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The monitoring and exposure assessment of 4 kinds of alternaria toxins in
grains on sale in Shaanxi Province
ZHAO Di, YUAN Wenting, QIAO Haiou, ZHANG Lugqian

(Shaanxi Provincial Centre for Disease Control and Prevention, Shaanxi Xi’an 710054, China)

Abstract: Objective To investigate the contamination of 4 kinds of alternaria toxins in grains in Shaanxi Province and
evaluate the risk to the health of dietary exposure. Methods A total of 171 samples of wheat flour, rice and corn grits
were randomly collected in circulation in 2022. Four kinds of alternaria toxins were determined by ultra high performance
liquid chromatography tandem mass spectrometry. The health risk of altemaria toxins in grains were evaluated based on the
threshold of toxicological concern method. Results The average contents of alternariol, alternariol monomethyl ether,
tenuazonic acid and tentoxin were 0. 128, 0.461, 15.3 and 1. 67 pg/kg in grains, with the detection rates of 8. 19,
56.73, 57.31 and 38.01%, respectively. There was a significant correlation between tenuazonic acid and tentoxin
contents in wheat flour. The alternariol average dietary exposure is 0. 64 ng/(kg*BW-d) , below the corresponding TTC
values. The alternariol P, , dietary exposure is 4.62 ng/(kg-BW-d) , above the corresponding TTC values. The
alternariol monomethyl ether average and P, , dietary exposures are 3.45 and 17.8 ng/(kg-BW-d) , above the
corresponding TTC values. The tenuazonic acid average and P,, ; dietary exposures are 144 and 336 ng/(kg:BW-d) ,
below the corresponding TTC values. The tentoxin average and Py, ; dietary exposures are 16. 7 and 32. 6 ng/(kg-BW-d),
below the corresponding TTC values. Conclusion The grains were contaminated by 4 kinds of alternaria toxins to
different degrees in Shaanxi Province. The dietary exposure levels of alternariol and alternariol monomethyl ether in grains
exceed the TTC values, and children aged from 2 to 7 years old were higher exposure. Tenuazonic acid and tentoxin were

lower dietary exposure.
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&5 ZCEE L1 (Alternariol , AOH) | 32 7 9 iy B HF ik
(Alternariol monomethyl ether, AME) | 2 3 4% 41 B i
i (Tenuazonic acid, TeA ) Fl % 2 Z (Tentoxin, TEN)
JE/NE ROR E KRS REAE Y b B LR 4 Fh 52
G f0 15 K. AOH Al AME H A7 42 i 1) 5l 28 725 1k
038 A% 35 PEAE Y, TeA HAT 40 0 35 1F A0 2 1 75
PESO TEN HAT R 22 17, X il 21 20 i i 55 1k ik
B ib oK WL ARGE . H AT, B E A O BT RS Y
AEHEFRLRE R A0 WIS L o R I B B 7Y 4 4 ) v 52

Bk A0 7 25 YLK T 1Y I A e ) A B = B P A IR
BB i AT TR R 0T e A RS 1 Y IAURS: PPAG TR

5 T 2% G 7 [ {H (Threshold of toxicological concern,
TTC) J2 3T 4F K J B0 37 089 IRURS: 1Ak 7 125, H iy 28 BBk
A R A 2 SURT I SR T AR 2 AU TS R RS R
K Z2 512> (Joint FAO/WHO Expert Committee on Food
Additives, JECFA) ER P & & Z‘E%E(European Food
Safety Authority, EFSA) | 5 E B A2 5 A R

(United States Food and Drug Administration, USFDA)
SR 2 4 RUR: DA A BIALRG SR AT Tz N T
Bl AL AR B P A R S A A XU DA o
1995 4 USFDA H UM H] TTC 3% T £ f # il 2%
Wy FR B . JECFA SR TTC 50 B4 £
AR 2 A . R E WA 5K TTC 5 8
FE i Ak 2 I AR XU AR AR SR
FH v BB 185 0T 3% 1 X 2022 AR BRPT A T EAR Y
Y 4 FhAZBE R RIEAT D, TR AW
AOH.AME .TeA I TEN 75 4L 1% , ﬁ*ﬁﬁaiﬂ%
SRTE BRI DA A5 W) vh S8 B 0 75 2R A0 R 5 XU
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1.1 FEACKRE

