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Abstract

Residues of neoasozine in rice grain were determined by neutron activation and colorimetric

techniques. Twice application of the chemical before flowering did not lead to any increased

residue level while 4-times application resulted in significant increase in the residue level up

to 0.54-0.75 mg As,Oz/kg. The partition ratio of arsenic residues into polished rice grain and

bran was 73 : 27 in 100% polishing while most of the residues in the bran was transferred to

cil cake fraction during solvent extraction, reaching up to 2.9mg As,Os/kg. The neutron

activation technique was advantageous because of its high sensitivity and the smaller sample

amounts required for analysis.

Introduction

An organoarsenic fungicide, neoasozine (ferric
ammonium salt of methyl arsenate) is currently
used for the control of sheath biight disease in
paddy rice in Korea. Its usage has been steadily
increasing in recent years, reaching 99 fons of
active ingredient in 1978". However, this pesticide
called a worrysome concern with its residue prob-
lem in the staple rice grain, due to the high toxi-
city of arsenic and its wide occurrence in soil. Sub-
stitute chemicals for the control of sheath blight
disease in paddy rice are antibiotic fungicices such
as pblyoxin and validamycin which are known to
be too expensive for the moment¢®.

Reports on the residue problem of organoarsenic

(

pesticides in crops are quite limited®~®. The resi-
dual property of neoasozine in paddy rice and soil
was studied by Fujimoto ef al.®® and it provided
the basis for the safe-use standard under agricul
tural environment of Japan. Bai‘® also attempted
to perform the same experiment in Korea although
the scope and results were not comprehensive. It
was felt that a more sensitive analytical method
for the determination of arsenic was necessary in
studying the residue problgm.

This work was, therefore, undertaken to elucidate
whether the conventional usage of neoasozine in
rice cultivation would cause any residue problem
in terms of food safety from the time of applica-
tion to the instant of consumption through polishing
and oil-extraction processes. The results obtained

under practical lccal agricultural conditions in
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Korea by use of neutron activation analysis as
well as conventional colorimetric method are pres-
ented here.

Materials and Methods

Field experiments

Paddy rice plants of an Indica type cultivar,
“Milyang 24” were transplanted in an experimental
paddy field divided into 9 plots of 300 m® each in
Kyonggi-Do area as shown in Fig.1 and managed
according to the conventional agricultural practices.
A commercial 6.5% liquid formulation of neoasozine
was sprayed at the dose of 1.3 kg/ha each time
according to the application schedule; twice (July
22 and August 11) or four times (July 21, August
4, 11 and 22). The flowering period of the crop
lasted for a week beginning August 15. On October
4, rice plants of 13 stumps were cut from each plot
and grains were collected, dehulled, and stored in

polyethylene bags for residue analysis.

Polishing and oil-extraction procedures

Brown rice was polished with a laboratory mill
to obtain 1002 polished grain and rice bran. The
bran was then extracted with n-hexane in a Soxhlet

extractor for 24 hr to obtain oil and oil cake frac-
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Fig. 1. Allocation of field piots for residue
experiment
A: Twice applicationon Jul. 22 and Aug. 11
B: 4-times application on Jul. 21, Aug. 4, Aug.
11 and Aug. 22
C: Control without application
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tions. The samples were subjected to the analysis
of arsenic residues in triplicate by neutron activa-

tion technique.

Neutron activation analysis of arsenic

In order to increase the analytical sensitivity of
arsenic present in biological samples; the neutron
activation method described by Kimura ef al** and
Lee et al*” was examined and modified to be sui-
table for the purpose cf this study. The experi-
mental details are described below.

One g of powdered rice sample packed in a poly-
ethylene ampoule was irradiated in a pneumatic
transfer system of the TRIGA Mark B Reactor
(ZMW?1) installed at this Institute at a neutron flux
of 1.5x10" neutrons/cm?/sec for 20 min. After 24
hr, 5 sl of conc. HNO; and 3 mi of conc. H.SO, were
added to the irradiated sample. The mixture was
warmed and conc. HNO; added wuntil the mixture
became clear. The digestion was then completed by
adding 0.2 ml of perchloric acid and treated with
2ml of satur;ited ammonium oxalate solution. After
transferring the mixture to a gas generation bottle,
5 mi of conc. HCI, 2 ml of 15% KI solution and 0.4
ml of 35% SnCl; in conc. HCI were added. After
15min, 3¢ of sandy Zn was added to initiate gas
generation. The gas was captured in a trap filled
with 4 ml of silver diethyldithiocarbamate(Ag-DDC; .
1g in 200 ml pyridine) over the generation bottle
during 1 hr.

