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1. Introduction

Cyanide is a chemical substance (inorganic in itself)
either gas or liquid or solid and it be colourless to

Abstract

This study was examined the possibility of pomegranate peel residue

(PPR) (which remains after extraction of antioxidants (phenolics)) for
removing polluted cyanide ions from aqueous solutions using several
operational factors via adsorption technique. The operational factors
studied included initial concentration of (CN’), pH of aqueous solution,
flowrate of the aqueous solution inside the adsorption unit, height of
adsorption media and time of treatment. By means of changing the
aforementioned variables within particular empirical ranges, the best
operational conditions were identified that gave the highest percentage
removal of cyanide ion from aqueous solutions which reach to 95.75%.
The samples of PPR remaining after completion the adsorption process
explained above have been used to prepare an effective toxic material
for rodents. The lethal effect of this cheap rodenticide was investigated
using laboratory rats of type Sprague Dawley (which has the scientific
name Rattus rattus) as a case study. These toxic residues exhibited a
fatal effect on this type of rats depending on the calculated half lethal
dose (LDsp) of its which was compared with the (LDs) mentioned in
literature and scientific references and showed that it was within the
required range. In this method, more than one type of toxic and non-
toxic wastes was disposed by simple, benefit, non-cost and environment
friendly way. This way represents by eliminating the cyanide ions from
aqueous solutions to minimum possible concentration using non-
valuable agricultural wastes (PPR) and in the same time preparing a
cheap and active rodenticide according to lethal dose (LDsg) calculated
accessing to zero residue level (ZRL).

(HCN) (which is also called prussic acid or
formonitrile) or inorganic compounds such as