2022 AEFERR PG 10 4> b 2 i R FH Bl AL 4 FE G
D5 3 BT B A AL N B K R BT 3 B8 B R
ERYIRES 171 6y, PG /N E B 61 7 L E KK
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Table 1  The distribution of cereal sampling sites
Hbu il 24 B Kok INEE Ky Ak () SRRE ATER SR (]
[ 6 16 13 29 2022.3~2022.6
i 2 9 3 9 2022.6
FAGTT 4 12 8 12 2022.9
Jak B T 4 12 10 16 2022.6~2022.7
T 4 12 10 14 2022.8
HE 2 T 2 — 7 9 2022.5~2022.8
il 2 — 7 7 2022.8
iy bt 4 — 8 11 2022.4~2022.9
R 3 — 6 9 2022.8~2022.9
ERGa 2 — 5 7 2022.4~2022.8
At 33 61 77

1.2 AL 5l

Dionex U3000 # = &5 ¥ AH £ 3% 4% ( 35 [E Thermal
I8l ) 35500Q-trap — F DU % AT A2 B R AN (Fid 5
W %5 B IR ORI B UE 5 K, & E AB SCIEX 22
Al ) 5 R E R 3% % (35 D E R 2 /) 5 Z A
BRNASRHE AR AR); B.0HL(HZA& HITACHI
NI

100. 0 pg/mL AOH AME . TeA \TEN #5 i % ¥ ,
25.0 pg/mL ®C,,-AOH . "C,;-AME , C,,-TeA P b5 I
WM F 32 Romer /A A, TEN-D, N #5 (465 >99% )
TR TRC A d] . WEE LG B — 258 ik
TR S 8 N 035 4l , 4 0 T 15 B Merck 22 F] o Oasis
HLB [& A A5 B (200 mg/6 mL, 35 [E Waters 22 ] ) o
1.3 U TAE&RAME
1.3.1 @&

o 3% # Waters BEH C18 (2.1 mmx100 mm,

=

uf}

2.5 pm) ;AR 50 °C; U # 0. 4 mL/min; #F A R ]
2.0 wL; Wi sh A A ;B 1. 0 mmol & iR S 2% ;
JE VMG :0~2. 0 min, 95%B ;2. 0~3. 0 min, 95%~5%B;
3.0~6.0 min, 5%B; 6. 0~6.5 min, 5%~95%B; 6. 5~
10. 0 min,95%B.
1.3.2  Fig &k

HL 55 EST & U8 (g F =0 s B K £
S WD (MRM) ; L5525 B -4 500 V; A5 SR )
35 psi; 55 U 35 psis Bl B AU ) 35 psi; B 1
TR 550 °Cs AR (RIETE 2 A 1 R RlE 98 =
W R AR PR R L 2SR R LR 2,
L4 SrArdr ik S5 il

HERIFREL 5.0 g BEAL ORE 5 2 0. 001 )il A 200 pL.
RA VAR W, IR — S - - 5 IR &
PE R BB, 28 HLB [ AH A B Al Bk 4
AR UE . e 2022 MCEZE S TS Qe A A
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Table 2 MS parameters
E4) 4 B B A] /min B 81 Q1(m/z) F B F Q3(m/z) CE (V) EP (V) DP (V) CXP (V)
196.0 139.0% -27 -10 -90 -10
TeA 2.26
196.0 112.0 -32 -10 -90 -10
257.1 215.0% -35 -10 -150 -12
AOH 5.33
257.1 147.0 -43 -10 -150 -12
271.0 256.0% -32 -10 -200 -15
AME 5.82
271.0 228.0 -40 -10 -200 -15
413.1 141.0% -28 -10 -170 -10
TEN 5.54
413.1 271.2 -22 -10 -170 -10
206.0 117.0% -33 -10 -100 -15
PC,,-TeA 2.25
206.0 144.9 -27 -10 -100 -15
; 271.1 156.1% -45 -10 -160 -15
’C,,~AOH 5.33
271.1 227.0 -35 -10 -160 -15
286.1 270.0 -31 -10 -160 -15
PC,-AME 5.81
) 286.1 241.1 -42 -10 -160 -15
416.2 140.9 -25 -10 -160 -10
TEN-D, 5.53
416.2 273.9 -23 -10 -160 -10

