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Characterization of spatial contamination and cumulative risk

assessment of multiple mycotoxins in corn and its products, Jinan City
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Department for Physical and Chemical Inspection , Jinan Center for Disease Conirol and Prevention,
Jinan, Shandong 250021, China
Abstract: Objective To analyze the contamination characteristics of multiple mycotoxins in cornand corn products across
districts and counties in Jinan City during 2022—2023, and to assess the cumulative exposure risk among different age groups.
Methods We collected 173 samples of maize and products from 12 districts and counties in Jinan City from 2022 to 2023,
and simultaneously detected 12 mycotoxins by isotope dilution liquid chromatography tandem mass spectrometry, and evaluated
the cumulative exposure risk of the population of different age groups based on the data of dietary consumption of residents in
Shandong Province by using compositional analysis combined with the equivalence factor (EF) and the exposure boundary value
(MOE). Results Fumonisins ( FBs) were the most contaminated ( detection rate, 91.3% , mean, 1 506.1 ug/kg),
followed by deoxynivalenol and metabolites (tDON, detection rate, 89.6% , mean, 91. 7ug/kg) and zearalenone (ZEN,
detection rate,72. 8% , mean,41. lug/kg). 91.9% of samples contained two or more toxins concurrently, with FB + tDON +
ZEN being the predominant co — contamination pattern. Contamination characteristics varied across districts; Laiwu District
exhibited relatively higher FB detection levels(2 653.7 pg/kg), while Huaiyin District showed relatively higher tDON levels
(259.6 wg/kg). No distinct high — risk areas for ZEN contamination were identified citywide. The MOE values for all
population groups fell below the safety threshold (100) ,indicating potential health risks. At the same time, it is necessary to
consider the uncertainty of evaluation caused by sample size and consumption data. The younger age group exhibited relatively

higher risks. No statistically significant differences in exposure risk were observed between genders. FBs contributed the most
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93.6% ) to cumulative exposure risk and were identified as the primary risk factor. Corn milling products served as the main
P P ry g P

exposure source ( Contribution rate 67% ), with consumption levels positively correlated to mycotoxin exposure. Conclusion

Mycotoxin contamination in Jinan exhibits a spatial distribution pattern characterized by higher levels in peripheral areas and

lower levels in central areas. The population faces potential health risks from cumulative exposure to mycotoxins through the

consumption of corn and corn products. Younger age groups, due to their higher intake per unit of body weight, should be

prioritized as key targets for prevention and control.

Keywords : Mycotoxin polymorphism;Corn and products ; Co — contamination ; Cumulative risk assessment
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Table 1 Contamination levels of multiple mycotoxins in corn and corn products

=S ZH tDON® FBs"
TR B (n=173) W% %, (n)] 89.6(155) 91.3 (158)

Tk TR (n =47)

ERBEIEFI (0 =80)

TR h (0 =46)

[ pg/kg, MB(LB ~UB) ]!
P fiE[ pe/keg, MB(LB ~ UB) ]
Pys [ wg/kg, MB(LB ~ UB) ]
BORTE (pe/ke)

KR %, (n) ]

¥y [ pe/kg, MB(LB ~UB) |
"I"{ﬁ{ﬁ [Mg/kg, MB(LB ~UB) |
Pys [ pg/kg, MB(LB ~ UB) ]
BORTE (pe/ke)

B %, ()]

i [ pg/kg, MB(LB ~ UB) |
i fiE] pe/keg, MB(LB ~ UB) ]
Pys [ weg/kg, MB(LB ~UB) ]
BORTE (pe/ke)

G %, (n)]

¥ [ pg/kg, MB(LB ~UB) ]
fPAE [ pe/kg, MB(LB ~ UB) ]

145.0(139.6 ~150.4)
91.7(86.0~97.7)
446.7(442.3 ~452.6)
916.0

74.5 (35)
194.5(189.0 ~200.0)
206.5(203.2 ~209.7)
496.7(493.0 ~501.4)
820.8

96.2 (77)
145.1(140.0 ~150.5)
90.9(85.1~95.8)
555.1(551.8 ~558.3)
916.0

93.5 (43)
94.0(88.2 ~99.8)
64.8(57.8 ~71.8)

1506.1(1493.5~1518.7)
420.0(413.8 ~425.5)
7923.8

17 661.0

83.0 (39)

2176.0(2 158.9 ~2193.0)
290.5(265.5 ~315.5)

10 281.3

17 661.0

97.5 (78)
1478.8(1468.7 ~1 488.8)
509.3(504.5 ~521.8)

8 002.9

15 112.0

89.1(41)

869.3(856.8 ~881.8)
338.0(325.5 ~358.8)

