
Abstract

Residue monitoring of propiconazole (PCZ) in cabbage, 

shallot, and spinach was conducted under multi-trial 

greenhouse conditions. This study aimed to understand 

the fate of the applied fungicide in these vegetables. 

Furthermore, the associated health risk of PCZ in leafy 

vegetables was assessed through dietary risk assessment. 

Commercially available PCZ (22% suspension concen-

trate) was administered thrice according to the OECD fun-

gicide application interval guideline. The plant samples 

were extracted using a slightly modified QuEChERS 

technique and analyzed using gas chromatography-tan- 

dem mass spectrometry. The average PCZ recovery was 

between 84.5% and 117.6%, with a <5% coefficient of 

variance. The dissipation of PCZ residue in cabbage, shal-

lot, and spinach after 14 days was 96%, 90%, and 99%, re-

spectively, with half-lives of <5 days. Meanwhile, dietary 

risk assessments of PCZ residues in the studied vegetables 
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using the risk quotient (RQ) were significant < 100 (RQ 

< 100). Thus, the population groups considered in this 

study were not at substantial risk from consuming leafy 

vegetables sprayed with PCZ following critical, good ag-

ricultural practices.

Key words: Dietary risk assessment, Leafy vegetables, 

Maximum residue limits, Propiconazole, Residue mon-

itoring

Introduction

Vegetables are an important component of human 

diet because they supply vital vitamins, dietary fiber, 

minerals in the form of electrolytes, and phytochem-

icals that help prevent chronic diseases. The perceived 

health and nutritional benefits of leafy vegetables has 

led to increased consumption of fresh and unprocessed 

vegetables in the Republic of Korea [1,2]. Pesticides are 

used during different physiological growth periods fol-

lowing the safety guidelines in Korea for the effective 

control of vegetable pests and incidences of diseases. 

However, the excessive use and inappropriate dosing 

of unregistered pesticides on crops may pose adverse 

health impacts on consumers and disrupt the natural 

ecosystems of microflorae and faunae [3,4]. To prevent 

the consumption of crops with high pesticide concen-

trations, standards must be established to ensure reg-

ular monitoring of residue concentrations in agricul-

tural products. Therefore, various countries have im-

plemented maximum residue limits (MRLs) for agri-

cultural food products. For example, the maximum 

residue limit set for the pesticide in Europe is 0.05 

mg/kg in leafy greens, 0.05 mg kg-1 in Japan [5], and 

0.02 mg/kg for pineapple in China [6]. Hence, residue 

concentrations and their associated risks have become 

an important aspect of monitoring and safety assess-

ment of edible crops, especially vegetables.

Propiconazole (PCZ) is a systemic, broad-range tri-

azole fungicide that is effective against a variety of 

fungal pathogens [7,8]. The mechanism of action of 

PCZ involves the inhibition of ergosterol anabolism in 

fungi, which prevents spore formation [9]. This in-

hibitory effect is attributed to the five-membered het-

erocyclic structure of PCZ, which contains three nitro-

gen atoms, as shown in Fig. 1. However, triazole fun-

gicides, including PCZ, are also known to have endo-

crine-disrupting effects, which pose substantial hazards 

to human health. PCZ is capable of causing blood im-

balance and various dysfunctions in the nervous sys-

tem [5,10]. Despite these concerns, several studies have 

reported the conventional use of PCZ for preventing 

fungal diseases in fruit, cash crops, and staple crops 

[11,12].

Although propiconazole is registered for use on 

crops according to standard protocol, previous studies 

have primarily focused on monitoring its concentra- 

tions in livestock samples [13,14]. However, research 

on PCZ related food safety issues in the Republic of 

Korea is limited. Hence, the specific goals of this study 

were to: (1) apply a modified AOAC QuEChERS anal-

ysis method to determine PCZ residue in commonly 

consumed leafy vegetables, such as cabbage, shallot, 

and spinach, after foliar application under greenhouse 

conditions; (2) determine the residue concentrations 

and biological half-lives of PCZ in these leafy vegeta-

bles; and (3) evaluate the potential dietary risks asso-

ciated with consuming leafy vegetables treated with 

PCZ among different population groups. Simultane- 

ously, this study serves as a basis for establishing 

MRLs, regulating the use of PCZ under field con-

ditions, providing data for in-depth studies on the safe 

use of PCZ, and predicting dissipation dynamics of 

PCZ in crops with similar traits to those studied in 

this research.

