tel.: +7 (495) 698-53-65; ORCID: https://orcid.org/0000-0002-9316-4527).

Victor A. Tutelyan — Academician of the Russian Academy of Sciences, Doctor of Medical Sciences, Professor, Head of
the Laboratory for Enzymology of Nutrition, research supervisor (e-mail: tutelyan@ion.ru; tel.: +7 (495) 698-53-46; ORCID:
https://orcid.org/0000-0002-4164-8992).

84 Health Risk Analysis. 2021. no. 3



Deoxinivalenol as a risk factor of food grain contamination: monitoring results of 1989-2018 years harvests ...

Grain and the processed products are the
traditional diet basis of most people in Russia;
therefore, grain quality and safety is the most
significant element of food safety in the Russian
Federation. Phytopathogens, including toxico-
genic micromycetes are an integral part of any
agricultural biocenosis. Improper crop rotations,
technological breakdowns in grain cultivation
and low quality of seed grains together with un-
favorable weather make for “field” fungi deve-
lopment, micromycetes from Fusarium genus
being among the most widely spread ones. Toxic
secondary metabolites produced by microfungi,
or mycotoxins, pose a health risk. The greatest
health risk is associated with chronic intake of
mycotoxins in small amounts with food [1-3].

Deoxynivalenol (DON) is the most widely
spread fusariotoxin in the world. It was ex-
tracted in 1972 in Japan and the USA and later
it was confirmed to be a constant contaminant
in grain cultures in most regions all over the
world. DON is the most frequently detected in
wheat, a bit less frequently in corn, barley, rye,
and oats, as well as in their processed grain
products [4—12]. Its major producers, causing
Fusarium head blight, are fungi from several
Fusarium species including F. graminearum,
F. culmorum, F. nivale [3, 6, 10, 11, 13]. Toxin
accumulation depends on toxigenic properties
of producing fungi strain, climatic and weather
conditions, techniques applied to grow and
protect plants, and storage conditions [14—-16].

High humidity during and after flowering
stage of the crop creates auspicious conditions
for Fusarium head blight to appear. DON
contents in contaminated grain grow starting
from flowering and up to milky-wax ripeness
and then they fall dramatically during wax and
full ripeness [15, 17]. Moderate climate that is
typical for North America, China, and Europe
is optimal for Fusairum head blight (FHB)
spreading in wheat [2, 6, 11, 16, 18]. In the
Russian Federation grain grown in the North

Caucasian, the Southern, and the Far Eastern
Federal Districts (FDs) is the most susceptible
to the disease [2, 13, 15, 19].

Acute DON poisoning resulted in vomit-
ing in animals studies (DON is also known as
vomitoxin due to this fact). DON was estab-
lished to cause alimentary toxicosis not only
among farm animals [11, 16, 20] but among
people as well [2, 20]. Studies revealed that it
bonded to ribosome at molecular level and
inhibited protein synthesis thus disrupting
proper cell functioning [2]. DON in low doses
is able to inhibit immunity. However, exposure
to the toxin in its lethal dose can result in leu-
kocytosis, bleeding, diarrhea, and endotoxi-
cosis [21]. The Joint FAO — WHO Expert
Committee on Food Additives (JECFA) estab-
lished provisional maximum tolerable daily
intake (PMTDI) and acute reference dose of
DON and acetylated metabolites (3-acetyl
DON and 15-acetyl DON) for people at 1 and
8 ug/kg of body weight a day accordingly; the
determined doses were results of toxicological
studies [20]. The prevalence of the toxin and
irrefutable evidence that it is truly hazardous
for human health justified the introduction of
hygienic standards for its contents in food in
some countries. Codex Alimentarius Com-
mission established international standards for
DON contents in cereal grains (wheat, corn
and barley) destined for further processing at
the level of 2,000 pg/kg [22]. In the European
Union countries maximum permissible levels
(MPL) are regulated according to [23]: they
should not exceed 1,750 png/kg in unprocessed
durum wheat, oats, and corn; 1,250 pg/kg in
other unprocessed grains; 750 ug/kg in cereals
and cereals products intended for direct human
consumption. In the RF there are Technical
Regulations of the Customs Union (TR CU)
No. 021/2011 “On food safety”', and
No. 015/2011 “Safety on grain™; according to
them DON MPLs in food wheat and barley as

"TR TS 021/2011. O bezopasnosti pishchevoi produktsii: tekhnicheskii reglament Tamozhennogo soyuza [TR CU
021/2011. On food safety: The Technical Regulations of the Customs Union. Approved by the Decision by the Customs Union
Commission on December 9, 2011 No. 880]. KODEKS the electronic fund for legal and reference documentation. Available at:
http: //www. eurasiancommission.org/ru/db/techreglam/Documents/TR % 20TS % 20bezopProd.pdf (March 12, 2021) (in Russian).

2TR TS 015/2011. O bezopasnosti zerna: tekhnicheskii reglament Tamozhennogo soyuza [TR CU 015/2011. Safety on
grain (last edited on September 15, 2017): The Technical Regulations of the Customs Union. Approved by the Decision by the
Customs Union Commission on December 9, 2011 No. 874]. KODEKS the eectronic fund for legal and reference documenta-
tion. Available at: https://docs.cntd.ru/document/902320395 (March 12, 2021) (in Russian).
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well as their products are equal to 0.7 mg/kg
and 1.0 mg/kg respectively.

Long-term mycotoxicological monitoring
has been accomplished to examine food grain
contamination with mycotoxins, both in areas
where Fusarium head blight is widely spread
and in other regions where grain is grown. This
research work focuses on long-term 30-year
monitoring results on DON contamination in
food grain (wheat, barley, corn, rye, and oats)
harvested in 1989-2018 in order to reveal basic
health risks and identify activities for those
risks to be reduced.

