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Abstract Difenoconazole was a triazole fungicide with

proven bio-efficacy which leads to morphological and

functional changes in the fungal cell membrane. In this work,

field trials were conducted in three apple orchards. Sampling

methods were improved in both the terminal residual and

dissipation experiments. Residual data were analyzed and

results showed that, at both recommended rates with 3 times

applications and 1.5-folds of recommended rates with 4

times applications, the preharvest intervals (PHIs) of dife-

noconazole in apples were 6–7 days. The DT50 of difeno-

conazole in apples and soils were 6.3–10.2 and

9.6–68.4 days, respectively. The DT90 them were 26.2–40.6

and 45.6–216.3 days, respectively.
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The complex factors such as pH, temperature, meteorolog-

ical, microorganism of soil and ground water are different

from place to place (Walker et al. 2001). It is not sufficient to

evaluate a pesticide environment safety on just one kind of a

crop or in just one single field place. Especially for the large

area countries such as China, Canada and USA, the national

standards of a pesticide usage such as the maximum residue

limit (MRL) regulations and the preharvest intervals (PHIs)

should take full account of the dietary habits of their people,

the climate of food production area (Philippe et al. 2007) and

the length of growth cycle of crops.

Belonging to 14a-demethylation inhibitors, difenoco-

nazole is a systemic triazole fungicide that controls a broad

spectrum of foliar, seed and soil-borne diseases caused by

Ascomycetes, Basidiomycetes and Deuteromycetes in cere-

als, soya, rice, grapes, pome fruit, stone fruit, potatoes, sugar

beet and several vegetable and ornamental crops (Ellen et al.

1997). In some previous studies, the dissipation behavior of

difenoconazole in apple leaves, grass, apple orchard soils,

Chinese cabbage and its growth soil were examined (Jacob

and Werner 1996; Ellen et al. 1997; Wang et al. 2008). It was

found that in apple orchard, difenoconazole in soil was most

derived from falling leaves and centered in the soil layer of

0–10 cm. It was also found that difenoconazole followed

sigrnoidal degradation kinetics in a silt loam soil and its

residue had a long persistence. However, those studies were

not comprehensive and representative; more studies were

needed to evaluated environmental safety of difenoconazole.

In this study, field experiments were conducted in three

places, namely Xiaoxian (Anhui province), Daxing (Bei-

jing) and Hangzhou (Zhejiang province). These places

were the representative production areas of apples in

China. The physicochemical properties of the three soils

were qualitatively and quantitatively analyzed, the meteo-

rological conditions in the experimental period had been

recorded. The terminal residual experiments were con-

ducted on apples to detect the PHIs of difenoconazole on

apples; the residual experiments were conducted both on

apples and soils to research the dissipations of difenoco-

nazole. Coupled with an improvement on the sampling

method and the soil physicochemical properties test, the

residual data were fitted with the simple first-order (SFO)

kinetics model to depict the dissipation behaviors of

difenoconazole.
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Materials and Methods

Difenoconazole (CAS No. 119446-68-3, purity: 97.5%)

and its commercial formulation (10% Wettable Powder

(WP) of difenoconazole) were got from Beijing organic

agriculture technology center (China). HPLC grade ethyl

acetate, florisil columns were purchased from Dikma

(Dikma, China). All other chemicals were of analytical

grade were purchased from Beijing Chemical Works

(China).

Regulated by Institute for the Control of Agrochemicals,

Ministry of Agriculture (ICAMA), PHI was the time period

(in days) required for dissipation of the initial deposits after

several times spraying at some intervals of time to below

the MRL. Specifically, the residues of the three continuous

samples after PHI should below the MRL. In this study, the

terminal residue experiments were conducted in three

places (Xiaoxian, Daxing and Hangzhou) to evaluate the

PHIs of difenoconazole in apples.

The spraying action should stop once the medicated

solution saturated and dropped from the trees (ICAMA),

therefore, the application dosage measured not by the

active ingredient per hectare (a.i./ha) but by active ingre-

dient weight per liter (mg/kg). In this study, difenoconazole

10% WP was applied at 66.7 and 100 mg/kg water solu-

tions at 24, 16, 8 and 0 days (4 times) before harvest, 16, 8

and 0 days (3 times) before harvest, respectively. Each

treatment including the untreated control had three repli-

cations in the randomized separate plots.

Xiaoxian, Daxing and Hangzhou were apple production

region; the field trials were conducted in June of 2008.

