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Residues behavior and dietary exposure risk assessment of tebuconazole

and pyraclostrobin in apple
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Abstract: [Objective] The residue and degradation dynamics of tebuconazole and pyraclostrobin in ap-
ple were studied at twelve sites in one year. And the dietary exposure risk assessment concerning two
compounds were estimated. [MethodsJQuEChERS-HPLC-MS/MS method was established to detect te-
buconazole and pyraclostrobin in apple fruits. The purification of sample was adjusted to the proportion
of purifying agent. Samples were extracted by acetonitrile (Compared with methanol, acetonitrile was
more efficient and safer as extraction solvent), and purified by a traditional purifying agent (20 mg
graphitized carbon black (GCB)+40 mg primary secondary amine (PSA) and 150 mg anhydrous magne-
sium sulfate). Both compounds were optimized for separating under conditions of chromatography and
mass spectrometry. The national estimated daily intake (NEDI) and risk index (RI) of six typical popula-
tions were calculated. [Results] The method established in this study greatly decreased the sample pre-
treatment time and the separation efficiency of the two pesticides, the operation was practical, the peak
shape was symmetrical, the response value was high and the reproducibility was perfect. In order to
achieve efficient purification effect, PSA, PSA + GCB and multi-walled carbon nanotubes (MWCNTSs)
were investigated in the process of screening out different proportions of purification agents. The

amount of purification agent was optimized for obtaining higher recovery. The extraction and purifica-
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tion of apple samples from different regions and varieties could achieve good purification effect.
Through addition and recovery test, under three levels of addition (0.005, 0.5 and 2 mg-kg'), the aver-
age inter-day recovery of tebuconazole in apple matrix was between 87% and 101%, the relative stan-
dard deviation (RSDs) (n=5) was between 0.6% and 7.9%, the intra-day average recovery was 91%-
100%, RSDs (n=15) were 1.0%-6.6%; the inter-day average recovery of pyraclostrobin in apple matrix
was 87%—103%, RSDs (n=5) were 1.3%-7.0%, the average recovery was 93%-101% and RSDs (n=15)
were less than 6.7%. Compared with other methods, the analytical method established in this study had
higher recovery rate and versatility. In practical application group, it could realize rapid detection for a
large number of samples from different regions. Moreover, the limit of quantitation about tebuconazole
and pyraclostrobin in apple matrix was 0.005 mg - kg™, which could be used to detect the distribution of
two pesticides at low residue level. In this study, the effects of climate conditions and varieties were
comprehensively considered. The results of degradation dynamics showed that the half-life period of
the two fungicides in apple were faster (In the digestion test plots, the half-life periods of tebuconazole
and pyraclostrobin were 9.4-21.7 d and 10.3-23.8 d, respectively), which were easily degradable pesti-
cides (Ti»< 30 d). The half-life periods of tebuconazole and pyraclostrobin in apple matrix were influ-
enced by the climate conditions. At the same time, the adhesion of different varieties on apple directly
affected the original deposition amount of pesticides, which was one of the important factors affecting
pesticide residue behavior. The results of final residue test showed that the residues of tebuconazole and
pyrazoxystrobin in apple were 0.010-0.191 mg-kg"' and 0.005-0.115 mg- kg, respectively, 28 d and 35
d after the last application, which were lower than the maximum residue limits of two pesticides in ap-
ple. In addition, according to the final residue data from 12 places in one year, the dietary exposure risk
of tebuconazole and pyraclostrobin in fresh apple fruits were calculated. The results showed that the di-
etary exposure risk index of tebuconazole and pyraclostrobin in fresh apple fruits were less than 100%,
and the dietary exposure risk was at an acceptable level. In this study, 12 experimental sites were select-
ed, including main production areas in China. The varieties were local dominant varieties, and the re-
sults were more realistic and universal. [Conclusion]QUEChERS-HPLC-MS/MS method can be used
to detect tebuconazole and pyraclostrobin rapidly at the same time. It had prospects applied in the con-
trol of raw materials of fresh and processed apples, pesticide residue detection of intermediate process-
ing bodies, spot check of market food quality and national quarantine of imported and exported food.
The results showed that the dietary exposure risk of fresh apple was acceptable in six different popula-
tion, but age and gender had little effect on the overall exposure risk. In different age groups, the dietary
exposure risk of 2-4-year-old children was significantly higher than that of additonal two groups, which
was 3.3-5.6 times and 4.5-5.6 times of the other two groups, respectively. Therefore, in the future food
risk assessment, we should take good care of individuals, such as children, women and pregnant wom-
en. This study focused on the detection of residues in primary agricultural products, not the processing
food. Cleaning, peeling, condensing, sterilization, fermentation and other processes involved in the pro-
cessing of apple products could be used as the influencing factors of food residues. Therefore, if the pro-
cessing factors were considered before the assessment of pesticide dietary exposure, more accurate risk
assessment would be obtained. The results of this study had reference significance for guiding 40%
pyraclostrobin - tebuconazole SC to determine the reasonable safety interval, and was important for the
safety of fungicide application and dietary intake evaluation.
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7E 4000 r-min"' # 3 &0 5 min. B 1.5 mL EiF
W, NN T2 144K, 77 (40 mg PSA+20 mg GCB) Al G
KB B2 8 (150 mg) 1) 2 mL &5 0 1, I BE IR 3%
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Table 1 The information of test site