W+ RIRE G B T EP: A LU CEP Rl 8 = A FHLU R  CXP: il 8 %5 1 10 U R 5 CE « Al 28

XU W T A ) YA 3 - I T S 1
ERHE TR EN T =, TeA 7E 4. 00~200 ng/mL
W TE B R £ M5 R b y=0. 0751x-0. 0325, r=
0.999 6;TEN 7E 0. 20~10. 0 ng/mL ¥ Ji {5 il it £& 1
77 # M y=0.0586x+0. 007 26, r=0.996 5; AME 7&
0.20~10. 0 ng/mL ¥ B il Y ZePEJ7 F24 y=0. 0759x-
0.001 06, r=0.999 5; AOH 7£ 2.50~50.0 ng/mL ¥
JE T BB 2R 5 B2l y=0. 0734x-0. 0528,r=0. 999 7.
TeA .TEN.AME 1 AOH %5 i FR 2 2.00.0. 10,
0.10 A1 1. 00 pg/kgo 43 H ik 78 38 &8 Jn b [l fic 52 56
FFAT BURE 45 1 0 07 3 o, B9 10 A FEM— A F AT
FE B A — > 2 AR FNRE SO AR o AR (8]l
SEES Y MR N 93, 6%~107. 5% , 47 WEERY RSD<
10% .
1.5 Z 58 KU P4
1.5.1 =i EHEREERE

A5 R L ROVEAS T 1, R A 2 D=X*C/W
AR P CHAEREERERE., HP . DS
Yy b 28 il A0 B KRS 2 B #E it [ng/ (kg BW-d) |3 X Hy
B H AR (g/d);CHBY T ACEERERT
PIE i (pg/ke) s WA R (kg) -
1.5.2 8 h 32 HE 1 B 2R 0918 1 2 85 KU DAl

TEAC B 70 75 2 2R R RV AL &Rl L R
TTC PFAl 43 W) A2 B 16 7 38 00 B 12 28 68 KU o 4%
T TTC Je3EH, i T AOH Ml AME HAT it &1k, 1
TTC {H A 0. 15 pg/( A -d) B 2. 50 ng/(kg-BW-d)!";
IR TTC PR M H Cramer L&) 70 & (R HE )
Bt a5 AR L 1 T V28 ), TeA Fil
TEN J& T4 2454, H TTC {6/ 90 pg/(A-d)

BI 1500 ng/(kg-BW-d)'"™ . 2 % & & D<TTC {f,
Ui B 05 YL W (0 £ 22 4 RS T 3532 5 0 B R D>
TTC A, Ui W% 5 Y W0 0 8 5 A7 AE — 72 1 % 42 K
5 B RO TE .

2 #R
2.1 BRVGA Y 52 B 0 25 28 0 W 25 2R

3 A%, A% h AOH,AME TeA 1 TEN
)72 & B 0.128.0.461.,15.3.1. 67 png/kg, K
HSRAK KN 8.19% .56. 73% .57.31% .38. 01%., /)
22 oy v A7 A S B T R T O H AME [ TeA Al
TEN ¥ 55, 40 % 91. 8% .100. 0% . 100. 0%
£ KK (B )dh AOH,AME . TeA F1 TEN ¥4 i, 46
HR K 18, 18%.50. 65% .41. 56% F1 5. 19% ; KK
{L AME HI TeA £, K %k 6. 06% F1 15, 15%
¥ AOH Ml AME (9°F ¥ & 3 24/ T 5 pg/kg;
INE R TeA W38 B, o 37,2 pe/kg, &
K (B)RZ s /ANER o TEN F &R, N
4.64 pg/kg. AW TeA Fl TEN iz KA Hi A 4 i1
A 84.0 F1 9. 39 pe/kes
2.2 AW AC B RE R AR C Tk 4 AT

FF P 25 0 R i v A A 22 R 28 00 &R [ I
eI B0, 61 13 /N 22 ¥y F i [5) B At TEN il TeA
56 93 /NFE Ry FE S R B 4G AME [ TeA fil TEN. 26 {3
TR By OB ) B 5 b TR BE RS Y TeA F1AME, 2 i K
KRR 5 A R RS HE TeA FII AME. R A SPSS 23.0
Giit A S ¥ AOH AME . TeA fil TEN & & i
AT A DGR 43T o KOK A o 35 e b i B50OR 2D, R A
RSB . SR B /NE K TEN Fil TeA &



