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Energy Retrofit for a Residential Building Using a Calibrated Model in a
Mediterranean Climate

*Dr. Shireen Bader Algadi
Abstract

Developing countries face several challenges
concerning energy provision. This is more urge in
conflict zones like Palestine due to the political
instability. The energy shortage is coupled by the
unsustainable consumption of energy attributable to
the poor quality of housing in terms of thermal
performance. The main goal of this paper is to
estimate the energy savings through retrofitting of
the building envelop using a calibrated model of an
apartment in the city of Hebron, West Bank,
Palestine. A case study apartment was chosen as a
prototype of apartments in Hebron. Physical survey
was performed. Then, data concerning user’s
behaviour during summer and winter; systems usage
and patterns of occupying the rooms was collecte

d via semi structured interviews with the occupants.
The goal was to understand the users behaviour and
to integrate it when building the model to reflect the
actual usage of the building. In situ measurements
(two monitoring phases) of the internal and external
temperature using data loggers were taken. The
calibration of the model depended on ASHRAE
standards and graphical calibration for thermal
simulation models validation. Optimization of the
building envelope components was made through
Dynamic Energy Simulation (DES) using IESVE
software. The results of the paper show that the
amount of energy that can be saved through
retrofitting of the building envelop of the existing
building stock can reach up to 79.0% of the heating
and 55.0% of the cooling energy.

[The second-place winning research in the field of
engineering in the 38th competition of the Rashid Bin
Humaid Prize for Culture and Science]

* Birzeit University-Palestine
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Introduction

One to of the key prerequisites for the economic prosperity and the social wellbeing in developing
countries is to have an adequate access to modern energy. Most of the energy resources in Palestine
are procured through Israel, making energy not only unaffordable to many Palestinians but also
insecure which impacts the residents’ safety, thermal comfort, health and wellbeing. A tremendous
energy demand in the Palestinian Territories in recent years was created by population growth,
increasing living standards and rapid industrial growth. The Palestinians in the West Bank and Gaza
consumed 23,300 barrels of petroleum per day (bbl/d) in 2012 [1]. On the other hand, The
Palestinian energy sector, like all other economic sectors, is controlled by Israel making it less
secure [2]. Almost all energy resources, including electricity, are imported through Israeli
companies and distributed to Palestinian consumers by national suppliers, with the exception of
wood [2]. Despite the challenges the energy sector faces in Palestine, the location and climate
provide a valuable opportunity for the use of renewable energy sources. The daily average solar
radiation in Palestine is 5.4 kWh/m? and has the potential for mass application [3]. Rational
investment in renewable energy needs to be preceded by energy optimisation. In Palestine, the
residential sector is a main consumer of energy [4]. This sector should be among the targeted
sectors in any energy policy attempting to encourage sustainable energy technologies [5,6,7].

Therefore, there is a crucial requirement to enhance the thermal performance and optimize the
energy consumption considering the occupants behaviour [8]. This paper investigates the energy
savings for heating and cooling of residential buildings with specific reference to Palestine. A case
study apartment in a residential building in Hebron is used to verify the developed approach of
energy optimization. The model was first calibrated based on ASHRAE standards using internal
environment measurements that were recorded over two monitoring phases the first was between
12th Oct -1st Nov 2017 and the second was between 28th Jan -10th Feb 2018. Data loggers was
used collect the environmental parameters.

Research Method

The research adopted a mixed method approach [9] combining several qualitative and quantitative
techniques for data collection and analysis. The existing building stock consumes a considerable
amount of energy for heating and cooling [10]. A case study apartment in a residential building was
selected as a prototype model for the residential apartment in Hebron. The building is located to the
north of Hebron. It is consisted of six floors with three apartments in each. The case study
apartment is in the fourth floor and is open from three facades to the north, east and west. The
apartment was occupied by early thirties working married couple.

e Building the basic (DES) model

Physical survey was performed for the apartment defining the building materials and the plan was
drawn as can be seen in Figure 1. Then, a semi structured interview was performed with the
occupants to understand their behaviour and the occupancy pattern of the different rooms during
summer and winter. Semi structured interviews was used as it allows the researcher to prepared the
guestions in advance and also collect open-ended data and to explore participant thoughts. The
interviews covered the use of the different systems in the house such as the heating and cooling,
appliances such as stove in addition to the frequency of opening the windows and the external
shutters. This was done in order to be included during the modelling phase of (DES) using IESVE
to reflect the actual use of the building. Figure 2 illustrates the occupancy in different rooms in the
apartment during a typical weekday as modelled depending on the data gathered from the interview.
The heating and cooling systems that were used in the apartment were electric heater and electric
fan. These two were modelled as an internal gains and losses, taking into account the pattern of
usage to make sure that the basic model performs similar to the real building.

2
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Monitoring is a method that is used to have an in-depth understanding of the thermal behaviour of
buildings [11,12]. In order to validate the base (DES) model that was created via IESVE,
environmental data (air temperature and Relative humidity (RH)) were gathered using data loggers
on two phases. Calibrated Extech RH10 loggers (x0.1°C) were used as part of the monitoring phase
to assess the actual operational performance of the dwellings [13]. Two data loggers were used for
monitoring, one inside the dwelling and one outside with a time interval of 5 minutes was set for
each. The data loggers were set about 150 cm above the ground and away from any direct source of
heat, coldness or sunlight. They were also concealed to decrease their effect on the households’
behaviour. The outdoor data logger was set on a windowsill of the single house on the northern
facade, away from direct sunlight.

e ————

J‘ Bedreom “'v‘;,]‘_”cf Livng room A [
i |

) = L l
‘ . Master Fon Salon

‘ Bedreom

Apartment floor plan §

Figurel: Apartment floor plan |

Since the collected data will be used to calibrate the model developed using IESVE, the
longitudinal approach was adopted and monitoring covered two periods [14,15]. The first reading
set was collected between 12th October and 1st November 2017, while the second set was collected
between 28th January and 24th February 2018. One of the limitations of the study was that it was
difficult to send the data loggers to Palestine and collect more data through monitoring. After each
monitoring period, the data loggers were collected, and the monitored data downloaded into an
Excel sheet. The building geometry was built using Revit software then exported to IESVE where
the location, orientation, weather file, building materials and the systems used were assigned based
on the gathered data from the physical survey and the semi structured interviews. Table (1) shows
the materials assigned for the (DES) model with the calculated thermal conductivity and thermal
mass.