Materials and Methods

Chemicals and reagents

Field experiments were conducted using commer-

cially available propiconazole (PCZ) purchased from 

NongHyup Chemical Co., Ltd., Republic of Korea, 

Youngil Best (22% SC). The PCZ analytical standard 

(99.7% purity) was acquired from Sigma-Aldrich Co. 

(USA). Formic acid was provided by Duksan Pharma- 

ceuticals Company, Republic of Korea, while sodium 

Fig. 1. Chemical structure of propiconazole.
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chloride (general reagent grade) was supplied by Jun- 

sei Chemical Company, Japan. Acetonitrile (MeCN), 

methanol, and water (H2O) (all HPLC grade) were 

procured from Honeywell Burdick and Jackson, Inc. 

(USA). QuEChERS buffer salts, magnesium sulfate, and 

primary secondary amines were provided by Pheno- 

menex Co., USA. PCZ stock solution (400 mg/L) was 

dissolved in HPLC-grade acetone.

Greenhouse trial design

A multiregional greenhouse field trial was conduc- 

ted at three locations, including Gumi-si, (36.24 °N, 

128.29 °E), Yesan-gun (36.73 °N, 126.79 °E), Waegwan- 

eup (35.90 °N, 128.40 °E) in the Republic of Korea, for 

spinach, shallot, and cabbage, respectively. Following 

the OECD field guidelines [15], each greenhouse was 

partitioned into plots of 2 m × 15 m in accordance 

with the preharvest treatment intervals, which corre-

sponded with the fungicide application time and a 1.5 

m buffer zone was created between treated plants to 

avoid cross-contamination. A commercial-grade for-

mulation of PCZ was applied at a dosage of 22 g a.i./ 

10 acres employing an electric knapsack sprayer cali-

brated at 1,500 mL/min. Control plots were designed 

based on the layout of the treatment plots without 

fungicide application.

Sample preparation, extraction, and clean-up 

procedure

Freeze-dried leafy vegetable samples were evenly 

homogenized using a plug-in blender (12,000 rpm) and 

preserved at -20°C for further analysis. The AOAC 

QuEChERS analysis method was slightly modified in 

terms of sample weight to develop an optimized ana-

lytical method. Briefly, 10 g of triturated leafy green 

samples were weighed in a 50 mL high-clarity SPL- 

conical tube. Following the addition of 10 mL of 1% 

acetic acid in acetonitrile, the mixture was subjected to 

agitation using a multitube Collomix shaker at 3,600 

rpm for 2 minutes. Subsequently, 1.5 g of NaOAc and 

6 g of anhydrous MgSO4 were added to the extract, 

followed by vigorous shaking for 5 min and centrifu- 

gation at 2898 rcf for 4 min. For the dispersive clean- 

up procedure, 1 mL aliquot of supernatant fraction 

was pipetted into microfuge tubes containing 25 mg 

PSA and 150 mg anhydrous MgSO4. These samples 

were centrifuged for 5 min at 10,000 rpm and filtered 

using a 0.2 µm PVDF membrane syringe.

Instrument characterization

Characterization was conducted using a GC-MS-TQ 

8050 Triple Quadrupole Gas Chromatograph Mass 

Spectrometer (Shimadzu Corp., Kyoto, Japan). A ZB- 

5MS plus (Phenomenex Co., Torrance, CA, USA; 30 m 

capillary column × 0.25 mm internal diameter × 0.25 

µm film thickness) gas chromatograph was used for 

PCZ separation and identification. The column oven 

temperature was increased from 90°C to 120°C and 

ultimately to 300°C corresponding to the flow rates of 

0°C min-1, 220°C min-1, and 80°C min-1 and maintained 

for 3 min. The injector, interface, and ion source tem-

peratures were selected based on the maximum per-

formance during calibration. The quad 2 collision gas 

was Argon, while the carrier gas was Helium. GC-MS/ 

MS was operated at a column flow rate (constant) of 

1.5 mL/min and 1 µL injected in (splitless mode). The 

MS detector voltage was 0.5 kV, with a collision pres-

sure of 1.5 mTorr and an electron ionizing voltage of 

-70 eV.

