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FINAL REPORT

A. (i) Contract Number » 1656/RB, 1656/RI/RB, 1656/R2/RB,

1656/R5/RB» 1656/R4/RB

(ii) Title of Project :

Radiotracer studies on the fate and transformation of pesticide

residues in the environment and food chains

( part of a coordinated programme of isotopic tracer-aided

studias of chemical residues in. cotton seed, feed, oil and

related products)

(iii) Institute where research is being carried out :

Korea Atomic Energy Research Institute

P«0. Box 7, Cheong Ryang, Seoul, Korea

(iv) Chief scientific investigator :

Su-Rae Lee

Head, Environmental Chemistry Laboratory

Additional scientific staff : Yong-Hva Kim (Investigator)

Soon-Young Kang(Investigator)

B. Description of research carried out

The results obtained under these research contracts are

summarized as follows* Title numbers 1-4 vere already published

through IAEA as indicated and the content of title number 5 a s

obtained recently is submitted herewith.
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(i) OCCURRENCE OP ORGANOCHLOHINE INSECTICIDES IN VEGETABLE

OILS PRODUCED IN KOREA

IAEA-218 Technical Document Series, pp. 39-42 (1979)

(ii) BEHAVIOR OP NITROFEN, ALACHLOR AND BUTACHLOH AS APPLIED

TO OIL-BEARING CROPS IN KOREA

IAEA-218 Technical Document Series, pp. 45-50 (1979)

(in.) FATE OP TECHNICAL AND C-LABELLED BHC RESIDUES IN RICE GRAIN

Presented at the 4 t h Joint PAO/lAEA Research

Coordination Meeting in Vienna, 9-15 June (1980)

(iv) NEOASOZINE RESIDUES IN RICE GRAIN

Presented at the 4 t h Joint PAO/lAEA Research

Coordination Meeting in Vienna, 9-I5 June (I98O)

(v) BEHAVIOR OP 14C-BHC RESIDUES IN POLISHING AND OIL-EXTRACTION

OP RICE GRAIN

To be submitted herewith (1980)
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14
BEHAVIOR OF C-BHC RESIDUES IN POLISHING AND OIL EXTRACTION

OF BICE GRAIN

Su-Rae LEE and Yong-Hwa KIM

Environmental Chemistry Laboratory

Korea Atomic Energy Research Institute

Seoul( Korea

ABSTRACT

14
<f-(U- C)-BHC was applied to rice plants grown in a pot and its

fate in the polishing and oil-extraction processes of the grain was

investigated.

Recovery of applied ^C-activity ^n the straw and grain was about

2.8 i=t of vhich 14«9 ̂  was found in the grain. The % partitioning of

•^^C-residues in bran and brown rice was 12:88 and that in oil and oilcake

was 37«'63« Characterization of C-residues indicated the presence of

If-BHC, pentachlorocyclohaxene, trichlorobenzene and hydrophilic metabolites,

whose proportions were different in the straw and grain.

INTRODUCTION

The importance of investigating the fate of BHC residues in the

production and processing steps of rice grain was pointed out in the

previous report (1). This paper deals with experiments by means of

radiotracer techniques to confirm and extend the previous work under-

taken by conventional analytical methods.

MATERIALS AMD METHODS

14
Incorporation of C-BHC to paddy rice plantB »

Paddy rice plants (an Indica type variety> Suwon 264) were trans-

planted on June 12 in plastic Wagner pots (24 cm diameter x 32 en height)
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lined with double layers of polyethylene film to prevent leakage of water,

under outdoor conditions. The pots were filled with paddy soils of sandy

loam taken from the experimental farm of this Institute and flooded in
•mm*

2-cm depth throughout the growing period by frequent irrigation. Eighteen

of these pots vere submerged side by side in a rectangular pit (2.2 x 1*1

m) so that the water surface of the pot was levelled with the surrounding

water to siraulate the practical field conditions. Fertilizers and pesti-

cides other than BHC were applied according to conventional agricultural

practices.

An exaggerated amount of T-(U- C)-BHC (25O^uCi, purchased from

Radiochemical Centre Ltd., UK; 50 JnCi/m mole in 5 ml toluene) was used

for only one pot with 3 stumps of rice plants on August 25, the second

generation time of rice stem borer. The labelled material was mixed with

0»6 g of technical 6 % BHC powder and 5 g of talc in a vessel mada of

aluminum foil. Twenty g of soil was thoroughly mixed with the above

mixture and spread evenly on the soil surface after decanting the irrigated

water. The pots were flooded again in 2 cm depth.

Three pots were left without application to serve as control, and

14 pots received treatment with cold BHC under conditions similar to those

used for

The plants were harvested on October 27 by cutting 7 cm above the

soil surface. Two plants treated with the labelled compound were taken

for autoradiography, and the rest served for collection of the grains.