Modulating value
Modulating val

.........................
N A 8 z0

5 1o 1z 14 18 1 %8 10 13 14 16 18 30
Time of Day Time of Day

Figure2: Occupancy profile in the Livingroom, kitchen and main bedroom respectively
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Table 1: Building's components specifications

Building component | Materials used U value Thermal mass
(W/m?k) (kg/(m?.K)
External walls Stone 7, concrete 15, | 2 143.8

concrete hollow
blocks 7, plaster 1.5
Ground Reinforced 1.5 175.7
concrete20, concrete
baking8, sand 5,
mortar 2, concrete
tile 2

Roof Waterproof 1.7 108.4
membrane 0.3,
concrete baking 8,
bricks and ribs 17,
plaster 1.5
Ceiling Concrete tiles 2.5, 2.4 146.7
mortar2.0, sand 2.0,
concrete baking 8,
bricks and ribs 12,
cement plaster 1.5

Internal walls Plasterl.5, concrete | 2.7 74.6
hollow blocks 7,
plasterl.5

External doors Iron 0.5, cavity 1.5, | 5.7
iron 0.5

Glazing Single glazing 5.7

(g) value 0.5,

transmittance (T) 0.7

There are two general approaches when modelling the occupancy pattern in the residential sector:
the individual approach and the family approach. The first approach obtains occupancy data based
upon national survey data of people's time-use distributions, while the second relies on data
regarding a family's schedule, based on the most common household occupancy patterns [16].
Because tracking down detailed information for individual occupant is difficult, the ‘family’
approach is adopted in this study. Figure 3 shows the occupancy profile in the apartment during a
typical weekday by the family.

2400
200 | N
1800
= 16:00
31400
s 1200 Absent
£ 1000 Active

~ 0800
06:00 B Non active
0400
0200
00.00

Figure3: Occupancy profile in the apartment
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The household used fluorescent lighting, estimated as 17W/m?2. The lights in the living room are
usually turned on between 17:00 till 20:30 and then for about half an hour in the bedroom. There is
one TV unit in the living room, which is turned on between 18:00-20:00. The fridge in the kitchen
is on continuously while the cooker is used for about an hour during the late afternoon.

The heaters were on during the months indicated by the households (15th November-30th April)
and were off during the rest of the year. The different heating systems were assigned based on the
data gathered from the interview. For example, an electric heater is used in the reception area with a
wattage of 1200W was used during the heating season between 16:00-22:00 each day. For cooling,
a fan is used. The cooling pattern was developed on a daily profile, and then a weekly and yearly
profile was developed. In summer, the fan worked for two hours between 15th June -15th August
and was off during the rest of the year.

Validation of the (DES) model

There are always discrepancies between simulation outcomes and real data [17]. In order to
improve the accuracy of the DBPS model results to energy optimization, calibration is needed (18).
Calibration (validation) is to approximate the DBPS model results to the real data as closely as
possible [19].
Four main categories of calibration methodologies were presented by [20]: manual; graphical-
based; calibration based on special tests; and analysis procedures and automated techniques.
During the calibration process of a certain model, different methods from the four categories above,
can be used depending on the purpose of modelling; the configurations of the 158 systems in the
building; availability of data; and level of experience [21,22]. In this paper, the manual and
graphical methods were used.
Energy simulation models for predicting energy consumption are considered ‘calibrated’ if they
meet the criteria set out by ASHRAE Guideline 14 [23]. The protocol for energy calibration defines
two statistical measures to determine the fitness of the model. The first is the Mean Bias Error
(MBE) to be 10% and the Coefficient of Variation of Root Mean Square Error CV(RMSE) to be
30% for the hourly readings.

For this research, the data gathered from the two case studies is the monitored internal
temperature in addition to the annual consumption of energy used for heating and cooling. The
users explained that they use more than one energy source used for heating including electricity and
LPG heaters which is a common practice in the research context. Moreover, no smart meters are
available. Hence, the total amount of energy was calculated based on the frequency of using the
systems. Since no energy meter readings were involved so the calibration of the models was based
on the internal monitored temperature. This approach was used in other similar research where
energy readings were not available [24,25]. Since there are no specific standards for calibration
using the measured temperature, research based on calibrating a buildings’ temperature relies on the
same energy validation protocols [25].

Three rounds of calibration were performed, based on the monitored internal temperature readings
in the two monitoring periods (12th Oct -1st Nov 2017 and 28th Jan -10th Feb 2018). The building
material values were input using the local Energy Efficient Building Code [26] and other values
were based on the operator’s judgment, such as the infiltration rate. In the first round, all schedules
are as expressed by the users or
observed by the researcher. In the second round, the envelope (external walls U-value) was
increased, by increasing the conductivity rate, using the maximum value limits presented in the
local Energy Efficient Building Code [26]. The thickness of the walls was considered constant.
Table 2 shows the external walls’ conductivity and U value parameters that were changed in the
second round of simulation.
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Table 2: External wall thermal characteristics used in calibration

@ o L «
<5 S 8| 8
S |5 |52| &
n O ol OCo|
Conductivity | Oldvalue |13 |1.0 |0.7 0.25
New value | 2.2 1.2 1.0 0.75
U value Old value | 1.53
(W/m2.k) New value | 2.01
Thermal mass | Old value | 790
(J/IK) New value | 812

In the third round the infiltration rate was increased from 3 to 5 ach and the MBE, RMSE and
CV(RMSE) were calculated for each of the rounds [27]. Table 3 presents the three calibration
rounds including these values for each of the calibrated rooms and the overall weighted value.