Pys ([ pg/kg, MB(LB ~UB) | 304.2(300.9 ~307.4) 3781.0
R (peke) 428.5 5163.0
B A 24 ZEN AFs® OTA
Tk B (n=173) K[ %, (n)] 72.8 (126) 24.3 (42) 4.6(8.0)
([ pe/kg, MB(LB ~ UB) 4 41.1(40.5 ~41.8) 1.4(0.69 ~2.06) 0.4(0.2~0.6)
tfifl [ me/kg, MB(LB ~UB) ] 14.6 0.7(0~1.4) 0.3(0~0.5)
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(2:%)

FE 21 2 ZEN AFs® OTA
Pos [ wg/kg, MB(LB ~ UB) ] 4.3(3.7~5.0) 0.5(0.0~1.0) 0.3(0.2~0.5)
AR (pey/ke) 720.0 20.3 10.2

TR/ EAKBL(n =4T7) K[ %, (n)] 57.4 (27) 6.4 (3) 4.3 (2)
)18 [ pe/kg, MB(LB ~ UB) ] 31.0(30.0 ~32.1) 1.3(0.6 ~2.0) 0.3(0.1~0.5)
HifY [ we/kg, MB(LB ~ UB) | 8.6 0.7(0.0~1.4) 0.2(0.0~0.5)
Pys [ pg/kg, MB(LB ~UB) ] 223.6 5.8 0.8(0.7~0.9)
Rl (pe/ke) 407.0 19.1 2.0

FORBREES (n =80) K[ %, (n)] 77.5 (62) 31.5(25) 2.5(2)
H{# [ we/kg, MB(LB ~ UB) | 42.4(41.9 ~43.0) 1.2(0.6 ~1.9) 0.4(0.2~0.6)
HiffE [ we/kg, MB(LB ~ UB) ] 14.2 0.7(0.0~1.4) 0.2(0.0~0.5)
Pos [ pe/kg, MB(LB ~UB) ] 232.2 4.0(3.4~4.6) 0.2(0.0~0.5)
KM (ng/ke) 720.0 9.0 10.2

FOKMIT (n =46) k#E( %, (n)] 80.4 (37) 30.4 (14) 8.7 (4)
¥{# [ pe/kg, MB(LB ~ UB) ]¢ 49.1(48.6 ~49.6) 1.6(1.0~2.3) 0.5(0.3~0.7)
ffifl [ we/kg, MB(LB ~ UB) ] 26.5 0.7(0.0 ~1.4) 0.2(0.0~0.5)
Pos ([ pg/kg, MB(LB ~UB) ] 174.9 5.3(4.7~6.0) 1.7
R (pe/ke) 196.0 6.2 8.2

7£: a: tDON = DON +3 — Ac = DON +15 — Ac - DON;b:FBs = FBI + FB2 + FB3;c:AFs = AFB1 + AFB2 + AFGI + AFG2;d:MB (LB ~UB) . Hi{f

(IRAE ~ WiHD
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JEMRIT X (259.6 pg/kg) , HR Ry X (188.5 pe/
kg) ;17 ZEN 35 4 K SEARAHT A, 15 Y 7K V- foe e A AR
BHIXAL H 60.3 pe/kg, Kruskal — Wallis 6 56 45 5 %
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3T W22 R (P <0.001)
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Average corn and corn product consumption among

different age groups in Shandong Province
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Table 2 Mean exposure levels to major mycotoxins in corn and corn products among different age groups

FoKk/FE Kk MB(LB ~ UB)

LN HEHR L Py ZRUETIR
ng/ (kg « bw - d) pg/ (kg « bw - d) 1l MOE

AR tDON 0.055 2(0.0536 ~0.056 7) 0.667 6(0.661 4 ~0.673 9) 149.8(151.2 ~148.4)
FBs 0.617 4(0.612 6 ~0.622 3)
ZEN 0.008 8(0.008 5 ~0.009 1)

THARECE) tDON 0.040 5(0.039 4 ~0.041 7) 0.490 5(0.486 0 ~0.495 2) 203.9(205.8 ~202.0)
FBs 0.453 6(0.450 1 ~0.457 2)
ZEN 0.006 5(0.006 3 ~0.006 7)

AR L) tDON 0.067 2(0.065 3 ~0.069 1) 0.812 9(0.805 2 ~0.820 5) 123.0(124.2 ~121.9)
FBs 0.751 7(0.745 8 ~0.757 6)
ZEN 0.010 7(0.010 4 ~0.011 1)