white like a powder form of small granular. It is very
flammable and extremely toxic. Cyanide is formed as
a compound produced from combination a carbon
element with a nitrogen element by triple-bond [1].
Cyanide does not exist alone in nature, but it is
usually associated with other chemicals to compose
cyanides i.e. cyanide compounds. Cyanides are either
organic compounds like acetonitrile () and
benzonitrile () or as acid like hydrogen cyanide
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cyanogen chloride (CICN) (which known as CK) or
as complexes like K,Zn(CN);, K,Cu(CN); and
K,Fe(CN)e. In other words, cyanide compounds can
be defined as any compound containing a cyano
group (CN’) [2]. All types of cyanides are not
dissolved in water except alkaline metal cyanides i.e.
sodium cyanide (NaCN) and potassium cyanide
(KCN) (Both are white powder) and mercuric
cyanide (Hg(CNy)) which is dissolved in water and
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has boiling point of 630 °C. There is no individual
separated substance called cyanide, but there is a
wide range of chemicals called cyanides [1,2].
Cyanide is founded in some bacteria, algae and fungi
producing cyanide, also some types of millipedes
(known as Sierra luminous millipedes or motyxia)
secrete a poisonous sap of hydrogen cyanide gas by
microscopic pores located on both sides of its body as
a mechanism of itself defended and this is considered
as secondary defences [3]. Cyanide also exist
naturally with very small quantities in the seeds of
some fruits and plants like apple, apricot, peach,
sweet and bitter almond, soybean, spinach, bamboo
shoots (Cathariostachys madagascariensis) and
cassava roots (Which is the main source of food in
the countries of tropical regions) [4]. Cyanide is
known among toxicologists as one of the fastest and
most lethal poisons in the world. Generally, most
cyanide compounds are fatal, but not every chemical
compound containing cyano group (CN) s
necessarily toxic cyanide. However, there are certain
types of this ion toxic and other are non-toxic at all.
The difference between what is toxic and what is
nontoxic is the ability to liberate cyano compound
from the substance containing it [5]. The most toxic
compounds of cyanide are hydrogen cyanide (HCN)
and the salts derived from it such as potassium
cyanide (KCN), sodium cyanide (NaCN) and calcium
cyanide (CaCN) as well as mercuric cyanide
(Hg(CNy)) and others [6]. Therefore, it is not
recommended to eat the seeds of cyanide-containing
fruits aforementioned above because the digestion of
50 almonds or 50-60 apricots or 20 apples
continuously, for instant, is enough to kill an adult
human [7]. Although the cyanides found in the seeds
of these fruits are harmless on their own, the
destruction of seeds with the presence of water and
the enzymes needed release the toxic cyanide ion due
to the presence of cyanide in the form of amygdalin
(classified as a cyanogenic glycoside), which
eventually turns into highly toxic hydrogen cyanide
[8]. The permission level of cyanide in air is ranging
between 0.160-0.166 ppm (0.180-0.187 mg/m®) while
in water the maximum acceptable level for drinking
and aquatic biota does not exceed to 50 and 200 pg/I
respectively [9,10]. Inhalation of 200-500 ppm of
hydrogen cyanide for 30 minutes leads to kill the
human while the lethal dose of cyanide for adult
person reach to 75 mg which is sufficient to cause the
death in less than 2 minutes, whilst a dose of 0.2 g
eliminates the human life in a few seconds [11]. The
effects of toxic cyanide are very important matter
because the risk of cyanide lying when it can enter
the body through the skin or inhalation by the mucous
membranes or via the volatile vapours. When taking
cyanide salts through the mouth, it mixing with the
acids founded in stomach precisely hydrochloric acid.
The results of their reaction are salts of cyanide and
acid of hydrogen cyanide which in turn occurs
poisoning in the body [12]. Symptoms of exposure to
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cyanide begin with irritate the eyes, respiratory
system and skin accompanied by redness, while the
inhalation of it causes breathing problems leading to
breakdown [13]. The nervous system can be affected
by the compound, leading to dyspnoea and
pulmonary circulation. Exposure to cyanide also
leads to headache, dizziness, imbalance of movement,
heart arrhythmias, vomiting and convulsions, damage
the nerves and thyroid and in some cases the human
enter into coma and may reach the outskirts of death
[12]. Chronic exposure to small and continuous
amounts of cyanide resulted in elevate its ratio in
blood which lead to gradual weakness in body
muscles and nervous system [14, 15]. Cyanide is
applied industrially in several fields including
cleaning, polishing and finishing precious metals
such as silver and gold, also used in industry of
plastic, synthetic rubber, as well as heat treatment of
steel, electroplating, and in different chemical
processes, and mining aiming to extract the valuable
metals from their ores in different methods like
MacArthur-Forrest process [16]. Cyanide also used in