A i SRR b
Site Item Climate type Variety
JeE & IRETRE R PRl Y 0 A 1 2 X M CEN
Changping, Beijing Final residue Semi humid continental monsoon climate in warm temperate zone Fuji
TEAR) IR R Rt P~ - AR
Yinchuan, Ningxia Final residue Continental semi humid and semi-arid climate Starkrimson
L pE M IR R PRl 7 0 R 1 2 XL M It
Suzhou, Anhui Final residue Semi humid continental monsoon climate in warm temperate zone Red Fuji
e ek B R R PRl RS 1 2 XU B
Xianyang, Shaanxi Final residue Warm temperate continental monsoon climate Fuji
Bk U5 i IR R PRl RS 1 2 XU A CEN
Weinan, Shaanxi Final residue Warm temperate continental monsoon climate Fuji
T FE R IR R PRl RS 1 2 XU CEN
Jiyuan, Henan Final residue Warm temperate continental monsoon climate Fuji
L AR 1 IR & PRl RS 1 2 XU A AN
Zibo, Shandong Final residue Warm temperate continental monsoon climate Red Fuji
BT AR e IR & PRl 7 B i R P SR e B A AN
Akesu, Xinjiang Final residue Extreme continental arid desert climate in warm temperate zone Red Fuji
LTILM TRk B /T PRl RS P 2 XU FEH
Shenyang, Liaoning Final residue/Dissipation Warm temperate continental monsoon climate Hanfu
EE TN TRZTR B A Rl 7 B i Rl P R B A AN
Alar, Xinjiang Final residue/Dissipation Extreme continental arid desert climate in warm temperate zone Red Fuji
AR & TRk B /T PRl RS P 2 XU A M 35
Yantai, Shandong Final residue/Dissipation Warm temperate continental monsoon climate Yanfu 3
Ll P ISk IRZHR B A Rl 7 0 DR 1 2 LU A FH-T
Yuncheng, Shanxi Final residue/Dissipation Semi humid continental monsoon climate in warm temperate zone American No.8

w2 BERRIER 0.2% HF ER/KIE WD » BEFF & 1 puLo il 2 FiE F EST
Table 2 Gradient elution procedure FIMRM A, HAoh eSS H 023,

1 375 7 P o s - . s
1 B A kil g 133 At Be s BARE B &% H 4 B
Time/ Mobile phase Mobile phase Flow rate/
min A% Cl% (mL-min") FREL0.01 g CREfi 22 0.000 1 @) F9 32 Mae 2 AT HEL 1A gk
0.00 10.00 90.00 0.400 g b 7 o, €0 1 2 2 8 A O 7 7 22 100 mL, i
0.50 10.00 90.00 0.400 il & 100 mg - L' IR & R Al 208, 70 0l i 4
1.50 70.00 30.00 0.400 L AP RS B R oS VR0OZ R R, BE K 0.005
2.50 70.00 30.00 0.400 0.01.0.05.0.1.0.5.1.2 11 5 mg- L™ ] £ %1 3 Jii VL i
3.00 80.00 20.00 0.400 TR E AR R LG, T4 CTREDEIRAE. LUK

