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A B S T R A C T

The ef​fects of the in​dus​trial pro​cess​ing are eval​u​ated of the re​moval of 16 pes​ti​cide residues in canned apri​‐
cots and peaches and in or​ange juice. A method of multi-resid​ual ex​trac​tion that uses QuECh​ERS and liq​uid
chro​matog​ra​phy in tan​dem with triple quadru​pole mass spec​trom​e​try was used. The method shows good
lin​ear​ity for the 16 pes​ti​cides stud​ied (R2 > 0.999); it is ac​cu​rate and pre​cise (re​cov​er​ies of 87–115%, rel​a​‐
tive stan​dard de​vi​a​tion <8.0%). The pro​cess​ing fac​tors are <0.6, in​di​cat​ing that all the processes sig​nif​i​‐
cantly re​duce the residue lev​els (spin​osad, thi​a​clo​prid, pyrid​aben, bupir​i​mate, "usi​la​zole, tri​f​lu​mi​zole,
"oni​camid, im​i​da​clo​prid, lambda-cy​halothrin, cypro​cona​zole, "u​diox​inil and cypro​dinil, abamectin, chlor​‐
pyri​fos-methyl, hexythi​a​zox and meta​laxyl) ini​tially pre​sent in the raw fruits and very sig​nif​i​cantly dur​ing
wash​ing/​cut​ting, squeez​ing and hot pack can​ning (>55% loss). The risk quo​tient (EDI/​ADI ra​tio) for
canned foods is be​low 100, in​di​cat​ing that the po​ten​tial con​sumer risk for the pes​ti​cides stud​ied is prac​ti​‐
cally neg​li​gent for hu​man health.

1. Introduction

Or​ange, apri​cot and peach are pop​u​lar and widely grown in
Spain (>4500 t). Their nu​tri​tional prop​er​ties also mean they are
widely con​sumed (4 kg/​per​son day) (Mer ​casa, 2018). Pes​ti​cides are
nec​es​sary to en​sure proper pro​duc​tion and a wide range of in​sec​ti​‐
cides and fungi​cides are em​ployed so there is a need to en​sure that
the residues of these in the #​nal prod​ucts con​form to the es​tab​lished
Max​i​mum Residue Lev​els (MRLs) in EU (EU Pes​ti​cide data​base,
2020).

In or​der to eval​u​ate the risks of in​ges​tion of pes​ti​cide residues in
processed foods, we need to know the ef​fects of each of the stages in
the in​dus​trial process on the ini​tial lev​els of residues in the raw
prod​uct (Regueiro, Lopez-Fer ​nan ​dez, Rial-Otero, Can ​cho-Grande,
& Simal-Gan ​dara, 2015; Jankowska, Kaczyn ​ski, Hrynko, & Lo ​‐
zow ​icka, 2016). Var​i​ous stud​ies high​light the im​por​tance of the dif​‐
fer​ent stages in canned food pro​duc​tion (es​pe​cially, cut​ting, wash​ing
and heat​ing) in the re​duc​tion of pes​ti​cide residues (González-
Rodríguez, Rial-Otero, Can ​cho-Grande, Gon ​za ​lez-Bar ​reiro, &
Simal-Gándara, 2011; Aguil ​era, Valverde, Ca ​ma ​cho, Boulaid, &
Gárcia-Fuentes, 2014). These re​duc​tions are the re​sult of hy​drol​y​‐
sis, en​zy​matic and re​dox re​ac​tions or be​cause of degra​da​tions as​so​ci​‐
ated with changes in tem​per​a​ture, the ac​tion of​

mi​croor​gan​isms, etc. (Dorde ​vic & Durovic-Pe ​jcev, 2016). Wash​ing
is the most ef​fec​tive pro​ce​dure in residue elim​i​na​tion and it min​i​‐
mizes their in​ges​tion by hu​mans (Lo ​zow ​icka, Rutkowska,
Jankowska, Hrynko, & Kaczyn ​ski, 2016). It has also been shown
that cut​ting, seal​ing and pas​teur​iz​ing pro​duce grad​ual de​creases in
the lev​els of residues (Liu et al., 2016; Chung, 2018). In the prepa​‐
ra​tion of fruit juices, it has also been ob​served that the high​est per​‐
cent​age of pes​ti​cides that are dis​solv​able in wa​ter is re​tained in the
pulp (Romeh, Mekky, Ra ​madan, & Hen ​dawi, 2009).

Pro​cess​ing fac​tors (PF) rep​re​sent the ra​tio be​tween the lev​els of
residues in the processed and un​processed prod​uct. These al​low us to
de​ter​mine if residues in​crease (>1) or de​crease (<1) dur​ing the
process. In gen​eral, these de​pend on the phys​i​cal and chem​i​cal char​‐
ac​ter​is​tics of the residues, es​pe​cially on their sol​u​bil​ity in wa​ter and
their oc​tanol-wa​ter par​ti​tion co​ef​#​cient (Keikotl ​haile, Spanoghe, &
Steur ​baut, 2010).

The like​li​hood of toxic ef​fects oc​cur​ring from the con​sump​tion of
pes​ti​cide residues de​pends on the con​cen​tra​tion of residues and the
amount in​gested by the pop​u​la​tion. The risk is eval​u​ated by cal​cu​lat​‐
ing the es​ti​mated daily in​take (EDI) ac​cord​ing to the eat​ing habits of
each coun​try and the pop​u​la​tion seg​ment and is com​pared with the
ADI es​tab​lished for each pes​ti​cide (Pose, Fer ​nan ​dez-Cruz, & Simal-
Gan ​dara, 2016; Park et al., 2016; Oliva, Cermeño, Ca ​mara,
Mar ​tinez, & Barba, 2017; Li et al., 2017).
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The aims of the study are to es​tab​lish the ef​fects of each stage of
the pro​cess​ing of the canned apri​cots and peaches and of the or​ange
juice in the re​moval of pes​ti​cides; to eval​u​ate the risks as​so​ci​ated
with the con​sump​tion of these foods in or​der to en​sure greater safety
for the con​sumers and val​i​date the pes​ti​cide multi-resid​ual analy​sis
method us​ing liq​uid chro​matog​ra​phy in tan​dem with triple quadru​‐
pole mass spec​trom​e​try (LC-MS/​MS).

