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ABSTRACT

Diazinon is one of the most widely used organophosphate insecticides against different pests.
Foliar application of diazinon may lead to soil contamination and washing it’s residues to surface
water and then enter to the ground water. Phytoremediation is one of the most promising methods to
prevent the hazard of such contamination. The present work was aimed to study the potential of two
plants in removal diazinon residues from soil and water. Plantago major L. and Helianthus annus L.
plants were tested to clean soil, and P. major plant was tested to clean water under laboratory
conditions. The results showed that the accumulation of diazinon residues in P. major and H. annus
roots was higher than those of leaves. In soil experiment, diazinon uptaked in the roots of P. major to
reach the maximum levels after one day (14.77 pg /g). Afterwards, the concentration decreased
gradually throughout the test. While, in H. annus roots it reached the maximum after 10 days of
exposure (16.40 pg/g), then decreased until the end of testing. P. major roots were an efficient
accumulator of diazinon in short time while H. annus roots were an efficient accumulator of diazinon
in long time. Diazinon was translocated into P. major leaves much faster than H. annus leaves. In
water, diazinon accumulated in the roots of P. major to reach the maximum levels after 1 day (37.80
ug/g), while translocated into the leaves to reach the maximum levels through 7 days of exposure
(10.51 pg/g). The obtained results indicated that P. major removes efficiently diazinon residues in
water, soil and has a potential activity for pesticides phytoremediation.
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insect pests in soil, ornamental plants, fruit and
vegetable as well field crops. It was formerly

INTRODUCTION

The contamination of soil and water by
pesticides is currently a significant concern
throughout the world because many of these
compounds are detrimental to both human
health and the environment. Among newly
developed pesticides, organophosphate
pesticides are most commonly used (Memon et
al, 2008). This is due to their reduced
persistence and shorter half-life as compared to
organochlorine pesticides whose use is banned
in many countries. Diazinon, (O,0- diethyl- O -
2- isopropyl — 6 — methyl - pyrimidine - 4 -yl)
phosphorothioate, is the common name of an
organophosphorus pesticide used to control
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used as the active ingredient in household and
garden products to control pests such as flies,
fleas, and cockroaches. Diazinon is a synthetic

-chemical, it does not occur naturally in the

environment (ATSDR, 2006). It is also used
throughout the world to control public health,
and is applied to control ectoparasites in
veterinary medicine  (Watterson, 1999).
Diazinon is relatively water soluble (40 mg/l at
25°C, non- polar, moderately mobile and
persistent in soil; hence, it is of concern for
groundwater and surface derived drinking water
(Kidd and James, 1991). After its application on
crops and plants, diazinon is easily washed into
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surface water and enters the ground water.
Eventually, it enters the aquatic environment in
large quantities (Dutta and Meijer, 2003; Shemer
and Linden, 2006). Because of its aquatic
distribution, diazinon affects a wide range of
nontarget  organisms, like invertebrates,
mammals, birds, and fish, especially those
inhabiting aquatic environment (Eisler, 1986;
Hamm and Hinton, 2000). The half-lives (T,;)
of diazinon were found to be 1-5 weeks in
nonsterile soil and 6-12 weeks in sterile ones
(Howard, 1991). Diazinon applied to soil can be
absorbed by plant roots and translocated in
plants. Half-lives range from 2 to 14 days. Low
temperature and high oil content increase the
persistence of diazinon in plants (Kamrin,
1997). Phytoremediation is a strategy that use
plant to degrade, stabilize and remove
contaminarits from soil, water and wastes (Yu
and Gu, 2008, Kuo et al, 2014).
Phytoremediation is an environmentally sound
technology for pollution prevention, control and
remediation. There have been several studies
focused on the phytoremediation of pesticides
(Khan et al., 2011; Romeh and Hendawy, 2013;
Iba'n"ez et al, 2014; Romeh, 2014; Zhang et al.,
2014). Sunflower (Helianthus annus L.) is a
relatively  high-biomass and fast-growing
accumulator plant which has the ability to take
up and accumulate metals and radionuclides
(Tassi et al, 2008; Tahmasbian and Sinegani,
2014). The broadleaved plantain (Plantago
major L.) is a perennial weed and commonly
found by roadsides, in meadow land, cultivated
fields, waste areas and water canals. The seed
and husks of this plant contain high level of
fiber which expand and become highly
gelatinous when soaked in water (Sharifa et al,,
2008). T

The aim of this study is to evaluation the
phytoremediation potential of H. annus and P.
major for diazinon contaminated soil and water.

MATERIALS AND METHODS

Pesticide and Tested Plants

Diazinon (60% EC), [0, O- diethyl- O - (2-
isopropy — 6 — methyl — pyrimidine - 4 -yl)
phosphorothioate] was obtained from a local
manufactory, El-Nasr Company, Abouroash,

Egypt. The common broadleaf plantain (P. major)
was obtained as seedlings in phytoremediation
experiment from meadow land in Zagazig
University, Zagazig, Sharkia Governorate,
Egypt. Sunflower, (H. annus) seeds were
germinated in bitmos growing medium and kept
moist during the initial growth period (1 week),
which may vary according to plant variety. After
the germination period, only healthy seedlings
with uniform size were selected. Plants were
then gently removed from growing medium, and
the roots were rinsed from any adhering material
before transferring to the soil.