Table 3: Characteristics of the three calibration rounds including NMBE, RMSE and CVRMSE

Calibration characteristics
Round 1 (red) Round 2 | Round 3
(green) (blue)
e 2 Lo
€2 E S o .8
$3g £$zf |§33°
odgd 4 c X 3N c X < c
- = o © o i) ©og i)
C88g |“S38g | SSE
TE © TE © © =
1> 1n - 1 >En >
TODE® TODE® TODSE
c NMBE 1.21582 | -3.38083 -3.20197
28 :
52 RMSE 2.01907 | 2.387962 2.299965
L 1 CV(RMS) | 15.5917 | 18.44041 17.76087
OIS 4
NMBE 4.23051 | 0.219816 0.18
6 785
RMSE 1.43911 | 2.236973 1.91
o 6 166
£ 9
[9\}
§ I CV(RMS) | 7.60752 | 11.8252 10.10556
O ~ 7
NMBE 2.47586
2 3 -1.87588 -1.78514
2 RMSE 0.60185
S < 7 2.324854 2.13767
CV(RMS | 12.2546
E) 1 15.67547 14.56121
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In the first round, simulated temperature was considerably higher during the two periods of
monitoring. In round two, the U-value of the external walls was increased from 1.53 to 2.01.
Figures 4 and 5 shows that in the second round the temperature simulation was lower and closer to
the monitored data. In the third round, the infiltration rate increased from 3.5 to 5 ach; the
simulated temperature in the guestroom shown good statistical values; and the number of matching
values increased. The weighted metrics of the two rooms are within acceptable ranges: 14.56% for
CVRMSE and -1.78% for NMBE. Based on the statistical metrics and the graphical illustration of
the simulation, the model can be considered calibrated.

e Energy optimization

As explained by (28), the optimisation process consists of a set of free parameters (the independent
variables or design parameters), certain restrictions that bound the domain of the free parameters
and dependent variables, and finally an objective (to be minimized) that depends on the design
parameters [28].

__ Airtemperature: reund 1 __ Air temperature: round 3

. Alr tempersture: round 2 . Monitored air temperature

Figure 4: Simulation results of the three rounds and the monitored temperature in the guestroom for the period 12th
October-1st November/2017

Figure 5: Simulation results of the three rounds and the monitored temperature in the guestroom for the period 28th
January-24th February/2018

The main goal of the optimization is to define the optimal design [29]. Numerous studies have been
conducted on the optimization of building performance [30,31,32]. Optimisation can be performed
for a building as a whole system [33,34], or for certain parts of the building, such as shading
devices [35] and wall insulation [36]. Furthermore, energy optimisation can take place in different
phases of the building’s life: in the early design stages [37,38,39] for retrofitting measurements of
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existing building [40,41,42,43]; and for the lifecycle of the building [44]. There are several
approaches to the energy optimisation in buildings, including statistical analysis [45] and building
energy performance simulation (DBPS) [46,32].

The optimization was conducted by (DBPS) using IESVE software to assess the impact of the
envelope design. The objective is to reduce the energy consumption when heating and cooling the
space. The simulation was done for single interventions and combined interventions.

The current actual performance of the buildings was used as a baseline to define the potential
energy savings strategies. It is important to mention that the ApacheSim in IESVE takes into
consideration the nearby buildings that were modelled. However, the impact of the further buildings
IS not considered.

For optimization, air conditioning systems were used in the occupied rooms. The heating and
cooling system was assumed to work during the occupancy duration in the period 15th November-
30th April. The cooling system was assigned to work during 15:00- 22:00 hrs between 1st July-31st
August. The baseline of the annual heating and cooling energy and the heating and cooling set
points are illustrated in Table 4.

Table 4: The baseline heating and cooling loads of the design parameters

Heating  set | Annual Cooling set point | Annual
point during | heating during cooling loads
winter (°C) loads summer(°C) (kWh)

(kWh)
21 5623.0 24 332.0

e Opaque elements insulation and thermal mass

This part examines the effect of thermal insulation and thermal mass of opaque elements on the
building’s envelope performance. Optimization covers the external walls, ceiling, internal walls and
external doors. Since the apartment is in the middle of the building on the fourth floor, no
optimization was considered for the ground or roof in this case, as suggested by the software.

a. External wall optimisation

Table 5 presents the different external walls configurations that were examined, their thermal
transmittance (U-value) and thermal mass k. The simulation results show that the impact on heating
is substantial in all cases. The highest impact on both heating and cooling loads was in EXWC?7,
EXWC8 and EXWC9 equally with a heating saving of 12.5% and cooling savings of 2.7%.

b. Ceiling optimisation

Ceiling insulation is not a common energy efficiency practice when the upper and the lower spaces
have similar indoor temperature, as in the case of this model. However, ceiling insulation is useful
also in terms of acoustics, which is an important issue in residential buildings. Table 6 shows the
ceiling composition as examined for energy optimization.

Decreasing the U-value from 50% to 75% in CC1 and CC2 had no discernible effect upon the
heating energy savings, but savings in terms of cooling energy increased to 2.0%. When applying
CC3, heating saving increased slightly to 0.8%, while the cooling energy savings were 2.2%, with a

8
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total saving of 0.7%. It is obvious that the impact of the ceiling insulation on energy saving is
negligible because of the way the ApacheSim assumes that the adjacent buildings have the same
internal temperature with no heat transfer taking place. However, when the spaces above and below
are not heated or cooled, as in many cases in Hebron, ceiling insulation is an important energy
efficiency measure to limit heating loss. This measure can be applied when constructing new
buildings. In existing buildings, insulation can be added inside and covered with gypsum boards.

Table 5: External wall configurations for optimization

No. Configuration (outside to | U value Thermal mass
inside) (cm) (W/m2K) (kj/m2.k)
Stone (7), extruded 19 149.0 (Medium
Cogpirene (Lyconrte | (ecrisn | "H00
' by 50%)

EXWCL1 | (7), plaster (1.5)
Stone (7), extruded 149.0 (Medium

0.61 .
olystyrene (4), concrete ’ weight
?15y) goncre(te)hollow (Decreases by o
NG 75%)

EXWC2 | blocks (7), plaster (1.5)
Stone (7), extruded 149.0 (Medium
polystyrene (8), concrete 0.35 weight)

(1.5), concrete hollow '
EXWC3 | blocks (7), plaster (1.5)
Stone (7), concrete (15), 117.5 (light weight)
extruded polystyrene (8), 0.35
concrete hollow blocks (7), '
EXWC4 | plaster (1.5)

Stone (7), concrete (15), 195  (very light
concrete hollow blocks (7), 0.35 weight)

extruded polystyrene (), '
EXWCS5 | plaster (1.5)