Method validation

Analytical methods were assessed using a matrix- 

matched calibration curve. The standard calibration 

curve was obtained from chromatogram peak areas at 

concentrations varying from 0.005 to 0.2 mg/L. Stock 

solutions and blank were uniformly assessed for spe- 

cificity. Following the established recovery guidelines 

of the ministry of food and drug safety (MFDS), the 

control samples for each leafy vegetable were fortified 

with a standard PCZ solution of known concentrations. 

This was done in quintuplicate for both the method 

quantification limit (MQL) and 10 times the MQL.

Half-life and risk assessment calculations

The dissipation kinetics of PCZ was analyzed using 

the first-order model as expressed in Eq. 1.

Ct = Co e-kt (1)

where Ct is the concentration in (mg/kg) after a 

specific duration t and Co is the initial concentration 

(mg/kg).

The PCZ half-life was determined based on K (dis- 

sipation rate constant) as expressed in Eq. 2.

t1/2 = ln 2 / k (2)

where t1/2 is half-life (DT50 estimated in days)
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Additionally, dietary risk evaluation was conducted 

to estimate the risk quotient (RQ) of PCZ [16]. RQ ≥ 

100 indicates high dietary risk and RQ ≤ 100 indicates 

negligible or no dietary risk of the applied fungicide. 

The national estimated daily intake (NEDI) and RQ 

were calculated as shown in Eq. 3 and Eq. 4.

NEDI =
Mean residue concentration (mg/kg)

× average food intake (kg) (3)
body weight (kg)

RQ =
NEDI (mg/kg bw)

× 100 (4)
ADI (mg/kg bw)

where ADI is the acceptable daily intake of PCZ.

Statical analysis

The GC-MS/MS data were evaluated using Shim- 

adzu LabSolutions GCMS Version 5.4. The MS Excel 

Solve add-in and SigmaPlot (version 12, Systat Soft- 

ware Inc.) were used for data visualization and pre- 

sentations.

Results and Discussion

Analytical method optimization

The percentage recovery range, correlation coeffi- 

cients, MDA, and the MQL were used to validate the 

efficiency of the proposed analytical method. To deter- 

mine the linearity and correlation coefficients, standard 

solvent solutions were compared with matrix-matched 

standard solutions. The correlation coefficients obtained 

in this study agreed well with those obtained in pre-

vious investigations with values ≥ 0.9995 for PCZ in 

the three analyzed crop samples which indicates good 

linearity [8,16]. The coefficient of linearity (R2), calibra-

tion curve equation, and the quantification limit for 

PCZ are presented in Table 1 MDA (0.1 ng) and MQL 

(0.01 mg/kg) used in this investigation indicated the 

precision and reliability of the analytical procedure. 

Moreover, the average percent recovery (%) was ob-

tained by spiking a standard solution of PCZ at MQL 

and 10×MQL in the control samples.

The percentage recovery data in (Table 1) corrobo-

rates the accuracy of the PCZ analytical procedures. 

Particularly, the average recovery (%) for PCZ ranged 

from 107.0 to 115.9 in cabbage, 94.1 to 114.1 in shallot, 

and from 96.3 to 112.7 in spinach. Thus, the accuracy 

was validated to be within the acceptable recovery 

value of 70–120% [17, 18]. The PCZ retention time (rt) 

in fortified and untreated matrices exhibited no chro-

matographic interference, indicating good sensitivity of 

the developed method. Thus, the percentage relative 

standard deviation (RSD), which indicates precision, 

was between 0.7% and 2.6%, was within the acceptable 

RSD percentage (<20%).