several pharmaceutical compounds does not pose any
danger to human health, such as Cimetidine
(Tagamet®) [17], Verapamil HCI [18], Nitroprusside
[19], Citalopram (Celexa) [20] and other types of
drugs. Also copper cyanide was used in the treatment
of tuberculosis and leprosy by Japanese doctors in the
early of 20" century [21]. Furthermore, cyanide is
used as an insecticide for fumigation of ships and
their cargoes [22]; moreover cyanide salts have been
and are still used in some regions as a toxic killer for
mice rats and other types of rodents and as pesticides
to eliminate ants [23]. So, generally the cyanide
compounds form a great proportion of residues
disposed from coke oven, blast furnace, mining
activities, electroplating operations etc. These
residues are highly toxic industrial wastes due to the
cyanide salts it’s contain. To be disposed of, these
wastes are usually stored in specially constructed,
open-air tanks that are not fully ventilated in the form
of dams. Under the influence of the sun and wind,
these sludges are dried by evaporation which may
make the cyanide fading and form the cyanates then
carbonates, which are non-toxic substances. But the
capital mining companies avoid this process due to
their high costs. Therefore, these highly toxic wastes
are disposed directly into valleys and nearby water
streams leading to contaminate the soil and
groundwater. Also, these toxic compounds are
combined with the local food chain, resulting in
malignant  diseases and  sustainable  health
impairments [24]. On the other hand, cyanide is one
of the most known poisons used in fishing and
cyanide fishing is widespread in North-East Asia and
the South Pacific where cyanide is used in coral reefs
for the purpose of obtaining fish and marine
organisms live by affecting on the respiratory system
of fish making it easier to catch them after they
surface. The use of cyanide in fishing has destroyed
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vast areas of coral reefs in the Philippines and
Indonesia and has adversely affected for
environmental tourism in some regions, which were
among the best and most popular for tourists [23].
The soil contaminated with cyanide as soon as it
touches by the human body or animal, it is poisoning.
The risk of this substance will increase when rain
falls on soil contaminated with cyanide, where the
water sweep the polluted soil with them, so these
toxics will dissolve in water that consumed by human
or animals in outlying areas without any treatment
[24]. In addition to that, part of this contaminated
water will reach to the aquifer, which is also
contaminated. If the cyanide wastes dispose to the
river, very soon, all the fish and animals in the area
will kill and float on the surface [25]. Therefore, as a
precautionary measure, the Environmental Protection
Agency (EPA) has set very strict limits on the
permitted concentrations of cyanide ion disposed
from industrial wastewater streams. Among the
current methods used to remove cyanide ion from
water are biodegradation process and adsorption
technique [26]. Adsorption technology is a known
and famous process and is an effective way of
treating municipal and industrial effluents. The
adsorption method either in the batch or continuous
mode is a very efficient method for removing the
cyanide ion from wastewater because it is a simple
method comparing to other methods of treatment and
does not require large operational costs in addition to
the high removal percent obtained due to this process
especially when using activated carbon [26-29].
However, since activated carbon is considered to be a
high cost, researchers have sought cheaper cost
alternatives to this material. One of the proposed
alternative materials is the agricultural waste for its
availability and because it is non-toxic and non-
valuable substances and its ability to be effective
adsorbent materials. Among these agricultural wastes
are pomegranate peels [30]. Pomegranate is a plant
that is heavily consumed in many regions of the
world, the ration of peels wasted to the fruit ranging
from 10-15% from the all pomegranate product.
These peels are considered as one of the most
important sources of antioxidants as well as their
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known ability to adsorb many of heavy metals such
as zinc, lead, copper, chromium, dyes and other
contaminants [30,31]. This paper is dealing with
study the ability of removing toxic cyanide ions from
contaminated aqueous solutions with  known
concentrations of (CN") using a cheap, available and
non-toxic material which is Iraqi pomegranate peel
(after extraction of antioxidants (phenolics) from
them). Then try to find a way to get rid of the toxic
waste left after finishing the removal process via
preparing of an effective rodenticide by testing it on
Sprague Dawley Rats (Rattus rattus) as a case study.
Thus, most of toxic cyanide ion is removed from the
water by pomegranate peels, which is considered as
one of the useless types of agricultural waste. Then
prepare an effective rodenticide by an economical,
simple and eco-friendly method, up to the zero
residue level (ZRL) of wastes.