Stone (7), concrete (15), air 117.5 (light weight)
gap (15), concrete hollow 1.6
EXWC6 | blocks (7), plaster (1.5)
Stone (7), extruded 149.0 (Medium
polystyrene (8), Aluminium weight)

foil 0.05 emissivity (0.2), 0.35
concrete (15), concrete '
hollow blocks (7), plaster
EXWC7 | (1.5)

Stone (7), Aluminium foil 149.0 (Medium
0.05 emissivity (0.2), weight)

extruded polystyrene (5.5),
Aluminium foil 0.05 0.35
emissivity (0.2), concrete
(15), concrete hollow blocks
EXWC8 | (8), plaster (1.5)

Stone (7), Aluminium foil 149.0 (Medium

EXWCY | 0.05 emissivity (0.2), 0.35 weight)
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Figure 6: The results of external wall optimisation

Table 6: External wall configurations for optimization

No. Configuration (outside to | U value Thermal
inside) (cm) (W/mzK) mass
(kj/m2.K)
Concrete tiles (2.5), mortar 197 149.0
(2.5), sand and gravel (2), i (Medium
) : . (Decreased :
insulation (1.2), reinforced by 50%) weight)
CC1 concrete (20 ), plaster (1.5) y
Concrete tiles (2.5), mortar 0.63 149.0
(25), sand and gravel (2),| 5 (Medium
) . . (Decreases .
insulation  (7.5), reinforced by 75%) weight)
CC2 concrete (20), plaster (1.5)
Concrete tiles (2.5), mortar | 0.25 149.0
(2.5), sand and gravel (2), (Medium
insulation (1.1), reinforced weight)
CC3 concrete (20.), plaster (1.5)

c.  Internal walls optimization

The composition of the internal walls that were examined for energy optimization can be seen in
Table 7. Using the configuration INW1 (very light weight) will have save the heating and cooling
energy of 4.0% and 1.5% respectively. When the U-value was decreased by 75% (light weight), the
energy savings increased to 6.6% for heating and increased slightly for cooling to 1.7% using
INW2. INWC3 complies with the PGBG and it can save 7.3% of heating energy and 1.8% of
cooling energy.
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d. External doors optimisation

The external doors’ configuration are shown in Table 8 including the heating and cooling energy
savings. Increasing the U-value of this door had a positive impact on both cooling and heating

energy savings, but the savings did not exceed 2% of the total energy.

Table 7: Configuration of internal walls for optimisation

No. Configuration U value Thermal
(outside to inside) (W/mz2K) mass
(kj/m2.k)
Plaster (1.5), 92.7 (very
concrete hollow 1.29, light weight)
blocks(7), insulation | (Decreased by g g
(1), gypsum board 50%)
INW 1 (1), plaster (1.5)
Plaster (1.5), 111.4 (light
concrete hollow 0.62, weight)
blocks (7), insulation | (Decreased by g
(3.7), gypsum board | 75%)
INW 2 (1), plaster (1.5)
Plaster (1.5), 0.45 121.4 (light
concrete hollow weight)
blocks (7), insulation g
(5.8), gypsum board
INW 3 (1), plaster (1.5)
Table 8: Configuration of external walls for optimisation
No. Configuration U value Total energy
. L savings (kWh)
(outside to inside) (W/m?K)
(cm)
Hot cast iron (1), | 2.8 (reduced | 93
cavity (1.2 ), cast in | by 50%)
EXD1 place iron (1)
Hot cast iron (1), |15 93
insulation (1.6), cast in
EXD2 place iron (1)
Hot cast iron (1), |1.0 93
insulation (2.7), cast in
EXD3 place iron (1)
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e Fenestration design

This part will illustrate the impact of upgrading the transparent elements of the building. The focus
will be on windows in the context of U-value, g-value and transmittance (vt). Since the number of
simulations that can be done is huge, the researcher has limited the options to five cases among the
products that can be sourced in local markets or neighbouring countries. Table 6.17 shows the
characteristics of the different glazing systems that were used for optimization.

The impact on heating and cooling energy is plotted for each glazing system and shows that the
greatest saving for heating energy is achieved via GLC5 at 1.7%, followed by GL4 at 1.6% and
GL3 at 1.55%. For cooling energy, the saving is equal in GLC3, GLC4 and GLC5 at 0.4%. Since
the extra saving is very small and since using argon instead of air will add a considerable cost and
maintenance, the preferred option in this case was GLC3.

Table 9: Configuration of internal walls for optimisation
No. Configuration U value (g9) value | Visible light

(outside to inside) | (W/m2K) Transmittance

(Vi)

GLC1 Double glazing (air) | 1.9 0.3256 0.71
PGBG visible light
transmittance 0.71, ¢
value 0.3256

GLC2 Double glazing (air) | 1.9 0.4 0.25
PGBG visible light
transmittance 0.25, g
value 0.4

GLC3 Triple glazing (air), | 1.3 0.3256 0.71
visible light
transmittance 0.71, ¢
value 0.2356

GLC4 Double glazing 1.6 0.3256 0.71
(argon),

visible light
transmittance 0.71, g
value 0.3256

GLC5 Triple glazing 1.1 0.3256 0.71
(argon),

visible light
transmittance 0.71, g
value 0.3256

e Airtightness

The natural ventilation pattern was variable, especially during summer, and the windows were
closed when using the cooling system. The airtightness was examined by first reducing the
infiltration rate from 5 ach to 3 ach, and then to 2.7 ach which is the infiltration rate recommended
by the PGBG.

12
G saall =0 aally alal W) sy Lyl Olane W2



The simulation results show that airtightness plays the most important role among the examined
measures when it comes to energy savings. A difference of 0.3 ach between the two options made a
considerable difference in terms of energy savings. The savings in the heating load were higher than
in the cooling loads in all cases. When the infiltration rate was 3 ach, the heating savings were
11.9% and 6.8% for cooling. When the infiltration rate was 2.7 ach, the heating savings increased to
28.3% for heating and 14.6% for cooling. When increasing the airtightness to 2.0 ach, the heating
energy savings approached 40.0%: 22.0% for the heating and cooling energy.

e The effect of combined interventions

In this phase, the optimized measure in each of the previous elements were examined. After running
the simulation using the configurations in the energy used for heating was 650.0kWh, and for
cooling 149.0 kwWh. The energy savings are calculated based on the use of (HVAC) system for
certain hours during the heating and cooling seasons. The heating and cooling energy savings are
4448.0 and 183.0 kWh respectively. This is equivalent to savings of 79.0% for heating and 55.0%
for cooling. A summary of the effect on heating and cooling and overall savings is given in Figure
6. When applying the combined intervention CINV while using the air conditioning for heating and
cooling in the manner described earlier.