Similar microclimate-controlled studies have analy- 

zed the validation of various analytical techniques and 

the QuEChERS method for detecting fungicides in 

leafy vegetables and fruits having high moisture con-

tent [19,20]. Many modifications were done on original 

QuEChERS to achieve better extraction of pesticdes. 

AOAC QuEChERS resembles the original QuEChERS 

but a buffer salt (sodium acetate) is changed to main-

tain the pH during the extraction mainly with sample 

which improved the recovery. Previous studies on the 

Crop
Calibration equation

(ya) = axb) + b)
R2 Fortification 

level (mg/kg)

Recovery (%)
SDc)

1 2 3 4 5

Cabbage y = 896,684.463x + 1,256.996 0.9995

0.01 109.8 110.2 104.6 104.5 106.1 2.8

0.1 111.7 110.7 112.6 112.7 113.7 1.1

2.0 115.5 113.2 116.4 116.7 117.6 1.7

Shallot y = 89,349.129x + 1,955.725 0.9998

0.01 93.7 95.1 93.1 93.2 95.8 1.2

0.1 113.5 113.3 114.0 114.9 115.0 0.8

2.0 101.2 96.0 97.8 98.2 99.2 1.9

Spinach y = 117,990.047x + 2,029.136 0.9996

0.01 94.5 98.9 97.8 93.8 96.4 2.2

0.1 114.4 113.8 111.7 112.5 110.8 1.5

6.0 106.5 105.8 108.5 102.1 105.9 2.3

a) Peak area in MS/MS spectrum, b) Residue of pesticides in samples (ng), c) Standard Deviation

Table 1. Method validation of the propiconazole in samples of cabbage, spinach, and shallot (linearity of calibration 
curves, recovery)
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residue characteristics of PCZ [4,8,21] in celery, grape, 

wheat straw, and mango validated quality control in 

terms of linearity, lowest detectable concentrations, 

quantification limits, and precision [12,16]. Similarly, a 

few previous studies [22,23] validated the analytical 

method for the identification of conazole fungicides in 

pomegranate. Hence, this study presents an adaptable 

technique and a method validation that is compatible 

with previous investigations with respect to the assess-

ment of PCZ in fruits and vegetables having accept-

able analytical parameters.

Dissipation of propiconazole (PCZ) in leafy 

vegetables

The concentration of PCZ residue in the control 

samples was below the established MQL (0.01 mg/kg). 

Conversely, the amount of residue in the treated sam-

ples was calculated by applying the first-order rate 

equation [3]. The regression mathematical expressions 

for degradation were Ct = 1.9633e-0.234x, Ct = 4.2858e-0.335x, 

and Ct = 1.4182e-0.155x, with correlation coefficients of 

0.998, 0.993, and 0.970 in cabbage, spinach, and shallot 

respectively. PCZ residue levels decreased as the du-

ration of fungicide sampling increased, as shown in 

Table 3. The dissipation pattern of PCZ was com-

parable across the analyzed crops. Notably, PCZ dis-

sipation in cabbage, shallot, and spinach was as high 

as 60% 7 days after application. However, after the 

sampling interval (i.e., 21-14 days after treatment), 

>95% of PCZ residue had degraded in cabbage and 

spinach while PCZ residue concentration in shallot 

samples had dissipated by ~90%. These findings agree 

with those reported in a previous study on PCZ deg-

radation in various fruits, crops, and vegetables [9,12, 

16,24]. For example, PCZ degraded by >87% in grapes 

and mangos 3 days post-application and by >97% after 

10 days [4]. In comparison, a degradation of >50% was 

observed in celery and <50% in onions, 7 days after 

application, suggesting rapid PCZ dissipation in the 

analyzed leafy greens [16]. In other studies, PCZ dis-

sipated by >92% in pomegranate 30 days after applica-

tion and by >95% in wheat straw 28 days after appli-

cation [12,22].