e VG 4 T A8 0 o 4 ol S B A0 2 2R A M B g o R AT A —— ikl 4%

F3 2022 4FBRTY A Y P AT BRI EE T YL i

Table 3 Alternaria toxins contamination of grains in Shaanxi Province in 2022

SR " FEAE B X/(pg/kg)  Po/(ng/kg)  Py/(ng/kg)  Pu/(ng/kg) Py /(ng/kg) BKRIEH/(pg/kg) il /%
INFE Ry 61 <1.00 — — — — — 0
AOH Kok 33 <1.00 — — — — — 0
TRk () 77 0.283 — 1.24 1.71 2.05 3.64 18.18
it 171 0.128 — — 1.20 1.68 3.64 8.19
IINZZ Ky 61 0.631 0.310 1.38 3.00 3.29 4.10 91.80
AME Kok 33 0.0118 — — 0.130 0.260 0.260 6.06
FoRH () 77 0.518 0.150 1.76 2.47 2.53 5.04 50.65
e 171 0.461 0.170 1.38 2.18 3.00 5.04 56.73
INEZ My 61 37.2 36.3 56.4 60.8 70.5 75.4 100
TeA Kok 33 0.566 — 3.09 4.13 4.98 4.98 15.15
FEoRH () 77 423 — 8.89 17.4 33.8 84.0 41.56
it 171 15.3 4.13 453 55.5 60.8 84.0 57.31
INZZ Ky 61 4.64 4.52 7.30 7.57 8.77 9.39 100
TEN Kok 33 <0.10 — — — — — 0
Ak () 77 0.0210 — — 0.200 0.490 0.530 5.19
it 171 1.67 — 5.43 6.16 7.54 9.39 38.01
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VE A TR th B B (952 0 5 i
R OE AH OGP A OC R B 0.845(P<0.01) , WL
Kl 1. /NER T TeA Fl AME #HG 240K 0.397(P<
0.01), 255 EAH KM, /NE T TEN Fl AME #H5¢
AZHB N 0.510(P<0.01) , R FIEM L. £ KB
(B ) TeA Fl AME fHX R %4 0.310(P<0.01),
S EAH G . G5 R B, N By TeA [ TEN &
15 Y 1 R T, H T R IROE AR e X SR
BB T 4 R —
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The correlation analysis of TEN and TeA contents in

Figure 1

wheat flour

BTG 48 23 ) o 2 B A0 2 R G 1 2R R B PA
SHE YO EAREET IR RIS 12 K8
B SRS B R B R B VE A s RO
Byt H/NZZ 0 O ik (CRETE (02 3k I DR R AR RE 0 O
JNAT) A 215,69 ¢, KK FIE KB IE N 77.40 ¢
135,32 g, 454G 2022 AERREPG A WEI A 454) h 4 Fh
2440 7 R A B B AR BT DAAR N B P R
J i 60 kg T, T3 BE PY A 5 W B A0 EE R W IRE
TRFE. HE4TTH, BY P TeA 1 TEN fE &
T R I BE Py, B AR T TTC {H, J2& TTC {H /Y
1. 11%~9. 6%, &4 AOH (1% & 2 5 & ¥ EAL T
TTC {f , /& TTC {E 1Y 25.6%., ¥+ AOH 1y P,, |
i B 7% B & R L TTC {H, £ K8 OB ) B9 5Tk Rk
100% . A1 AME (1% & 7 8 i B TTC i,
INZE R KOK LB KR OB ) 1 BTk 2 43 51 R 65. 8%
0.3% 1 33.9%. ¥ h AME 9 P, B & 25 &
JE TTC A HR 7 7%, /DR KOk (B KB () 1Y BT ik
R HR 66.3% .1.8% F1 31. 9%, Z5F LW, 38 it
B AME 12 P I £ 5 58 0 T8 B 3 fekt B 5% i) 174 X6

2.3

T4 AP TERAE R R R/ ng/(kg- BW-d)]
Table 4 The dietary exposure of 4 alternaria toxins/[ng/(kg* BW - d)]

/NEE K KA

LXK OB) wit

i e
e D(X) D(P,, ) D(X) D(P,, ;) D(X) D(P,, ) D(X) D(P,, ) TICHE
AOH 0 — 0 — 0.64 4.62 0.64 4.62 2.50
AME 2.27 11.8 0.0152 0.335 1.17 5.71 3.45 17.8 2.50
TeA 134 253 0.73 6.42 9.54 76.2 144 336 1500