Conclusion

Using energy in a rational way is important especially for the developing countries. It becomes
more important in countries witnessing conflicts. Optimizing the energy used in building is crusial
to use the energy effeciantly. In certain context, several energy sources are used which make it hard
to model through the conventional methods (using energy bills). (DES) modelling is useful,
however, these models should be built to recflect the actual consumption through considering the
users behaviour. Moreover, they need to be validated before introducing any energy conservation
measures. In this paper, a case study apartment was modeled in the city of Hebron, Palestine. The
model integrtaed the behaviour of the users then was validated depending on the internal
temperature.

The optimization shows that using external insulation of 8 cm the extruded polystyrene covered
with natural stone cladding can save up to 12.5% of the heating energy and 2.7% of the cooling
energy. Using extruded polystrnen that is covered by plaster in the ceiling can save up to 0.8% of
the heating energy while the cooling energy savings was 2.2%, with a total saving of 0.7%. When
applying CC3, heating saving increased slightly to 0.8%, while the cooling energy savings were
2.2%. Insulating the internal walls can save up to can save 7.3% of heating energy and 1.8% of
cooling energy, while the total energy saved using insulated external doors was 2.2.%. Using tripple
glazing can save 1.55 of the heating and 0.4% of the cooling energy. Decreasing the infiltration rate
was crucial in decresing the energy consumption. Decreasing the infiltration rate to 2.7 ach can save
28.3% of the heating and 14.6% of the cooling energy. This shows that the proiority in retrofitting
is decreasing the infiltration rate and using insulation in the external walls. Using the combind
interventions can save up to 79.0% for heating and 55.0% for cooling. This shows that these
measures can save a huge amount of energy if was applied on the existing stock and was considered
while constructing new buildings in Palestine.
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MEDICATION WASTAGE, STORAGE, AND DISPOSAL AT THE
HOUSEHOLD LEVEL: AN EXPLORATORY STUDY IN UAE

*Dr, Yassin Khaled Al-Hariri
** Sundos Qassim
Abstract

Background: Improper storage and disposal of
pharmaceutical products began to receive global intense
attention due to their influence on public safety, the
environment and health facilities. It also raises a societal
economic burden. Appropriate storage and utilization of
drugs in households potentially pose a significant
reduction in medication waste and unnecessary risk.
Aim: This study is the first study in UAE that evaluates
and estimates medication wastage. In addition, the
objective of this study was to investigate the storage and
disposal habits of medications among the UAE public.
Method: This is a cross sectional, anonymous,
guestionnaire-based study of 300 households in UAE. A
validated questionnaire was used to collect the data.
SPSS 26 used in statistical analysis.

Results: The study showed that 100% of people kept
some kind of drugs in their houses. Out of total of 2652
drugs found in the participated households, analgesic
drugs were the most common group (23.6%), tablets
were the most widely available dosage form (58.7%),
leftover medicines were (21.5%), expired medicine were
(16.9%), while 23.6% were not in their original package
and (48.2%) were not adequately labelled. Hospitals
were the main source of the stored drugs (59.2%). The
most common method of discard medications was
trashing into rubbish bin (71.9%). The total cost of all
medications in the selected households was calculated as
176658 AED and the estimated medication wastage was
30%.

Conclusion: These findings raise alarms about the
storage, disposal and wastage of medicines within the
society. This study alerts the concern about urgent
comprehensive evaluation of the existing national
medicine strategies. Further societal understanding is
required for the safe utilization and storing of drugs at
home.

Keywords: drug disposal; leftover drug; medication
wastage; rational drug use.

[The winning research of the second place in the field
of medicine and health in the 38th competition of the
Rashid Bin Humaid Award for Culture and Science]
*Lecturer, Department of Clinical Pharmacy, College
of Pharmacy and Health Sciences, Ajman University
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1. INTRODUCTION
Medicine is a chemical mixture that derived from four main sources (animal, food,
mineral, synthetic), affects the role of the body when ingested by living organisms [1].
Because medicines are products of great importance at the individual and social level
in fighting and prevention of diseases, medication therapy is the most commonly used
intervention for disease prevention and treatment [1-3]. However, if not utilized
properly, medicines can harm the health rather than curing the iliness [2, 4]. The
degree of access to drugs depends primarily on the most well-known classification of
medications which generally classified to either prescription only medicine (POM) or
over — the—counter (OTC) medicines [5]. The safety, effectiveness and potential for

abuse are the key factors for this classification [3].

Medicines are kept at home for a number of reasons, such as emergency use and
acute or chronic disease care [6, 7]. The household storage of medicinal products is
a practice that is steadily increasing world-wild and triggering irrational use of
medicinal products and consequent threats [4, 6, 8]. Inappropriate storage and
disposal of drugs are prominent constraint in promising the harmless and effective

consumption of medications [6, 9]. In addition, easy availability of drugs at home is a

factor of irrational use of drugs [4, 6, 9]. The problem of massive quantities of unused
medication and the inappropriate storage of medications are prevalent and
documented in many developed countries [3, 10, 11]. Several studies have reported
that people with high income and higher education appear to have more medicines
at home [6]. Studies conducted in US, UK and Spain identified a high prevalence of
medication storage at home among women and elderly [2, 12]. Medicines stored at
home are usually taken by different person than the person for whom they are
prescribed and around 3% to 12.7% of people had shared their medications with
others [2, 6]. Previous studies reveled that a mean of more than eight drugs are stored

per household [2, 6, 13].