2. Experimental work:

2.1 Pomegranate Peels Residue (PPR):
Pomegranate peels residue (PPR) were collected after
anti-oxidant extracted from them as described in [30].
PPR were washed three times with excess of distilled
water, boiled to remove any type of impurities or dust
that from PPR. Finally leave dried in sun for 24
hours.

2.2 Stock Solution: With a view to avoid the
overlapping with another elements or compounds
existing in real wastewater, the cyanide ion
adsorption experiments in this study were achieved
using simulated synthetic aqueous solution (SSAS)
with different concentrations from one of the cyanide
salts. The cyanide stock solution with 1000 mg/l was
prepared by dissolving 1.88 g of sodium cyanide
(NaCN) in a liter of distilled water. All the solutions
used in the laboratory experiments had come from
dilution of the stock solution to the coveted
concentration using distilled water. The concentration
of cyanide ions in the solution was measured by
spectrophotometer devise using the calibration curve
prepared for this purpose at wavelength of 520 nm as
elucidated in Figure 1 as explained in [32] using
spectrophotometer thermo — genesys 10 UV, USA.
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Figure (1) Calibration Curve of Cyanide lons Using Spectrophotometer
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2.3 Adsorption Unit:

Continuous adsorption unit of packed bed was used to
perform the cyanide ion adsorption from SSAS at
different initial concentrations, multiple heights of
adsorbent media (which was PPR), various flowrates
of cyanide contaminated solutions (SSAS), numerous
treatment times and several pH of SSAS. The pH of
cyanide solution was fixed using suitable solutions
which were 0.1 N of potassium hydroxide (KOH) as a
base and 0.1 N of hydrochloric acid (HCI) as an acid.
The continuous adsorption unit consists of a plastic
storage tank of 5 L capacity for SSAS, plastic column
as packed bed containing the filling (which was PPR)
of 60 cm height and 5 cm diameter, pump to
withdraw the SSAS from storage tank to packed bed
column at different flow rates determined by the
rotameter. Before starting the experiments the packed
column stuffed with distilled water down from top to
bottom and the adsorption media (PPR) adding with
the distilled water gradually and carefully as a slurry
to the required height to avoid any bubble formation
inside the unit between the adsorbent. When the
adsorption column and the packing are ready, the
adsorption process will begin by allowing the SSAS
with coveted cyanide concentration to enter the
packed bed with the flowrate determined using
rotameter. To predict the best operational conditions
that gave the maximum percentage removal of
cyanide ions from SSAS. The adsorption experiments
are conducted under a range of cyanide initial
concentration, pH of SSAS, adsorbent media height,
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SSAS flowrate of and treatment time varied between
(1-100) ppm, (1-8), (10-50) cm, (5-100) ml/min and
(1-120) minutes respectively. All experiments carried
out at laboratory temperature (25+2) °C. Samples are
taking from the bottom of packed column each 5
minutes and analysed spectrophotometrically to
detect the remaining cyanide concentration
unadsorbed during treatment process.

3. Results and discussion

The ability of PPR to remove cyanide ion from SSAS
using fixed bed of continuous mode at various
parameters are explained below.

3.1 Initial concentration influence: as describe from
Figure 2, the results showed that the percentage
removal of cyanide ions using PPR increased with
decreasing the initial concentration of contaminated
compound when all other operational factors keeping
constant. This may be explained by knowing that the
adsorbent media (which is PPR) has finite active sites
which will be saturated at given concentration of
cyanide. This lead to increase the ions jostled on
active sites at the surface of adsorbent media. Since
the little concentration of cyanide contains a small
number of cyanide ions compared to the high
concentrations of the same ion, therefore the
percentage removal of cyanide from SSAS is
increased with lowering the initial concentration of
cyanide in SSAS. The maximum percentage removal
reaches to 95.75% at cyanide initial concentration of
1 ppm.
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Figure 2 Effect of initial concentrations on the percentage removal of cyanide ion

3.2: pH influence: Generally, the pH of the solution
effects on the ionization degree of the polluted
solution and also on the surface charge of the
adsorption medium as well as with the polluting
substances which may be of different charges,
depending on the Point of zero charge (pzc). So, the
influence of pH will be obvious on the adsorption of
cyanide ions at the surface of PPR as characterize in
Figure 3. It is clear that the percentage removal
increase when the pH of SSAS increase too when all
other operating factors keeping constant. This result
may be attributed to the pzc value which is equal to
7.827 which is playing an important role in the
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stability of cyanide ions. According to pzc the surface
will charged with positive charge decreases gradually
until reach the maximum density at pzc value. So,
when the pH is less than pzc the cyanide ion will be
in the form of hydrogen cyanide (HCN) which is
weak acid and very soluble in water so it is difficult
to adsorb CN ions on the surface of PPR due to
attracting forces between the hydrogen ion in water
and cyanide ions in solution. While when the pH
increases and approach to pzc the positive charge at
the PPR surface will increase too and the cyanide
ions will adsorbed on the surface of adsorbent media
because the de-protonation process from the surface