TEN 16.7 31.5 0 — 0.047 1.11 16.7 32.6 1500

2.4 BRVE ARSI S MG RREKF R ASE SRR TP 0 A A 25 A8 1
i BRI R R 6 ATH, Py P -AE Ry 24

A [ A NS B R R Y
T o 5 O R 2 A BT A A W T A HE LT

1) AME B85 8 N 2. 89~5. 62 ng/(kg*BW-d), &
TTC fH A 1.16~2.25 1% ; AOH . TeA F1 TEN & & %
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FEi AR TTC{E . Hrh 2~7 SR A E R AME
R, N 5.62ng/ (kg BW-d) ; HLE 8~12 %
SRR AL B REE AOH I AME % 8% 1 KSRl & T
Tt BEREW ELAY AME B R EEX 2~7 ¥
L i B 5 ) 014 DR 5 e, IO g B SR T

3 it

AWFTE R BEVE A AN By ROk B ()
FRAZ ) 4 PO CHEM B RNTGYL, AP AOH AME
TeA F1 TEN [¥°F ¥ & & & 0.128.0.461.15.3 Fl
1.67 pg/kg. H /N K H AME . TeA Fl TEN £ i
KA, A 91.8% .100% . 100% . VU J1] 45 % T
B /N K A i B A 68 R R AT R, AME
TeA Fl TEN £ H 2R 5518 86. 4% .97. 7% .96. 0%,

5 P EER AR H TS R TR B A W 2
Table 5 Reference body weight and cereal consumption of

age-sex groups in China

INiiFEl M 5 kg /g
2~7% 17.9 218.3
8~12 % 33.1 336.0
13~19 % 56.4 461.8
13~19 %5 4 50.0 368.8
20~50 %' 63.0 475.7
20~50 % & 56.0 386.9
50~65 % 3 65.0 461.0
50~65% 4 58.0 391.8
>65 %4 5 59.5 398.8
>65 44 52.0 326.3

LI X /NG By h 4 P s 8 R AT A,
AME .TeA Fl TEN £z H #3°25 88% .100% .100% " .
L EWEgE R W, /N2 T 45 5 3% 3 A2 B 46 5 &R )
N/

F o BRVEA P-4 I 4 S BE A0 3 R AR 88 K F /Ing/(kg* BW - d)]

Table 6 The dietary alternaria toxins exposure in age-sex groups in Shaanxi Province/[ng/(kg- BW - d)]

13~19% 20~49 % 50~65 % >65 %
i H 2-7% 8~12 % 5 % 5 % 5 % 5 % TTC {H
AOH 1.56 1.30 1.05 0.94 0.97 0.88 0.91 0.86 0.86 0.80 2.50
AME 5.62 4.68 3.77 3.40 3.48 3.19 3.27 3.11 3.09 2.89 2.50
TeA 187 155 125 113 116 106 109 103 103 96.0 1500
TEN 20.4 17.0 13.7 12.3 12.6 11.5 11.8 11.3 11.2 10.5 1500

ARBRGE R TTC J5 ik % B v 48 o B 6 v g it
8 R B RGBT TIFAG . PGS AME
) i B 2 55 A HLU B A TTC A, TR X 2~7 22 L
L R T 1) XU B v, 3 ORI T /N 22 R R R K
BB . E KB OB AOH B P, , I £ 5 55 &
TTC A . UL,k A% AME 18 M 5 & 2 # 0l i
2%V B 2 B A AU, N 5 LA AT R E A

RSB — E AT EE . 55— BT E
W v A8 B A6 BE 2R R R R AL R R B
T 2% BB 25 T 2009~2013 4F 1Y 55 1 vk R
TWF 5T, WG I ) A2 £k, B 74 48 Jm TR 10 R £ 00 9%
T PSSR R P S 2009~2013 AFE AT —E M
225 I IPAG 45 SRAFAE — E AT E FE . 55 Bk
VO N B B £ 22 4 76 5 3R 2% 58 KO PE AR SR F A EiHiE
DA 10 AP 50 A7 04 4N BE S % R T M A W 7
B Ay LA, PRI VAR B AF A — R R . 2B =
A4 AT R A AR A AR A TR R KRS
Py AR 58 i FUEE X A W R AT PR AR L B = K SRR
% SF B I 1 A R B L VR AN B B — s B SR BR
PE o AT N % 4 TR T 38 B 61 B 2 TR B SR KRR
AW rp S W % R T A R A O B
Jar B T £ 32 4 70 75 25 XURS: DA 42 448 BT o 1 1) B d
Y. HETH AR N e RE RN
PR S b 1, 5 G Bt ) 4 T S A A R

SRR T A A R AR DR R TR R A A
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