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Piperonyl butoxide, e-[2-(2-Butoxyethoxy)ethoxy]-4,5- 
methylene-2-propyltoluene (PB), has been applied as a synergist of 
pyrethr in insect ic ide in arable f ie lds  and in storehouses of agr i -  
cul tural  products. Production of pyrethr in insect ic ide containing 
PB in Japan was 57 tons in 1972 and 1973 respect ively,  and 36 tons 
in 1974. 

PB shows the i nh ib i t o ry  ef fect  on drug metabolism of insects 
and enhances the k i l l i n g  a b i l i t y  of insect ic ide (SAWICKI 1962; 
CASIDA 1970). I t  was also observed in vivo and in v i t ro  that  PB 
affected on the mixed-function oxidase system of mammalian l ivers  
(KISFALUDY et al.  1971; CONNEY et al.  1972; FRIEDMAN et al .  1972; 
PHILPOT and HODGSON 1972). FISHBEIN et al.  (1972) reported that PB 
injected into rats was excreted at once. However, in the experiment 
of feeding rats with PB, GOLDSTEIN et al. (1973) observed that 
l i ve r  weight and microsomal protein were increased more than those 
of normal rats.  They also observed the change of l i ve r  parenchymal 
cel ls with an electron microscope. 

Maximum acceptable da i ly  intake of PB by WHO is 0.03 mg/kg 
body weight/day. An invest igat ion was carried out about residual 
PB in r ices by KAWANA et al .  (1976). They reported that  PB was not 
detected from 33 samples of r ices. The object ive of th is study was 
to determine the residual levels of PB in r ices and other agr icul-  
tural products. 

MATERIALS AND METHODS 

Samples The samples of th is invest igat ion were unhulled 
r ice ,  hulled r ice ,  wheat, barley, buck wheat, rye, oats, milo, 
corn, soy bean and red bean. Foreign samples were obtained from the 
Japan Grain Inspection Association. Concerning to r ices,  the i r  
harvested prefectures were shown in Table I .  All samples were kept 
at low temperature (below 5~ unt i l  they were tested. 
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TABLE 1 

Harvested Prefectures of  Tested Rices 

Prefecture Unhulled r i ce  Hulled r i ce  

Fukuoka 28 14 
Kumamoto 16 12 
Oita 12 12 
Yamaguchi 6 3 
Miyazaki 5 3 
Shimane 4 3 
Hiroshima 3 0 
Okayama 2 1 
Ni igata 2 4 
Fukui 2 1 
Unknown 28 17 

Figures show the amount of  tested samples. 

Reagents PB standard for  the pest ic ide analysis was 
suppl ied by Gas Chro Ind. Co. LTD.. Reagent grade n-hexane, ethanol 
and a c e t o n i t r i l e  were r e d i s t i l l e d  in a l l  glass system. The so lvent  
was prev iously  tested that  i t  gave no in te r fe red  peak on a high 
speed l i q u i d  chromatogram. Reagent grade anhydrous sodium su l fa te ,  
sodium ch lor ide and thymol were obtained from Wako Pure Chem. Ind. 
Co. LTD.. Anhydrous sodium su l fa te  was heated at  600~ for  2 hours 
p r io r  to use. 

Preparation of  samples for  analysis The sample was 
powdered (28 mesh) wi th a Wiley M i l l  (Yoshida Ind. Co., I029A model 
). For ex t rac t ion  of  PB, powdered sample (25 g) in  a 300 ml 
separating funnel was shaken v igorous ly  fo r  1 hour wi th I00 ml of  
n-hexane wi th a mechanical shaker ( lwaki Ind. Co., V-S model). 
A f te r  f i l t r a t i o n  wi th a glass f i l t e r  (G-4) by suct ion,  the residue 
was washed twice wi th fresh 50 ml of  n-hexane. In the case of  oats 
i t  was so d i f f i c u l t  to f i l t e r  by suct ion that  cen t r i f uga t ion  should 
be done (5000 r .p .m. ,  5 minutes). 