Materials and methods. Food grain
samples (6,800 overall) were provided by Ro-
spotrebnadzor regional offices from Central,
Southern, Volga, Ural, Siberian, North Cauca-
sian, Far Eastern, and Northwestern Federal
Districts of the RF’. Experts examined in total
4,009 wheat samples, 1,293 barley samples,
1,020 rye samples, 278 corn samples and
200 oats samples harvested from 1989 to 2018.

Grain samples were taken from homoge-
nous lots stored at grain reception and grain
processing facilities in conformity with
GOST (State Standard) R ISO 24333-2011%;
DON contents in samples were determined
with enzyme-linked immunosorbent assay
(2009-2012), high performance liquid chro-
matography with diode-array and ultraviolet
detection (HPLC-UV)’ (1989-2018) and lig-
uid chromatography with tandem mass spec-
trometry (HPLC-MS/MS)° (2018).

Data were statistically analyzed in IBM
SPSS Statistics 23 (Statistical package for so-
cial sciences, USA) and Microsoft Office Ex-
cel 2007 (Microsoft Corp., USA). DON con-
tents data in samples were presented in simple

mean (M) and median (Me) values and 90-th
percentile (90 %) (contamination levels below
minimum detectable concentration for the se-
lected procedures (0.05 mg/kg) were taken as 0).
We accomplished two-factor dispersion and
correlation analysis to study correlations be-
tween frequency of DON contamination in
wheat harvested in 2006-2018 in Krasnodar
region and temperature and humidity, duration
of sunny weather days and precipitations from
May to August. Data were analyzed within the
Latin square 3x3 where lines were numbers of
samples and columns were years of harvest,
values of dependent variables for a selected
wheat class were given in cells with Latin al-
phabet letters, and frequency of DON contami-
nation was a dependent variable (the significance
level was 0.1). Additionally, to establish influ-
ence of a parameter on the dependent variable in
contamination analysis, we applied Mann —
Whitney non-parametric test after performing
class-interval grouping into two class-intervals
for each factor, upper and lower levels, 1 and 2
accordingly. If after dispersion analysis there
were more than two deviations in null hy-
pothesis and levels for a fixed factor, we ap-
plied Tukey’s range test to perform multiple
comparisons of simple means with the signifi-
cance level being 0.05.

Health risks caused by wheat grain being
contaminated with DON were assessed on the
basis of comparing total daily DON intake with
wheat-based foods and PMTDI DON. Estimated
daily DON intake with wheat-based foods was
calculated as per the following equation (1):

M -P-1000

Neae = ———,
\W

(1)

3 The authors express their deep gratitude to personnel of the Federal Service for Surveillance over Consumer Rights protection
and Human Well-being and its Regional Centers for Hygiene and Epidemiology for long-term cooperation, selection and provision of
food grain samples to be examined by experts from the Federal Research Center of Nutrition, Biotechnology, and Food Safety.

* GOST R ISO 24333-2011. Zerno i produkty ego pererabotki. Otbor prob [GOST R ISO 24333-2011.Cereals and
cereal products — Sampling]. KODEKS: the electronic fund for legal and reference documentation. Available at:
https://docs.cntd.ru/document/1200092274 (March 11, 2021) (in Russian).

S MU 5177-90. Metodicheskie ukazaniya po obnaruzheniyu, identifikatsii i opredeleniyu soderzhaniya dezoksinivalenola
(vomitoksina) i zearalenona v zerne i zernoproduktakh [Methodical Guidelines 5177-90. Methodical guidelines on detecting,
identifying and determining contents of deoxynivalenol (vomitoxin) and zearalenone in grain and grain products]. Available at:
http://www.gostrf.com/normadata/1/4293828/4293828870.pdf (March 13, 2021) (in Russian).

® MVI 410/4-2020. Metod mul'tidetektsii mikotoksinov v zerne i pervichnykh produktakh ego pererabotki [Measuring
procedures 410/4-2020. A procedure for multidetection of mycotoxins in grains and primary produces of its processing]. Mos-
cow, 2020 (in Russian).
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where Ncgc is estimated daily DON intake
(ng/kg of body weight); M is the average DON
contents in wheat grains (mg/kg); P is con-
sumption of processed wheat products (kg/day);
w is body weight (kg); average body weight of
a person is taken as 60 kg; 1,000 is conversion
factor to converse into pg.

Results and discussion. Wheat grain
contamination harvested in 1989-2018 all
over the RF. Frequency of detection and aver-
age DON contamination in wheat varied from
0 to 42 % and from 0 to 0.43 mg/kg accord-
ingly depending on a crop year (Table 1). In
total, 10.0 % out of 4,009 grain lots harvested
from 1989 to 2018 were contaminated; con-

tamination levels varied from 0.05 to 6.65 mg/kg
(Table 1). DON contents were higher than
MPL in 101 (2.5 %) grain samples.

26 % samples from 1989 harvest contained
DON and its contents exceeded MPL in 9 %.
Frequency of DON contamination in 1992 was
maximum, 42 % with the exceeding of MPL in
27 % cases. The frequency of DON detection in
wheat harvested in 1993 was also high, it
reached up to 24 % of the examined samples,
and a share of samples with DON contents be-
ing higher than MPL reached 15 %. DON con-
tent in contaminated samples varied from 0.05
to 6.65 mg/kg in 1998; from 0.05 to 5.63 mg/kg
in 1992; and from 0.1 to 3.95 mg/kg in 1993.