Tikrit Journal of Pure Science 23 (2) 2018

of the adsorbent media will be more difficult due to
increase the availability of effective groups of
chemical adsorption on the surface, which suffers
from ion exchange as a type of interaction with the
cyanide ion. Therefore, the percentage removal of
cyanide ions will increase with pH increase. The
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adsorption equilibrium between the adsorbent media
and cyanide ion indicates that the adsorption range
highly depends on the pH at the range between (7-
10). Thus, the value of the optimal pH for adsorbing
the cyanide ion is 8. This result is agreed with[29-31].
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Figure 3 Effect of pH on the percentage removal of cyanide ion

3.3: Adsorbent media bed height influence: The
results illustrate that when the adsorbent media (PPR)
bed height is increased the percentage removal of
cyanide ions from SSAS is increasing too, as depicted
in Figure 4, when all other operators are keeping
without change. The increase in the bed height means
increase in the amount of adsorbing media inside the
adsorption unit. This lead to increasing the number of
active sites that will be adsorbed the cyanide ions
from SSAS; as a result, the availability of bonding
sites for adsorbing has increased. Consequently, the
removal of cyanide ions on the surface of the active
sites will be also increased. This will increase the
portability of PPR to adsorb more amounts of cyanide
ions from SSAS at different initial concentrations;
eventually the percent removal of cyanide from
aqueous solutions will be increased.

3.4: Flow rate of SSAS influence: The effect of
changing SSAS flow rates in the adsorption unit was
investigated at constant of all other operating
conditions. From Figure 5, it ca be observed that the
relation is inversely between the cyanide percentage
removal and the flow rate of SSAS. When the SSAS
flow rate is increased inside the adsorption unit, the
velocity of solution is also increased. Thus, the
solution will spend low retention time in the packed
bed if the flow rate of solution was less. It will
therefore undergo less processing time than solutions
with low flow rates. Ultimately, the cyanide ion
percentage removal will be reduced when the flow
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rate of SSAS is increased. The results show that the
maximum percentage removal of cyanide ions from
SSAS using PPR was took place at flow rate of 5
ml.min™.

3.5: Treatment time influence: The effect of
treatment time on the efficiency of cyanide ion
adsorption by PPR was studied within a range of (10-
120 min) and immutability of all other operational
factors. Figure 6 exhibits the results obtained by
changing this operational factor. It is noted from this
figure that there is direct relation between cyanide ion
percentage removal and the time of treatment until 60
minute, i.e. increasing the removal efficiency with
increasing the treatment time inside the packed bed.
The reason of this is due to fixed fact that is when the
treatment time of SSAS is longer and the flow
velocity of the solution within the packed column is
fixed, the solution is spent longer time than the
solutions of short retention time, which means a
greater removal percentage of cyanide ions from
SSAS. While when the time exceeds 60 minutes, it is
observed that the adsorption percentage will fixed
and not change. This may be that the active sites in
PPR becomes saturated with cyanide ions and cannot
adsorb any additional ions. So, increasing the
treatment time more than 60 minutes will not change
the adsorption efficiency of cyanide. Thus, it can say
that the optimum time of treatment for best cyanide
percentage removal from SSAS using PPR is 60
minutes.
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Figure 4

Effect of adsorbent media bed height on the percentage removal cyanide ion
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Figure 5 Effect of aqueous solution flow rate on the percentage removal of cyanide ion

4. Adsorption Isotherm

Langmuir and Freundlich models are used to describe
the adsorption isotherm behaviour in the present
study.