00w 000 00 IS AR A 0 AL 22

F 3 KMESFOAMEE B ERIESH

Table 3 The major MS parameters of tebuconazole and pyraclostrobin

SIoNE TET EAY LN MR R REEE

Haw) L . WG BAVEHRE BRRE TR
Parent Daughter Fragmentor/ Collision Retention . o .
Compound . . . . . Nozzle/V  Capillary/V Sheath/'C Gas/C
ion ion \% energies/eV  time/min
TR 308.2 70.0° 80 20 2.8 500 4500 350 325
Tebuconazole 124.7° 30 40
et P T 4 T 388.0 194.1° 85 10 3.0 500 4500 350 325
Pyraclostrobin 163.1° 85 25

e EEET b EME T

Note: a. Quantitative ion; b. Qualitative ion.
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RN E .
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2 FhAR 25 1 [T ISR N 86%~221% » HE AR i » 1 4L 3L
R [H % 40 mg PSA A &, 43 ¥ 0 10,20 1
30 mg GCB, % £ f AL R, B & GCB H & [ A
B, FICRFEK . 4% $F 40 mg PSA+20 mg GCB
TG PRI TGP L A ik 7 1 )
[ 94%~106% . 24 MWCNTs HhAF 151k
FME I, %827 5.10.20 F130 mg 154k 771 FH X 3¢
SR A 2 A AR, BT MWCNTS 75
B 24 i 1 [T, 2 W B H R A& 4, R e Bt FH
(AN BT 8 [l WA 28 A, 248 5 mg MWCNTs B,

RI/%= %100 (3

m50 mg PSA

[M 40 mg PSA+10 mg GCB M40 mg PSA+20 mg GCB  [40 mg PSA+30 mg GCB

05 mg MWCNTs
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2000
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ELVES
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Fig. 1 Average recoveries of tebuconazole and pyrazoxystrobin in apples with different purifiers
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2 gk 24 1 [T R ] LA 31 84%~101% , &5 4R 24 %%
B rbmitE o 7575 B8 B AL AL R AN i Rl R 1
LT, fe &% $% 40 mg PSA+20 mg GCB 1 3¢ Jt
S5 TR H P R P T ) 45 AR
2.2 BN AERFRIE

7 0.005~5 mg - L™ ZRPEJa [ P, 2 PR 24576 2 11
A B e A R 0 TR D] ) R E R L
R > 0.999 1, £&1% 5¢ 28 RLAF, 3 M4 J 1T bt 1o Tk ] T
TE 7 B 57 v 35 2 L N B 5T R 58 R, SR FH AR ik

5 I U C A 74 T 208 7 I o 8 O AL 3¢ 3 D 5
AT DAR R 5 15 1038 FH P B 3@ L PER” . 78 3 AN K
ST P T AR L P o A S T S SRR R H R
6] Wi A 87%~101% Al 87%~103% , H 18] *F 1 [a]
W& 91%~100% A1 93%~101% , A XF A v fis 25
(RSDs) CH WA H [EDAK T 10%, J7¥E 50 0E 45 R &
B B A3 M 53 BESR B A g A R A e K R
183 A 1) € & R (Limit of Quantitation, LOQ) ¥
40.005 mg-kg' (F4FIFES),
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Table 4 The linear ranges, quantitative limits and matrix effects of tebuconazole and pyraclostrobin in apple