Table 1

Frequency and levels of DON contamination in wheat harvested in 1989-2018

Number of samples _ DON contents DON content in total samples, mg/kg
Year | total Contaminated contaml‘ng DON in contaminated
: tem; DON -exceeding MPL samples, mg/kg M Me 90 %
items (% of the total number) ’
1989 57 15 (26) 5(9) 0.05-6.65 0.23 0 0.44
199091 67 4(6) 1(1) 0.05-0.74 0.02 0 0
1992 139 59 (42) 3727 0.05-5.63 0.43 0 1.06
1993 156 38(24) 24 (15) 0.10-3.95 0.22 0 0.63
1994 | 254 16 (6) 6(2) 0.17-0.96 0.03 0 0
1995 169 11 (6) 0(0) 0.07-0.70 0.03 0 0
1996 120 15(13) 0(0) 0.06 —0.70 0.02 0 0.07
1997 137 15(11) 1(0.7) 0.05-1.14 0.02 0 0.05
1998 126 12 (10) 1(0.8) 0.05-1.09 0.03 0 0.03
1999 132 0(0) 0(0) <0.05 0 0 0
2000 | 222 6(3) 1(0.5) 0.09-0.77 0.01 0 0
2001 252 12 (5) 0(0) 0.05-0.62 0.01 0 0
2002 158 64 1(0.6) 0.05-0.78 0.01 0 0
2003 375 5() 0(0) 0.05-0.07 0 0 0
2004 | 213 2(1) 0(0) 0.07; 0.08 0 0 0
2005 147 12 (8) 0(0) 0.07 —0.69 0.02 0 0
2006 85 11 (13) 0(0) 0.05-0.34 0.02 0 0.06
2007 98 9(9) 1 (1) 0.06 —0.91 0.05 0 0
2008 73 4(5 1(14) 0.06 —1.03 0.02 0 0
2009 109 8(7) 0(0) 0.06 —0.12 0.01 0 0
2010 122 10 (8) 2(2) 0.06 —1.26 0.03 0 0
2011 158 13 (8) 0 0.05-0.44 0.01 0 0
2012 34 0(0) 0 <0.05 0 0 0
2013 111 9(8) 0 0.05-0.52 0.01 0 0
2014 57 21 (37) 6 (10) 0.07-5.85 0.29 0 0.66
2015 64 609 0 0.05-0.33 0.01 0 0
2016 154 29 (19) 2(1.3) 0.05-1.43 0.05 0 0.54
2017 105 32331 9(9) 0.05-2.46 0.18 0 0.51
2018 115 18 (16) 3(2.6) 0.10-1.27 0.06 0 0.20
TOTAL | 4,009 399 (10.0) 101 (2.5) 0.05-6.65 0.05 0 0.05

Note: DON MPL, mg/kg, is not higher than 0.7 for wheat (TR CU 015/2011 “Safety of grain”).
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Over the next 20 years from 1993 to 2013
frequency of DON contamination in wheat was
relatively rare and varied from 0 to 9 %. DON
contents higher than MPL were detected in very
few cases, and maximum DON content in con-
taminated samples amounted to 1.26 mg/kg. A
diagram that showed harvests distributed as per
average DON contents revealed a peak at
0.01-0.03 mg/kg.

Starting from 2014 frequency of wheat
grain contamination grew to 9-37 % together
with increasing numbers of samples with DON
contents being higher than MPL. The only ex-
ception was the crop of 2015 due to lack of
samples contaminated with DON at levels
higher than MPL.

Therefore, wheat harvested in 1999, 2003,
2004 and 2012 turned out to be the least con-
taminated with DON since a share of contami-
nated samples didn’t exceed 1 % and contami-
nation levels were quite low. Frequency of
DON contamination varied from 3 to 13 % in
wheat harvested in 1990-1991, 1994-1998,
2000-2002, 2005-2011, 2013 and 2015; aver-
age DON contents were from 0 to 0.05 mg/kg;
and 90-th percentile, from 0 to 0.07 mg/kg.
Contamination with the toxin that was higher
than MPL was detected in isolated samples
harvested in 1990-1991, 1997, 1998, 2000,
2002, 2007, 2008 and 2010. A peak in DON
contamination was detected not only in mass
epiphytoties years (1989, 1992 and 1993) but
also in recent years of 2014, 2016, 2017 and
2018. In these years frequency of DON con-
tamination varied from 16 to 37 %; average
DON contents, from 0.06 to 0.29 mg/kg; 90-th
percentile, from 0.20 to 0.66 mg/kg. Grain
samples with DON contents being higher than
MPL were the most frequent in wheat har-
vested in 1989, 1992, 1993, 2014 and 2017
(927 % of all the examined samples).

Wheat contamination harvested in
1999-2018 throughout regions. DON con-
tents in wheat were different depending on the
region of grain production (Figure 1). Analysis
of distribution of contaminated wheat har-
vested in 1999-2018 showed that 78 % samples
(159 out of 205 contaminated samples) were
grown in the Southern FD (Republics of Ady-
gei and Kalmykia, Crimea, Astrakhan region,

88

Volgograd region, and Rostov region) and the
North Caucasian FD (the Republics of In-
gushetia, North Ossetia — Alania, Kabardino-
Balkaria, Karachay-Cherkessia, and Stavropol
region); all these regions are primary areas in
Russia where Fusarium head blight is widely
spread in grains. DON contents varied from
0.05 to 5.85 mg/kg in these samples. 10 % of
contaminated samples were received from the
Far Eastern FD and 5 % from the Central FD.
Frequency of DON contamination was signifi-
cantly lower in harvests gathered in the Sibe-
rian, the Volga, the Northwestern, and the Ural
FDs and amounted to 1-2 %.

= Southern FD

= North Caucasian FD
Far Eastern FD

= Central FD

= Northwestern FD
Siberian FD

= Volga FD

= Ural FD

Figure 1. Region distribution of DON
contaminated wheat harvested in 1999-2018
(% of the total contaminated samples)

According to Rosstat data, in 2018 the
greatest contributions in total grain harvest be-
longed to Rostov region, 12.9 %; Krasnodar
region, 12.4 %; and Stavropol region, 9.9 %.
They were followed by Altai region and Vol-
gograd region, 4.2 % each; Voronezh, Kursk,
and Omsk region, from 3.1 to 3.8 %; Tatar-
stan, Lipetsk, Novosibirsk, Tambov, and Orel
regions6 from 2 to 2.7 %; Orenburg, Penza,
Kurgan, Tula, Chelyabinsk, Samara, and
Krasnoyarsk regions — from 1.5 to 1.8 %°. As
said above, grain produced in leading regions
in wheat harvesting, namely Rostov, Krasno-
dar, and Stavropol regions, tended to be more
heavily contaminated with DON than grain
produced in other regions. Harvested wheat is
further processed and consumed not only by
people living in the Southern and the North
Caucasian FDs but also by people living in
other FDs; hence, DON intake due to con-
sumption of contaminated wheat-based prod-
ucts can contribute significantly to DON in-

Health Risk Analysis. 2021. no. 3
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take with food products estimated for the
country population as a whole.

