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# E: B REI S B S R S B e ] TR 4 B (deoxynivalenol, DON) K HAG A= Wy 1A)75 Yetk i,
IV G B R . 3R gk 2021—2023 AETTE AR [FERISE A WIFE AL AT 435 £y, HER S -7K
(84:16, VEV)HRHER, 226 Mk Al iE AT AL Ab P, R w8 R0AH (0 1% — B DUARFE T 1 S EA T ARSI, ()7 28 N A ik i
A7, MR BB £ 7 2% 4 %) J B DON 2 8 XU HEA T PPAl . &85 7 435 iy HEdhth, DON 4
L K ASIAE] 90.6%. HEMIFE A DON BRI -1 (e, iK% 244.8 ng/kg. DON TEA A1 51 i Ry
R £ R i i AN, AR 5 M A T DRI/ R A5 TR rf DON (1 S b e e £ 25 8 XU 349 8 1 UAF %o
P FE T 5] 118 1 2 5 AU e T A A R 2 AN R A B AR T3 0 M 1 S R R IR B e 4
5% 8.84 pg/(kg » bw). 8.34 pg/(kg * bw). L AFEAYE LT DON MK i, R/ #3H DON
F B X AR B3 Lo i S R R R A 1R . DON 75 YR B0 o7 v B F A, U LT R/ INAE M 0o T R g 2 v 3 8 XL
K, 434 DON XU PEAG RS 2L s 4R i 2%
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Pollution status and exposure risk assessment of
deoxynivalenol in grain products

SHANG Lei’, FAN Meng-Chao, LV Jun-Qing, QI Zhi-Cai, WANG Yu-Can, QI Yi-Dong

(Xingtai Center for Disease Prevention and Control, Xingtai 054000, China)

ABSTRACT: Objective To analyze the contamination levels of deoxynivalenol (DON) and its derivatives in
various cereals and their products and assess the dietary exposure risks. Methods A total of 435 commercially
available grain samples of various types were collected from 2021 to 2023. The samples were extracted with
acetonitrile-water (84:16, V:V), purified by the 226 purification column, and analyzed by ultra performance liquid
chromatography coupled with triple quadrupole mass spectrometry. Quantification was performed using the isotope

internal standard method. The dietary exposure risk of DON for residents was assessed based on adult dietary
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consumption levels. Results Among the 435 samples, the detection rate of DON was the highest, reaching 90.6%.

The average detection value of DON in dried noodle samples was the highest, reaching 244.8 pg/kg. The dietary

exposure amounts of DON were different for residents of different genders. The acute and chronic dietary exposure

risks of DON in pasta products such as dried noodles and wheat flour for adult males were higher than those for adult

females. The chronic exposure risk of DON caused by dried noodles was higher than that of other food categories;

however, the acute exposure risk of DON to adult males and females caused by wheat flour were 8.84 pg/(kg * bw)

and 8.34 pg/(kg * bw). Conclusion The detection rate of DON is the highest among different grain foods.

Meanwhile, the concentration of DON in wheat flour poses a relatively high acute exposure risk to adult men and

women. The contamination situation of DON shouldall be highly emphasized, in particular, attention shall be paid to

the acute exposure risk of wheat flour to residents, which provides a reference for the risk assessment of DON in

grains and subsequent research.

KEY WORDS: grains; dried noodles; deoxynivalenol; exposure; risk assessment
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MR A2 5 B 2 0075 gl 2 HAl A B R R
Z, A5 N 480 5 ik 7] W M 5 (deoxynivalenol, DON) Az H:
iy, WM R B M G % . EKIRENGE | i ih 2
FREP, Hd, DON E—FREWHIR AL YRG5 R 5
FR AR, HAA—E RSt ARG SR Y, E bR L
4% DON 311 = EHi) . DON J IZAFAE/NAE . K
TR AW B H i S AR P 0L S g kv e A R £ 2k
VNN N TP NG (51 3195 % Lt V= s A1 P N |
FEBYH DON [F &g, XFACHRIX [ B4 4 P bt 5]
ZREEMEM.