Experimental Design

To evaluate the removal of diazinon from the
soil, three treatments were performed in this
experiment, and each treatment consisted of
three replicates: (1) diazinon contaminated soil
without plants, (2) diazinon contaminated soil
with P. major only (each pot contained one
seedling of P. major), (3) diazinon contaminated
soil with H. annus seedlings (each po# contained
eight seedlings of H. annus). A whole-plant
uptake experiment was performed on soil in a
pot experiment for 21-days exposure. Air-dried
sieved clay loam soil (organic matter, 1.79%,
pH 7.8, electric conductivity 2.36) was obtained
from Kamrona village, Menia El-Kamh district,
Sharkia Governorate, Egypt, and then placed in
plastic pots. The pots were filled with 500 g of
air dried soil. After planting, diazinon dissolved
in water was spiked into the 150 ml of distilled
water used for irrigation to obtain original
concentration of 20 pg /g. The irrigation water
containing diazinon was dropped into the pots
with a caution to avoid the direct contact of
plant leaves. After 1, 3, 7, 10, 14 and 21 days,
exposed and control plants were collected. Plant
roots from soil were rinsed in running tap water
for 2 min and were blotted dry. The plants were
dissected into individual roots, stalks and leaves
in the case of H. annus, while to roots and
leaves in the case of P. major;, then, 4 g of
leaves, roots, stalks each and 20 g of soil were
analyzed for the pesticide. All pots were watered
with 50 ml tap water every 4 days or
additionally watered when necessary. A whole
broadleaf plantain was grown in 250 ml of
Hoagland solution (Wang, 1986), containing 20
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pg/ml of diazinon in each 18 Erlenmeyer flask
500 ml. The same number of flasks with only
pesticide solution (20 pg/ml) was prepared.
Three flasks were prepared as a control with a
plant alone. After 1, 3, 7, 10, 14 and 21 days,
three exposed and three control plants were
randomly harvested. Plant roots were rinsed in
running tap water for 2 minutes and were blotted
dry. The plants were dissected into individual
leaves and roots then 5 g of leaves and 3 g of
roots were analyzed for the pesticide residues.

Residues Analysis

Soil samples were extracted and cleaned up
according to the method of Krause et al., 1986.
Soil samples (20 g) were shaken mechanically
with 50 ml of acetone-water (3:1) for one hour

in 500 ml glass stopper bottle. The extract was-

filtered through a clean pad of cotton, and then,
50 ml of filtrate was concentrated by using a
rotary evaporator in a water bath at 40°C to
remove acetone and then extracted twice with 50
ml chloroform. The combined chloroform
extract was dried using anhydrous sodium
sulfate and then evaporated to dryness at 40°C
using a rotary evaporator for GC determination.
Water samples were extracted with methylene
chloride without clean up using a continuous
liquid-liquid extraction (El-Sheamy et al,
1991). Diazinon was extracted from the root,
stalk and leaf samples with acetone or water
acetone and then extracting with petroleum ether
and dichloromethane. The organic phase was
separated, dried, and concentrated just to
dryness (Luke et al, 1981). Samples of soil,
water, root, stalk and leaf extracts were analysed
for diazinon determination by use of a Agilent
model 6890 gas chromatograph equipped with
flame photometric detector (FPD) with
phosphorus filter. A fused silica capillary (PAS-
1701) column containing 14% cyanopropilsyloxane
as stationary phase (30 m length x 0.32 mm
internal diameter (i.d) x 0.25 pm film thickness),
was used for the separation in the GC. Nitrogen
was used as carrier gas at 3 ml/min, pulsed
splitless mode. The GC temperature for oven
was 220°C. The detector and injector
temperature were set at 250°C and 240°C,
respectively. The detector gas (hydrogen) flow
was 75 ml/min, the air flow was 100 ml. min.™".

Data Analysis

The rate of degradation (k) and half-life (t
1/2) were calculated according to the method
described with Gomaa and Belal, 1975.

RESULTS AND DISCUSSION

Kinetics of Pesticide Removals in Soil
Experiment

Data obtained during the present investigation
revealed that all experimental sets containing
plants removed a substantial amount of diazinon.
As shown in Table 1, diazinon concentrations in
soil with P. major, and H. annus reduced by
48.20-99.55 % and 17.90-99.00 %, respectively
throughout 1- to 21-days exposure, compared
with 14.60-53.65% in the soil of control (Fig.1).
The half-life value (t;,) of diazinon, calculated
by first-order reaction, for soil with P. major
and H. annus was found to be 4.51 and 7.05
days, respectively, compared with 21.40 days
for soil alone (Table 1). Results with the
disappearance rate constant (k,) values revealed
that diazinon had the highest k, value and
shortest t;, in all experimental sets containing
plants, while diazinon had the lowest k, and
longest t;» in unplanted soil. These data
demonstrated that most of the diazinon
disappearance by the tested two plants in soil
may be attributed to the uptake potential and
transformation or degradation by the enzyme
induction capability of the plant or by
microorganisms in the plant root zone. Only one
of them contributes to the reduction of a
contaminant or connected them (Deepali et al,
2009; Yao et al., 2009).

The Role of two Plants in Diazinori Uptake
and Translocation in Soil Experiment

Diazinon concentrations (pg/g) in different
parts of P. major and H. annus are shown in Fig.
2a—c. Root concentrations of the diazinon were
always higher than those of the leaves of the two
plants. Diazinon accumulated in the roots of P.
major to reach the maximum levels after one
day (14.77 pg /g). Afterwards, concentration
decreased gradually throughout the test. While,
in H. annuys roots reached the maximum after 10
days of exposure (16.40 pg/g), then decreased
until the end of testing (Fig. 2a). P. major roots
