&) B LR ® MG SE FE IR BN
Compound Matrix Regression equation Linear range/(mg-kg')  LOQ/(mg-kg') Matrix effect, ME/%
TRl 2 Acetonitrile =86 514x + 883.94 0.999 9 0.005.0.01.0.05.0.1+ 0.005 -
Tebuconazole S Apple y=72069x+2 5448  0.999 1 0.5.1.2.5 17
L 1A i 4 T . Acetonitrile  y=61058x+2062.3  0.999 1 -
Pyraclostrobin 4 g A pple y=27716x+1387.0  0.999 1 -55
F 5 TRMRER K ALk e B A 7E 3 RE R P B TR0 B R AR X AR R E
Table 5 The recoveries and relative standard deviations of tebuconazole and pyraclostrobin in apple
H N Inter-day (n=5
e iéﬁi?sgg(lﬂjvel/ ’ dqu y (n=3) > a 2 H 8] Intra—day (n=15)
Compound (o kgy Bl ARRREGRZE BICE MAARERZE BIRCE MR BRI
Recovery/% RSDs/% Recovery/% RSDs/% Recovery/% RSDs/% Recovery/% RSDs/%
T e e 0.005 90 7.9 90 6.5 87 6.5 91 6.6
Tebuconazole ) 50 101 48 100 48 98 5.8 99 5.1
2.000 98 4.6 101 0.6 99 0.9 100 1.0
MEMEBE S 0.005 103 6.6 98 53 95 6.6 101 5.4
Pyraclostrobin ) 54 101 52 88 13 91 25 94 6.7
2.000 94 7.0 87 5.9 96 1.9 93 6.5

2.3 JREEZFAO M Bk R B 7 SE SR R RO TE AR S S
M AT FE (R 6O T LA H - 7E 4 /M58 A
HH MR % Mk A T TR T L S SR 3 O R TR A ot 2
BT E— W 1Tk AR R r > -0.851,
FH P 2 AT, R I 24 )5 2 h, bk e T R 5 A T

e i 7 37 SR o Hp iR AR RN 5 43 1R 0.066~0.135
F110.229~0.315 mg-kg's 4 HUFEM TR U245 )5 7 ds
L A i 1 i VR AR I 1%~15% , IR T 3 N 8%~
38% , it 24 5 35 d, T fift 323 B 73%~96% (I3 M)
F166%~93% CHEL A Fik T 16D , 7k B4 f 08 20 b L T

Fo6 KMEIRMMBEIEEERPHERARERERE
Table 6 The dissipation equation and half-life of tebuconazole and pyraclostrobin in apple

E A A TR Eh AT R R P IE
Compound Site Dissipation kinetic equation r Half-life/d
TR JL T PLPH Shenyang, Liaoning ¢~0.240 3¢ -0.971 18.7
Tebuconazole HRIERTH /R Alar, Xinjiang ¢=0.345 4™ -0.848 9.4

I Z A 4 Yantai, Shandong ¢=0.325 0" -0.934 21.7

I FEIE 3 Yuncheng, Shanxi ¢=0.338 7¢°* -0.851 9.4
WL P i A i 1277k FH Shenyang, Liaoning ¢=0.127 8™ -0.954 17.3
Pyraclostrobin YT H /R Alar, Xinjiang ¢=0.117 4¢**" -0.882 10.3

I A& Yantai, Shandong ¢=0.137 8" -0.930 23.8

I FEIZ3 Yuncheng, Shanxi ¢=0.089 7¢°*" -0.894 11.4
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o {Z$1H Shonyang, Lisoning SRR R A A i 5 7 % LR R o e
—a— FIRFTHR Alar, Xinjiang 5> 79 9.4~21.7 F110.3~23.8 d. FFELE 2 v 2 Fhfe
—=— %/ £+ Yantai, Shandong S 4 B I8 0 ot 2 , R o 1T £ 94 4% 0
_ 0@ [ 4 UITHEH Yuncheng, Shanxi SR B s T T 2% , 4 M UG DU B 5 W A R A7 7
2 o ZE ST VRIH AL AR 5 2 1 RE o 2 AR 2651
Z o T AR A T 3t 2 3, 53 7T B 5 24 0% S R
=5 o SR AR WIS A . bkl R, o
=2 o T2 DU A T 15 3 R 5T 3 o e
2% ow 24 KMEMHUBEREERTHREEEE
2 oo 40% Mk « PR EE SC7E S ST 147 12 Hiu 1)
gom AIRER (R DS RRW, PR R K25 28 d F135 d,
S o 7 . a »m 3 e S e e R I S P 4156 1 5% B 82 9049 0.0 10~
,ii 0.191 #10.005~0.115 mg - kg, 5% Fd 5 (STMR) 43 73]
ol 790.08310.022 mg-kg'. FEEARIKIEZ] 528 dFI35d
~ FRTEAS 5k 2 S o TR AR A 5 R o TS )
2 5 KU RMRAE S A Y MRLAEC0.1 mg kg D™, % T4
g o A 24 )k B A7 FEVSTE KUK
=2 25 BEERKEITE
Ef oo 2T 9346 28 10 6 2% SRS TR HE AT (6 B R 37
%5 < it i 35 7 AR AR B A BEE N R S Hoph
2E ol Fy 2 S5, T R v B S A () RS 2 A 24 i J
£ EREE R . AR £ o o R AR 5 AT 5T
§0m N I 5 D 12 3 55 e 3 L A 4 i 052 44 7%
o 7 14 21 28 35 AT VRS, o STMR B HUSE , 3 RN R A
o AR R HEAT T340, I A TGk B 86 £y ADI
o _ {E349790.03 mg-kg'. 4 (R ) F M, J e Bz AL
B2 M FALk e B o B 72 3 SR P E R B S B 2%

