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Development of a Simple Analytical Method for the Simultaneous

Determination of 4 Fungicides in Citrus Fruits

and Validation of the Method

Makiko TAKENAKA*, Naoki YOSHIOKA and Takao MITSUHASHI

Life Science Division, Public Health Science Research Center, Hyogo Prefectural Institute of
Public Health and Consumer Sciences, 2-1-29, Arata-cho, Hyogo-ku, Kobe 652-0032, Japan

A simple analytical method was developed for the simultaneous determination of 4 fungicides (o-phenylphenol : OPP,

diphenyl : DP, thiabendazole : TBZ, and imazalil : IMZ) in citrus fruits. The 4 fungicides were extracted with ethyl

acetate and separated with a tandem-connected InertSep Slim SI and InertSep SlimJ SCX solid column. The fungicides
were determined by HPLC with a fluorescence detector (OPP, DP and TBZ) or a UV detector (IMZ). Validation test of this
method was performed accordance with the guideline of the Japanese Ministry of Health, Labour and Welfare. All

fungicides were found to conform to the guideline (selectivity, recovery, repeatability and intermediate precision). These

results show that this method is useful as a routine analysis for 4 fungicides in citrus fruits.
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Fig.1 HPLC chromatograms of standard
solution and blank solution

(A) OPP, DP and TBZ standard solution (2ppm)

(B) blank solution of orange for OPP and DP

(C) blank solution of orange for TBZ

(D) IMZ standard solution (2ppm)

(E) blank solution of orange for IMZ

detector : (A),(B),(C) ; FL (Ex 285nm , Em 325nm) ,
(D),(E) ; UV (230nm)



Table 1  Recoveries of OPP, DP, TBZ and IMZ from Fruit samples
Fortified concentration @ Recovery (%) P
Fruit
(uglg) OPP DP TBZ IMZ
1 86.4(8.8) 95.0(8.9) 83.9(3.5) 83.2(0.6)
Orange
5 84.1(2.7) 87.2(3.4) 96.7(1.5) 92.0(1.4)
1 98.6(6.7) 104.2(6.5) 78.2(3.2) 78.9(1.9)
Grape fruit
5 99.7(0.8) 94.6(0.7) 103.6(0.6) 99.6(0.8)
1 97.8(1.0) 102.5(1.6) 97.3(1.2) 102.3(2.5)
Lemon
5 95.6(1.3) 97.2(0.8) 95.7(0.4) 97.2(0.6)

a) One ml of mix standard solution (10ppm or 50ppm) was added to 10g sample

b)n=5, ( ):CV%

Table 2  Validation results of 4 compounds for orange
fortified concentration ® Repeatability » Intermediate precision
Compound
(ng/g) (RSD %) (RSD %)
1 5.1 5.7
oprP
5 3.3 5.8
1 4.9 6.9
DP
5 3.9 6.3
1 4.8 8.3
TBZ
5 2.3 3.2
1 3.4 9.0
IMZ
5 2.3 2.5
Criteria <10 <15

a) One ml of mix standard solution (10ppm or 50ppm) was added to 10g sample

b) n=10, (2X5)
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