Robust marketing of pharmaceutical drugs and the increases in pharmaceuticals
quantities and varieties especially over the counter drugs triggers easy accessibility to
medicines thereby giving options for abundant supply of medications in some
households [14, 15]. Some medicines are no longer in use, are poorly hoarded, and
ending up as waste product [10, 15].Waste of medicinal products can be described

as any medicinal product that is either prescribed or purchased over — the—counter
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(OTC) that is never consumed fully [16-18]. Waste of drugs may be attributed to poor

patient adherence, unnecessary and unreasonable prescribing, or lack of control over

the selling of prescription medicines in community pharmacy [18]. Drug wastage is a
burden on the global healthcare system [16]. In the United States, the cost of wasted
drugs among elderly would exceed $1 billion per year [16]. While in Canada, the cost

of medication noncompliance would reach $8 billion annually [16].

Improper storage and use of drugs at home may have a direct impact on the
environment, public health and healthiness facilities, and rises the hazard of self-
medication [19]. Improper storage of medicine is crucial to preserve the stability and
integrity of compounded drugs, and to avert accidental injury and wastage of medicines
[20]. During storage, drugs are confronted with numerous degradation factors including
humidity, light, heat, microbial agents and others that may result in loss of efficacy,
discoloration after photo degradation and the existence of toxic materials [21, 22].
Storing bulky amounts of pharmaceutical products at home rises the risk of potential
drug-related problems, including dosage mistakes, accidental overdose, adverse drug
reactions, and left-over of resources [2, 5]. Improper discarding of medicines
expresses concern about environmental pollution that might contribute to people
contact with irritants and mutagenic drugs [10]. Medicinal products must be disposed
of in a way that protects public health and does not pose any danger to the

environment [23-25]. While patients commonly are advised to dispose any unneeded

medications by flushing them down a toilet, rinsing them in the sink or throwing in a
trash, many studies documented those chemicals have been found in groundwater,
waterways and drinking water [2, 11, 26]. Unfortunately, many pharmaceuticals are
not eliminated from drinking water by the existing water treatment systems, which
create a huge threaten for the aquatic ecosystems [2, 11, 24]. Many pharmaceutical
adverse effects are well documented in many environmental species [26]. For
example, unintended exposure to diclofenac was confirmed to have affected vultures
a few years ago, adversely affecting their numbers [26]. Swedish study suggested
early exposure to progesterone leads to fertility in frogs [26, 27]. In every step of the
life cycle of a drug, the active pharmaceutical products might leakage into the
environment during any of these steps that include; manufacturing process, delivery
to the consumer, consumption by the user and the discard of the remaining or unused
medication by the customer [24, 28]. Considering the stringent regulations on good
manufacturing practice (GMP) and good delivery practice (GDP), very little active
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pharmaceutical ingredient will leak into the environment [24]. Nevertheless, if consumers do
not finish their medicines, disposal of these leftover medicines will lead to environmental
pollutants [24, 26].

Medication return program (MRP), one of the global significant initiative that aimed to protect
the environment from toxic pharmaceutical substances and to avoid accidental consumption,
misuse and abuse of additional medicines [29, 30]. MRP's core function is to provide the
public with a safe place to disposal of unused medicines [29, 30]. One of the recommended
strategies of medicines disposal is to return expired, unwanted or unused drugs to a local
drugstore, clinic or any health care provider sector for harmless discarding [31, 32]. Food and
drug administration ( FDA) suggests a ' take—back ' service as the best drug disposal option
[31, 33]. Pharmacy take—-back service is an approach that promote safe medicinal disposal
by giving the chance for patients to return leftover or expired drugs [34]. Such community
service program allow people to bring expired and leftover medicines to a central place for
safe disposal that law enforcement agencies control [33]. It is highly recommended to check
the availability of hazardous waste services in the region and the ability of local pharmacies
to collects returns [35]. In the absence of MRP and Pharmacy take—-back services in the area,
all medications may be discarded in the household trash but only after the enlisted

precautionary measures have been applied [33].

FDA federal guidelines recommend following the given disposal instructions on drug label or
patient leaflet and avoiding flushing medicines down the toilet unless this was a stated

information [11]. In case of the absence of provided information, drugs should be removed

from its original containers after elimination of all personal data available on the label, to be
mixed with coffee grounds or kitty litter or dirt without crushing the dosage form, then it
should be placed in a sealed bag or other container and thrown on the same day the trash
is collected [11, 32, 36]. The practice of these guidelines will make the disposed medicine
less attracting and unrecognized for animals, kids and people who may go through trash
[11]. The FDA has identified a category of medicines which can be flushed when no longer
needed [32, 37]. The FDA finds that the danger associated with accidental exposure to this
drug outweighs the potential threat associated with flushing disposal [32, 37]. Furthermore,
the FDA insists on reading inserted instructions unless it is specified that medicine should
not be flow down the drain toilet [32, 37]. In order to have appropriate performance in the
managing of medication waste, individuals are expected to be motivated by taking into
account advantages over expenses, obtaining significant information and developing new

actions [38].
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In several countries, the control of the disposal of medication is established [32]. The US
has established federal guidelines regulating the disposal of medicines [32, 37]. A national
return and drug disposal system was developed in the community by the Australian
Government [32]. In the UK, chosen pharmacies are required to accept the unused

prescription from patients on behalf of the National Health Services [32]. In Sweden and the

Netherlands, a take-back service allows the public to return additional drugs to the pharmacy
[32, 39]. Similarly, pharmacies in Serbia are obliged by law to accept leftover and expired
drugs from the citizens and to refund them to wholesalers and manufacturers as
pharmaceutical waste [10, 32]. Unfortunately, there has been a lack of adequate drug
disposal services in the Arab countries [40]. Since 2011, Dubai Health Authority (DHA) has
initiated an annual government campaign in the UAE called "Clean Your Cabinet," urging
people to hand over unused medicines to DHA pharmacies [41, 42]. The DHA campaign
obtained 29.5 million AED worth medicines from 2013 to 2019, some of which were donated
to UAE charities and the expired medicines were disposed in compliance with international
pharmaceutical safety guidelines [41]. The Authority focus on reminding the community that
unsuitable discarding of expired medicines can present severe health hazards to people [41,
42].

Numerous researches designed to explore the awareness of patients regarding
medication’s home storage in developed countries [3, 43]. However, there is lack of data
on factors predicting the home storage of medicines in UAE and the pattern of medication
wastage as well. Hence, the purpose of this research is to explore medicines utilization,
storage, disposal pattern of drugs in homes, and to evaluate and estimate medication

wastage and its cost in UAE. The data of the research will be a useful guidance for potential

future assessments and interventions aimed to maintain rational drug use among
population and to reduce the economic and environmental burden of the drug wastage in
UAE.