AP EMKITA X, BRI E S LK
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DON 75 YR L ARG £ 28 28 Al IR AR 2D o o T ffX —
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1.1 #R5EFE
MR IE R T | R AT S S BENL R AR T B 47

YR S, FEASE/NEERY . TR . EOKIE . K
BOKEE 5 2KRERY, Hid/NE RS 265 1y, THEM 104 1), £K
167 22 1%, /K 20 6y, K 24 4y, HOTREAL 435 GRRESD .

Hig. CHE(Eikal, MEZRTEA); DON FRifEE
(FRHHE 100.1 pg/mL), PC,s-DON FRifEE K (kv
250 pg/mL) . 3- & W3 BR TS SR ) W A B
(3-acetyl-deoxynivalenol, 3-ADON)#% #E ¥ Wik (5T 1= ¢ JE
100.1 pg/mL) . 15- 2 Mk 2 B 420 %5 06 Hk 70 B M B2
(15-acetyl-deoxynivalenol, 15-ADON) ¥z % W (o & ik B
100.2 pg/mL)[Romer FEBR5 5 AL HRAF ], L8 K
HZERK GEIBK, il B RAER).
1.2 UFE5E&

UPLC H CLASS/XEVO TQD #2530 AH (38 i i
1%, HSS T3 {Ai4:(2.1 mmx100 mm, 1.8 pm)[IR4F R
(EHEAE R, Mycosep 226 ZIfigEbA:[Romer [EPx
B (AL R)A BRZA 7] ]; VORIEX GENIE2 iR HER 3 % (7
IKA AH]); FA2004 L FRTFP(IGZ—, RS R#Y
A B FED; GM200 JT 2 B A (FE 3 g D),
KQ-600E i 75 I 1 PE AN [/ 56l A A A (B LD AT BR 2wl ]
X-3R AR B R O ML BRI R B (b D AR
]; N-EVAP112 E WA (3 E Organomation 23 7).

1.3 SLIG&H
1.3.1 #emaras

R 6] 5% £ it ¥ e R 5 DR 3% XU il A T
b DON  JH: P ARATT A= AN K SR B A T 22 bR fizdst
YEREFER, HERTFRIN 2.00 g #f4h, HIA 50 mL g4,
A 100 pL BCs-DON(BT MR 1.0 pg/mL) N bR T, w0
30 min, JIASRBUR CIEFUKIIATR L 84:16 (R AFN 8 mL),
HAFFHRI 40 min, 8000 r/min 0> S min, B EIHK 4 mL &
WeEsE s, FmEPIA 4 mL 28, BY, MRS
FIEDRME IR A BRI hZ 183, SRR 4 mL i
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IR EERERARE D, ARREIET, AR MK
R 10:90CR AR R 1 mLYEZ, WHE 30 s, H 0.22 um
THALIE AL i AR D, R .
132 &#in

%A HSS T3 3% 4E(2.1 mmx100 mm, 1.8 um), ¥
T 0.3 mL/min; #EFEE S pL, R 30 °C. i ahiAH A B4l
K, WA B A OIE, BEEVERRRT W2 1 R,

F1 REGRERERRER
Table 1 Gradient elution program of liquid chromatography

i ) /min W#/(mL/min)  WEIH A% RS B/%
0.0 03 95 5
1.0 03 95 5
35 03 50 50
4.0 03 10 90
5.0 03 10 90
55 03 95 5
7.0 03 95 5

133 k&It

B Rk HaL S 25 B 11 (electron spray ionization, ESI)
s AR, SR £ 5 Wl (multiple reaction monitoring,
MRM)KHI 7520, B HLE 3.0 kv, BFIRIEE 150 °C,
SRR 150 L/h, B 55 R 500 °C, M) i
800 L/h, filf8 < WS, Hli# < 0.15 mL/min,
14 ERFZTESE

ARWFFE 27 35 F R R (US Environmental Protection
Agency, EPAEFE RS PEAE AR UL 6 H I S gk
PEFE IR, 5 DON WU IEI T84, 115 18 %
L ERSAE AN DON RG22 8 WU . it 54 H Kt
% ¥ A & (provisional maximum tolerable daily intake,
PMTDD)#AT LU#R, P21 7% 88 RS P4 24 4 H ok
At (estimated daily intake, EDI)/NT PMTDI b}, F/RJiE