2. Materials and methods

2.1. Materials and reagents

The pes​ti​cides se​lected in this study are those com​monly used in
Spain to pro​tect crops (MAPA, 2019): for apri​cot, spin​osad, thi​a​clo​‐
prid and pyrid​aben in​sec​ti​cides and the fungi​cides bupir​i​mate, "usi​‐
la​zole and tri​f​lu​mi​zole; for peach, the in​sec​ti​cides "oni​camid, im​i​da​‐
clo​prid, lambda-cy​halothrin and the fungi​cides bupir​i​mate, cypro​‐
cona​zole, "u​diox​inil and cypro​dinil; for or​anges, the in​sec​ti​cides
abamectin, chlor​pyri​fos-methyl, lambda-cy​halothrin, hexythi​a​zox
and the fungi​cide meta​laxyl. The pes​ti​cides stan​dard were pro​vided
by Dr Ehren​stor​fer GmbH Trade Co. Ltd. (Aus​g​burg, Ger​many) de​‐
gree of an​a​lyt​i​cal stan​dard pu​rity >97%. To val​i​date the an​a​lyt​i​cal
method 3 multi-pes​ti​cide so​lu​tions were pre​pared in ace​toni​trile for
each pes​ti​cide at con​cen​tra​tions of 0.5, 1, 2.5, 5 and 10 mg/​L: A
(thi​a​clo​prid, pyrid​aben, spin​osad, bupir​i​mate, "usi​la​zole and tri​f​lu​‐
mi​zole) to study apri​cot; B ("oni​camid, lambda-cy​halothrin, im​i​da​‐
clo​prid, cypro​cona​zole, "u​diox​inil, cypro​dinil and bupir​i​mate) for
peach and C (chlor​pyri​fos-methyl, abamectin, lambda-cy​halothrin,
hexys​thi​a​zox and meta​laxyl) for or​anges.

Liq​uid chro​matog​ra​phy qual​ity ace​toni​trile was ob​tained from
Schar​lau (Barcelona. España); formic acid and am​mo​nium for​mate of
95% pu​rity; mag​ne​sium sul​fate an​hy​drous, of 97% pu​rity and
sodium chlo​ride, of 99.5% pu​rity were pur​chased from Fluka (Buchs.
Switzer​land); dis​odium cit​rate sesqui​hy​drate and de​hy​drate
trisodium cit​rate of 99% pu​rity was ob​tained from Sigma Aldrich (St.
Louis, USA) and milli-Q wa​ter was pro​duced by a Mil​li​pore de Pu​ri#​‐
ca​tion Pak sys​tem (Bil​ler​ica, USA).

An Os​ter Cy​clotrol food crusher (Shel​ton, USA) and a Her​aeus
Cristo cen​trifugue (Os​terode, Ger​many) were used for the in​dus​trial
pro​cess​ing along with a tem​per​a​ture con​trolled re​frig​er​a​tion cham​‐
ber and shak​ing bath with tem​per​a​ture con​trol from Ju​labo (Seel​‐
bach, Ger​many; an​a​lyt​i​cal bal​ance (±0.1 mg) Sar​to​rius AG (Goet​tin​‐
gen, Ger​many); 2 mL am​ber vials for au​toin​jec​tor, 32 × 11.6 mm.
with cap​sule and sep​tum from Ziemer GmbH (Mannheim, Ger​many)
and sin​gle-use, screw top polypropy​lene cen​trifuge tubes of
114 × 28 mm and 50 mL from Sarst​edt (Nümbrecht,Ger​many).

2.2. Field trials

The plots for tri​als are lo​cated in Mur​cia (SE Spain). The #eld
con​tain​ing Bu​l​ida apri​cot (Prunus ar​me​ni​aca) was cul​ti​vated in six
plots (7 × 6 m), one un​treated and #ve treated, with four trees in
each. The #eld con​tain​ing Cather​ine peach (Prunus pérsica) oc​cu​‐
pied a sur​face of 500 m  in which six plots of 84 m  with 4 peach
trees in each were marked o%. For the nave​line or​ange (Cit​rus sinen​‐
sis) six 3.5 × 3.5 m plots, one un​treated and #ve treated, were used
with trees in each. A nearby con​trol plot was used in all cases to
guar​an​tee iden​ti​cal crops and cli​matic con​di​tions, al​though these
plots were suf​#​ciently dis​tant to ex​clude any risk of cross con​t​a​m​i​na​‐
tion.

Phy​tosan​i​tary treat​ments of the com​mer​cial prod​ucts of each pes​‐
ti​cide were ap​plied (at the rec​om​mended doses for each crop) 7, 10,
14, 15 and 21 days prior to the ex​pected har​vest (rec​om​mended
wait​ing pe​riod) (MAPA, 2019). Each plant-pro​tec​tion prod​uct was
ap​plied in​di​vid​u​ally and on the ap​pro​pri​ate date so that the day of​

col​lec​tion they had met the PHI. The as​says were per​formed ac​cord​‐
ing to Good Agri​cul​tural Prac​tice (GAP) by ap​ply​ing the pes​ti​cides at
the same time for each crop. Ap​pli​ca​tions were per​formed at 75%
hu​mid​ity and at 26 °C. The ap​pli​ca​tions of the com​mer​cial pes​ti​cide
for​mu​la​tions were made us​ing a Maruyama MS073D (Auburn, USA)
back​pack sprayer with a 2 mm noz​zle. Phy​tosan​i​tary treat​ments
were car​ried out in the #ve dif​fer​ent plots with a spe​ci#c sam​ple or
analy​sis for each of them. The resid​ual val​ues shown are the av​er​age
of the ones an​a​lyzed in each of the plots.

The sam​ples of each treat​ment were col​lected at the pre har​vest
in​ter​val pe​riod (PHI) of each pes​ti​cide used. The main phys​i​cal and
chem​i​cal prop​er​ties (Turner, 2012), for​mu​la​tions, dose rates and
PHI for all pes​ti​cides are given in Table 1. The Sam​ples were taken
ran​domly form all the plots and 15 kg (ap​prox​i​mately 90 units) of
each fruit and for each pes​ti​cide were har​vested for in​dus​trial pro​‐
cess​ing. Af​ter har​vest​ing, the fruits were packed and in opaque poly​‐
eth​yl​ene bags and la​beled. The bags were kept at am​bi​ent tem​per​a​‐
ture and in a #xed po​si​tion dur​ing their trans​port to the lab​o​ra​tory.
They were pro​tected from bump​ing and di​rect ex​po​sure to light. In
the lab​o​ra​tory the har​vested sam​ples were crushed to ob​tain a small
ho​mo​ge​neous an​a​lyt​i​cal sub​sam​ple and were stored at −20 °C un​til
used. Fur​ther​more, the sam​ples were an​a​lyzed be​fore com​plet​ing
2 weeks in freez​ing and all the sam​ples were ex​tracted and quan​ti​‐
#ed on the same day.

