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Foliar Application of Calcium Chloride to Decrease
Ethion Residues in the Oil of Chamomile Flowers
and Soybean Seeds
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HE EFFECTIVENESS of the foliar application of different
…… concentrations of calcium chloride solution (0.5, 1 and 1.5%) to
reduce ethion residues in chamomile flowers and soybean seeds was
studied. The ethion insecticide and some of its degradation products
have been prepared for the present investigation. The concentration of
14
C-ethion activity was decreased by increasing the concentration of
CaCl2 solution. The percentage of removal due to calcium chloride
application increased from 33% to 36% and from 9% to 23% for both
chamomile flowers and soybean seeds after 30 days of the last
application. The concentration of 14C- ethion on chamomile and soybean
oils at 30 days after the last application was 0.36 and 0.43 ppm,
respectively at 1.5% CaCl2. Chromatographic analysis of oil extracts of
both plants revealed the presence of ethion monooxon, ethion dioxon,
O,O-diethyl phosphorothioate, O-ethyl phosphorothioate, in addition to
the parent compound. All concentrations of CaCl2 used caused
insignificant changes in the leaves soluble protein of the two
examined plants relative to the control and ethion treated plants.
Soluble sugars of soybean leaves were significantly changed by ethion
and CaCl2 treatment when compared with control.

T

Keywords: Ethion residues, Chamomile flowers, soybean seeds and
Calcium chloride.

Soybean and chamomile plants are considered to be important economic crops in
Egypt. Chamomile (Matricaria chamomilla L.) is a medicinal plant species from
the Asteraceae family (1). Nowadays, chamomile is a highly favored and muchused medicinal plant in folk and traditional medicine throughout the world (2),
and can therefore be considered as an important medicinal species (3). Its oil is
commonly known as natural ingredient for cosmetics and pharmaceuticals (4,5).
While soybean [Glycine max (L.) Merr.] has been known to far-eastern countries
as one of the most economic and nutritious food for centuries. Given the various
nutraceutical applications of soybean in reducing the risk of major killer diseases
such as breast cancer, cardiovascular disease, osteoporosis, diabetes, and its role
in people in western countries are also seeking to incorporate soy-foods into their
regular diet (6). Soybean oil accounts for over 75% of the total vegetable oil in
human foods (7).
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The organophosphorus pesticides most commonly used in the cultivation of
essential and fixed oil plants travel through the vascular system of the plant and
are absorbed at the cellular level (8). Ethion (O,O,O′,O′-tetraethyl S,S′-methylene
diphosphorodithioate, is used on plants and animals as an insecticide, acaricide
and ovicide (9).
Calcium chloride (CaCl2) has many functions in today's world. Chemically, it
is a common salt known for its desiccant or drying quality (10). Calcium chloride
is used as a nutrient for plants (11) and pesticide residue removal in plants (12).
Many researchers have proposed some methods to reduce pesticide residues
from fruit (13), vegetables (14, 15), from water (16, 17) and soils (18, 19).
The objectives of the present study were (i) to determine ethion residues in
chamomile flowers and soybean seeds after foliar application of calcium chloride
(ii) to determine and identify ethion residues in chamomile and soybean oils after
foliar application of calcium chloride and (iii) to deduce physiological properties
of chamomile and soybean plants after foliar application of calcium chloride.
Materials and Methods
Chemicals
14
C-ethion labeled at carbon atom of ethyl groups (I) was prepared in one
vesseled reaction using 14C-ethanol (Sp. Act. 37 MBq, Amersham, England)
according to Abdel-Gawad et al.(12) . 14C-Ethion had specific activity (7.4MBq/g),
the radiometric purity was greater than 98% (Fig. 1).
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Fig. 1. Pathway of 14C-ethion synthesis.
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The non-labeled insecticide and some of its degradation products have been
prepared in our laboratory (12) for identification purposes such as Ethion
monooxon (II), Ethion dioxon (III), O,O-diethyl phosphorothioate (IV) and Oethyl phosphorothioate (V). The structures of these compounds were shown in
Fig. 2.
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Fig. 2. Main degradation products of ethion insecticide.