MATERIALS AND METHODS
2.1. Study design

The study is descriptive cross—sectional research that evaluated the public in Ajman

and Sharjah, UAE, for their medication storage and disposal pattern.

The targeted population was people living in UAE. Individuals who are living in Ajman

and Sharjah and willing to participate in the study were the study sample.
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2. 2. Inclusion and Exclusion criteria

The inclusion and exclusion criteria were applied as follows:
. Inclusion criteria:
. People living in UAE.
. People from all nationalities.

a
1
2
3. People understand English or Arabic.
b. Exclusion criteria:

1

. People who are non—Arabic and English speakers.

2. While Patients commonly advisedPeople with uncompleted data collection

sheets.
2.3. Sampling method

According to the official sectors in UAE, the total population of UAE during the study
period was 9.89 million, of them; more than two millions were living in Ajman and

Sharjah [44].

The sampling method for this study was multistage sampling (figure 1). This sampling
technique was chosen as it was the most proper for data collection in the present
study setting. In the first stage, two cities, Ajman and Sharjah were selected by
convenience sampling because of their convenient accessibility and proximity to the
researchers. In the second stage, simple random sampling applied for the selection
of the households in Ajman and Sharjah. For this research, selection of households
through a university students strategy was adopted. The inclusion of the household
were done by referring to students list from one of the well-known universities in UAE.
We had other choices that included face-to—face interviews and interview through

phone. For reasons of cultural sensitivity, home visits and a telephone interviews to

gather information were omitted. List of students living in the selected cities were
provided by the selected university and were randomly selected by placing the

numbers in a box and picking up the numbers until achieving the sample size of 300.

S suel (O ially dlgll Wt &g ly byl Olaes dls
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_— 300 households were selected

A
Research tool: questionnaire

Data entry & statistical analysis using SPSS 26

A
Write up

Figure 1: Flow chart of recruitment process using multistage sampling.

2.4. Sampling size

Sample size of the study was calculated through steps by referring to similar studies
conducted in Gulf Cooperation Council (GCC) [2, 3, 43]. Objectives of sample size
estimation were to ensure achievement of maximum response and reliable statistical
outcomes. The sample size was calculated using "Raosoft' online sample size
calculator (n=271) [45]. Population of UAE was around 10 million at 2021, confidence
level of 90% and 10% margin of error were used in the calculation. The final chosen

sample size was 300 to overcome any non-response or failure to follow up.

The response rate was 73.7% in which the total number of the participated households
data was 221. Seventy—nine households of the selected sample were not willing to
participate in the study. The remaining 221 households data were included in the

final analysis.
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2.5. Research tools
2.5.1. Structured questionnaire
2.5.1.1. Designing of the questionnaire:

The questionnaire was designed by the researcher based on the parameters to be

evaluated as part of the study and by referring to previous literatures [2-4, 6, 8, 9,

11, 13-16, 19]. The questionnaire was modified to make it convenient for people

living in UAE. Face validity was done by university lecturers and experts.
2.5.1.2. Questionnaire domains and sub—domains:

The developed questionnaire was designed to be self-administrated and to be

completed in around 2() minutes. The questionnaire comprised of five parts.

Part | consists of 11 questions covered the Socio—demographic data of the
householders; number of people living in the household, presence of children < 6
years, presence of family member > 65 years old, nationality, presence of family
member with chronic disease, presence of health professional in the family, nearness
to hospitals or medical center, mothers education level, mother occupation, fathers

education level, father occupation.

Part Il includes four questions to assess socio—economic data of study sample; having

medical insurance, family monthly income, size of household (m) 3 housing status.

Part lll includes domains related to in—home drug stored and disposal habits; number
of drugs stored at home, drug storage sites in home, stored drugs contained in,
frequency of checking expiry date, dealing with leftover medicines, dealing with expired

medicines, how the expired medicines are discarded.

Part IV consists of two items representing respondents’ beliefs toward in—home storage
and disposal medication; improper disposal of medicines affects the environment and
health, how could hazardous effect of unused and expired medications be minimized

or controlled.

Part V consists of 11 items exploring details of drugs kept at home ; drug name,
dosage form, package condition, label condition, source of medicine, status of drug,

expiry date, quantity, price per one package, price per total quantity, OTC or POM,
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drug classification. The data of price per one package, price per total quantity, OTC

or POM and drug classification were filled by the researcher.
2.5.2. Pilot study

A pilot study was conducted with five households to test the validity and the reliability
of the survey form, determine the time needed for data collection and to revise and

finalize the questionnaire.

Feedback given by the participants was considered and corrections were made
accordingly. Questions adjustments were made to the questionnaire to improve its
validity and to ensure the clear understanding of the participants for the different items

of the used research tool.
2.6. Data collection procedure

The researchers distributed and collected the household’s data through the selected
students. Selected households were invited to participate in the study and those willing
to participate in the study were provided with a clear full verbal explanation about the
study and they were requested to sign the informed consent form. Participation was
voluntary and no incentives were given to the participants. The researchers intervened
only to clarify a question, if required. No attempt was made to prompt the respondents
by suggesting answers directly. To enhance the response rate and accuracy of related
data, participants were requested to share photos of their stored drugs via WhatsApp
application to the researcher’s phone. Then researcher double-checked the data filled
by each households. In regards to some variables like; classification of the drug, type
of drug OTC or POM and the price of the drug were filled only by the researchers for

all participated households.
2.7. Data treatment and analysis

In this study, the data analysis was conducted using SPSS version 26 after 10% of
returned surveys were randomly selected for checking by an independent person.