2.3. Processing studies

The prepa​ra​tion of fruits pre​serves sim​u​lated in​dus​trial prac​tice
at a lab​o​ra​tory scale (Fig. 1) fol​low​ing the same tech​no​log​i​cal
processes gen​er​ally used in the food in​dus​try (Paya et al., 2007a,
2007b). The apri​cot can​ning con​sisted of wash​ing with tap wa​ter at
22 °C for 2 min: split​ting and ston​ing; can​ning the parts (240–250 g)
with syrup at 95 °C. 14 °Brix and 0.01% cit​ric acid; ster​il​iza​tion at
98 °C for 8 min and cool​ing at 35 °C for 10 min. For canned peaches
the man​u​fac​tur​ing process was: wash​ing in wa​ter for 5 min. Split​ting
and ston​ing; can​ning the halves with syrup at 95 °C 16.5 °Brix and
0.2% cit​ric acid; pas​teur​iza​tion at 100 °C for 10 min; cool​ing at
45 °C for 6 min. For or​ange juice, the pro​ce​dure was wash​ing with
chlo​ri​nated wa​ter (10 mg/​L of chlo​rine) for 3 min fol​lowed by wash​‐
ing with wa​ter for a fur​ther 3 min; squeez​ing and can​ning and pas​‐
teur​iz​ing at 95 °C for 5 min and cool​ing at 35 °C for 5 min.

2.4. Extraction and analysis of pesticide residues

Ex​trac​tion was by the QuECh​ERS multi-resid​ual method (Ca ​‐
mara, Barba, Cermeño, Mar ​tinez, & Oliva, 2017). 10 g of the
sam​ple were put into a 50 mL polypropy​lene cen​trifuge tubes and
10 mL of ace​toni​trile were added (ACN). The tube was closed and
man​u​ally shaken vig​or​ously for one minute and in an ice bath.
Bu%er salts were added (4 g mag​ne​sium sul​fate an​hy​drous, 0.5 g dis​‐
odium cit​rate sesqui​hy​drate and 1g of trisodium cit​rate de​hy​drate)
and the tube was hand shaken vig​or​ously for 1 min. This was fol​‐
lowed by cen​trifu​ga​tion at 3500 rpm for 5 min. The re​sult​ing ex​tract
was acid​i​#ed with formic acid at 5% and was di​rectly in​jected into
the liq​uid chro​mato​graph. In the analy​sis se​quence, dou​ble sam​ples
were in​cluded at the be​gin​ning and at the end of the se​quence as a
qual​ity con​trol of the sta​bil​ity of the sam​ples and they met the es​tab​‐
lished ac​cep​tance and re​jec​tion cri​te​ria. We check the sta​bil​ity of
stock so​lu​tions dur​ing stor​age reg​u​larly

Pes​ti​cide residues were de​ter​mined in an In​#n​ity Liq​uid Chro​‐
mato​graph, model 1260, cou​pled to an ion trap mass de​tec​tor with a
triple quadru​pole an​a​lyzer, model Triple Quad LC/​MS 6410B, with
dy​namic MRM scan (Ag​i​lent Tech​nolo​gies, Palo Alto. USA). AN Ag​i​‐
lent Poroshell 120 EC-C18 3 mm x100 mm × 2.7 µm col​umn was​
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Table 1
Physic​o​chem​i​cal prop​er​ties. Com​mer​cial for​mu​la​tions. Dose rates of ap​pli​ca​tion, PHI, MRLs and ADIs of pes​ti​cides.

Commodity Pesticide
Molecular
weight

Water
solubility
(20 °C)

Log
K Formulation

Application
Dosage (g
a.i./hL)

PHI
(days)

MRL
(mg/kg)

ADI
(mg/kg
bw) Type

Apricot Thiacloprid 252.72 1.19 g/cc 1.25 Calypso 48
SC

9.6 14 0.5 0.01 Contact
insecticide

 Pyridaben 367.93 0.012 mg/L 6.31 Podio WP
20

10 15 0.5 0.01 Contact
insecticide-
acaricide

 Spinosad 731.95 235 mg/L 2.8 Spintor 480
SC

9.6 7 0.6 0.024 Contact
insecticide

 Bupirimate 361.42 22 mg/L 3.8 Nimrod 25
EC

12.5 15 0.3 0.05 Systemic
fungicide

 Flusilazole 315.392 45 mg/L 3.7 Olymp 10
EW

5 14 0.01 0.02 Systemic
fungicide

 Tri"umizole 345.75 12.5 g/L 5.10 Trifmine 30
WP EX

18 14 0.1 0.01 Systemic
fungicide

Peach Flonicamid 229.16 5.2 g/L 0.30 Teppeki 50
WG

6.5 14 0.4 0.025 Systemic
insecticide

 Lambda-
cyhalothrin

449.85 0.005 g/L 7.0 Karate Zeon
1.5 CS

1.5 7 0.2 0.0025 Contact
insectide

 Imidacloprid 255.66 0.6 g/L 0.57 Con#dor 20
LS

12.5 14 0.5 0.06 Systemic
insecticide

 Cyproconazole 291.78 93 mg/L 2.91 Atemi 10
WG

1.5 14 0.1 0.02 Systemic
fungicide

 Fludioxinil 248.18 1.8 mg/L 4.12 Switch WG 22.5 7 10.0 0.37 Systemic
fungicide

 Cyprodinil 225.29 13 mg/L 3.9  33.75 7 2.0 0.03 Systemic
fungicide

 Bupirimate 361.42 22 mg/L 3.8 Nimrod 25
EC

11.25 7 0.3 0.05 Systemic
fungicide

Orange Chlorpyrifos-
methyl

322.53 1.4 g/L 4.24 Dursban 48
EC

96 21 0.5 0.001 Contact
insecticide

 Abamectin 1732.12 7–10 g/L 3.99 Marisol 1.8
EC

1.65 10 0.015 0.0025 Contact
insecticide

 Lambda-
cyhalothrin

449.85 0.005 g/L 7.0 Karate Zeon
1.5 CS

12.5 7 0.2 0.0025 Contact
insecticide

 Hexythiazox 352.88 0.5 g/cc 2.53 Zeldox 10
WP

1.5 14 0.01 0.03 Contact
acaricide

 Metalaxyl 279.33 8.4 g/L 1.75 Agrilaxil 25
WP

38.3 21 0.7 0.08 Systemic
fungicide

25 °C.
24 °C.
22 °C.
spin​osad A + D; PHI = Post-Har​vest In​ter​val Pe​riod; MRL = Max​i​mum Residue Level in UE; Log Kow = log​a​rithm of oc​tanol − wa​ter par​ti​tion co​ef​#​cient.