Dynamics of grain contamination with
DON was analyzed on the example of several
wheat-producing regions in the RF; Table 2
contains the results.

From 1999 to 2018 wheat samples grown
in the Southern FD mostly received from
Krasnodar, Rostov, and Volgograd regions,
and Adygei and Kalmyk Republics. DON
grain contamination in these regions was sig-
nificantly different depending on the area
where grain was grown. For example, grain
received from Kalmyk Republic and Volgo-
grad region practically was not contaminated
with DON or its content was very low. On the
contrary, frequency of the toxin detection was
the highest in grain received from Krasnodar

region and Adygei Republic. Rostov region
was somewhere in between as per this parame-
ter within the Southern FD (Table 2).

Totally, 262 grain samples from Krasnodar
region were analyzed; samples contaminated
with DON were detected in 10 out of 17 har-
vests gathered in different years and frequency
of detection varied from 0 to 79 % depending
on a crop year. In some years a share of sam-
ples contained the toxin in concentration higher
than MPL varied from 5.9 % (2016) to 42.9 %
(2017) and maximum contamination levels
reached 3.21 and 5.85 mg/kg.

65 grain samples from Adygei Republic
were analyzed and DON was detected in
grains from 8 out of 13 harvests gathered in
different years in quantities varying from 0.08
to 0.78 mg/kg.

Table 2
Dynamics of wheat DON contamination harvested in 1999-2018 from different FDs in the RF
Region | 1999 | 2000 [ 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 [ 2008 | 2009 | 2010 [ 2011 [ 2012 | 2013 [ 2014 | 2015 | 2016 [ 2017 [ 2018
The Southern Federal District (694 ples)
Krasnodar region | 3/0/0%[ 4/0/0 [10/2/0] 1/0/0 [ 5000 [ 300 | 1000 [15/70[1520] | [77770] 800 [ 5120 1482 9120 [1711/1]14/11/6] 15/872
(n**=262) OO [e)|] O ]|O | O ©|d)| a3y O | © @ | D@6 | (T | 53
Adygei Republic 122200(8/1/0 | 5211 |14/1/0 1/0/0 51200 100 [ 110 | 110 | 100 | 100 | 1/1/0
(n=065) @@y |@y | @ | B B B EONE ey | © (@00 | a0 | © | © |a@oo
Rostovregion  |25/0/0| 8/2/1 |21/8/0| 8/2/0 | 11/0/0] 14/1/0{25/5/0| 12/1/0| 7/0/0 | 5/0/0 | 34110 4/0/0 25/0/0 | 8/0/0 | 28/2/0 | 21/6/0 | 7/0/0 | 8/0/0
(n=271) ©[e|E® O] ® 0|03 O] ol ]l el O] ©
The North Caucasian Federal District (333 samples)
Stavropol region | 3/0/0 | 4/1/0 | 5/0/0 [ 2/1/0 | 6/00 | 6/0/0 | 4720 | 2110 | 8/00 | 1/0/0 [16/1/0] 9/1/0 [17/2/0] 24/00] 19/0/0 [ 17/7/3 | 20000 [ 19/3/0 | 15971 | 181211
(n=215) OO ]O]O]O]O | 6|6 O]O|®G|A)|0)] O | @O |4@) | O | © | @60 | aY
Kabardino-
Balkaria, North o (| {oso|  |1ee0] | 5200 | S| 410 | 100 | 210 | 300
Ossetia— Alania (100) (0) 38) @) | )| @) | O | G|
(n=56)
Dagestan,Chech- | [200| [ [ | _ [uao] _ Jaee[200] | J2oo[ | [soo| | | | _
nya (n=44) ©) 8) ® | O ©) ©)
The Far Eastern Federal District (56 samples)
Amur region CJwo] T T T T 1T T _Two[ T T T _ T _ [Twvww]woo[221]331] 320
(n=12) ©) © (100) | (0) | (100) | 100) | (67
Primorye Jwoo| Two| [ [4so]umw[vw|ssaleo a1 1 [ | [an] _
(n=27) 0 0 @5) | @00 | 100) | 100) | (33) | (100) (50)
The Central Federal District (693 samples)
Orelregion(n=| 100 [1000]  [s300[2200] 300l [ [ [ _ Twwof2ee] T [ [  [ewo]|s2o]300
150) ©® | O © | O © (ONNC) an | @ | ©
Voronezh region | 7/0/0 | 10/0/0 700 | 11/0/0] 14/0/0| 15/00] 5/0/0 [1973/0 1/0/0 3000 | 3/00
(n=109) OlO©| 1Ol O|O|O]|O/]|a]| B RON - - ~ - - (O]
Otherregions | 42/0/0{55/0/0| 1/0/0 | 15/0/0] 76/0/0| 47/0/0] 27/000] 18/0/0| 31/0/0( 28/10[ 13/00| 100 [17100 | Twoo | 170 1900] 1700
(n=434) OO O]O]O|]O|O|O]O|@| O] O]® © S| OO
The Volga FD | 1/0/0 [29/0/0| 4/0/0 | 69/0/0[23/0/065/0/0] 5/0/0 | 500 [ 10/000[ 1300 5000 | 30000 [42000[1000] | [ [1800] 1020 19200
(331 samples) O] O]O®O]O]O]O0O]0O]O]O]O]O]O|O]O © | @y | an
The Siberian FD | 2/0/0 [48/0/0|55/0/0] 19/0/0[33/00[25/000] 900 | [ 400 | 300 | 800 [1000[1910] | T300| [ 500 [1210] 1120
(266 samples) OO ]O]0O0]O]0O| O OO ]O]O |6 © © | ® | ay
The Ural FD ~so0]  fwoo]soofooo] T T [ [ Jsool 1 ] ] [2120] 300 | 800
(69 samples) © © 1O | O © | OO
The Nordhe ~lweoo|  fwo|wo|mo| || | wo|  fwoe| | | | |sa0|se0|
(35 samples) ©) ONEORN© ©) ©) ©0) | ©