Treatment of rice grains :

The harvested paddy grains were dehulled with hand and polished to
14

100 % degree. Since the yield of brown rice obtained after C-BHC appli-

cation was not enough, 10 g of it was mixed with 140 g of brown rice after

cold BHC application and subjected to poliBhing process. 5 g of rice bran

- 2 -



thuB obtained was extracted with n-hexane in a Soxhlet extractor for 24

hours and the solvent vas evaporated under reduced pressure to obtain oi]

fraction.

14
Determination of C-activity :

Plant materials were digested and counted according to Mahin and

Lofberg (2) as follows. Rice straw and grains were air-dried and powdered

to 50 mesh. 0.1 g of solid samples was placed on the bottom of counting

vials and 0.2 ml of 60 io perchloric acid was added to each vial. When the

samples were thoroughly wetted, 0.4 ml of JO ^ hydrogen peroxide was added.

The vial caps were tightened and varmed to 75°C for 2 hours, with occasional

agitation. After cooling to room temperature, 6 ml of Cellosolve and 10 ml

of FPO solution (6 g PFO/l toluene) were added. The digested samples were

counted in an Aloka LSC-601 Liquid Scintillation Counter; counting effi-

ciency 88.3 %' Extractives from plant materials were counted without diges-

tion.

Preparation of BHC metabolites :

BHC metabolites were obtained according to Nakazima et al. (3) as

follows. 10 mg of !T-BHC (authentic sample from Polyscience Coiĵ  was

dissolved in a mixture of 1.5 ml acetone and 2.5 ml N/50 NaOH contained

in a 25 ml capped tube. The solution was kept 20 minuies at 38-39 C and

then neutralized with N/10 HC1. The reaction mixture was extracted with

10 ml each of diethy1 ether three times, combined extracts were dehydrated

with anhydrous sodium sulfate and filtered. The filtrate was concentrated

to dryness by air current and dissolved in 2 ml of n-hexane to serve ad

standard BHC metabolites in thin-layer chromatography.



Thjn-layer chromatography :

The methods of Yule et al. (4) and Morley et al. (5) were adopted

for TLC. Thin-layer plate made of silica gel G in 0=25 mm vas activated

by heating one hour at 105°C and the sample after spotting was developed

with 5 <fe acetone in n-hexane (V/V) for n-hexane extracts and benzene-n-

hexane (lsl) for methanol extracts (6) to travel about 10 cm distance.

One developed plate was segmented into 1 cm zones from the originf the
14

silica gel from each zone was scrap/ed and counted for C-activity in

scintillation vials. Another developed plate vas sprayed with coloring

agent (1.7 g of silver nitrate was dissolved in 15 ml of 10 #> ammonium

hydroxide and diluted to 200 ml volume) to locate the presence of metabo-

lites. This developed plate was then passed through a radiochromatogram

scanner (Technical Associates) to confirm the radioactive constituents.

The operating conditions were ; gate time 30 sec, chart speed 0*2 cm/min,

detector opening 1 x 5 mm rectangular.

RESULTS AND DISCUSSION

14Appearance of C-residues in rice plants t

+h 14

Rice plants harvested on 64 day after application of ?-(U- C)-BHC

were subjected to the measurement of radioactivity as a preliminary test.

The results are shown in Table 1. (This test was done by the IAEA expert,

Dr. R.I. Krieger from the Department of Environmental Toxicology, University o£

California, Davis, USA, by use of a few plants).



TABLE I : A preliminary analysis on C-residues in rice

plants after ^C-BHC application

^C-residues (ug Jf-BHC equivalent/g dry weight)*
Sample

14C-BHC applied Cold BHC applied

Rice straw

Brown rice

Rice hull

0.291

O.O9é

0.002

0.0002

0.003

Data are means of triplicate analyses for samples from a few

plants. The activity was measured by a Packard liquid scintila-

tion counter model 2405 and corrected for quenching with the

automatic external standard method.

This result indicated that the radioactivity of the plant material

was enough for further experiment. It was also found that the crop after

application of cold technical BHC showed a certain level of activity,

which was, therefore, substracted from the activity of labelled samples in

forthcoming results.

The results obtained from a large amount of sample are given in

14
Table 2. The <fi recovery of the applied C-activity in the rice straw

and grain was estimated to be about 2.8
14

The level of C-residues in

the straw was 3 times higher than in the grain, which contained only 14.9

14
% of the total recovered activity. The constituents of C-residues are

to be clarified since it should consist of parent and metabolic compounds

of y-BHC.

- 5 -



14 14 *
TABLE II : C-residues in rice plants after C-BHC application

Weight 14C-residues**
Sample harvested , „„_ / > % Recovery of

' — BHC eq-/g) 14C-activity

Rice straw 58 0.607 2.42

Brown rice 21 0.183 0.26

Rice hull 8 0.174 0.10

* 250 /iCi of 14C-y-BHC with a specific activity of 172 Jid/mg r-BHC

was applied to one experimental pot having 3 stumps of paddy rice

plants»

Calculated after substracting the activity of control samples obtained

by applying cold BHC only on the basis of 88.3 $ counting efficiency

and specific activity of initially applied Ï-BHC (i.e., 3*37 * lO^cpm

is equivalent to 1 ̂ g of T-BHC).