Plant material and experimental design
Chamomile plantlets and Soybean seeds (var. Crawford) were purchased
from Agriculture Research Center, Giza, Egypt.
Cultivation
Cultivation was carried out during 2010 in the experimental net house of the
Radioisotopes Department, Nuclear Research Center, Atomic Energy Authority,
Egypt, in clay soil with the following characteristics: pH = 7.7, Ec (Mmose/cm)
= 1.05, Saturation point = 50%, CO3 = 0 M eq. l-1 ), HCO3 = 2 (M eq. l-1 ), Cl =
3.0 M eq. l-1 ), SO4 = 5.7 M eq. l-1 ), Ca = 2.1 M eq. l-1 ), Mg = 0.9 M eq. l-1 ), Na
= 7.5 M eq. l-1 ) and K = 0.2 M eq. l-1 ). Chamomile was cultivated from January
to April while, soybean was cultivated from May to September. The
experimental design was a completely randomized block with three replicates.
Egypt. J. Chem. 54, No. 2 (2011)

178

H. Abdel-Gawad et al.

The irrigation and fertilization of the both plants were performed according to
instruction of Ministry of Agriculture, Egypt.
Treatment
Both CaCl2 and ethion pesticide were applied on the plant leaves at the early
time of blooming. Four concentrations (0, 0.5, 1.0 and 1.5%, 2 ml/ plant) of
CaCl2.2H2O (Fluka) were applied four times, one week before and after each
application of the ethion pesticide. Ethion was applied at concentrations (0 and 4
mg /plant) twice 15 and 21 days apart in chamomile and soybean, respectively.
For studying the fate and pesticide residue 14C-ethion was used while, non
labeled form was used with plants used for soluble sugars and protein
measurements.
A combination between CaCl2 and ethion was carried out to give the
following eight treatments : 1) 0% CaCl2+ 0% ethion (control); 2) 0% CaCl2+ 4
mg ethion; 3) 0.5% CaCl2+ 0% ethion, 4) 1.0% CaCl2+ 0 % ethion; 5) 1.5%
CaCl2+ 0% ethion; 6) 0.5% CaCl2+ 4 mg ethion, 7) 1.0% CaCl2+ 4 mg ethion
and 8) 1.5% CaCl2+ 4 mg ethion.
Chamomile flowers and soybean pods were collected after 30 days
following the second spray of labeled ethion with different concentration of
foliar application of CaCl2. The radioactive residues of chamomile flowers and
soybean seeds were determined by digestion followed by liquid scintillation
counting (LSC).
Extraction of oil from chamomile flowers and soybean seeds
Chamomile and soybean oils were extracted from dried flowers and seeds by
using a Soxhlet apparatus for 12 hr with n-hexane. After evaporation of hexane
under reduced pressure, radioactivity in the chamomile and soybean oil was
measured.
Isolation and characterization of 14C-residues
Analysis of radioactive compounds was achieved by thin layer
chromatography (TLC). Samples of chamomile and soybean oils after one month
of the second application were partitioned between acetonitrile and hexane three
times; the radioactive residues were distributed between the two layers. Analysis
of oil extracts were achieved by thin layer chromatography (TLC) on silica gel
plates [Merck-silica gel 60 F 254] .The solvent systems used were.
System 1: Toluene: Xylene
20: 20
(v/v)
System 2: Dioxane: Xylene : Petrolum ether 10: 20: 20
(v/v/v)
System 3: n-Hexane: Ethyl acetate
98: 2
(v/v)
Authentic samples were run alongside as references and spots were made visible
by exposing the plates to UV- source. After preliminary spray with PdCl2