used ther​mostated at 40 °C and with a "ow rate of 0.6 mL/​min. The
in​jec​tion vol​ume was 5 μL sam​ple + 95 µL mo​bile phase. The mo​‐
bile phase was ACN at 0.1% of formic acid (phase A) and H2O at
0.1% of formic acid and 2 mM of am​mo​nium for​mate (phase B). The
elu​tion pro​gram was 20% A fol​lowed by a lin​ear in​crease to 100% A
in 10 min. This was main​tained for 6 min. Be​fore re​turn​ing to the
ini​tial com​po​si​tion in 1 min. Analy​sis time was set at 14 min, with
5 min for sta​bi​liza​tion (Martínez et al., 2015). Quan​ti#​ca​tion and
iden​ti​#​ca​tion of the tar​get com​pounds were car​ried out with mul​ti​‐
ple re​ac​tion mon​i​tor​ing (MRM) and the ESI (elec​tro​spray ion​iza​tion)
source was used in pos​i​tive mode. The neb​u​lizer gas was syn​thetic
air at 40 psi and a "ow rate of 9 L/​min, ion​iza​tion volt​age was
5500 V and evap​o​ra​tion of sol​vents with syn​thetic air at 350 °C.
Table 1S shows the analy​sis pa​ra​me​ters for each pes​ti​cide stud​ied.

2.5. Validation of the analytical method

The an​a​lyt​i​cal method was val​i​dated fol​low​ing guid​ance doc​u​‐
ment on an​a​lyt​i​cal qual​ity con​trol and val​i​da​tion pro​ce​dures for pes​‐
ti​cide residues analy​sis in food and feed (EU, 2017). For the val​i​da​‐
tion of the an​a​lyt​i​cal method​ol​ogy used, the fol​low​ing steps were​

car​ried out: de​ter​mi​na​tion of pos​si​ble in​ter​fer​ences in the quan​ti#​ca​‐
tion of the com​pounds of in​ter​est, lin​ear​ity of the de​tec​tor re​sponse
in ma​trix ex​tract, cal​cu​lat​ing the RSD of the re​sponse fac​tors, the
back cal​cu​late con​cen​tra​tion and R , re​cov​ery at two con​cen​tra​tion
lev​els (LOQ and 10LOQ) un​der re​peata​bil​ity and re​pro​ducibil​ity con​‐
di​tions. In ad​di​tion, a se​ries of qual​ity con​trols were car​ried out in
each analy​sis se​quence to en​sure the ro​bust​ness of the method. The
fol​low​ing are en​tered in all the analy​sis se​quences: cal​i​bra​tion line,
sol​vent, ma​trix ex​tract, test sam​ple as dou​ble sam​ple, sam​ple for​ti​‐
#ed at the lower level, sam​ples, sol​vent, dou​ble sam​ple and cal​i​bra​‐
tion line. The re​sponse lin​ear​ity of the de​tec​tor was de​ter​mined in
trip​li​cate with spiked blank (raw, juice, canned fruits) sam​ples of the
pes​ti​cides se​lected at #ve con​cen​tra​tions (5, 10, 25, 50 and 100 µg/​
kg). To iden​tify each pes​ti​cide (LOD), the qual​i​#er ion must have a
S/​N ra​tio higher than 3. For the quan​ti#​ca​tion (LOQ), the quan​ti​#er
ion is much higher than the qual​i​#er yield​ing a S/​N higher than 10.
The LOQ is the low​est con​cen​tra​tion pre​sent in the ex​tract of each
ma​trix, whose re​sponse can be quan​ti​#ed ac​cu​rately and pre​cisely
(sig​nal/​noise >10).

To cal​cu​late re​peata​bil​ity and re​pro​ducibil​ity of the method, six
for​ti​#ed sam​ples were an​a​lyzed con​sec​u​tively at LOQ and 10 LOQ​
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Fig. 1. Pro​cess​ing study of canned apri​cot and peach and or​ange juice.

lev​els for all the pes​ti​cides. The ac​cep​tance cri​te​rion was that the
value of the vari​a​tion co​ef​#​cient (RSD) was  ≤20%. To cal​cu​late re​‐
pro​ducibil​ity sam​ples were processed on 6 dif​fer​ent days. To eval​u​‐
ate the ac​cu​racy or re​cov​ery per​cent​age 6 for​ti​#ed sam​ples were
used at the two lev​els cited (LOQ and 10 LOQ) and the re​sults were
com​pared with the pre​pared stan​dards, an​a​lyz​ing them all in the
same se​quence. The ac​cep​tance cri​te​rion was that the mean re​cov​ery
for each set of repli​cates was 70–120% with an RSD ≤ 20%.

2.6. Dietary risk assessment

The mean di​etary ex​po​sure val​ues were used to pre​dict in​take of
pes​ti​cides and long-term risk (Cal ​das, 2017). Risk of in​ges​tion (RQ)
was cal​cu​lated as the quo​tient be​tween es​ti​mated in​take ac​cord​ing
to the pes​ti​cide residues pre​sent in spe​ci#c food and the legally per​‐
mit​ted daily in​take (Jardima, Britoa, van Donkers ​goedb, Boonb, &
Cal ​das, 2018):

where C is the es​ti​mated na​tional con​sump​tion of com​mod​ity; R
is the food pes​ti​cide residues and FP is pro​cess​ing fac​tors. EDI val​ues
were cal​cu​lated ac​cord​ing to the method pro​posed by EFSA (2012)
con​sid​er​ing na​tional con​sump​tion and 60 kg as the adult body mean
weight in Spain. ADI is the ac​cept​able daily in​take. This is a widely
used guid​ance value for daily ex​po​sure to long-term in​take.
RQ ≤ 100 rep​re​sents an ac​cept​able risk to hu​man health. While
RQ > 100 in​di​cates the risk of a pes​ti​cide to hu​mans is un​ac​cept​able
and higher RQ val​ues in​di​cate higher risks (Zen ​tai, Szabó, Kerekes,
& Am ​brus, 2016; Dong et al., 2018).