JLE(3 ~6 %) tDON 0.344 3(0.334 6 ~0.354 1) 4.166 0(4.126 8 ~4.204 9) 24.0(24.2 ~23.8)
FBs 3.8526(3.8223 ~3.8826)
ZEN 0.054 9(0.053 1 ~0.056 8)

INME(T ~12 %) tDON 0.190 2(0. 184 8 ~0.195 6) 2.301 1(2.279 5 ~2.322 6) 43.5(43.9 ~43.1)
FBs 2.128 0(2.111 3 ~2.144 6)
ZEN 0.030 3(0.029 3 ~0.031 4)

HAAE(I3 ~17 %) (DON 0.173 1(0.168 2 ~0.178 0) 2.094 0(2.074 4 ~2.113 6) 47.8(8.2 ~47.3)
FBs 1.936 5(1.921 3 ~1.951 6)
ZEN 0.027 6(0.026 7 ~0.028 6)

RAEA(I8 ~59 %)  (DON 0.041 2(0.040 1 ~0.042 4) 0.498 9(0.494 3 ~0.503 6) 200.4(202.3 ~198.6)
FBs 0.461 4(0.457 8 ~0.465 0)
ZEN 0.006 6(0.006 4 ~0.006 8)

HAEN(> =60%) tDON 0.040 7(0.039 5 ~0.041 8) 0.492 1(0.487 5 ~0.496 7) 203.2(205.1 ~201.3)
FBs 0.455 1(0.451 5 ~0.458 7)
ZEN 0.006 5(0.006 3 ~0.006 7)

KB EE ] & MB(LB ~ UB)
B HIHHER [y SRR R
png/ (kg - bw - d) g/ (kg bw - d) H{H MOE

19PN tDON 0.1224(0.118 1 ~0.1269) 1.358 8(1.346 3 ~1.371 4) 73.6(74.3 ~72.9)
FBs 1.247 4(1.238 9 ~1.255 8)
ZEN 0.035 8(0.035 3 ~0.036 3)

EFHARECE) tDON 0.1224(0.118 1 ~0.126 9) 1.358 8(1.346 4 ~1.371 3) 73.6(74.3 ~72.9)
FBs 1.247 4(1.238 9 ~1.255 8)
ZEN 0.035 8(0.035 3 ~0.036 3)

EFHARE(L) tDON 0.113 7 (0.109 7 ~0.117 9) 1.262 2(1.250 7 ~1.273 8) 79.2(80.0 ~78.5)
FBs 1.158 7(1.150 8 ~1.166 5)
ZEN 0.0332(0.032 8 ~0.033 7)

JLE3 ~6 %) tDON 0.1339(0.129 2 ~0.138 9) 1.486 7(1.473 0 ~1.500 4) 67.3(67.9 ~66.6)
FBs 1.364 8(1.355 4 ~1.374 0)
ZEN 0.039 1(0.038 7 ~0.039 7)

IAE(T ~12 %) tDON 0.192 0(0.185 3 ~0.199 2) 2.1320(2.112 6 ~2.151 8) 46.9(47.3 ~46.5)
FBs 1.9572(1.943 9 ~1.970 5)
ZEN 0.056 1(0.055 5 ~0.056 9)

FAME(13 ~17 %) (DON 0.050 9(0.049 1 ~0.052 8) 0.565 1(0.559 9 ~0.570 4) 176.9(178.6 ~175.3)
FBs 0.518 8(0.5152 ~0.522 3)
ZEN 0.014 9(0.014 7 ~0.015 1)

HAEA(18 ~59 %)  tDON 0.127 6(0.123 1 ~0.132 3) 1.416 6(1.403 7 ~1.429 6) 70.6(71.2 ~69.9)
FBs 1.300 4(1.291 6 ~1.309 2)
ZEN 0.037 3(0.036 8 ~0.037 8)