BB AN TE AT K- ez, W SR I £ 2 i i KUK,

I H 2 5 XU B A B p 3 K mis R, ek, R4 DON
BEE oK EMARNHEAR, 4583 E5ME
(acute reference dose, ARD) 1T @t BEIFAL, 4T554
MR A S ARTD I, AIAKAEAE St s KU . 1153
LUFAVQDE

EDI=(Cx|)/M )
A EDI TS Y43 H I KA &, pg/(kg * bw); CHE
SRS S, pe/kes | MBI AL, keg/d; MR
MATH P E PR E, ko B FTHSHRAIATEER 2K
(P EABEREE ST RARR) ) i, B ase
T, KB EAEARN 254.0 g/d. T RIS A
BN 1553 g/d, HAWA B ARG 25.6 g/d; X TR

A, A RHEI R NIEARN 220.5 g/d. 1M A
NEBARN 1243 g/d, HAWSRGNBAR N 232 g/d. TH
AR AL R E R 50 69.6 kg F159.0 kg 2010
AR S T A SUE ST IR A B K Z 51431 DON 1
PMTDI %EH 1.0 g/(kg * bw), DON fi) ARfD 4 8.0 pg/(kg * bw)!' ",

1.5 HUIELIE

i JH| Excel 2016 F Origin 2022 S8 it #4%F DON 54
IR SE I BAE UEA T A BRS04, #F DON YEA 4 B
AR AR TR BRI, 0 SO ARKEH, XFF A K 9 5 K
TR 60%IF, et Al 1/2 A BB AR s
BHH% R, THEFORSR A 80388 5 9 1 DON 175 4
K225, FRbsiEsy P<0.05.
2 ZRESH
2.1 FHAEFWIE

Py i s AR EST, A AR MR W 1 32
HERE, #E BARIEEES AT, BARYIM MRM €
T P B ELAR LG 25 LI 1 RN 2.

A GE R F R 28 RS IE R AT o BT, 230 3ok A
W EARI S e R AT, MO REANTE 0.999, L 3.
N T IS UETT IR RMEREE, LA/INZE R BRI R S R 5, T
3 ANIRIRN A UR BE AV A BR VRS T INARSE 56 . 25520, Jr
P RN ERATE 80.9%~102.6% 22 18] o [R5t /INZZ 3 A9 A3 EAR:
HEYD B EA T I, A e 9 Rl R M BB IN o 28 LT
W, AT A R A R R IO, E
T B e &5 .
2.2 AHl@T DON RETEMINTRER

TE 435 Y FESR A KL b, A 394 kR T
DON, #3535 90.6%, Ui DON FE4 ¥yl il Hh A7 1
2 3 1) EL R TS G o FE AR K HS ) DON F35MER 202.4 pg/ke,
Pso fE 103.6 pg/kg, Pos fH 694.0 pg/kg, T KMEN
3961.0 pg/kg; 15-ADON K it T 1 4%, # A 0.2%, K
HFBIER 5.2 pg/kg, Pso fEN 5.0 ng/kg, Pos {4 5.0 pg/ke,
R RAE N 112.4 pg/kg; 3-ADON TEFT A FE G h R 16
A% GB 2761—2017 { B L& EFRE &M P EFE
FBREE WOE, /INE KR DON [FREH RN 1000 pe/kgo
e 394 pFES R 8 M E KR EARE, SRR N
1.8%. W 4,
2.3 AYHIES DON HEESHIER