2.7. Statistical study

In all cases, the cal​cu​la​tion of the de​scrip​tive pa​ra​me​ters (mean,
stan​dard de​vi​a​tion, vari​a​tion co​ef​#​cients, etc.) was car​ried out with
IBM SPSS sta​tis​tics 24.0.

3. Results and discussion

3.1. Validation

For all the pes​ti​cides used and in raw, juice and canned fruits, the
LOD and the LOQ of the method took val​ues 0.001 and 0.005 mg/​kg
re​spec​tively. Table 2 shows the re​gres​sion co​ef​#​cients (R ), re​cov​ery
and rel​a​tive stan​dard de​vi​a​tion (RSD) in lin​ear​ity, re​peata​bil​ity and
re​pro​ducibil​ity con​di​tions for the pes​ti​cides stud​ied in the dif​fer​ent
crops. No sig​nif​i​cant dif​fer​ences were found in lin​ear​ity, re​cov​ery,
LOD and LOQ when used raw fruits and processed com​mod​ity ma​‐
trix. With the data of the cal​i​bra​tion curve, the RSD of the re​sponse
fac​tors, the R  and the resid​u​als in the rel​e​vant area (lower con​cen​‐
tra​tions of the cal​i​bra​tion curve) were cal​cu​lated, ob​tain​ing for this
last pa​ra​me​ter val​ues that ranged from 3.8% for Abamectin and
12.3% for Floni​camid, all of them less than 20%, ac​cep​tance and re​‐
jec​tion cri​te​ria of the SANTE guide​lines.

In con​di​tions of re​peata​bil​ity, apri​cot is above 96.7% for the
quan​ti#​ca​tion limit and is 86.5% for the same limit times 10, and
does not ex​ceed 102.7% in the least favourable case. Again, in re​pro​‐
ducibil​ity, the mean val​ues are over 94% for the level of LOQ and
86% for 10LOQ and do not ex​ceed 102.8% for the least favourable
case. All the mean val​ues, as well as the max​i​mum-min​i​mum ones,
are within the range ac​cepted (70–120%). The val​ues for peach
never ex​ceeded 20%, which is the limit es​tab​lished for ac​cep​tance
and re​jec​tion. All mean val​ues for re​peata​bil​ity and re​pro​ducibil​ity
were within the ac​cepted range (70–120%). The val​ues for or​ange
were very low in​deed and never above the 20% ac​cep​tance level
which we es​tab​lished. All val​ues were within the ac​cept​able range of
70–120% of the val​i​da​tion as​say.

3.2. Residues

In this su​per​vised tri​als stud​ies, the pes​ti​cide residues are quan​ti​‐
#ed ac​cord​ing to the residue de​f​i​n​i​tion for mon​i​tor​ing (EU Pes​ti​cide
data​base, 2020): Abamectin (sum of aver​mectin B1a, aver​mectin
B1b and delta-8,9 iso​mer of aver​mectin B1a, ex​pressed as aver​‐
mectin B1a); Floni​camid (sum of "oni​camid, TFNA and TFNG ex​‐
pressed as "oni​camid); Lambda-cy​halothrin ((in​cludes gamma-cy​‐
halothrin) (sum of R,S and S,R iso​mers)); Meta​laxyl and meta​laxyl-M
(meta​laxyl in​clud​ing other mix​tures of con​stituent iso​mers in​clud​ing
meta​laxyl-M (sum of iso​mers)); Spin​osad (spin​osad, sum of spin​osyn
A and spin​osyn D). For the rest of the pes​ti​cides only mon​i​tor​ing
par​ent com​pound.

The resid​ual val​ues of the pes​ti​cides found in raw foods in the
main stages of the in​dus​trial pro​cess​ing (wash​ing, cut​ting, seal​ing,
squeez​ing and pas​teur​iz​ing) are shown in Ta ​bles 3 and 4 along with
the cor​re​spond​ing pro​cess​ing fac​tors. In none of the stages of com​‐
mod​ity pro​cess​ing have con​cen​tra​tions of pes​ti​cide metabo​lites
above LOQ been de​tected.

Af​ter phy​tosan​i​tary treat​ment, thi​a​clo​prid, bupir​i​mate and spin​‐
osad did not ex​ceed the MRLs in raw apri​cots, while the rest of the
pes​ti​cides all did, with "usi​la​zole show​ing a value that was 50 times
greater. In processed apri​cot, all pes​ti​cides were no​tably re​duced
with re​spect to the ini​tial val​ues dur​ing the can​ning process. There
was a rapid de​crease in the ini​tial stages (wash​ing, cut​ting and heat-
seal​ing), fol​lowed by a slower re​moval dur​ing pas​teur​iza​tion. The
trans​fer of residues dur​ing the var​i​ous can​ning stages did not lead to​
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Table 2
Re​gres​sion co​ef​#​cients (R ), re​cov​ery and rel​a​tive stan​dard de​vi​a​tion (RSD) in lin​ear​ity, re​peata​bil​ity and re​pro​ducibil​ity con​di​tions for the pes​ti​cides stud​ied in apri​cot, peach
and or​anges raw (n = 5).

Linearity Recovery for repeatability Recovery for reproducibility

Spiked (mg/kg) 0.005–0.1 0.005 0.05 0.005 0.05

%RSD R % %RSD % %RSD % %RSD % %RSD

Apricot
Thiacloprid 3.9 0.9999 96.7 7.0 90.3 1.1 99.0 2.3 90.7 2.4
Bupirimate 1.9 0.9999 102.7 7.2 96.2 1.0 102.8 7.6 96.8 3.3
Spinosyn A 4.8 0.9998 101.5 7.6 95.0 1.2 100.8 8.2 97.2 4.2
Flusilazole 1.9 0.9994 98.7 7.3 89.0 1.4 96.3 6.8 90.3 2.5
Spinosyn D 0.9 0.9995
Try"umizol 05 0.9995 101.5 7.2 94.5 1.4 98.8 9.7 92.3 3.2
Pyridaben 6.8 0.9997 97.7 6.2 86.5 3.2 94.0 5.5 86.0 4.0