14
Partitioning of C-residues in the polishing and oil-extraction

processes :

In polishing of brown rice, the bran fraction contained a little

14
higher C-residues than polished rice grain, the partition ratio in

terms of total activity in bran : grain being 12:88, as shown in Table 3-

This is in contrast with the previous result obtained by gas chromato-

graphic analysis that BHC residues were highly concentrated in the bran

fraction and the <f0 partitioning of the residues in bran : grain were 92:8.

14
It is most likely that the C-residues in the polished grain largely

14
consist of non-BHC hydrophilic metabolites originating from C-BHC.
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14In oil-extraction process» oil fraction contained higher C-residues

than oilcake fraction or rice bran, the partition ratio in termt of total

activity in oil : oilcake being 37*63» as shown in Table 4. This result
14

alao suggests that C-residues in rice bran contain a large proportion of

14
hydrophilic metabolites converted from C-BHC.

14 *
TABLE HI : Partitioning of C-residues in the polishing process

Sample Weight C~residues
BHC eq-/g)

% Partitioning
of I4c-residues

Brown rice 150 0.179 100

Polished rice 138 0.134 88

Rice bran 12 0.201 12

10 g of the originally labelled brown rice was mixed with 140 g of cold
14

brown rice for polishing and activity counting. But the C-residues

were expressed as if the whole sample was labelled, on the basis of 3«37 *

cpm/jug BHC equivalent.
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TABLE IV s Partitioning of ^C-residues in the oil-extraction

proceBB

Sample
Weight

U)
1 HÎ-residues

(ug BHC eq/g)
Partitioning

of

Rice bran 5»0 0o201 100

Oil 0.549 37

Oilcake 3.8 0.183 63

Rice bran obtained from diluted brown rice was used for oil-extraction

and activity counting. But the C-residues were calculated as if the

whole sample was labelled, on the basis of 3.37 x 10^ cpm/ug BHC

equivalent.

14
Characterization of C-BHC metabolites ;

14
In order to confirm the C-BHC and its conversion products in rice

plants, 1 g of rice straw and 3 g of brown rice to give the same level of

radioactivity were extracted successively with n-hexane for 24 hours and

with methanol for 48 hours. The extracts were evaporated to dryness and

after redissolving in a known volume of the same solvent, subjected to

activity counting and thin-layor chromatography.

14
The calculated data on the partitioning of C-residues in solvent

14
extraction are given in Table 5. It was found that most of the C-activity

in rice straw was extracted by n-hexane while most of it in brown rice was

neither extracted by n-hexane nor methanol, indicating that the constituents

of C-residues should be different in the different part of the crop.
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14TABLE V » Solvent extraction of C-residues in rice plants

(<fo partitioning)*

Fraction Rioe atrav Brown rice

n-Kexane extract 90 ?S 6 <fo

Methanol extract 8 # 8 <fi

(after hexane)

Residue after solvent 2 % 86 fo

extractions

Radioactivity was measured for aliquots of each extract and

expressed in terms of <$> partitioning of total activity after

subtracting activity due to control samples.

Thin —layer chromatogram and radioactivity of the spots obtained

from n-hexane extracts are shown in Pig. 1 and 2. Three spots including

parent ÎT-BHC, pentachlorocyclohexene and trichlorobenzene were detected

in the chromatogram. Brown rice showed a high activity at the location

of pentachlorocyclohexene while rice straw showed a very high activity at

the position of Y-BHC Thin-layer chromatograms of methanol extracts

showed high activities at the origin in both samples, indicating the

presence of polar metabolites, as shown in Pig. 3.
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Fig. 1. Thin-layer chromatogram and manual radloscan of
n-hexane extracts

Authentic compounds : A» Y-BHC ;

Bi pentachlorocyclohexene ; C, trichlorobenzene
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Fig. 3. Manual radioscan of thin-layer chromatogram
from methanol extracts
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Fig. 2. Automatic radioscan of thin-layer chromatogram
from n-hexane extracts

The presence of high radioactivity in the extraction residue of

brown rice may indicate the occurrence of hydrophilic metabolites origi-

nating from 1^C-BHC, which might have been translocated from soil or

plant tissues into the grain at xhe later stage of maturation. It is

also interesting to note that BHC metabolites in the grain are different

from those in the straw. Moreover, it should be pointed out that most

of the ^C-activity in brown rice was non-BHC hydrophilic metabolites and

the apparently high 1^C-residues observed in brown rice might be explained
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from t h i s aspect»
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