4.1: Langmuir isotherm model: the Langmuir
adsorption isotherm model supposes the adsorption

surface is monolayer, homogeneous and the
adsorption sites have similar adsorbate ability and
each side in the adsorption surface independent on the
adsorption in the neighbouring sites. Langmuir
isotherm model can be described by equation (1):
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Figure 6 Effect of treatment time on the percentage removal of cyanide ion

Geq = ‘ir:-KK—E - (D)

where: g4 is the cyanide ion quantity adsorbate per
unit mass of adsorbent at equilibrium concentration
Ceq . Ceq: is the adsorbate concentration in the
solution at equilibrium, q,,,: is the amount of solute
adsorbed per unit mass of adsorbent in forming a
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complete monolayer on the adsorbent surface and K :
is a constant related to the energy or net enthalpy of
adsorption (I/mg).

For very small amount of adsorption, when K;C., <
<1 it yields a linear adsorption isotherm: q.q =
qmKC.q. For large amount of adsorption, when
K;C.q >> 1it will be equal: goq = q.,, Thus, the
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Langmuir isotherms model can be represented by
linear form as:

Ceq 1 1

= +—C.yl .-
Geq Krqm €q

o (2)

Plotting of C.,/q.q against C., will give a straight
line, has an intercept of (1/K,q,,) and the slop is
1/qm).

4.2: Freundlich isotherm model: the Freundlich
adsorption isotherm model is an empirical equation
and has been widely used for long time ago. This
model depicts the equilibrium on heterogeneous
surfaces and assumes multilayer capacity. Usually,
for moderate concentrations, Freundlich model is
completely concurred with Langmuir model and the
experimental data, but in contrast, this isotherm
model cannot represent a linear form in very low
concentrations as in Langmuir adsorption isotherm
model. However, Freundlich isotherm model can be
described by equation (3) bellow:

1
Qeq = KFCeq; - (3)
Where n and Ky are the Freundlich
constants.
Equation (3) can be rearranging to obtain the linear
form of Freundlich adsorption model. The Freundlich
isotherm model can be represented by linear form as:
@
The calculation of n and K values can be performed
via plotting log q.4 Vvs. log C., where the intercept is
log K and the slop is 1/n
4.3: Adsorption isotherms calculations: The
adsorption isotherm constants were calculated from
the slopes and intercepts of (Langmuir isotherm) and
(Freundlich isotherm) and presented in Table 3. The
values of calculated correlation coefficients R* were
higher for Langmuir isotherm than the Freundlich
isotherm; that means Langmuir isotherm model
represented the adsorption process well than
Freundlich isotherm model. The maximum capacity
of pomegranate peels residue (PPR) for cyanide ion
removal CN" was calculated in the range of 15.228
mg/g at constant temperature that indicated the best
adsorbing capacity of PPR for cyanide ion removal
CN".
Table 3: Values of Langmuir and Freundlich
isotherm constants for the adsorption of cyanide on
pomegranate peels residue (PPR) at Optimum
Conditions (C, =1 mg.I*, pH=8,1=06m, F=5
ml.min, and t = 60 min).

isotherm

1
logq.q =logKp + ;log Ceq|--

Langmuir Isotherm Freundlich Isotherm
Model Model
I K, R, R? Kp n R?
15.228 | 0.03575 | 0.7810 | 0.9957 | 0.5077 | 1.2511 | 0.9053

5- Adsorption Kinetics:

In this paper, the adsorption kinetics is studied due to
the important of it’s to determine the physical and
chemical behaviour of the adsorbent media and also
to predict the mechanism of adsorption process
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occurred. Three kinetic models are proposed to
investigate the experimental data obtained from the
adsorption of cyanide ions on PPR. These kinetic
models are first order reversible model, pseudo first
order model and pseudo second order model.

5.1: Pseudo-first order model: This model is
depended on the capacity of solid adsorbate. It is
assumed that adsorption between liquid and solid
occurred on one layer on the adsorption surface
(adsorbate). The mathematical expression of this
model is described by Equation (7):

Qeq — 9 = e_klt"" (7)

Where: q.4: is the cyanide ion quantity adsorbate per
unit mass of adsorbent at equilibrium (mg/g), q: is the
cyanide ion quantity adsorbate per unit mass of
adsorbent at any time (mg/g), t : is the time and (k) :
is the first order rate constants (min™). The linear
form of this model can be represented by equation

(8):

|1n(qeq —q)=Inq., — k1t| .. (8)

So from the plot of In(g., —q) vs. t it can be
calculating the rate constant k; which appears as the
slop of the equation, while the intercept is equal to
Ingq.,.