Peach
Flonicamid 6.2 0.9998 97.3 6.4 92.7 4.6 88.7 11.3 93.8 6.1
Imidacloprid 3.2 0.9999 100.5 1.9 91.8 1.1 90.0 10.6 90.8 1.8
Cyproconazole 3.3 0.9998 107.0 2.1 95.8 1.1 97.5 6.6 96.3 4.1
Fludioxinil 2.0 0.9995 87.0 4.7 107.8 2.8 88.5 7.6 102.0 5.5
Cyprodinil 7.0 0.9998 99.0 7.8 94.2 4.1 90.5 5.6 97.2 4.6
Bupirimate 10.9 0.9997 104.5 1.5 97.2 0.7 94.3 7.3 96.7 5.2
Lambda-cyhalothrin 2.9 0.9995 99.7 6.4 88.7 6.0 99.5 8.9 92.2 6.5

Orange
Metalaxyl 11.1 0.9998 114.8 7.2 105.3 1.4 115.8 9.7 104.8 3.2
Chlorpyrifos-methyl 4.1 0.9999 115.2 7.0 111.2 1.1 109.8 6.3 112.3 2.4
Hexythiazox 0.8 0.9999 113.5 7.2 112.3 1.0 111.0 8.9 115.7 3.3
Lambda-cyhalothrin 14.1 0.9992 101.2 7.6 84.2 1.2 97.7 8.2 91.3 4.2
Abamectin 11.0 0.9999 111.0 7.3 100.7 1.4 105.7 6.8 101.3 2.5

Table 3
Pes​ti​cide residues (mg/​kg) in the #eld har​vested, in the pro​cess​ing stages and pro​cess​ing fac​tors (PF) of apri​cot and peach canned (means ± SD, n = 5).

Pesticide Unprocessed Washing %Loss Sealing %loss Pasteurizated %Loss Mean PF

Apricot canned
Thiacloprid 0.223 ± 0.011 0.168 ± 0.008 24.7 0.088 ± 0.004 47.6 0.078 ± 0.004 11.4 0.35 ± 0.017
Bupirimate 0.281 ± 0.010 0.206 ± 0.007 26.7 0.087 ± 0.003 57.8 0.069 ± 0.002 20.7 0.25 ± 0.009
Spinosad A + D 0.236 ± 0.011 0.154 ± 0.005 34.7 0.072 ± 0.003 53.3 0.059 ± 0.003 18.1 0.25 ± 0.011
Flusilazole 0.509 ± 0.027 0.307 ± 0.017 39.7 0.132 ± 0.007 57.0 0.126 ± 0.007 4.5 0.25 ± 0.013
Try"umizol 0.271 ± 0.013 0.190 ± 0.009 29.9 0.074 ± 0.003 61.1 0.034 ± 0.002 54.1 0.13 ± 0.006
Pyridaben 0.509 ± 0.029 0.410 ± 0.023 19.5 0.174 ± 0.10 57.6 0.155 ± 0.009 10.9 0.30 ± 0.017

Peach canned
Flonicamid 0.220 ± 0.011 0.154 ± 0.008 30.0 0.127 ± 0.006 17.5 0.122 ± 0.006 3.9 0.55 ± 0.027
Imidacloprid 0.149 ± 0.010 0.099 ± 0.006 33.6 0.065 ± 0.004 34.3 0.060 ± 0.003 7.7 0.40 ± 0.023
Cyproconazole 0.026 ± 0.002 0.016 ± 0.001 38.5 0.012 ± 0.001 25.0 0.011 ± 0.001 8.3 0.42 ± 0.025
Fludioxinil 1.159 ± 0.039 0.608 ± 0.021 47.5 0.248 ± 0.008 59.2 0.241 ± 0.008 2.8 0.21 ± 0.007
Cyprodinil 0.897 ± 0.047 0.609 ± 0.032 32.1 0.315 ± 0.16 48.3 0.284 ± 0.015 9.8 0.32 ± 0.016
Bupirimate 0.207 ± 0.010 0.102 ± 0.005 50.7 0.040 ± 0.002 60.8 < 0.005 100 < 0.01
Lambda-cyhalothrin 0.052 ± 0.002 0.042 ± 0.002 19.2 0.042 ± 0.002 0 < 0.005 100 < 0.01

Table 4
Pes​ti​cide residues (mg/​kg) in the #eld har​vested, in the pro​cess​ing stages and pro​cess​ing fac​tors (PF) of or​ange juice (means ± SD. n = 5).

Pesticide Unprocessed Washing %Loss Squeezing %Loss Pasteurizated %Loss Mean PF

Metalaxyl 0.239 ± 0.014 0.206 ± 0.012 13.8 0.165 ± 0.009 19.9 <0.001 100 < 0.01
Chlorpyrifos-methyl 0.751 ± 0.044 0.571 ± 0.033 23.9 0.366 ± 0.021 35.9 0.013 ± 0.01 96.5 0.02 ± 0.001
Hexythiazox 0.020 ± 0.001 0.011 ± 0.001 45.0 < 0.005 100 < 0.01
Lambda-cyhalothrin 0.231 ± 0.014 0.177 ± 0.010 23.4 0.134 ± 0.008 24.3 0.032 ± 0.082 76.1 0.14 ± 0.008
Abamectin 0.025 ± 0.001 0.013 ± 0.001 48.0 < 0.005 100 < 0.01
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the com​plete re​moval of the pes​ti​cides, with the pro​cess​ing fac​tors
for all the pes​ti​cides be​ing be​low 0.35, and rang​ing from 0.13 for tri​‐
f​lu​miziol to 0.35 for thi​a​clo​prid.

The pes​ti​cide residues in raw peaches show low con​cen​tra​tions
and never ex​ceed their MRLs. In canned peaches, the ini​tial con​cen​‐
tra​tion de​creases dur​ing the var​i​ous stages of pro​cess​ing. Losses dur​‐
ing wash​ing and cut​ting range from 19.23% for lambda-cy​halothrin
and 47.54% for "u​diox​inil. Dur​ing seal​ing there is no ap​pre​cia​ble ef​‐
fect for lambda-cy​halothrin and there is a slight ef​fect rang​ing from
17.53% for "oni​camid and 59,21% for "u​diox​inil. The pro​cess​ing
fac​tors of the pes​ti​cides in canned peach do not ex​ceed 0.6, and
range from 0.14 for bupir​i​mate to 0.566 for "oni​camid.