Fig

.2 Dissipation curve of tebuconazole and

pyraclostrobin in apple

P T ] P A 92 R B SR o R fr R R XU 4R B T
100%.. SASKE , i £ 5 a5 B AF 8 i 19 0 2 7 1

RT OKMERMMRERAERPHRELZXEE(=2)
Table 7 The terminal residue of tebuconazole and pyraclostrobin in apple (n=2)
o - e B R IR
W PRGN R B BRETE B BROME MRL/(mg-kg")
Compound Interval to Terr;n'nal feéidue/ (mg-kg") STMR/_  HR/ L Ly i
P harvest/d gXke (mg-kg") (mg-kg" i bR gt £H
China CAC USA
e 28 0.019.0.021+ 0.022. 0.023. 0.032. 0.033. 0.041. 0.042.  0.083 0.191 2.0 1.0 0.1
Tebuconazole 0.042. 0.043. 0.077+ 0.081- 0.085. 0.091. 0.094. 0.107
0.109.0.110.0.166.0.169.0.169.0.172.0.183.0.191
35 0.010. 0.010, 0.011. 0.011+ 0.011+ 0.012, 0.016+ 0.017.  0.020 0.116
0.017. 0.020+ 0.020. 0.020. 0.021- 0.021. 0.065 0.069+
0.073.0.074.0.075.0.088.0.088.0.095.0.102.0.116
AL A i 41 T 28 0.006+ 0.007- 0.007~ 0.009. 0.010+ 0.011. 0.011. 0.012.  0.022 0.115 0.5 0.5 8.0
Pyraclostrobin 0.013.0.013.,0.016, 0.016~ 0.028. 0.032. 0.035. 0.037.
0.040.0.041.0.067.0.073.0.074.0.080.0.100.0.115
35 0.005. 0.005+ 0.005+ 0.005+ 0.005- 0.006~ 0.007+ 0.007.  0.009 0.050

0.007+ 0.008 0.008~ 0.008- 0.009. 0.009. 0.012. 0.016+

0.033.0.034.0.036.0.037.0.042.0.045.0.047.0.050
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Table 8 The exposure risk of tebuconazole and pyraclostrobin in apple of different agein China
. Y . . %{Eﬁﬁﬁﬁ)\%NEDy(ig-d*) JX‘LWE%& RI/% _
Age Gender BWhg  Fi(kg-dh DO o i 5 T e i 5
Tebuconazole Pyraclostrobin Tebuconazole Pyraclostrobin
2~4 %5 Male 14.1 0.043 7 2.572x10" 6.818x10° 0.8575 0.2273
% Female 13.4 0.044 4 2.750x10* 7.290%10° 09167 02430
18~30 5 Male 60.5 0.041 8 5.735%10° 1.520%10° 0.191 2 0.050 7
% Female 52.6 0.0529 8.347x10° 2.213x10° 02782 0.073 8
60~70 5 Male 61.3 0.033 8 4.577x10° 1.213x10° 0.152 6 0.040 4
% Female 543 0.034 8 5.319x10° 1.410x10° 0.1773 0.0470

i, JLEE (2~4 % ) 5 5y 52 B R R TR R IR , (7]
IS B MR AR T S 32 ™. SER A F 1
R R VBN i 1 e SO0 3, TR 52 N AR RO Ml
5% » FIT DAL SE AN SV 45 R T I8 1 i e R\
KA 2 A XU