N o te: * means a number of examined samples, items / a number of samples contaminated with DON, items /
a number of contaminated samples with DON contents being higher than MPL, items, (frequency of detection, %).
** is a number of samples received from a given region over the monitoring period from 1999 to 2018.
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Grain samples (271 overall) from Rostov
region were provided for monitoring purposes
practically every year. DON was detected in
grain from 9 out of 17 harvests gathered in dif-
ferent years in concentration varying from
0.05 to 0.77 mg/kg and frequency of its detec-
tion was lower than in Krasnodar region and
Adygei Republic. DON contents were higher
than MPL only in one out of 271 analyzed
samples; it was a grain sample from the har-
vest gathered in 2000.

Grain samples from harvests gathered in
1999-2018 in the North Caucasian FD were
mostly received from Stavropol region; sam-
ples from Kabardino-Balkaria, Dagestan, and
North Ossetia—Alania were rarer (harvests
gathered in 9 different years). In total 333
grain samples were received to be analyzed
over the examined period; 215 out of them
were from Stavropol region; 56 samples, from
Kabardino-Balkaria and North Ossetia-Alania
(Table 2). Frequency of DON detection in con-
taminated grain harvested in 1999-2018 in
Stavropol region varied from 6 % (2009) and
60 % (2017) and maximum contents reached
1.56, 0.97 and 0.73 mg/kg in some grain sam-
ples in 2014, 2017 and 2018 crops accord-
ingly. 9-year monitoring over wheat grain con-
tamination in Kabardino-Balkaria and North
Ossetia-Alania revealed the toxin contents in 7
out 9 examined grain harvests (Table 2). DON
contents higher than MPL were detected in
grains from harvests gathered in 2007, 2010
and 2014 and contamination levels reached
0.91, 0.71 and 0.83 mg/kg accordingly.

DON content was analyzed in 56 samples
of wheat from harvests of 14 different years in
the Far Eastern FD. The toxin was detected
in wheat from 9 out of 14 grain harvests gath-
ered in Primorye and its contents exceeded
MPL in some grain samples in 2008, 2010,
2016 and 2017 crops (Table 2). DON was de-
tected in grains from 4 out of 7 harvests gath-
ered in different years and its contamination
levels were higher than MPL in grains in 2016
and 2017 crops.

DON was rarely detected in wheat from
the Central FD. The toxin was detected in
small quantities, from 0.05 to 0.16 mg/kg, in

90

1.4 % out of 693 examined samples of grains
from harvests gathered in 20 different years.

Low (1.2 %) frequency of DON detection
was revealed for grain samples received from
the Volga FD. The toxin was detected in
quantities from 0.09 to 0.37 mg/kg in few
samples out of 331 examined ones. It should
be noted that samples contaminated with DON
were from harvests gathered in 2017 and 2018.

Low (from 0.18 to 0.25 mg/kg) DON con-
tents were detected in very few samples of
grain from harvests gathered in 2011, 2017
and 2018 in the Siberian FD.

DON contamination in grain received
from the Ural and the Northwestern FDs was
analyzed in few grain samples, 69 and 35 ac-
cordingly, from harvests gathered in 8 differ-
ent years. Frequency of the toxin detection was
3 and 14 % accordingly. Contaminated sam-
ples were detected only in 2016 and 2017
crops. It should be noted that approximately
2/3 of samples received from the Northwestern
FD, namely Kaliningrad region, were con-
taminated with DON in quantities varying
from 0.14 to 0.46 mg/kg. High frequency of
DON detection in Kaliningrad region is well in
line with data collected in neighboring regions.
Thus, DON was detected in 83 % out of 92
examined wheat samples received from Poland
and harvested in 2016 in the amount from 0.01
to 1.27 mg/kg’.

Therefore, analysis of dynamics of wheat
grain contamination harvested in 1999-2018
in various RF regions revealed a growing trend
for DON occurrence not only in the North
Caucasian, the Southern, and the Far Eastern
FDs where contamination was the highest dur-
ing the survey but also in the North Western,
the Siberian, and the Volga FDs recent years.

Analysis of environmental factors affect-
ing the grain contamination with DON. Cli-
matic and weather conditions are known to
have their influence on DON accumulation by
toxicogenic fungi of Fusarium genus [14, 15].
We estimated a correlation between grain con-
tamination with DON (Figure 2) and several
environmental factors on the example of grain
samples from harvests gathered in 20162018
in Krasnodar region. The examined factors in-
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cluded the following: average monthly humid-
ity and temperature, a number of sunny hours
(a period of time in each month when the sun
was above the horizon in a given area and not
hidden behind the clouds) and a number of
days with precipitations exceeding 1 mm from
May to August. Meteorological data were
taken from “Aisori — remote access to DDL-
archives”, an online achieve that contained
data on climatic research’.
10 4
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Figure 2. Dynamics of DON contamination in
wheat harvested in 2006-2018 in Krasnodar region
(nis a number of samples)

Correlation analysis confirmed there was
an authentically significant correlation be-
tween frequency of the toxin detection and its
average contents in contaminated grain sam-
ples harvested in 2006-2018: correlation coef-
ficient was r 0.68 and authenticity was
p = 0.02 at the significance level a = 0.05.
Keeping in mind that variation coefficient for
frequency of DON detection was significantly
lower we took the former coefficient to use in

further statistical analysis as a leading one. We
didn’t detect any correlation between fre-
quency of DON detection and the examined
weather factors from June to August. At the
same time weather conditions in May, namely
duration of sunny weather and a number of
days with precipitations exceeding 1 mm au-
thentically had the most significant influence
on DON contamination, the significance level
being 0.05 (Table 3). These data are well in
line with the fact that wheat grain is the most
susceptible to fungi infections during its milky
ripeness and in Krasnodar region this period is
from mid May to mid June. Clear and sunny
weather and a decrease in a number of rainy
days in May make for declining wheat con-
tamination with DON and vice versa.