Two ml aliquots of the trapping solution were
counted in an Aloka model PC-IOE liquid scintilla-
tion counter at 72nd hr after irradiation.

A standard curve was constructed as follows and
given in Fig.2. A 10mg sample of As,0, was irra-
diated, dissolved in 2.5 ml of 20% NaOH and diluted
to 100 sl. The solution was then diluted to contain
0.025, 0.05, 0.1, 0.2, 0.5and 1.0 pg As,Os/ml. To
1mi each of the solution were added 5ug of cold
As,0; as carrier and 1 g of rice powder and sub-
jected to acid digestion, followed by gas generation
and activity counting.

A linearity between the amount of arsenic and
redioactivity was observed in the range of 0.025~
0.5 ug of AsyO: by counting for 1 min and the
sensitivity should be increased by extendin&ithe

counting period. The lowest quantitation limit in
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this experiment was 0.025 ug of As;Os, equivalent
" to 0.05 ppm 'in rice samples,-and the reproducibility

was satisfactory.

Colorimetric analysis of arsenic

The conventional colorimetric method of arsenic
analysis was undertaken by the standard procedures
of A.O.A.C.®, using 10g of rice sample followed
by digestion, gas generation and colorimetry with
Ag-DDC. A standard curve is shown in Fig.3, A
good linearity was observed in the range of 1~10
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Fig. 2. Standard curve for the determination of
arsenic by neutron activation method

O D s22

2 1 1 1
0 5 10

. Amount of As20s { pg)

Fig. 3. Standard curve for the determination of
arsenic by colorimetric method

prg of As;Os, where the lowest quantitation limit

was about 1 pg, equivalent to 0.1ppm in rice

samples.
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Results and Discussion

Arsenic residues in brown rice

Residues of total arsenic in brown rice samples
after application of the organoarsenic fungicide,
neoasozine, during the growth of paddy rice are
shown in Table 1. It may be seen ‘that twice app-
lication before flowering of the rice plants did not
cause any significant increase in the residue level
as compared with background level without appli-
cation of around 0.15mg As;O;/kg. However, 4-
times application of the chemical until the time of
flowering period resulted in a 4~5 fold increase of
the residue level, reaching 0.54~0. 75 mg As;O;/kg

air-dry matter.

Table 1. Arsenic residues in brown rice by
field experiment*

(Unit: mg As;Os/kg)

Activation ' Colorimetric
Treatement analysis method
Control without
application 0.137-:£0. 040 <0.10
Twice application 0.15740.028 <0.10
4-times application 0.543-+0.016 | 0.74740.037

* Data are means-+standard deviation of nine det-
erminations. Treatments were made in “triplicate
plots and residues were analyzed in triplicate for
each plot.

Results obtained from both techniques were in
good agreement. However, the neutron activation
technique may have advantages over the colorime-
tric method because of its high sensitivity and the
small sample quantities required for analysis. This
was well demonstrated in this experiment since
the background and low-level residues were near
the lowest quantitation limit of the colorimetric
method, which needs more sample(l10times). It is
generally known that the detection limit for total
arsenic is 0.1#g in neutron activation analysis
while it is 5~250 #g in colorimetric methods®.

Arsenic residues found after 4-times application
of neoasozine may approach the lower tolerance
limit of 1 ppm As;Os(or 0.75 ppm As) since advanc-
ed countries set the residue limit of 1 or 3.5ppm

As,0; depending on the commodity of fruits and
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vegetables. Korean government established a tenta-
tive residue limit of 3.5 ppm As,O; for brown rice.
It is, therefore, suggested that the use pattern of
the chemical be restricted to twice-application before
flowering time of paddy rice.