TE 435 {3 FE A, DON MRS % fie i, HUBOAR A X [R]
H&EA B F T #% DON Mo fpLAE . DA i X B] A 45 i
SAIEORE, FEMEESIREZN 0~200 png/ke, Tl
ELA5 R 68.82% o X FUAS [R) & 1 X [A] (A &, T L& 3 DON
FrE /N T 600 pg/kg BIRE 5L HLBIEE 92.84%; Ao DON %
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4.67
100 336.96>307.08 (3-ADON)
i 4.64
E 4.69
0 050 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00 7.50 8.00
15 54 Fis} 6] /min
100 4.59 336.96>277.10 (15-ADON)
=
E 4.66
0 050 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00 7.50 8.00
15 B4 Hs} 6] /min
100 4.66 336.96>173.00 (3-ADON)
o
E
0 050 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00 7.50 8.00
AR B 5} 5] /min
100 4.59 336.96>150.08 (15-ADON)
o
‘]2‘
0 050 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00 7.50 8.00
- % B[] /min
100 375 310.00>279.13 (“°C,,-DON)
a 3.76
E 3.79
0 050 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00 7.50 8.00
LR B 5} [ /min
100 3.74 294.96>265.13 (DON)
o
E
0 050 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00 7.50 8.00
£ B4 b5} 8] /min
100 3.74 294.96>138.05 (DON)
o
E
0 050 1.00 1.50 2.00 2.50 3.00 3.50 4.00 450 5.00 5.50 6.00 6.50 7.00 7.50 8.00
£ B 5} [ /min
1 FRUEARBRMRM RS A
Fig.1 MRM chromatograms of standard solution
F2 BRIEEH F3 &MMLAE. KIEEEMEXRY
Table 2 Conditions of mass spectrometry Table 3 Linear curve equations, linear ranges and
oy Rl F FET HEFLHL R I correlation coefficients
5] TR
(m'2) (m'2) V /eV e IR R ;
138.05 22 20 Apg/l)
DON 294.96 3 -
26513 > > DON Y=0.89703%+0.778158 20~1000 0.999
PCDON 31000 913 > > 15-ADON  Y=1.83719X+6.34908 20~1000 0.999
. ) 173.00 4 9 3-ADON  Y=0.284683%+0.565595 20~1000 0.999
3-ADON 336.9 . ) .
307.08 28 8 BT 600 pg/kg MFER LB 7.16%, WWHE 2, &
150.08 2 2 AR i BB R, U B T B G A A R L T R 3 A T
15-ADON  336.96 -
277.10 2 8 DON 54,




30 B fh G4 BRI A R %16 4%
*4 TESYHSDTEESZNREIER
Table 4 Mycotoxins detection situation in different cereals and their products
oy WA BHEE  fomk  BWK mhw B BE Py Py JAI
My i % i 1% Npgkg)  Apgkg) Ang/kg) Ang/kg) H(ng/kg)
DON 435 394 90.6 8 1.8 202.4 312.5 103.6 694.0 3961.0
15-ADON 435 1 0.2 0 0.0 5.2 5.1 5.0 5.0 112.4
3-ADON 435 0 0.0 0 0.0 ND ND ND ND ND
1 ND Fn Ao
. 110.0 pg/kg, PosfE A 1610.0 pg/kg, A K 3961.0 ugke,
300} 28 7 G ER AR R TR . ARAREK T, DON
20 g IR S350 40.9% . 90.0%F11 70.8%, Ky IIF-H AR
f_ﬁgg Z 1AM 34 123.7 pgkg. 20.3 pg/kg F192.4 pgkg, Kl
& ool g 1;20 {E435 0 694.0 pug/kg. 186.6 pg/kg Fl 609.6 pg/kg, HIAiE
sl %’ Z o ) . R AORRELRRE . 7E 435 DYRES e, TR RS %A
0 s PG T A, OO N I S
W/ (ng/ke) 2.5 DONHIERZREZEERME ARFEENXK TS

B2 43503 FE 5 T DONTE YLK SR oA 155 1

Fig.2 Distribution of DON contamination level data in 435 samples

24 A EAYE &S DON HSRIER

Wi 2B, THME DON KHZE R 100.0%,
AR R 1.0%, K P 244.8 pg/kg, Pso M
163.0 pg/kg, Pos{H 4 605.0 pg/kg, i K1E N 1376.0 pg/kg,
A1 Dy E R bR E; NEK R DON i3
92.8%, HAREN 2.6%, FEHE N 216.1 pg/kg, Ps [HA

T PR A2 WD LA RS P A HH 3RS, DR
TSR AREIS, 220 Y AT AR 0 0 T £ S A DU 14 7
PONBEA BB B T AP DON, 4544 Yl dh i)
B, 455 B ga i A THE AR B PR AE Y
YRS PR B R B E L. DERI, BUAE D YA T
F/NAE By S I A DON A 2 IS P i £ 2% 8 XU 2
B TR WA S Yilih B, T+ DON 5]
A AP R e e ARG i T LA il b, /NASB DON 515
Sk R KRS AN T b T HA S il . TRILER 6.