The detected correlation was confirmed
with using Mann — Whitney non-parametric
test. To apply it, we divided a parameter
within a month into two class-intervals, upper
and lower ones, and frequencies of DON de-
tection were written down in a relevant class-
interval. The analysis revealed that authentic-
ity was higher than significance (p > 0.05) for
average monthly air humidity and temperature
in May; hence, they had only insignificant in-
fluence on contamination levels. But the sig-
nificance was p < 0.05 for duration of sunny
days and a number of rainy days with precipi-
tation exceeding 1 mm and this indicates there
is an authentic correlation between these two
weather factors and grain contamination.

Table 3

Correlations between frequency of DON detection in wheat grain and examined weather
conditions for harvests gathered in 2006-2018

Parameter Correlation coefficient, r (authenticity, p)
Month May June July August
Average monthly air humidity 0.49 (0.120) —0.05 (0.868) —0.22 (0.504) —0.08 (0.811)
Average monthly air temperature —0.46 (0.150) —0.03 (0.916) 0.02 (0.946) 0.12 (0.718)
Duration of sunny hours per month —0.65 (0.029) —0.08 (0.805) —0.07 (0.837) —0.09 (0.782)
A number of days with precipitations 0.74 (0.008) 2021(0525) | -0.11(0.747) | —0.11(0.756)
exceeding 1 mm

"Veselov V.M., Pribyl’skaya L.R., Mirzebasov O.A. Spetsializirovannye massivy dlya klimaticheskikh issledovanii. «Aisori —
Udalennyi dostup k YaOD-arkhivam [Specialized data arrays for climatic research. “Aisori — remote access to DDL-archieves”].
VNIIGMI-MC Aisori D. Available at: http://aisori-m.meteo.ru/waisori/index0.xhtml (March 03, 2021) (in Russian).
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Table 4

Two-factor dispersion analysis of a grain quality category, year of a harvest, and contamination

Dependent variable (DON content in a sample)

Source Sum of type Il squares | Degree of freedom| Mean square | F-criterion | Significance
Adjusted model 3.422° 3 1.141 1.300 0.284
Year 0.503 1 0.503 0.573 0.452
Grain quality category 0.811 1 0.811 0.924 0.341
Year X category 2.034 1 2.034 2319 0.134
Error 47.380 54 0.877
Total 68.325 58
Adjusted result 50.802 57
? — R-square = 0.067 (Adjusted R-square = 0.016)

Table 5

Frequency and levels of DON contamination in food barley, oats, rye, and corn harvested
in 1989-2018

Number of samples DON contents in DON contents in total
Grain — - contaminated sam- samples, mg/kg
Total. item Containing DON | DON contents higher than MPL ples, mg/kg M| me | 90
’ items (% of total number) ’
Barley 1,293 54 (4.2) 5(04) 0.05 —8.95 002] 0 0
Corn 278 33(11.9) MPL not fixed 0.05-0.95 004 | 0 0.07
Oats 200 6(3.0) MPL not fixed 0.06 —0.96 001 | O 0
Rye 1,020 6(0.6) MPL not fixed 0.06 -0.44 000 0 0

N o te: DON MPL, mg/kg, not exceeding 1.0 for barley (TR CU 015/2011 “Safety of grain”).

There was a growth in grain contamination
observed from 2006 to 2018. Correlation analy-
sis revealed a directly proportional correlation
between a year of a harvest and frequency of
DON detection: correlation coefficient was
r = 0.60 and authenticity was p = 0.049 at the
significance level a = 0.05. Although it
seems hardly possible to use this correlation
to predict future situation due to a = p, we
still can’t ignore it.

We performed two-factor dispersion analy-
sis of a grain quality category, a year of a har-
vest, and DON contents in a sample (Table 4).
A year of a harvest was used as fixed factor A,
and grain quality category, fixed factor B.

Analysis of barley, oats, rye and corn con-
tamination harvested in 1989-2018. Aggre-
gated data on DON contamination in barley,
oats, rye, and corn harvested in 1989-2018 are
given in Table 5. DON contamination in food
barley was examined on the example 1,293
grain samples harvested in 1989-2018. Fre-
quency of DON contamination in barley was
lower than in wheat (10 %) and corn. DON was

92

detected in 4 % samples (54 overall) in quanti-
ties varying from 0.05 to 8.95 mg/kg, and
5 samples contained DON in quantities higher
than MPL. DON was detected most frequently
in grains in 2017 and 2014 crops, 44 and 30 %
accordingly, and this frequency was substan-
tially lower in grains harvested in 2015 (22 %),
2016 (19 %), 1989 (16 %), 1992 and 2009
(14 % in both these years). In other years, fre-
quency varied from 0 to 7 %. Notably, over the
recent years, starting from 2014, DON con-
tamination in barley has been growing.
Approximately 80 % of all barley produc-
tion is located in the Central, the Volga, the
Southern and the Siberian FDs [24]. The
greatest number of samples was received from
the Central and the Southern FDs. The toxin
was detected in 11 % samples from the South-
ern FD in quantities varying from 0.05 to
1.7 mg/kg and its contents were higher than
MPL in one sample of grain harvested in 2017.
Barley received from Krasnodar region was
the most contaminated with DON was, since
23 % out of 39 samples were contaminated
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with DON in the amount from 0.05 to 1.7 mg/kg;
the least contaminated barley was received
from Rostov region: 7.5 % out of 40 samples
were contaminated with DON in the amount
from 0.05 to 0.11 mg/kg. According to our
data the toxin was most frequently detected in
barley received from the North Caucasian FD;
DON was detected in 17 % of 64 examined
samples, in particular, in low quantities in
samples from Stavropol region (0.10 and
0.11 mg/kg). The range of DON contamination
in grain from Kabardino-Balkaria was wider,
from 0.07 to 8.95 mg/kg with exceeding MPL
DON in grain harvested in 2017. DON in low
quantities was detected in rare cases in grain
received from Ingushetia and North Ossetia.