34

AT 5T 8 S7  QuEChES-HPLC-MS/MS [7] i
DU T e R, s 2 R ILE e Tk B 5 1) B BRSO 5 v, 5
2 R SO T 3 R e L A T B P ARG I A %
5 i SOV ST (1 3 Hp e ARSI 7 VA L O
WA iz T L P Tk BT I 7 ST SR R R B R IR
0.01 mg-kg"), A AL S A A Al Ak, e B IR S AR
(LOO=0.005 mg - kg™ , 75 3 FLif FL LS Fhn T
dn AR P AR L A BT EOR AR L A i A
(10 A% 247 B RGN 7T 3 £ ot o 1) e A DA B R 56
Tk O S AR, BT RE RS AT

Z PR 2 RE A LA R 2 TEAE Y L RIBR AT N,
ALFEA L BV AR AR AR SR ST R R s AR
Kb FE R R IR 28 DA M SR S5 . AT A 5L R
4 H AT I R I 4 R, LA 4 ) R GG DTN &
L P8 3 B X 32 2 e e g B 9 S 0 i
DU E A B /N T A X, 1 7S 3R 56 b frg 32
FA N E 8 5, b Al I E RS R KR E
(A R 2t i, SR S K LRSS, i T 2 R,
R HEAG I S5 B 7T, B SRAR RO W] e 5 SURUIR IR
YR AR TTRR S , [N it P B R 0 2, ]
SO 2 E SRR LB i s> AR A E R
(R R o AR 2 Pl 24 75 3 S a2 AW i, 4 HhU
e st T ILE e i ] i 1) 1 A T3 2 350 g 3 8 B 7 7R > 1L
PEIZ IR T IR B> L AR E & o 7 58 B Bz /K b X S
R v R P T AR L P R P - 3 B B A T A 3

ANHBIX 45 B30 A 22 b B IR B o K s P 45
VRS AGE R A, D P s T R IE e T 9 SR o )
AR RE 55FEA . BT b 2 Flogk 24 (1) 7 fil i
e, 4 My b 2 bR 24 1 1 I 2 AN K, 3 M T A
WA Tk T i 7 S SR o S 35 2 32 1 40 Sl 14.8 d A
15.7 d, AE2 Ll AR A € R0 7= 20 B 11 52 e B2 AR I P
BRI B E 3 SR A (1 2 3 A 3 o T R O, 1L AR
7 7 Jai Bz i oy K o P 2 XU, BT PR 1) et Pk o
b AR RAARABL, AT LA R Aol 2 RS 2 2 A A
ZiTE MR R . 256G 4 UV AR, 2 P 2570 S R
oH R R 2R I 40 il 9.4~21.7 d F110.3~
23.8 DB, NG FEMA Y (1, < 30D, 504k
T ) T3 M T R kA K A7 I S R b 7 2 3 S0 A oA
(358 4.6~20.7 d F14.3~23.6 d ), ILAE 70 45 x0T
5 40% M ik « 1% MBS SC A BRI E 22 2= R B LA
I3 T I B RS VP A 0 mT 0, 72 % R Re I B, A
AT T T A (1) JR S 48 i e o DA Tk T i . T
ARV EE WS B B N BE , &) 3 06 2 b A 24 16 XU G 1 $i 1
B S T AR A, 2 At 2 28 AT 3.3~5.6 fi5 Fl
4.5~5.6 1% . [FIFE BN, Lotk T 54k,
DAL b [ 5% 97 8 o S 4 R L B R Y 2 A 1 SR T
FER RIS , TR R Ut B R T . FEAR T
B B 7K e H, AR 9 Jd i 8 57 QUEChES-HPLC-
MS/MS 51 , 4531 145 12 Hb i 1 5 R0 ALk e gk 15 i 2
SR B A TR B AR VTN T G M T A PR T
i E A [F) A 08 B A [R) 1 J31) N T T3 SR A S (1) fi
B R MRS, 6 T 2% B R 22 4 25 T i B NV AL
BABELZE .

4 4w

AT 5% 38 57 240 Y QUEChES-HPLC-MS/MS 75
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