Fol​low​ing phy​tosan​i​tary treat​ment in or​anges and with a PHI of
21, 7 and 10 days, chlor​pyri​fos-methyl, lambda-cy​halothrin and
abamectin ex​ceeded the es​tab​lished MRL. In or​ange juices, the
squeez​ing led to residue lev​els of all the pes​ti​cides de​creas​ing by
over 75% of the ini​tial value in the whole or​anges. The greater part
of the residues are found in the peel and very few in the juice
(<10%) (Li et al., 2012). In the pas​teur​ized juice no residues of
abamectin, hexys​thi​a​zox and meta​laxyl were found, while the val​ues
for chlor​pyri​fos-methyl and lambda-cy​halothrin were 0.013 ± 0.01
and 0.032 ± 0.082 mg/​kg, re​spec​tively. The pro​cess​ing fac​tors of
these last two pes​ti​cides were well be​low the unity.

The Panel of Ex​perts on Pes​ti​cide Residues in Food and the En​vi​‐
ron​ment and the WHO Core As​sess​ment Group on Pes​ti​cide Residues
are re​ported pro​cess​ing (trans​fer) fac​tors for through com​mer​cial
processes for meta​laxil, lambda-cy​halothrin and thi​a​clo​prid in
peaches and or​anges. The mean PF < 0.08 for meta​laxil and
PF < 0.33 for lambda-cy​halothrin in or​ange juice and PF < 0.28 for
lambda-cy​halothrin and PF < 0.66 and < 0.28 for thi​a​clo​prid in
peach pre​serve and canned peach re​spec​tively (JMPR, 2019)

Wash​ing, seal​ing or squeez​ing and pas​teur​iza​tion are found to
pro​duce a clear de​crease in pes​ti​cide residues, co​in​cid​ing with the
ex​posed by Lo ​zow ​icka et al. (2016), who re​port that the ef​fec​tive​‐
ness of wash​ing with tap wa​ter led to a 20–68% re​duc​tion of bupir​i​‐
mate, lambda-cy​halothrin, "u​diox​onil, cypro​dinil, and chlor​pyri​fos-
methyl. On the other hand, it has been es​tab​lished that in​ten​sive ap​‐
ple wash​ing, as the #rst step in ap​ple pro​cess​ing dur​ing juice pro​duc​‐
tion, re​duced the residues of chlor​pyri​fos-methyl and tebu​cona​zole
by 21.3 and 11.9%, re​spec​tively (Li et al., 2016). Dur​ing boil​ing for
5 min, re​duc​tions of chlor​pyri​fos, lambda-cy​halothrin and pyr​a​‐
clostrobin in broc​coli were 34, 43, and 34%, re​spec​tively, while the
same pro​ce​dure on tomato re​duced, "u​diox​onil 69% while blanch​ing
sig​nif​i​cantly re​duced pyrid​aben residues (Kim et al., 2015).

Eval​u​a​tion of the lin​ear trend be​tween the pro​cess​ing fac​tors and
the oc​tanol/​wa​ter par​ti​tion co​ef​#​cient (log Kow) re​vealed mod​er​ate
cor​re​la​tion co​ef​#​cients (R ) of 0.6846 and 0.8261, and equa​tions
y = −9.4099x + 6.1983 and y = 8.8804x + 5.6451 for canned
peach and or​ange juice; while for apri​cot it was no​tice​ably lower,
0.1647; equa​tion y = 30.148x + 2.8964.

3.3. Risk assessment

Risk eval​u​a​tion for hu​man health seeks to es​ti​mate the na​ture
and like​li​hood of ad​verse ef​fects aris​ing from ex​po​sure to pes​ti​cides
both now and in the fu​ture. We eval​u​ate the chronic risk of in​gest​ing
pes​ti​cides af​ter the phy​tosan​i​tary treat​ment GAP at PHI es​tab​lished.
Through this, we aim to eval​u​ate the po​ten​tial risk of a sig​nif​i​cant
pres​ence of residues in raw com​modi​ties through com​par​i​son with
the es​ti​mated daily in​take (EDI) of each pes​ti​cide in each fruit and
the cor​re​spond​ing ADI. EDI was cal​cu​lated ac​cord​ing to mean daily
con​sump​tion per per​son of the com​modi​ties as es​tab​lished in the​

Span​ish na​tional di​etary (AE ​COSAN, 2016) and risk quo​tient (RQ)
val​ues were cal​cu​lated us​ing the cor​re​spond​ing pro​cess​ing fac​tors for
each pes​ti​cide in canned foods (Keikotl ​haile, 2011).

Ac​cord​ing to OECD re ​ports (2009) the residue analy​sis for risk
as​sess​ment in​cludes the par​ent com​pound and any spec​i​#ed de​riv​a​‐
tives such as degra​da​tion prod​ucts and metabo​lites con​sid​ered to be
of tox​i​co​log​i​cal sig​nif​i​cance: abamectin (aver​mectin B1a and aver​‐
mectin B1b); lambda-cy​halothrin (gamma-cy​halothrin and R, S and
S, R iso​mers); "oni​camid (TFNA and TFNG), spin​osad (spin​osyn A
and spin​osyn D); meta​laxyl (meta​laxyl-M); bupir​i​mate (ethi​r​i​mol
and DE-ethyl ethi​r​i​mol). Con​sid​er​ing that ADI for bupir​i​mate and
ethir​im​iol are 0.05 and 0.035 mg/​kg bw per day re​spec​tively and
both com​pounds de​note a num​ber of joint tox​i​co​log​i​cal ac​tions, in
our work the risk as​sess​ment was per​formed us​ing the low​est ADI
value de​rived for ethi​r​i​mol. For the same rea​son, for di​etary risk as​‐
sess​ment of lambda-cy​halothrin, the low​est gamma-cy​halothrin has
been used as the ADI value (0.0012 vs 0.0025 mg/​kg bw per day).
For the rest of the com​pounds, the ADI val​ues are those cor​re​spond​‐
ing to those es​tab​lished for the dif​fer​ent pes​ti​cides in the EU Pes ​ti ​‐
cides data ​base (2020) fol​low​ing the cri​te​ria es​tab​lished by EFSA
(2012), and quan​ti​#ed as de​#ned in Sec ​tion 3.2.