5.2: Pseudo-second order model: Ordinarily it is the
best model for expressing the kinetic model of
adsorption process. It is assumed that adsorption
between adsorbent (solid phase) and adsorbent (liquid
phase) performed on two layer on the adsorption
surface (adsorbate). This model is described by
Equation (9):

e szt
q= #qzkzt (9)
Where: q.4: is the cyanide ion quantity adsorbate per
unit mass of adsorbent at equilibrium (mg/g), q: is the
cyanide ion quantity adsorbate per unit mass of
adsorbent at any time (mg/g), t : is the time (min) and
(k) : is the first second order rate constants (g.mg’
"min?). The linear form of this model can be
represented by equation (10):
t 1 1
q N ngsz + Geq t
From linearized form it is clear when plotting (t/q)
against t the slop of equation 10 is (1/q,,) while the
intercept is (1/qeq2k2)
5.3: Adsorption kinetic calculations:
The adsorption kinetic constants and correlation
coefficients of three models used in this study were
calculated and given in Table 4. Good correlation
coefficients R? were observed for the cyanide ion CN’
uptake process and can be approximated with the
pseudo second order Kkinetics model. Constants
k, and k, for all kinetics models tested have been
calculated and summarized in Table 4. Thus, the
pseudo second order Kinetics was pathway to reach
the equilibrium.

..(10)
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Table 4: Values of pseudo first order and pseudo second order for the adsorption of cyanide on pomegranate peels

residue (PPR) at Optimum Conditions (C, =1 mg.I*, pH=8,1=0.6 m, F =5 ml.min}, and t = 60 min)
Pseudo first order Pseudo second order Experimental
Qeq kl RZ Qeq kZ Rz qeq
2.7129 | 361 x1072 | 0.8825 | 4.2261 | 3.86 x10* | 0.9800 | 4.99537

6. Utilization of Wastes after Adsorption
Process:

PPR after uses as an adsorption media to remove
cyanide ions from SSAS (as explained in
experimental work mentioned above) was collected
and set up to the next step which is exploited it as a
raw material for preparation of a simple and cheap
rodenticide, the main goal of this paper. To perform
this purpose, 20 groups (10 groups for males and 10
groups for females) of outbred multipurpose breed of
albino rats, which are (Sprague dawley) and have
scientific name (Rattus rattus). Each group (cage)
contain 10 rats. Their weight ranged between (250-
300) g and their age ranged between (6-10) months.
In addition to that, there are another two control
groups, (CG 1) and (CG 2) where the rats in which
(males and females) were feeding with natural rat
provender only and natural with non-contaminated
PPR (non-adsorbed cyanide ions) respectively to
compare the results. Before testing, all rats were left
for one week in clean cages and laboratory conditions
suitable for living. The rats were feeding with
normally rat provender to ensure that no rats suffer
from any disease or ill-treatment that leads to change
the results and for adapting to the place and food

temperature was between (25+2°C) and the lighting
was 14 hours per day using an ordinary light bulb
[32]. After adoption to the place and provender, 120
male rats and 120 female rats were divided randomly
to 12 groups for males and females as 10 rats/group,
and the rats were treated daily for one week. After the
week, the rats were feeding by PPR that adsorbed
cyanide ions directly (without any further treatment)
mixed with provender with very little of sweet food
in order to entice the rats. These sweet foods were
replaced continuously to avoid any aversion by the
rats. The results showed that there were fatalities
among males and female rats in all cages (except for
rats in the control groups CGl and CG2). The
fatalities occur at unlike ratios and at different times
depending on the amount of cyanide ions loaded on
PPR consumed by rats. The half lethal dose (LDsp)
was also calculated, and the results determined were
as explained in Table 1. From Table 1 it is noted that
the value of LDsq calculated for prepared rodenticide
in this study is identical with the LDsq cited in the
literature and references. Thus, this way can be
considered as one of the means that dispose of more
than one type of harmful and contaminated wastes at
the same time with non-cost, simple and eco-friendly