HAEN( > =60%) tDON 0.110 3(0.106 5 ~0.114 5) 1.2250(1.213 8 ~1.236 4) 81.6(82.4 ~80.9)
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(5:%)
FORBRIEEHI S, MB(LB ~ UB)
BHARE HA# R P s 1 Py SRR
wg/ (kg - bw - d) ne/ (kg bw - d) {8 MOE
FBs 1.124 6(1.116 9 ~1.132 2)
ZEN 0.0322(0.0319~0.0327)
TR 5 MB(LB ~ UB)
BHIARE HH AR [ s 1 BRI SRR
g/ (kg - bw - d) we/ (kg « bw - d) H{H MOE
AR tDON 0.0219(0.020 5 ~0.023 2) 0.2223(0.2182~0.226 4) 449.8(458.4 ~441.7)
FBs 0.202 4(0.199 5 ~0.205 3)
ZEN 0.0114(0.011 3 ~0.0116)
BHARE(E) tDON 0.026 8(0.0252~0.028 5) 0.2723(0.267 2 ~0.277 4) 367.2(374.2 ~360.4)
FBs 0.247 9(0.244 3 ~0.251 5)
ZEN 0.014 0(0.0139~0.014 1)
ERHAR(L) tDON 0.0179(0.016 8 ~0.019 0) 0.1815(0.178 1 ~0.184 8) 551.0(561.5 ~541.1)
FBs 0.1652(0.1628 ~0.167 5)
ZEN 0.009 3(0.009 2 ~0.009 4)
JL#E(3~6 %) {DON - - -
FBs -
ZEN -
INAE(T ~12 %) tDON 0.049 8(0.046 7 ~0.052 8) 0.5055(0.496 1 ~0.5149) 197.8(201.6 ~194.2)
FBs 0.460 2(0.453 6 ~0.466 8)
ZEN 0.026 0(0.0257 ~0.026 3)
HPLH(13~17 %) tDON 0.0214(0.020 1 ~0.022 8) 0.217 8(0.213 8 ~0.2220) 459.2(467.7 ~450.5)
FBs 0.198 3(0.1955~0.201 2)
ZEN 0.0112(0.011 1 ~0.011 3)
BAEAN (18 ~59 %) tDON 0.019 0(0.017 8 ~0.020 2) 0.193 1(0.1894 ~0.196 7) 517.9(528.0 ~508.4)
FBs 0.1758(0.1732 ~0.178 3)
ZEN 0.009 9(0.009 8 ~0.010 0)
ZAEAN( > =60 %) tDON 0.028 1(0.026 4 ~0.0299) 0.2859(0.280 5 ~0.291 2) 349.8(356.5 ~343.4)
FBs 0.260 3(0.256 5 ~0.264 0)
ZEN 0.014 7(0.014 5 ~0.014 8)

TE: = 7 IORTAR R R R

3% ®

AR R G s T 5 R T B K Sl i FBs |
tDON Fil ZEN 1) 95 YL kR AE ez HLON B 2 o2 U o 45
HRIR, FBs J5 Y DA 2, 5 IR R ™ R4
B B, i Yok S R A A
PR T S AR Y 5 e 4 3% , tDON -
FBs — ZEN 20 & 5 W fe iy, s 075 L2 2R .
ZEN S EBAG, (H A R 72. 8% & T 2 54
(46% )7 AR 17. 3% | T 845 AR g e o 302K 55
FHIEE NI TR

FETFTH S B ) RFRXUBS AL 8, B g i R
AETEXT FOK S it v EL TR B 3R 1Y R R R B 1 A O
o BRDTF XA XAk, o X B MOE ¥k T2
2 R, VR AT 0% 2N B %) R G i 1 2 8 48 A AH X g
o FORBEESS G EE RGO, KB 58 R
BEERIEMAX, TSR3 ~17 2 L&
T e A Ay, R LB R R A 1 e HLACI R 4
KRB TEA A NH F KT ] S d A LA 5 77 G
P R i S o P01 25 S /0N, 5 R ORI B 1 i 1Y

FREETTHR R (64. 0% ) W & T M (55.9% ) , vl fig 5
FBAYET 2 NG IN TAR G A,

AR AFEAS T A E T, &5, IFRICR
2022—2023 AEFEASEIT IR A, HAEAR RN, 7T fg
SR EE RAFEA G . HR, B EEVEAG 1)
& 2012 AR AR BT A, T B AR I 25 A el
Ao N B i 22 5, 31X 0T R AR TEAL 45 R I = ok e
o 55 =, 7EXF T KR K B R B UEAT PRSI, R4
AN ZR 520, 0 T 72 AT R 2 A R R RN 25
ETe LIRS €T G B =Y [ 1 L N )
tDON FBs 1 ZEN (#3135 Je 4 4 v 47 B2 BUR S 1
i, R R IR T A RV E IR A 857 43 25 53 ( BMDLS |
BMDLIO #1 NOALE {§ ) , DA Kt = 56 F H 7 2% Z 0]
TEEAR EAE R A BE (RIERRL/ A sl berE ) o 6l
i, K o B M T (ZEN) 5 8 48R i ) TR
(tDON) P [F) B 1 , 11T A 3 A0 k95 3R A2 A 0 92 i 3l
SAE E A IR A B T R AR AR R X i R AT
BEPEAIGUE , X ] AR S EU AN S A 2 M B RN
FRUNRE o AT 45 A A4 W W U (i v 8 R Ar
V) FuLEER B 7% (PBTK) A5 AY | 3 — 20 4 Ak XURS:
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