solution the plates were subjected to I2 vapour to detect the compound by color.
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Pesticide residues analysis
The pesticide concentration was determined by radio assay method as follows:
The radioactivity in oil extracts was measured directly by liquid scintillation
counting (LSC) (Packard Model TRI-CARB 2300 TR) in vials using a dioxanebased scintillation cocktail composed of dioxane (1 L), naphthalene (100 g),[PPO;
2,5-diphenyloxazole] (10 g) and POPOP; 1,4-di[2-(5-phenyloxazolyl)] -benzene
(0.25 g). Radioactivity in flowers and seeds (100 mg) was determined by digestion
using H2O2 and Solusol followed by liquid scintillation counting. Silica gel plates
were separately scrapped (1 cm zones) and silica gel was eluted with methanol
followed by LSC. The counts were corrected for background and quench effect
by channel ratio method.
Measurement of soluble sugar
The pool of soluble sugars was extracted from oven dried leaves (80 oC)
using 80% hot ethanol and the total concentration was determined by the
modified method of phenol/sulphuric acid assay for total carbohydrates (20).
Measurement of protein
The protein pool was extracted with phosphate buffer pH 8.04 and
quantitatively determined using Comassie brilliant blue G 250 according to the
method of Bradford (21).
Statistical analysis
The data of soluble carbohydrates and protein were subjected to One-way
ANOVA and the differences between means were at the 5% probability level
using Duncan’s new multiple range tests. The software SPSS, version 10 (SPSS,
Richmond, USA) was used as described by Dytham (22).
Results and Discussion
Pesticide residues
Effect of foliar applications of CaCl2 on pesticide residues in chamomile
flowers and soybean seeds
Table 1 shows the amount of 14C-ethion residues from chamomile flowers
and soybean seeds at different foliar applications of calcium chloride
concentrations after 30 days of the last application. The concentration of 14Cethion decreased by increasing the concentration of CaCl2 solution. At 0.5%
CaCl2, the removal of ethion residues was 33%, whereas at 1% and 1.5% CaCl2
applications, the removal of 14C-ethion residues showed the same trend. The
percent removal due to foliar applications of CaCl2 after 30 days of the last
application increased from 34% to 36%. Distribution and elimination of 14C-ethion
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insecticide in chamomile flowers and oil was investigated (12). Ethion residues
were decreased by sun drying of chamomile flowers .The percentage of removal
was 18- 47% (12). In soybean seeds, the percent removal due to foliar applications
of CaCl2 after 30 days of the last application increased from 9% to 23%.
Malakouti and Afkhami (23) showed that the residues of the pesticides (Diazinon
and Phosalon) were significantly reduced after foliar calcium applications.
Diazinon concentration was reduced from 4 ppm to 3 ppm, and Phosalon
concentration was decreased from 1.24 ppm to 1.10 ppm due to calcium
application.
TABLE 1. Effect of foliar applications of calcium chloride on the distribution of 14Cethion residues (ppm) in chamomile flowers and soybean seeds after 30
days from the last application.
Treatment
CaCl2
concentrations
0.0 %