There was no history of difenocolazole application in these

experiment areas. Three replicates and one control plots

with a total area of 400 m2 (about 36 trees) were set in each

trial.

Application was conducted by hand with a manual

knapsack sprayer (Jacto HD400) at 4 kilogram-force (kgf)/

cm2 working pressure. Difenocolazole 10% WP was

applied in crops and soils at the dosage of 100 mg/kg,

which was 1.5 times higher than the recommended dosage.

The physicochemical properties of the six soils were ana-

lyzed and listed in Table 1.

For the sample cleanup, a florisil solid-phase extrac-

tion (SPE) cartridge (1 g, Dikma, China) was precondi-

tioned with 5 mL of acetone followed by 5 mL of

hexane. Acetonitrile (50 mL) extract was evaporated to

near dryness (at 43�C), redissolved with 2 9 3 mL hex-

ane, residue was loaded into the cartridge and the effluent

was discarded. The cartridge was eluted with 6 mL

acetone-hexane (1:2) and dried under a gentle stream of

nitrogen. The residue was re-constituted in 2 mL ethyl

acetate and filtered through a 0.45 mm filter before GC

analysis.

Gas chromatographic (GC) analysis was carried out on a

Varian 3800 gas chromatograph (Walnut Creek, CA, USA)

equipped with a PFPD and capillary column (DB-17,

15.0 m 9 0.25 mm ID, 0.25-lm film thickness), using

nitrogen carrier gas at a flow rate of 1.5 mL min-1. The

GC temperature program was initially held at 150�C for

2 min, ramped to 280�C at a rate of 15�C min-1, and held

for 20 min. The GC injector was set to 270�C. The 1-lL

extracts were injected onto the GC column in a pulsed

splitless mode.

The method validation followed the Ministry of Agri-

culture, People’s Republic of China guidelines on quality

control procedures for pesticide residues analysis. All val-

idation experiments were performed using blank samples of

untreated watermelon, apple and soil.

Linearity was performed by analyzing spiked difeno-

conazole at six concentration levels between 0.01 and

10 mg/kg. The method was assessed with recovery exper-

iments for watermelon, apple and soil (n = 5) at three

spiking concentrations (0.001, 0.01, and 0.1 mg/kg). The

limits of detection (LOD) and quantification (LOQ) were

calculated as the concentration of each analyte that produce

a chromatographic peak with signal/noise ratio of 3 and 10,

respectively. All the calculations for statistical analysis

were performed by using the Matlab 7.0.

Simple first-order kinetics (SFO) model was used to

analyze residual data. This model assumes that the change

in chemical concentration over time (dCt/dt) is related to its

concentration at that time and a rate constant k.

dCt

dt
¼ �kt ð1Þ

Thus, integrating the equation, the concentration at time

t after spiking, Ct can be expressed as:

Table 1 Physicochemical characterisation of the three soils

Origin of the soil Xiaoxian Daxing Hangzhou

Longitude 116�560900E 116�2404900E 120�4’3800E

Latitude 34�905200N 39�370900N 30�1705600N

pH (suspended 2:5 in water) 7.78 8.01 5.73

Total organic C content (%) 1.1 1.3 1.4

Clay (%) D \ 0.002 mm 11.1 21.4 9.2

Silt (%)

0.002 \ D \ 0.05 mm

37.2 16.1 37.9

Sand (%)

0.05 \ D \ 2 mm

51.7 62.5 52.9

CEC (meq per 100 g) 7.9 20.3 12.6

Ntotal (%) d.w. 0.02 0.05 0.01

P (mg kg-1) 14.3 21.9 11.2

K (mg kg-1) 160.8 91.2 134.5

Mean CFU per g dry soil

(SD)

1.20E?06 5.70E?05 2.90E?06
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Ct ¼ C0e�kt ð2Þ

where C0 is the initial concentration. According to OECD

guideline 307, the first-order model is to be favoured for

interpretation of the data unless its determination

coefficient, r2, is below 0.7 (OECD 2002). The time at

which the concentration reaches half of the initial

concentration is referred to DT50 (Eq. 3), while the time

for 90% dissipation of ivermectin (DT90) was calculated as

given in Eq. 4.

DT50 ¼
ln 2

k
ð3Þ

DT90 ¼
ln 10

k
ð4Þ

Results and Discussions

Standard calibration curve of difenoconazole was con-

structed by plotting the analyte concentration against peak

areas (0.01–10 mg/kg, n = 5). The standard curve equation

was y = 607750x-55094 (R2 = 0.9996).