Partitioning of arsenic residues in polishing
and oil extraction processes

Brown rice samples obtained without application
of neoasozine as control and after 4-times applica-

tion as highly contaminated sample were subjected
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to polishing and oil extraction processes and analyz-
ed the total arsenic by means of neutron activation
technique. The results are given in Tables 2 and 3,
In polishing, the residue level of total arsenic
was fortified 3~5 fold in rice bran while it was
slightly decreased in polished rice grain. In partic-
ular, rice bran after 4-times application of neoasozine -
reached the level of 2.83mg As;Oy/kg, which is
higher than the lower tolerance limit of arsenjc in
foods(l ppm). It is interesting to noie that the

higher level of contamination by neoasozine may lead

Table 2. Partitioning of arsenic residues in the polishing process of brown rice

s ) Control without application 4-times apglication
ample % Weight - -
Residue . e . Residue b oo e s
(mg As;0:/kg) % Partitioning (mg As:Os/kg)| ° Partitioning
Brown rice 100 0.165 | 100 0.728 100
Polished rice 91.6 0.084 ! 53 0.565 | s
Rice bran 8.4 0.83 | 47 ‘ 2.338 | 27

Table 3. Partitioning of arsenic residues in the oil extraction process of rice bran

Control without application 4-times application
Sample 25 Weight ——— :
Residue e Residue | o Partitionin
(mg As;05/kg) % Partitioning | (mg As:Oufkg)| artitioning
Rice bran 100 0. 808 100 | 2.338 ' 100
0il 21.4 0.117 3 ; 0.188 i 1
Oil cake 78.6 1.014 97 \ 2.909 99

to the accumulation of the residue in the endosperm
portion of the grain rather than in the bran layer.
This was well demonstrated in the ¢; partitioning
of the residue in the polished grain and rice bran;
that is, the ratio in control rice was 53 : 47 while
it was 73 : 27 in highly contaminated rice.

In oil extraction of the bran by solvent, the total
arsenic residue goes mostly to the oil cake fraction,
reaching 2.9 mg As,0;/kg, higher than the rice bran.
It is very fortunate that the arsenic residue does
not tend to be concentrated in the oil fraction.
However, oil cake consumed as animal feed may
contain very high arsenic residues even in the con-
trol sample without application and special atten-
tion should be paid on the toxicological problem. It
‘is strongly suggested that the pesticide neoasozine
be restricted so as to be used under the recomm-

ended safe-use standard.

In conclusion, the data suggest that the products
consumed by the human as grain and oil contained
arsenic residues below the tolerance limit and are
unlikely to present any toxicological hazard to the
consumer. On the other hand, relatively high arsen-
ic residues were found in the oil cake serving as
animal feed and should be carefully evaluated in

the light of the toxicological data.
e o

AR BEH W otadd KBT BEES
iast 2y @ wdgez gt TEANT
BITERT 28] 4 xE LkKF ARFEE IMAA &
stou} 43 A xE 0.54~0.75mg AsOs/kgsl AFT
F7A 4~si 2 2A FAAZTT. A6 HET BX
3 gAze AR HEEE 73: 2070152 AAT A
o W3 e goel A FEAAT MKl o1F



(24) & FE-FZHEF-
Bt} 2.9mg As;Os/kg %77 =25t oh. HEHES 3.
ke Hakel vl BEs 22 SHRM VB
L7HdE RES /M2 g5, 4

5

Acknowledgement

This work was undertaken by Joint Research
Project between the International Atomic Energy
Agency and this Institute under Contract Number
1656/R4/RB. The authors wish to thank Dr. A.
Hassan, Chemical Residues and Pollution Section of
IAEA for his useful suggestion for this work.

References

[
.

Agricultural Chemicals Industrial Association:
Agrochemical Yearbook, p.601 (1979)

2. Bai, D. H.: Korean ]. Plant Protect., 18, 55
(1979)

% gk T E3l s 5
Duble, R. L., Holt, E. C. and McBee, G.G.: J.
Agr. Food Chem., 17, 1247 (1969)

. Johnson, L. R. and Hiltobold, A. E.: Soil Sci.

Soc. Amer. Proc., 33, 279 (1969)

. Fujimoto, Y., Kawahara, T. and Nakamura, H.:

Bull. Agr. Chem. Inspect. Sta., 12, 71 (1972)

. Kimura, Y., Morishima, H., Kaga, T., Honda,

Y., Kawai, H., Kimura, K., Miyaguchi, Y. and
Nishiwaki, Y. : Radioisotopes, 16, 537 (1967)

. Lee, C., Kim, N. B. and Lee, 1. C.: KAERI

Technical Report, 2, No. 2 (1975)

- Horwitz, W. (Ed.): Oficial Methods of Anal-

ysis, Assoc. Off. Anal. Chemists.

Washington, D.C. p.428 (1975)

12th Ed.,

. Friberg, L., Nordberg, G. F. and Vouk, V. B.

(Ed.): Handbook on the Toxicology of Metals,
Elsevier/North-Holland Biomedical Press, p. 294

(1979)