14

C-Residues
chamomile flowers
soybean seeds
ppm*
Reduction,%**
ppm*
Reduction,%**
2.42
0
1.93
0
±0.04
±0.28
0.5 %
1.62
33
1.75
9
±0.11
±0.03
1.0 %
1.59
34
1.53
21
±0.17
±0.05
1.5 %
1.55
36
1.48
23
±0.09
±0.01
*: Results are expressed as mean ± SD for three determinations for each sample.
**: Reduction = [(pesticide conc. – different concentration of CaCl2) / pesticide conc.] X 100.

Distribution of radioactive 14C-ethion residue in chamomile and soybean oils
The14C-residues in chamomile and soybean oils after application of 14Cethion at different concentrations of calcium chloride were determined as shown
in Table 2. The concentration of 14C- ethion on chamomile oil at 30 days after
the last application of the pesticide and CaCl2 were 0.57, 0.37 and 0.36 ppm at
0.5, 1 and 1.5% CaCl2 solution, respectively. The percentage of removal due to
application of CaCl2 increased by increasing the concentration of CaCl2 solution
and reached the maximum value of removal (42%) at 1.5% CaCl 2. The
distribution of radioactive14C-ethion in soybean oil after 30 days from the last
application of 14C-ethion in oil at different concentrations of calcium chloride
was detected. The percentage of removal due to application of CaCl2 increased
by increasing the concentration of CaCl2 solution and reached the maximum value
of removal (14%) at 1.5% CaCl2. Abdel-Gawad et al., (12) found that chamomile
flowers obtained from 14C-ethion treated plants contained (6.3x10 -7%) of the
applied dose. The insecticide residues in crude oil, methanol and cake amounted to
26%, 15% and 54%, respectively of original residues inside the flowers.
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Identification and characterization of metabolites in chamomile and soybean oil
Table 3 shows the Rf values and the average concentration of 14C-ethion
residues in chamomile and soybean oils after 30 days from the last application.
Ethion and its degradation products were identified in oil extracts at 30 days of
the last application of 14C-ethion at different concentration of CaCl2 (0.5, 1 and
1.5%), the results showed that ethion concentration decreased by CaCl 2
application and reached to 0.05 and 0.04 ppm, respectively for chamomile and
soybean oils after 30 days at 1.5 % CaCl2. Ethion dioxon and ethion monooxon
show the same trend. While O,O-diethyl phosphorothioate (IV) and O-ethyl
phosphorothioate (V) increased during the experimental period. Our results
demonstrated that ethion was metabolized to ethion monooxon, ethion dioxon by
oxidation and to O,O-diethyl phosphorothioate, O-ethyl phosphorothioate by
hydrolysis in both plants. Distribution and elimination of 14C-ethion insecticide
in chamomile flowers and oil was studied by Abdel-Gawad et al. (12) they found
that the major degradation products were ethion monooxon, ethion dioxon, O,Odiethyl phosphorothioate and O-ethyl phosphorothioate. Singh et al., (24) studied
the persistence of ethion residues on cucumber using gas chromatography with
nitrogen phosphorus detector. They found that the average initial deposits of
ethion on cucumber fruits were found to be 2.40 ppm and residues of ethion
dissipated below the maximum residue limit (MRL) of 0.5 ppm in 7 days.
MacNeil and Hikichi (25) studied residues of ethion on pear fruits following its
application for the control of pear psylla. They found that ethion residues
remained within its MRL. Residues of ethion were estimated in onion after in
furrow treatment. It was observed that ethion residues exceeded their MRL
value of 0.1 ppm in all the treatments when analyzed 86 days after its treatment
at harvest time (26). Arora et al., (27) also, estimated the residues of ethion on pear
fruits and these residues were less than the MRL value of 2.0 ppm of ethion on
pear fruits. Ethion was applied on brinjal and its residues dissipated below its
MRL value of 1.0 ppm after 4 days of its application at recommended dosage (28).
Therefore, the results of the present study indicate that the residues of ethion
were 0.05ppm and 0.04 ppm in the oil of both plants. A waiting period of 30
days should be observed before consumption of chamomile and soybean oils as it
will be safe for the consumer’s health.
Effect of foliar application of CaCl2 on total protein and soluble
carbohydrates of the leaves of chamomile and soybean plants
Protein content of the chamomile leaves significantly increased due to ethion
treatment relative to control and due to CaCl2 either alone or with ethion. In
soybean there was no significant change in the protein due to various treatments
(Table 4). Soluble carbohydrates was significantly reduced in chamomile leaves
due to pesticide treatment, 1.5% CaCl2 and pesticide* 0.5% CaCl2. Although a
significant reduction in soluble carbohydrates of soybean due to pesticide, CaCl2
and pesticide with 0.5 and 1% CaCl2 relative to control there was significant
change between the mentioned treatments. These results show that the reduction
observed in ethion residues in chamomile flowers oil and soybean oil was not
dependent on either protein or soluble carbohydrates contents in the leaves.
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TABLE 4. Effect of foliar application of CaCl2 (0.5, 1.0 & 1.5%, 2 ml/ plant) and/or
ethion insecticide (4 mg/plant) on total protein (mg/g dry wt.) and soluble
carbohydrates (mg/g dry wt.) of the leaves of chamomile and soybean
plants.
Protein
(mg/g dry wt.)

Treatment

Chamomile
Control

14.2±2.2

Pesticide

CaCl2

Pesticide*
CaCl2

bc
a

24.0±2.0

Soluble carbohydrate
(mg/g dry wt.)