(provender) before starting experiments. The  Method accessing to zero residue level (ZRL).
Table 1: The Half Lethal Dose (LDs,) for Rodenticide Prepared from PPR Loaded with CN" ions
Type of food consumed The Half Lethal Dose (LDsp) | The Half Lethal Dose (LDsy) | The Half Lethal Dose
by rats Calculated for Male Rats Calculated for Female Rats (LDsg) for Rats
(according to this study) , (according to this study), according to
(mg/kg) (mg/kg) Literature
Control Group 1 (CG1): There are no fatalities There are no fatalities -
Feeding: Ordinary rat
provender
Control Group 2 (CG2): There are no fatalities There are no fatalities -
Feeding: Ordinary rat
provender + non-contaminated
PPR only
Other Groups: 5.53 5.17 5-5.72
Feeding: Ordinary rat [34]
provender + PPR loaded with
CNions

Generally, the inorganic rodenticides are one of
important pesticide types which are used to prevent or
expel or kill or control rodents. The active
components in these pesticides predominantly are
compounds of chromium, arsenic, lead, tin, zinc,
phosphorus and cyanide as inorganic compounds
[26]. There are many ways to use rodenticides which
contain inorganic materials as active compounds,
some of which are placed near their whereabouts as
poisonous baits food that can be consumed by rats
through oral nutrition. Another type of rodenticides is
sprinkled like a powder in the path of rodents, attach
to their bodies and enter the digestive system by
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cleaning the body. Or the poisonous pesticide is
putting on an adhesive and when rat attach by the
adhesive material, the toxic substance enters the body
and is able to kill it. The rodenticide presents in this
investigation follows the first type. PPR loaded with
toxic cyanide ions were given to the rats by mixing it
with very little sweet material approximately (1-5 wt
%) of given food amount. Cyanides are considered as
one of distinctive substances that can be successfully
used in the preparation of rodenticides due to their
guaranteed effectiveness and highly toxic effects.
Moreover, they are non-degradable and can remain
for a long time without changing their composition.
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The follow-up of morphological and anatomical
changes in the defunct rats showed the mechanism by
which the cyanide ion acts on rodents, which were as
follows:

1. Very high concentration of cyanide ion (>10
mg/kg) leads to a very rapid and overall precipitation
to the living (Deoxyribonucleic acid DNA) cell
protein, because it attacks the sulfur bonds, which
play an important role in maintaining the distinctive
form of protein and thus the rat is defunct. It is noted
that the effect of the cyanide ion is focused on the
epithelium of the central gastrointestinal tract of the
rodents exposed to rodenticide tested.

2. High concentrations of cyanide ion (1-10mg/kg)
lead to bind of a cyanide ion with important enzymes
required by the body and deviate or inhibit its action.
From these enzymes is dehydrogenase, which the
inhibitions of its action lead to myocardial infarction.
Also effect on cytochrome c oxidase enzyme which is
necessary in respiratory processes converts the
oxygen molecule into two water molecules and plays
an important role in the synthesis of adenosine
triphosphate (ATP). Cyanide ion may influence on
phosphatase enzyme which is necessary for many
biological functions, because phosphorylation and
opposite phosphorylation act in different roles in
cellular regulation and cryptographic signalling. The
inhibition of the action of these enzymes alone or in
combination leads to an imbalance in the chemical
and biological processes in the body, which
eventually lead to the destruction of the organism.

3. Medium concentrations of cyanide ion (0.05-
1mg/kg) acts to inhibit the phosphorylation process
of adenosine diphosphate (ADP) [an important
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