In general, the dissipation of pesticides in crops 

during their growth stages is influenced by numerous 

variables, including initial pesticide concentration, pes-

ticide formulation, rate of application, plant species, 

environmental factors, and bio-and photo-transforma- 

tion [25-27]. Several greenhouse studies on residue dis-

sipation have demonstrated that prevailing environ-

mental conditions, such as wind velocity, sunshine 

hours, and temperature plays a key role in fungicide 

dissipation [1,3,28]. Xu et al. [30] highlighted that var-

iations in wind velocity across different study regions 

affected the decrease in residual concentration of PCZ 

in banana foliage. Herein, although PCZ was applied 

uniformly across the different greenhouse locations, the 

rate of dissipation was found to be faster in spinach 

followed by that in cabbage and shallot. Hence, the re-

sult of this study suggests that the dissipation rate of 

PCZ can vary based on crop morphology and ambient 

conditions.

Initial deposition and In-plant comparative 

assessment of propiconazole (PCZ)

The in-plant assessment and the initial residue 

amounts were evaluated to understand the fungicide 

residue behavior in the environment and analyzed 

crops. The initial residue concentration forms an im-

portant basis for establishing MRL for crops, and it 

corresponds to the residue level detectable after two 

hours of fungicide application [15,30]. The residue con-

centration of PCZ was found to be highest on day 0, 

ranging from 1.97-2.96, 1.46-1.60, and 5.82-6.26 mg/kg 

in cabbage, shallot, and spinach, respectively. In shal-

lot, the initial deposition of PCZ (1.53 mg/kg) was rel-

atively lower than that observed in cabbage and spi-

nach (2.05 and 6.11 mg/kg respectively), as shown in 

Table 2. This is because of the high specific surface 

area, coupled with the vertical, deep, and cylinder- 

shaped leaf architecture of shallot compared to the 

broad, horizontal, and wide leaf architecture of spinach 

and cabbage [31]. A previous study conducted using 

spirotetramat recorded approximately three times the 

initial amount of the pesticide in Korean cabbage sam-

ples at 10.03 mg/kg as compared to that in shallot 

samples at 3.29 mg/kg [17].

Similarly, studies based on residual amount of fun-

gicide cyazofamid sprayed on Korean cabbage reported 

an initial concentration of >9 mg/kg at day 0 [15]. 

Opolot et al. [19] reported the initial residue amount 

of sulfoxaflor to be greater in spinach than in Korean 

cabbage. A recent scientific report by [30] indicated 

that the initial concentration of picarbutrazox on cab-

bage was found to reach a maximum value of 13.72 

mg/kg. The findings of this study are consistent with 

previous reports indicating that several factors, includ-

ing evapotranspiration, plant metabolism, photolysis, 
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crop growth rate, plant pore size, and crop sizes, can 

affect the initial deposition of pesticide residues in 

plants [1,22,32]. The weather conditions during the 

study, reveal a comparatively lower average temper-

ature and high relative humidity for shallot greenhouse 

compared to those for cabbage and spinach. This 

could be a potential factor contributing to the delayed 

dissipation rate observed in shallot samples, as shown 

in Fig. 2. Currently, MRLs have not been set for the 

leafy vegetables studied in this research. Hence, the 

findings from this study can offer guidance and serve 

as a baseline for setting tolerable residue levels of PCZ 

in leafy vegetables.

Biological half-lives of propiconazole (PCZ) in 

leafy vegetables

The half-life period of PCZ was less than 5 days in 

the crops studied herein. Particularly, the half-life pe-

riods of PCZ in cabbage, shallot, and spinach were 

2.96, 4.47, and 2.06 days, respectively, as shown in 

Table 3. The half-live (DT50) values obtained in this 

study are shorter than those observed in Jonagold ap-

ple, pomegranate, banana, and celery but longer than 

those in grapes and mango. For instance, the DT50 of 

PCZ was found to be 13 days in Jonagold apples, 7.9- 

8.2 days in pomegranate, 13.9-23.3 days in bananas, 6.1 

days in onions, and 8.7 days in celery [17,30]. Zhang 

et al. [12] reported a half-life of 5.1-6.9 days in wheat 

straw. In another study, the DT50 of PCZ was observed 

to be 1.24 days in grapes and 1.19 days in mangoes in 

field conditions [4]. Environmental factors, fungicide 

formulations, application rate, and crop species are 

among the various factors that can affect the rate of 

Crops
Preharvest interval 

(PHI)