Table 5 shows the mean RQa val​ues for the gen​eral pop​u​la​tion
and the spe​ci#c RQb val​ues for the pop​u​la​tion that con​sumes the
fruits stud​ied. The mean RQa val​ues in raw com​modi​ties in the gen​‐
eral pop​u​la​tion are lower than 5%, ex​cept for chlor​piryphos-methyl
in or​ange, where it is 0.7% of the ADI, al​though in all cases be​low
100%, and hence a very low po​ten​tial risk for hu​man health in terms
of residue in​ges​tion. For the spe​ci#c pop​u​la​tion that con​sumes these
com​modi​ties, the RQb val​ues are higher than the RQa in all cases,
but never ex​ceed the safety thresh​old. Above 50% ADI we #nd only
"usi​la​zole (87.21%) for the mean of con​sumers and pyrid​aben
(55.08%) for the 95th per​centile of con​sumers of apri​cot. Chlor​piry​‐
fos-methyl in or​ange (RQb and RQb 95 of the 209.842% and
383.636% of the ADI, re​spec​tively) and "usi​la​zole in apri​cot (RQb95
of the 275.424% ADI) ex​ceed 100%, so there is need to take pre​cau​‐
tions when us​ing these pes​ti​cides and to con​trol their PHI.

In the processed prod​ucts, the cor​re​spond​ing RQPs (canned apri​‐
cot and peach and or​ange juice) did not ex​ceed 10% ADI, ex​cept for
"usi​la​zole in apri​cot, which in the mean con​sumer pop​u​la​tion at the
95th per​centile pre​sented RQbP and RQb95P val​ues of 21.41 y
67.63% re​spec​tively, in​di​cat​ing a low risk for con​sumers.

4. Conclusion

The an​a​lyt​i​cal method has been val​i​dated to de​ter​mine residues
of spin​osad, thi​a​clo​prid, pyrid​aben, "oni​camid, im​i​da​clo​prid,
lambda-cy​halothrin, abamectin, chlor​pyri​fos-methyl and hexythi​a​‐
zox, bupir​i​mate, "usi​la​zole, tri​f​lu​mi​zole, cypro​cona​zole, "u​diox​inil,
cypro​dinil and meta​laxyl in apri​cot, peach and or​anges, by QuECh​‐
ERS and LC-MS/​MS ex​trac​tion in tan​dem with triple quadru​pole,
with an LOQ of 0.005 mg/​kg, which is well be​low the MRL’s es​tab​‐
lished in the EU and with suit​able ranges of re​cov​ery and re​pro​‐
ducibil​ity. Dur​ing the in​dus​trial processes of canned apri​cot and
peach, wash​ing/​cut​ting and can​ning are the most in​"u​en​tial in de​‐
creas​ing the lev​els of pes​ti​cide residues with pro​cess​ing fac​tors be​‐
low 0.6. In or​ange juice, the squeez​ing stage is that which most re​‐
duces residues, with >60%. In terms of risk as​sess​ment, the data in​‐
di​cated that the di​etary in​take of pes​ti​cides residues from canned
fruits con​sump​tion for Span​ish con​sumers is fairly low, with neg​li​gi​‐
ble health risk.

Uncited reference

Lo ​zow ​icka et al., 2016.
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Table 5
ADI, EDI (mg/​kg bw day) and Risk Quo​tients (EDI/​ADI*100) of the pes​ti​cides for raw and processed foods.

ADI EDI RQ EDI RQ EDI b95 RQ  95 RQ P RQ P RQ  95P

Apricot
Thiacloprid 0.01 1.03E-05 0.103 0.000764 7.641 0.002413 24.133 0.0361 2.6728 8.4413
Bupirimate 0.035 1.30E-05 0.026 0.000963 2.751 0.003041 8.689 0.0113 0.8378 2.6459
Spinosad 0.024 1.09E-05 0.046 0.000809 3.370 0.002554 10.642 0.0114 0.8424 2.6604
Flusilazole 0.002 2.36E-05 1.179 0.001744 87.209 0.005508 275.424 0.2896 21.4142 67.6308
Try"umizol 0.05 1.26E-05 0.025 0.000929 1.857 0.002933 5.866 0.0062 0.4598 1.4520
Pyridaben 0.01 2.36E-05 0.236 0.001744 17.442 0.005508 55.085 0.0296 2.1883 6.9110

Peach
Flonicamid 0.025 3.86E-05 0.154 0.000692 2.770 0.001420 5.679 0.0856 1.5361 3.1492
Imidacloprid 0.06 2.61E-05 0.044 0.000469 0.782 0.000962 1.603 0.0000 0.0000 0.0000
Cyproconazole 0.02 4.56E-06 0.023 0.000082 0.409 0.000168 0.839 0.0092 0.1648 0.3378
Fludioxinil 0.37 2.03E-04 0.055 0.003648 0.986 0.007479 2.021 0.0232 0.4171 0.8552
Cyprodinil 0.03 1.57E-04 0.524 0.002823 9.412 0.005789 19.295 0.1090 1.9570 4.0123
Bupirimate 0.035 3.63E-05 0.014 0.000652 1.862 0.001336 3.187 0.0328 0.5894 1.2084
Lambda-cyhalothrin 0.0012 9.12E-06 0.760 0.000164 13.640 0.000336 27.964 0 0 0

Orange
Metalaxyl 0.08 1.30E-04 0.162 0.000668 0.835 0.001221 1.526 0 0 0
Chlorpyrifos-methyl 0.001 4.07E-04 40.742 0.002098 209.842 0.003836 383.636 0.7053 3.6324 6.6408
Hexythiazox 0.03 1.09E-05 0.036 0.000056 0.186 0.000102 0.341 0 0 0
Lambda-cyhalothrin 0.0012 1.25E-04 10.443 0.000645 53.788 0.001180 98.335 1.4467 7.4511 13.6222
Abamectin 0.0025 1.36E-05 0.543 6.9854E-05 2.794 0.000128 5.108 0 0 0

EDI  = es​ti​mated in​take for all pop​u​la​tion (con​sumer or not); EDI  = es​ti​mated av​er​age in​take for con​sum​ing pop​u​la​tion; EDI  95 = es​ti​mated av​er​age in​take for con​sumer
pop​u​la​tion at the 95th per​centile; RQa, RQb, RQb 95 = risk ra​tio raw com​modi​ties, and RQa P, RQbP and RQb 95P = risk ra​tio in processed foods.

ADI bupimi​rate as ethi​r​i​mol.
ADI lambda-cy​halothrin as gamma-cy​halothrin.
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