Although samples from the Far Eastern
FD were sent for analysis irregularly and in
relatively few numbers, approximately half of
examined samples (10 out of 21) were con-
taminated with DON in quantities varying
from 0.05 to 2.83 mg/kg with exceeding of
MPL in one sample harvested in Amur region
in 2018. Barley lots harvested in 2005-2009 in
Primorye contained the toxin in low quantities,
from 0.06 to 0.21 mg/kg.

Our research results revealed that, just as
it was the case with wheat, samples received
from the Far Eastern, the North Caucasian, and
the Southern FDs were the most contaminated.

Corn grain was similar to wheat grain
(11.98 % against 10 %) as per DON contami-
nations. DON contents in contaminated corn
samples varied from 0.05 to 0.95 mg/kg (aver-
age contents amounted to 0.04 mg/kg). For
reference, DON contents in contaminated
wheat samples amounted to 0.05-6.65 mg/kg.
Having analyzed dynamics of domestic corn
contamination with DON, we revealed that
DON occurred only in grains harvested in
2000, 2002, and 2012-2018, and the highest
frequency of DON contamination was detected
in recent years (2014, 2016-2018).

The Southern, the North Caucasian and
the Central FDs are basic corn producers in
Russia®. The greatest number of samples was

sent for analysis from the Southern (217) and
the North Caucasian FDs (47). The toxin was
the most frequently detected in corn from the
North Caucasian FD, namely, in 32 % out of
47 examined lots, in quantities varying from
0.05 to 0.68 mg/kg, 0.09 mg/kg on average.
The toxin was detected less frequently,
namely, in 6 % out of samples received from
the Southern FD; its amount varied from 0.05
to 0.95 mg/kg, 0.02 mg/kg on average. DON
was detected in rare corn lots received from
the Central FD in quantities equal to 0.29 and
0.32 mg/kg. It should be noted that 4 out of
6 examined corn samples received from the
Far Eastern FD was contaminated with DON
in quantities varying from 0.13 to 0.55 mg/kg.

Oats contamination with DON was ex-
amined in 200 samples of grains harvested in
1999-2018. The toxin was detected in 3 %
cases in quantities from 0.05 to 0.96 mg/kg,
0.008 mg/kg on average (Table 5). DON was
detected in grains harvested in 2009, 2016
and 2017.

It should be noted that approximately
39 % of overall oats produced in the country is
grown in Altai, Krasnoyarsk, Novosibirsk,
Tyumen, Kemerovo, and Omsk regions and
Bashkortostan [25]. The toxin was not de-
tected in samples received from these regions.
Contamination was detected only in samples
from the Far Eastern (4 cases) and the North
Caucasian FD (2 cases). Oats samples from
Amur region and Primorye were the most con-
taminated with DON, its amounts varying
from 0.09 to 0.96 mg/kg. The toxin was less
frequently detected and in lower quantities in
oats received from Ingushetia and Stavropol
region (0.06; 0.09 mg/kg accordingly).

Generally the toxin was detected in rye
samples were received from the North Cauca-
sian FD during epiphytoties (harvests gathered
in 1989 and 1992). The toxin was detected in
rare cases in low quantities in grains harvested
in 1996 and 2007, at the level of 0.22 and 0.06
mg/kg in the North Caucasian and the Central
FDs accordingly.

8 Sel'skoe khozyaistvo v Rossii. 2019: statisticheskii sbornik [Agriculture in Russia. 2019: statistical data collection].

Rosstat. Moscow, 2019, 91 p. (in Russian).
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Approximately 74.4 % of the total grain
harvest of rye in the country is grown in the
Volga FD, Bashkortostan, Tatarstan, Orenburg
and Saratov regions [24]. Rye samples re-
ceived from these regions were not contami-
nated with DON.

According to monitoring results, it can be
concluded that wheat and corn are the most
frequently contaminated with DON among
grain, and, barley to a lesser extent. The
growth in DON occurrence in grains in recent
years (2014, 2017 and 2018) could be ex-
plained not only by weather conditions auspi-
cious for toxin production by Fusarium genus
but also by changes in F. graminearum areas.
According to Gagkaeva and others (2014),
over the last few years these fungi spread into
new territories located to the north from their
usual habitat [13]. Starting from 2003, resis-
tant populations of F. graminearum species
occurred in Primorye and North Caucasus,
spread into new areas, for example, into the
north-western part of Russia, during local
weather changes characterized with climatic
conditions auspicious for microfungi [24]. The
authors believe that the existing climate warm-
ing, especially in winter, makes for F. gra-
minearum survival in new areas and the fungi
get adapted to colder environment [13]. Agri-
culture intensification might be another reason
for growing DON contamination.

Monitoring results confirmed that the
Southern, the North Caucasian, and Far Eastern
FDs remained the primary areas where Fusa-
rium head blight was widely spread. At the
same time in 20162018 frequency of DON
detection grew in areas located to the north
from the aforementioned regions.

