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ABSTRACT 

The selective determination of three common, yet toxic 
fungicides (diphenyl, o-phenylphenol and thiabendazole) was 
investigated with reversed-phase high-performance l iquid 
chromatography (RP-HPLC). These fungicides were successfully 
chromatographed and quantitated by utilizing a reversed-phase 
Unisil Q C8 column. An acetonitrile-l%w/v H 3 P 0 4  (58:42) mobile 
phase was used. The fungicides at post-harvest were detected with 
fluorescence detection at typical residue levels on citrus. The 
practical quantitation limits of diphenyl. o-phenylphenol and 
thiabendazole were 0.1, 0.1 and 0.005 mg/kg, respectively. The 
recoveries were between 90.0 and 97.3%. 
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Diphenyl (DP), o-phenylphenol (oPP), and thiabendazole (TBZ) 
(Figure 1) are used as post-harvest fungicides on citrus. 
Unfortunately, safety issues have been raised because of the use of 
these chemicals. DP has reported carcinogenicity problems (1-4). 
The same has been reported for oPP (5-6). Furthermore, TBZ has 
reported toxicological (7-13), mutagenicity (14-19), carcinogenicity 
(20-24) and teratogenicity problems (25) .  Therefore, the need to 
monitor these fungicides when used on citrus is evident. 

Chromatographic techniques for simultaneous determination of 
DP, oPP, and TBZ have been reported by high-performance liquid 
chromatography (HPLC) (26-29). These separation methods have 
one difficulty in that there is poor sensitivity for the TBZ. To 
improve the sensitivity of TBZ, various mobile phases and 
fluorescence detection of TBZ were investigated by reversed-phase 
HPLC. 

Fxnerirnen tal 

A.  Apparatus 

A Shiinadzu LC-3A liquid chromatograph (Shimadzu, Kyoto, 
Japan) with a syringe pump was used. Sample injection was 
performed by a Rheodyne injector (Model 7125 with a 20microliter 

O P P  TBZ DP 

Figure 1. Diphenyl, o-phenylphenol, and thiabendazole. 
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FUNGICIDE RESIDUE IN CITRUS 347 

loop connected directly to the column). The detector was a Hitachi 
fluorescence spectrophotometer (Model F-3000 with a 150 watt 
xenon lamp and LC micro flow cell uni t  with a cell volume of 18 
microliters). The following additional equipment was also used: 
juicer (Mitsubishi Model JM-1200), autohomogenizer with stainless 
steel cup (EXCEL, Nihon Seiki, Ltd, Tokyo, Japan), and rotary 
vacuum evaporator (Tokyo Rikakikai Model N-2, Tokyo, Japan). 

HPLC conditions: Column-Unisil Q C8 (5 micron, Gasukuro Kogyo, 
Tokyo, Japan), 250 x 4.0 mm i.d. Mobile phase-acetonitrile- 1 %w/v 
H 3 P 0 4  (58:42). Column temperature-400C. Flow rate-1 .Oml/min. 
Fluorescence wavelengths-excitation (Ex) 245 nm-emission (Em) 
330 nm. When low levels of TBZ were expected (less than 1 mg/kg 
citrus), the Ex and Em were set at 302 and 350 nm, respectively, to 
improve sensitivity. Sample size-5 microliters. 

B. Reagents 

All solvents and chemicals were reagent grade. DP, oPP, 
phosphoric acid and anhydrous disodium hydrogen phosphate were 
from Wako Pure Chemical (Osaka, Japan). Acetonitrile, 2- 
ethoxyethyl acetate and anhydrous sodium sulfate were from Kanto 
Chemical (Tokyo, Japan). TBZ, sodium 1 -pentanesulfonate, and 
sodium 1 -hexanesulfonate were from Tokyo Kasei (Tokyo, Japan). 
Sodium 1 -dodecanesulfonate and sodium laurylsulfate were from 
Nakarai Chemical (Osaka, Japan). 

Standard solutions: In one lOOml volumetric flask weigh 0.100 
g each of DP, oPP. and TBZ. Dissolve and q.s. in a solution of n- 
hexane-99.5% ethanol-methanol (1 : 1 : 1) (Hexane-EtOH-MeOH). Dilute 
the primary standard solution (with Hexane-EtOH-MeOH) to 
prepare solutions containing 0.5, 1.0, 2.0, 5.0. and 10.0 micrograms 
DP, oPP, and TBZ/rnl. 

C. PreDaration of samDle e xtracts 

Obtain a representative sample containing 5-10 individual fruit. 
Slice each of them to 16 parts. Randomly select 20 to 40 parts and 
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homogenize with the juicer. Weigh 10 g of homogenated mixture 
into a blender cup, and add 3 g of anhydrous N a 2 H P 0 4 ,  l o g  of 
anhydrous  N a 2 S  0 4 ,  and 80 ml of ethyl acetate. Extract by 
homogenizing for  10 min at  7000 rpm, then filter supernatant 
through filter paper (Toyo Filter paper No. 5B, Tokyo, Japan) into a 
300 nil round bottom flask. Homogenize precipitate twice with 
additional 80 ml aliquots of ethyl acetate and then filter. Add 5 nil 

of 2-ethoxyetliyl acetate to the combined ethyl acetate extracts, and 
concentrate to about 5 ml on the rotary vacuum evaporator (40OC 
water bath). Quantitatively transfer the  concentrated solution to a 
20 ml volumetric tube and q.s .  with Hexane-EtOH-MeOM. Mix and 
then filter through a 0.45 micron filter. 