Gathered f i l t r a t e  or supernatant was shaken with 50 ml of  
a c e t o n i t r i l e  prev iously  saturated wi th n-hexane. The p a r t i t i o n  of  
n -hexane-aceton i t r i le  was carr ied out 3 times. Af ter  the p a r t i t i o n ,  
the a c e t o n i t r i l e  layer was mixed with 600 ml of 2% sodium ch lor ide  
aqueous so lu t ion .  PB was extracted twice from th i s  aqueous layer  
wi th 50 ml of n-hexane. The n-hexane layer that  contained PB was 
dr ied by a small anhydrous sodium su l fa te  column. The e lute was 
concentrated wi th a Kuderna-Danisch evaporat ive concentrator.  The 
concentrate, to which was added 1 ml of  I000 ppm thymol in ethanol 
as an in terna l  standard, was f i l l e d  up to 5 ml wi th ethanol,  and 
then applied to a high speed l i q u i d  chromatography for  analys is .  
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Hi~h speed l iquid chromatography A Hitachi Model 635 
instrument with a fluorometric detector was used. An adsorption 
column of Hitachi Gel 3010 (2.1 I.D. X 500 mm) was employed with 
ethanol as a mobile phase (Flow rate: l ml/minute, Pressure:80 kg/ 

cm 2, Temperature: room temperatures). A fluorometric detector was 
set with the excitation maximum at 290 nm and the emission maximum 
at 340 nm. The samp]e size of injection was 5 NI. 

RESULTS AND DISCUSSION 

Some procedures were reported to determine PB in agricultural 
products. Colorimetric determinations (SECREAST and CAIL 1971: 
AOAC 1975) were tedious and lacked select iv i ty to PB. Other com- 
pounds having dioxymethylene functional group were measured as PB. 
A gas chromatographic determination was reported (ISSHIKI and 
WATANABE 1976). I t  was s t i l l  time-consuming because samples were 
cleaned up in twice by liquid co]umn chromatography. The determina- 
tion including the use of a high speed l iquid chromatography with 
a fluorometric detector was accurate, rapid and simple (ISSHIKI et 
al. 1977). Owing to the above reason, a high speed liquid chromato- 
graphy was applied in this investigation. 

The typical high speed l iquid chromatogram of PB is shown in 
Fig. l. The relative retention time of PB to thymol was 2.50. 
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Fig. 1 Typical High Speed Liquid Chromatogram of Piperonyl 
Butoxide. 

l ,  Thymol as an internal standard. 
2, Piperonyl Butoxide. 
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PB added to each sample (0.4 ppm) was recovered in the range 
from 82.9 to 102%. In th is  experiment the detect ion l i m i t  was 0 . I  
ppm of PB in samples. I t  was super ior  to the detect ion l im i t s  of 
the co lo r imet r i c  and gas chromatographic determinations. 

The analyses of PB were carr ied out for  531 samples of I0 
species. The resu l ts  of the analyses were shown in Table 2. PB was 
detected from wheats and barleys harvested in U.S.A. and Aus t ra l ia .  
I t  was not detected from any other samples. Among 65 tested wheats 
there were 3 samples from which PB was detected. In case of 39 
tested bar leys,  PB was also detected from 3 samples. The range of  
residual  concentrat ion of  PB was from 0.2 to 1.4 ppm. WHO adopts 20 
ppm of PB in raw cereals as tolerance l i m i t s .  U.S.A. and Canada 
show the same l im i t s  as WHO. In Japan 24 ppm is admitted. The 
residual levels of PB in th i s  inves t iga t ion  were much lower than 
these l i m i t s .  PB was detected from only one percent of tested 
samples. (The detect ion l i m i t  of PB was 0. I  ppm.) I t  is  not l i k e l y  
that  PB would be used popular ly to ag r i cu l t u ra l  products. 

PB shows ef fects on some drug metabolisms of mammalians. I t  
was reported that  the metabolism of 3,4-benzpyrene was inh ib i t ed  by 
PB (FALK et a l .  1965; EPSTEIN et a l .  1967). The biochemical behavi- 
or and monitor of the residual levels  of  PB in our food and 
environment should be made c lear  as soon as possible.  

SUMMARY 

The residual  levels of piperonyl butoxide (PB) in ag r i cu l t u ra l  
products were invest igated for  531 samples of  I0 species. For the 
determination of  PB a high speed l i qu id  chromatograph equipped wi th 
a f luorometr ic  detector was used. The detect ion l i m i t  of  PB was 0. I  
ppm. PB was detected from 3 barleys and 3 wheats harvested in 
U.S.A. ans Aus t ra l ia .  I t  was not detected from the others. The 
residual range was from 0.2 to 1.4 ppm. 
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