Assessment of health risks caused by
DON contaminations in food wheat grains.
Wheat is a primary source of DON intake with
food. When calculating probable DON intake
into the human body, we used average my-
cotoxin contents in samples of grains har-
vested in the same year (M, Table 1). Toxin
intake per person was calculated within a sce-

nario when DON contents in food products
made from processed wheat corresponded to
its contents in grain; that is, processing didn’t
produce any significant effects on DON con-
tents in a finished product. This approach cor-
responds to results obtained in studies on sta-
bility of the toxin during food processing and
cooking: when grain is refined, the toxin con-
tents usually remain the same or go down to
22-23 % [15, 27]; any thermal treatment
doesn’t influence DON contents [15, 27, 28].

Data on consumption of wheat products
(wheat bread, grocery, flour confections,
wheat flour, semolina, and macaroni) were
taken from budget statistical reports issued by
the Federal State Statistic Service and based
on a sample survey over budgets spent by
households’. Average consumption of food
products made of processed wheat decreased
over the last 25 years, from 267 g in 1993 to
209 g in 2018; it was taken into account when
DON intake was calculated. Average person’s
weight was taken as equal to 60 kg.

Calculated total DON intake per person on
average in Russia was significantly different
from year to year. DON intake varied from
0.2% (in 1999) to 140 % (in 1992) of DON
PMTDI but remained lower than fixed DON
PMTDI, 1 pg/kg of body weight, in the most
cases except in 1992 (140 %) and 2014 (102 %)
(Table 6) [20].

We should note that high average calcu-
lated DON intake with food products made of
wheat harvested in 2014 for the country popu-
lation didn’t differ significantly from the in-
take calculated for the most risky regions; it
was partly due to the fact that 88 % of all grain
samples for analysis were received from the
Southern and the North Caucasian FDs. More
profound analysis of estimated daily DON in-
takes revealed that toxin intake was higher in
the Southern and the North Caucasian FDs
than on average in the country during the sur-
vey and varied from 3 % (in 2004 and 2009) to
410 % of PMTDI (in 1992). Calculated DON
intake was also higher than PMTDI in the

?Potreblenie produktov pitaniya v domashnikh khozyaistvakh (byulleten') [Food products consumption in houscholds
(bulletin)]. Rosstat. Available at: https://rosstat.gov.ru/compendium/document/13292 (March 03, 2021) (in Russian).
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Table 6
Calculated daily DON intake with food products made of wheat grain harvested in 19892018
Estimated daily intake (Nec), pg/kg of b.w. a day (% of PMTDI)
A harvest year On average in Russia The Southern and the North Caucasian FD
1989 0.96 (96.0) -
1990-1991 0.07 (7.0) N
1992 1.40 (140.0) 4.10 (410.0)
1993 0.89 (89.0) 2.18 (218.0)
1994 0.12 (12.0) 0.29 (29.0)
1995 0.12 (12.0) 0.68 (68.0)
1996 0.07 (7.0) 0.18 (18.0)
1997 0.08 (8.0) 0.20 (20.0)
1998 0.12 (12.0) 0.48 (48.0)
1999 0.002 (0.2) ~
2000 0.04 (0.4) 0.30 (30.0)
2001 0.036 (3.6) 0.22 (22.0)
2002 0.028 (2.8) 0.28 (28.0)
2003 0(0) 0(0)
2004 0.004 (0.4) 0.03 (3.0)
2005 0.084 (8.4) 0.36 (36.0)
2006 0.096 (9.6) 0.18 (18.0)
2007 0.066 (6.6) 0.24 (24.0)
2008 0.07 (7.0) 0.17 (17.0)
2009 0.025 (2.5) 0.03 (3.0)
2010 0.18 (18.0) 0.14 (14.0)
2011 0.04 (4.0) 0.12 (12.0)
2012 0(0) 0(0)
2013 0.04 (4.0) 0.04 (4.0)
2014 1.02 (102.0) 1.12 (112.0)
2015 0.05 (5.0) 0.05 (5.0)
2016 0.16 (16.0) 0.26 (26.0)
2017 0.63 (63.0) 1.09 (109)
2018 0.12 (12.0) 0.56 (56.0)

Southern and the North Caucasian FDs in 1993,
2014, and 2017 and accounted for 218, 112 and
109 % of PMTDI accordingly. The aforemen-
tioned ascending trend in wheat contamination
calls for implementing necessary activities
aimed at control over food grain safety.
Conclusions. We have analyzed the re-
sults obtained through long-term monitoring
over food grain contamination with mycotox-
ins accomplished by the Federal Service for
Surveillance over Consumer Rights Protection
and Human Well-being with active participa-
tion by the Federal Research Center of Nutri-
tion, Biotechnology, and Food Safety. The
analysis confirmed that grains grown in the
Southern, the North Caucasian, and the Far
Eastern FDs were the most susceptible to
DON contamination. At the same time, there is
a growth in frequency of DON detection in

grains grown in more northern regions and this
indicates that Fusarium head blight is spread-
ing over new areas and grain contamination
with mycotoxins producers is becoming more
probable. This area of contamination can in-
crease when grain is transported from one re-
gion to another and this means it is necessary
to control grain quality, primarily, when it is
used as seed grain.

The highest frequency of DON detection
and highest DON contents are typical for
wheat and corn among all examined grains.
It was shown that calculated daily DON in-
take with food wheat products was higher
than PMTDI DON set by JECFA in some
years over the examined period. DON intake
was more likely to exceed PMTDI for people
living in the Southern and the North Cauca-
sian FDs.

ISSN (Print) 2308-1155 ISSN (Online) 2308-1163  ISSN (Eng-online) 2542-2308 95




L.B. Sedova, L.P. Zakharova, M.G. Kiseleva, Z.A. Chalyy, A.N. Timonin, T.V. Aristarkhova, L.V. Kravchenko...

To reduce health risks caused by food
grain contamination with DON, it is vital to
implement activities aimed at stricter control
over spread of Fusairum head blight in the RF.
Special attention should be paid to monitoring
over safety of wheat and corn food grains, in
particular, those grown in the Southern and the
North Caucasian FDs.
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