RESULTS AND DISCUSSION 

Figure 2 presents the capacity factors ( k ' )  of the three 
fungicides as a function of the varied mobile solvent. Optiniazation 
of eluent composition within ten minutes gives a solvent ratio of 
5 8:42 (acetonitrile- 1 % w/v H3 P O  4). 

Rurzi, et al. (30) have extracted with O.1N HCl as a clean-up 
procedure for TBZ and chromatographed it on an RP-8 column. 
Mourot. et al. (31) have separated TBZ by reversed-phase elution 
with acetonitrile-1 % H2SO4. Fluorescence spectroscopy was used for 
the sensitive detection of TBZ (32). Figure 3 shows the correlation 
between the pH of the mobile phase and peak height with the use 
of fluorescence detection. The pH of the mobile phase solutions was 
adjusted to 2.5, 3.0, 3.5, 4.0, 4.5, 5.0 and 6.0 with 30% NrtOH. 
Although the retention times of DP, oPP and TBZ were almost 
constant within the pH range of 2.3 to 6.0, the peak height of TBZ 
itself changed greatly in this range. This demonstrates that a mobile 
solvent of around pH 2.3 to 3.0 maximizes the sensitivity for the 
determination of TBZ. 

The addition of various ion-pairing reagents to the mobile 
phase was tried to improve the chromatography. Figure 4 shows 
the  effects of these reagents on the three fungicides. As can be 
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Figure 2. 
and TBZ as a function of the mobile phase. 

Variation of logarithm of capacity factor k’ for DP, oPP 

seen, very little change in retention times was noted. Consequzntly, 
this idea was not continued. 

From the above experiments, practical applications were 
studied for the separation of fungicide mixtures on Hassaku 
oranges. Figure 5 (A) is a chromatogram of 5 micrograms each of 
DP, oPP and TBZ/ml. Figure 5 (B) is a chromatogram of extracted , 
fungicide-free Hassaku oranges. Other untreated fruits (i.e., 
Satsurna mandarin kunquat and lemon) were analysed to check the 
background interference from natural substances. No  peaks were 
noted to interfere with the determination of the fungicides. Figure 5 
(C) is a chromatogram of 10 mg/kg of the fungicides added to 
Hassaku oranges. 
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Change in  peak height as a function of pH i n  the mobile Figure 3. 
phase, acetonitrile-l%w/v H 3 P 0 4  (58:42). 

TABLE 1 
Recovery and Coefficient of Variation (c.v.) of DP, oPP and TBZ from 

Hassaku Orange. 

A d d e d  T B Z  O P P  DP 
m g / k g  R e c o v e r y a )  C . V .  R e c o v e r y a )  2 . v .  R e c o v e r y a )  c . V .  

( % I  ( % I  ( % I  ( % I  ( % I  ( % I  

1 . 0  9 7 . 3  1 . 0  9 3 . 6  1 . 6  9 3 . 5  1 . 8  

5 . 0  9 3 . 2  1 . 2  9 2 . 0  1 . 2  9 1 . 5  2.2 

1 0 . 0  9 1 . 0  2 . 5  9 2 . 4  2 . 9  9 4 . 1  2.6 

20 .0  9 2 . 4  2 .3  9 0 . 0  1 . 8  9 0 . 5  1 . 6  

5 0 . 0  9 6 . 0  0 . 7  9 3 . 3  1 . 2  9 4 . 6  2 .6  

1 0 0 . 0  9 5 . 5  2 .4  9 1 . 7  2 .0  93 .2  2.6 
~ ~~ 

a A v e r a g e  o f  f i v e  t r i a l s .  
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None 

Sodium 1-pentanesulfonate 

Sodium 1-hexanesulfonate 

Sodium 1-dodecanesulfonate 

Sodium L a u r y l s u l f a t e  

0 5 10  
Retent ion times (min) 

Figure 4. The effect of ion-pair reagents on retention time (niin). 

Percent recoveries were determined when various 
concentrations of fungicides were added to the Hassaku orange. 
(Note that all Hassaku oranges used as a control were initially free 
from these fungicides). The spiked levels were 1.0, 5.0, 10.0, 20.0, 
50.0, and 100.0 mg/kg each of DP, oPP, and TBZ (Table 1 ) .  Table 1 
presents the recovery data. 

Recoveries were 90.0% to 97.3% of added fungicides.This paper 
presents a rapid method to separate and determine three 
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OPP I 

TBZ 

DP I 
OPP 

TBZ 

il 
0 5 10 0 5 10 0 5 10 

Retent ion times (min) 

Figure 5. Chromatographic result of DP, oPP and TBZ. 
(A)  Chromatogram of 5 micrograms each of DP, oPP and TBZ/ml 
standard solution. (B) Chromatogram of the  extract of Hassaku 
orange (fungicide-free). (C) Chromatogram of the extract of Hassaku 
orange in which 10 mg/kg DP, oPP and TBZ was added, respectively. 
RP-HPLC conditions: Type of column-Unisil Q C8 (5 micrometer, 
Gasukuro Kogyo) 250 x 4.0 mm i.d.. Mobile phase-acetonitrile- 
1 %w/v H 3 P 0 4  (58:42). Flow rate-1.0 ml/min. Column temperature- 
40OC Detection-Fluorescence, Ex-245 nm, Em-330 nm. 

cominonly used fungicides on citrus (DP, oPP, TBZ). This reversed- 
phase HPLC method uses a Unisil Q C8 column and a mobile phase 
of ace toni t r i le - l%w/v  H 3 P  0 4  (58:42). Detection is with a 
fluorescence detector to improve sensitivity of the method. 
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