Mean residue amounts (mg/kg)
SDa)

1 2 3

Cabbage

Control <MQLb) -

0 0.08 0.07 0.07 0.01

3 0.31 0.32 0.33 0.01

7 1.03 1.00 1.02 0.02

14 1.97 2.01 2.16 0.10

Shallot

Control <MQL -

0 0.17 0.14 0.16 0.02

3 0.55 0.54 0.51 0.02

7 0.77 0.75 0.77 0.01

14 1.60 1.52 1.45 0.07

Spinach

Control <MQL -

0 0.07 0.07 0.07 0.00

3 0.11 0.11 0.10 0.00

7 2.31 2.42 2.21 0.11

14 5.82 6.26 6.24 0.25
a) Standard Deviation, b) Method Quantification Limits

Table 2. Mean residue concentrations of propiconazole in cabbage, shallot, and spinach samples in varying preharvest
interval (PHIs)

Fig. 2. Comparison of the rate of dissipation of propiconazole 
in spinach, cabbage, and shallot samples.

Crop Residue equation Half-life (days) R2

Cabbage Ct = 1.9633e-0.234x 2.96 0.998

Shallot Ct = 1.4182e-0.155x 4.47 0.970

Spinach Ct = 4.2858e-0.335x 2.06 0.993

Table 3. Residue equations, half-lives, and correlation 
coefficient of propiconazole in leafy vegetables
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degradation of pesticide residues in vegetables [33,34]. 

In this study, the differences in half-life values were 

attributed to variations in the fungicide metabolism ca-

pacities of the crops and the prevailing environmental 

conditions in the experimental plots [35]. Thus, growth 

conditions, pesticide formulations, and the nature of 

the crops being studied should be the key considera- 

tions in the studies related to the half-lives of pestici- 

des for specific crop species.

Dietary risk assessment of propiconazole (PCZ) in 

leafy vegetables

Consumers might face substantial health risks from 

the persistent consumption of fruits and vegetables 

with high levels of pesticide residues because these 

residues are often not eliminated even with washing. 

To evaluate this risk, the dietary exposure of PCZ was 

assessed against the ADI values established by the 

Korean regulatory authority (MFDS) for PCZ (0.07 

mg/kg/body weight/day). The RQ in this study was 

evaluated using data from the Korean Health Industry 

Development Institute. Data regarding the population 

of adults (67 kg), children (30 kg), and infants (11 kg) 

used in this study were obtained from Korea Statistical 

Information Service. The NEDI and health RQ percen-

tages of PCZ in cabbage, spinach, and shallot across 

the analyzed population groups are presented in Table 

4. Similarly, we found that the estimated daily intake 

values were lower than the ADI values, which were 

influenced by the difference in dietary habits among 

the population groups. Conversely, the RQ percentage 

values obtained in this study agree with a previous 

PCZ research conducted on Chinese vegetables with 

the percentage risk assessment values in the range of 

0.0083-3.125 [16]. Table 3 also indicates that RQ values 

were less than 100% in the three population groups, 

suggesting that there is negligible dietary risk asso-

ciated with the consumption of PCZ residues in cab-

bage, spinach, and shallot.

Conclusion

This study conducted a comprehensive residue de-

termination of PCZ in commonly consumed leafy veg-

etables using a modified AOAC QuEChERS method 

coupled with GC-MS/MS. The established MQL was 

0.01 mg kg-1 in all analyzed samples. Overall, the PCZ 

residue concentration and biological half-lives were 

found to be in the following order: shallot > cabbage 

> spinach, 21-14 days after application. Dietary risk 

assessment was conducted using the NEDI, ADI, RQ, 

and average body weight values indicated that no sig-

nificant risk was identified for the three population 

groups (children, infants, and adults) with the con-

sumption of leafy vegetables treated with PCZ using 

good agricultural practices and good experimental field 

practices. Hence, regular research on the monitoring of 

pesticides to facilitate the formulation of appropriate 

field safety guidelines and establish the maximum tol-

erable residue concentration limits in specific crops un-

der diverse growing conditions is necessary to ensure 

consumer safety.
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