Recoveries of difenoconazole in apples and soils were

88.7%–104.1% and 91.9%–97.4%, respectively. LOD and

LOQ of difenoconazole were 0.0002 and 0.001 mg/kg,

respectively.

The experiment errors include random and system

errors, they related to many phases, such as the adhesion

ability of different crop species, human factors, sampling

methods and meteorological conditions, etc.

In this study, the adhesion ability of difenoconazole in

different apple species was tested. Four kinds of apples,

namely Changfu4, Red fuji, Golden delicious and Red star,

which were the common apple species in Chinese market

were used. The four kind’s apples were immersed in same

concentration of pesticide water solutions at about 3 s, and

then hang them to dry. Residues of such treatments were

analyzed; results showed that RSD% between them was

higher than 5%. The differences which caused by human

elements was tested as well. In Daxing (Beijing), four

people were randomly selected from our laboratory with

different sex, height and weight. A same concentration of

pesticide water solution was applied on the same species of

apple trees with the same type of apparatuses (Jacto

HD400). Although spraying was done as uniformly as

possible, the RSD% of residues between all eight apple

trees (two trees for each person) was as high as 10–34.7%,

while RSD% of residues on a bunch to bunch basis within a

single apple tree was as high as 208.7%. Recommended in

‘‘Standard operating procedures on pesticide registration

residue field trials’’, which edited by Institute for the

Control of Agrochemicals, Ministry of Agriculture

(ICAMA), the sampling amount of apples was 2 kg. In our

test, increasing the sampling amount from 12 (more than

2 kg for all) to 30 apples (more than 5 kg for all), the

RSD% in a single apple tree was significantly decreased to

less than 5%; however, the RSD% between apple trees was

still kept above 10%.

MRL of difenoconazole for apples differed from country

to country. It is 1.0 mg/kg in Japan and Korea, but 0.5 mg/kg

in China. For this study, considering the factors of the food

safety, 0.5 mg/kg was chosen as the MRL value in the ter-

minal residue experiments.

As shown in Table 2, the PHIs at different dosages and

frequencies of application were similar in one place, but

different from places to places. Considering the possibili-

ties that the different species, different application fre-

quencies and different application dosages could induce

different residues, we recommend the PHI for apples is

7 days.

The dissipation behavior of difenoconazole in water-

melons and apples in six cities of China over time period of

2008 were shown in Fig. 1. It was found that the dissipa-

tion was faster initially and slowed down with the passage

of time. Similar kinetics of difenoconazole had been

observed in grapes by Banerjee (2008).

Considering the analysis of experiment errors which

mentioned above, it was not surprised that difenoconazole

showed mutative initial deposits in different places (C0 in

Tables 3, 4), which was 0.29 mg/kg in Xiaoxian, 0.38 mg/

kg in Daxing and 0.26 mg/kg in Hangzhou. DT50 and DT90

Table 2 PHIs of difenoconazole in apples

Application frequencies (times) Xiaoxian Daxing Hangzhou

3 6 6 5

4 6 7 5

Fig. 1 Residual data of difenoconazole in apples
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of apples in different regions were in the range of 4.6–11.4

and 26.2–81.7 days, respectively.

Temperatures and rainfalls of the three places during the

experiment time were recorded and shown in Figs. 2 and 3.

Residual data of difenoconazole in soils were shown in

Fig. 4.

In this study, the pesticide was applied at the same

dosage (100 g a.i./ha) and by the same apparatuses (Jacto

HD400) in all three places, however, different initial con-

centrations of difenoconazole appeared in different soils. In

the reports of Fredlund (1994), Terry and Hutson (1999),

the higher permeability of sand soils and the translaminar

movement of difenoconazole decreased the initial con-

centration of difenoconazole in soils. In this paper, the

similar situation was detected in Daxing (sand content rate

was 62.5% and the initial concentration was 0.755 mg/kg)

and Hangzhou (sand content rate was 52.9% and the initial

concentration was 0.718 mg/kg), the initial concentration

decreased with the increasing of sand content rate.

In our test, we found that higher temperatures possessed

higher dissipation rate (Fig. 2; Tables 3, 4). Similar reports

about the relationships between the temperatures and the

dissipation rates of pesticide were also observed by many

authors (Maria and Lennart 2007; José et al. 2009).
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