Soybean
12.7±0.5

a

11.4±0.7

a

Chamomile

Soybean

34.9±1.5

a

17.7±2.03 b

23.3±4.2

c

10.3±0.33 c

0.5%

15.5±0.9 bc

12.2±1.4 a

32.9±2.5 ab

09.7±0.66 c

1.0%

18.6±1.3 b

10.2±0.2 a

35.5±1.2 a

09.7±0.88 c

1.5%

12.5±0.5

c

a

13.9±0.9

d

09.7±0.67 c

0.5%

18.7±1.7

b

24.1±2.6

c

13.0±1.73 c

1.0%

16.8±1.8 bc

10.2±0.4 a

26.8±1.2 bc

13.3±0.88 c

a

ab

26.0±0.58 a

1.5%

d

07.5±1.1

10.5±0.3
10.4±0.7
10.7±1.8

a

33.6±2.8

Data are mean of three replicates,  standard error.
Means having the same letter in the same row are not significantly different at 5%.
*Combined treatment (pesticide and CaCl2).

Conclusion
In conclusion the results demonstrate that the levels of pesticide residues in
chamomile flowers, soybean seeds and their oils are lowered under the influence
of CaCl2. The concentration of 14C-ethion activity was decreased by increasing
the concentration of CaCl2 solution .The degradation products in chamomile and
soybean oils were identified as ethion monooxon, ethion dioxon, O-ethyl
phosphorothioate, O,O-diethyl phosphorothioate, in addition to the parent
compound. The reduction observed in ethion residues in chamomile and soybean
oils was not dependent on either protein or soluble carbohydrates contents in the
leaves. These results show the importance of calcium chloride application in
improving the quality of chamomile and soybean plants as well as reducing
pesticide residues, which is very important for human safety.
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التطبيق الورقى لكلوريد الكالسيوم للتقليل من متبقيات مبيد االثيون
في الزيوت المستخرجة من زهور البابونج وبذور فول الصويا
حسن عبد الجواد  ،هداية كامل* و بهيرة حجازى
قسم الكيمياء العضوية التطبيقية – المركز القومي للبحوث و قسم النظائر
المشعة– هيئة الطاقة الذرية – القاهرة – مصر .
*

لتقييم فعالية التطبيق الورقى لتركيزات مختلفة من محلول كلوريد الكالسيوم (، 5.0
 1و )٪ 1،0للحد منمتبقيات مبيد االثيون في زهور وزيت البابونج وبذور وزيت
فول الصويا تم اجراء هذه الدراسة  .من اجل ذالك تم تحضير مبيد االثيون وبعض
من نواتج تكسيره الستخدامها فى هذه الدراسة .دلت النتائج على ان متبقيات المبيد
تقل كلما زاد تركيز محلول كلوريد الكالسيوم كما ان نسبة انخفاض المتبقيات زادت
ايضا نتيجة استخدام كلوريد الكالسيوم وكانت نسبة االنخفاض تترواح من - ٪ 33
 ٪ 33فى حالة زهور البابونج ومن  ٪23 -٪ 9فى حالة بذور فول الصويا .وتم
تعيين المتبقيات المرقمة بالكربون 11 -فى زيوت شيح البابونج و فول الصويا بعد
 35يوما من المعاملة في وجود تركيزات مختلفة من كلوريد الكالسيوم .وجد ان
كمية المتبقيات الموجودة فى مستخلص الهكسان لزيت البابونج  5،33جزء فى
المليون بينما فى حالة زيت فول الصويا فكانت 5،13جزء فى المليون عند تركيز
 ٪ 1،0من محلول كلوريد الكالسيوم .
أثبت التحليل الكروماتوجرافى لمستخلص الهكسان فى الزيت الخام باستخدام
رقائق السليكاجل عن وجود المبيد األصلي مع خمسة نواتج أيضا تم التعرف عليها
بواسطة المواد المقارنة.
وبدراسة التطبيق الورقى لتركيزات مختلفة من محلول كلوريد الكالسيوم على
الكربوهيدرات الذائبة و البروتين الكلى الوراق نباتات البابونج وفول الصويا فقد
اظهرت النتائج ان جميع تركيزات محلول كلوريد الكالسيوم تسبب تغييرات ضئيلة
فى محتوى البروتين الكلى الوراق كال النباتين مقارنا بالمجموعة الضابطة وكذلك
النباتات المعاملة بالمبيد .اما السكريات الذائبة ألوراق فول الصويا فقد تغيرت تغيرا
ملحوظا نتيجة المعاملة بالمبيد و محلول كلوريد الكالسيوم بالمقارنة بالمجموعة
الضابطة .
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