#5 TREIE2EH+ DON B 1B

Table 5 DON detection situation in different cereals and their products

pepoop TP CRRRECR e BAEREC mERk WM fRE Pso Pos N
My 1y % 1y 1% H(ug/kg) /(ug/kg) /(uglkg) /(ug/kg) /(ug/kg)
T TH 104 104 100.0 1 1.0 244.8 223.8 163.0 605.0 1376.0
/N Ry 265 246 92.8 7 2.6 216.1 359.6 110.0 1610.0 3961.0
Tk 22 9 40.9 0 0.0 123.7 198.1 10.0 618.0 694.0
NP S 20 18 90.0 0 0.0 20.3 422 4.6 69.6 186.6
FEP/N 24 17 70.8 0 0.0 92.4 198.7 10.0 597.8 609.6
#6 REERRTREIMS DON RIS RE XK
Table 6 Risk of slow and acute exposure to DON among adult residents of different genders
e . BUAES PR R AL PR i
Fraice /?;jlfl;) /I(ﬁ/:lf) T— bt r ol Tz ] e - b
P FSi 3¢5 a2
T 244.8 1376.0 0.55 3.07 0.52 2.90 1.0 8.0
INFE K 216.1 3961.0 0.48 8.84 0.45 8.34 1.0 8.0
FOKIE 123.7 694.0 0.05 0.25 0.05 0.27 1.0 8.0
YNV S 20.3 186.6 0.07 0.68 0.08 0.70 1.0 8.0
ok 92.4 609.6 0.34 222 0.34 2.28 1.0 8.0

e P E R F R 59.0 kg, A B MR 69.6 kg 15
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3 THES4R

ARG TR 5 24Pyl i b DON K& HATAEY )
TGP T T, S RERW], fETHER . MR . £
DR INKFRIEKIX 5 254 9Hh, DON (1475 Yt 45 Ay 5 i,
TGYHG HHIKFN T 90.6%. F I BESE AT b b X 5 4% £
aiy AR TR SO RIS S AR TR B, TS YY)k DON;
ARILVI S LI, DON 5 i om0t
ZERON T T A/ N R ROFSE R BE, DON FAS H 3R 55
i, IAF 77.3%; 1ok pE A A E A4 H 9 DON 5
2R PR %45 55 MALACHOVA 25225 o 434
FIEPRE S (L 116 40 EEERI, DON 7EAF A Hr Ad R ) 4
N 75%. EINAIMIRRIBI ST S5 A s 1224,

WFFErPR R I, THE DON B H SR FE A 1
THAD 4 25849, #2555 100.0%, FEE Y 244.8 pg/kg;
HUChH/INZ Ry, EBARFESLIE 8 1y, B/ NIRRT .
AT AL, AR R H 5 Bl DON V5 G 2 ik 7 1 [ il 271
X F /N K HAT N il DON (1975 Y48 k5 3k Al
PR, INZE RIS Y SRR T /N A K I B R R A
S, DL AR /INZE N U A 7232 F o 3T SH W o 8 R A £ 2
TEECELPA AR ORI, AT 2 DON & B n; T4
1T S e BT IEADRL N I AE AR 7 L I B
TEAF IR Z B B A 5 Y 8. Ik, st
ANFZ Ry B L DON 975 G JRURS: s sl Ao, R ECA
P TIRE IE, H AN A 5 1, PR, PR/
W AR, AT B D BB R R 15 AR, AT DON
ST YL v A B A AR

H1F DON FEAH il 5 o i 5m A7 e, A — R
AR R BAE AR A TR, N RS 5 Fh
YRR EREAE 0.045~0.550 pg/(kg « bw)Z[E], JHAE
LAEBEA 5 RIS PR 12 B R R AE 0.049~0.520 pg/(kg * bw)
ZIE], R X ATz, AR S R PR A N R 1
LVERBEESD N 8.84 ng/(kg « bw) Fl 8.34 pg/(kg * bw),
YRt ARID {8, T REAAAE 2t b B UKL Rt Oy T
D b DR £ 28 A RS AR, R UA ST T T s %t /N A2
o B A 2 Py ) A A3 B e R v TR T B AR 4 R
REAIR LA A 2B R BB AN R 2R, DRI £ 22 8 XU,
RO B 1 TR R 4E 4
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