Instituting identification numbers were given for all questionnaires. All questions were

coded and then they were imported to SPSS for analysis. All variables categories
were coded with numbers. For example, in questions with yes/no answer, (Yes) was
coded as (1); and (No) as (0). The items were checked for accuracy by examining
unusual coding values. Descriptive analysis was used to analyse all questionnaire

9
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data. The descriptive statistics included mean, standard deviation, frequency and
percentage. Chi-square test was done to determine which factors may affect the in—
home drug storage and disposal pattern. Results were presented as numbers with
either percentages or graphic presentations for categorical variables. P value of less

than (.05 was considered significant.
2.8. Ethical Considerations
Ethical standards for conducting the study were maintained as follows:

* Permission to conduct the study was requested and obtained from the researchers

institution ethical committee.
* Informed consent, from participants were obtained prior to conducting the study.
» Confidentiality of participants was maintained at all times.

 Participants were informed that participation is voluntary and they could withdraw

from the study at any stage.

3. RESULTS
3.1 Socio—demographic data of the householders

The socio—demographic characteristics of the study participants are listed in table (1).
A total number of 300 households enrolled in this study with the response rate 73.7
%, as 221 households fulfilled the inclusion criteria of the study. The majority of the
enrolled sample were without children below six years old (80.1%), and no family
member aged more than 65 years among (82.4%) of the enrolled households. The
vast majority of the research sample were Arabs other than GCC countries (67.9%).
Thirty tow percent of the included households had family members suffering from
chronic diseases and 71.5% declared the absence of health care providers within their
family members. The utmost majority live in house that need 5-25 minutes to reach
the nearest hospital and medical centers (92.8%). Mothers with university education
level were (58.4%) and (64.3%) were non-worker. On the other hand, Fathers were
mainly educated with university qualifications (68.8%) and working in a professional
careers (83.3%).
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Table 1: sociodemographic characteristics of the enrolled household in the study.

Variables Sub-variables No. (%)
Presence of children < 6 years 0 177 (80.1)
1 17 (7.7)
2 23 (10.4)
>3 4 (1.8)
Presence of family member > 65 | 0 182 (82.4)
years old >1 39 (17.6)
Nationality UAE 17 (7.7)
Other GCC 14 (6.3)
Other Arabs 150 (67.9)
Non-Arabs 40 (18.1)
Presence of family member with | Yes 70 (31.7)
chronic disease No 151 (68.3)
Presence of health professional in | Yes 63 (28.5)
the family No 158 (71.5)
Nearness to hospital or medical | 5-25 minutes away 205 (92.8)
center 25-60 minutes away 14 (6.3)
More than 60 minutes away | 2 (0.9)
Mothers education level None educated 19 (8.6)
Intermediate level 2 (0.9)
Primary level 0
Secondary level 59 (26.7)
University level 129 (58.4)

Post-graduate  level (| 12 (5.4)
Master /PhD)

Mother occupation Non-worker 142 (64.3)
Nonprofessional worker 6 (2.7)
Professional worker 73 (33.0)

Fathers education level None educated 0
Intermediate level 0
Primary level 2 (0.9)
Secondary level 25 (11.3)
University level 152 (68.8)

Post-graduate  level (| 42 (19.0)
Master /PhD)
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Father occupation Non-worker 6 (2.7)

Nonprofessional worker 31 (14.0)
Professional worker 184 (83.3)

3.2 Socio—economic data of study sample.

Table (2) illustrated the details of the socio—economic characteristics of participated
families. Around half of the participants had no medical insurance (52.0 %). One third
of the sample having monthly income more than 25000 AED (33.0%). Regarding the
house size, 52.5% of the sample were in a size of 100-299 m? and for 69.7% were

rented not owned.

Table 2: Socio—economic characteristics of participated families

Variables Sub-variables No. (%)
Do you have medical | Yes 106 (48.0)
Insurance No 115 (52.0)
Family Monthly income Less than 15000 AED 77 (34.8)
15000- 25000 AED 71 (32.1)
More than 25000 AED 73 (33.0)
Size of house (m)? > 300 90 (40.7)
100-299 116 (52.5)
<100 15 (6-8)
Housing status Rented 154 (69.7)
Owned 67 (30.3)

3.3 Habits of drug storage in home.

Most of the respondents stated that the mother is the family member responsible for
drugs stored at home (59.7%).In regards to the frequency of checking expiration date
for medication kept at home, the majority claimed they do so always (52.9%). Around
thirty—seven percent used to keep leftover drugs and only (2.7%) had returned drugs
to pharmacy. The major method of disposing drugs at home was thrown in dust-bin

(71.9%), while (4.1%) used the method of flushing in toilet or sink. Before discarding

the drugs in home, 59.7% were keeping the drugs as they are, while (8.6%) crushed

the drugs before discarding. Details are listed in table (3).

Table 3: In-home stored drug habits.
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Variables Sub-variables No. (%)

Responsible for home drugs Father 42 (19.0)
Mother 132 (59.7)
Other 47 (21.3)

Frequency of checking expiry date Always 117 (52.9)
Sometimes 61 (27.6)
Rare 43 (19.5)
Never 0

Dealing with leftover medicines Keep them 81 (36.7)
Return to pharmacy 6 (2.7)
Thrown away 66 (29.9)
Don’t know 56 (25.3)
Give it to friend 10 (4.5)
Burn 2 (0.9)

Method of disposal of medications at | Flush in toilet and sink | 9 (4.1)

home. Thrown in dust-bin 159 (71.9)
Return them to | 30 (13.6)
pharmacy 23 (10.4)
Don’t know

Action taken for the expired drugs before | Crushed before | 19 (8.6)

being discarding. discarding 10 (4.5)
Diluted 132 (59.7)
As they are 60 (27.1)
Don’t know

The most common storage sites for the participated households were fridge and
bedroom (43%), fridge alone (27.6%) followed by kitchen (15.4%) and only (5%) used

living room or other room. More information about the storage site are shown in figure

(2)-
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Fridgae and bedroom | EEEE— 43 %
Fridge [N 27.4 %
Kitchen |GG 15.4 %

Storage site

Bedroom alone [ 9 %
Living rooms or others [ 5%

0 5 10 15 20 25 30 35 40 45 50

Figure 2: Drug Storage Sited in the home

Drawers were the wildly used place for keeping in the stored drugs (39.8%), followed
by tables or shelfs (36.2%), pharmacy cabinet (10.9%) and cupboard (5%). Details

are provided in figure (3).

Others

Bag

Cupboard

Pharmacy cabinet
Table/ Shelf 36.2%

Drawer 39.8%

IDrugs contained inl

30 35 40 45

Figure 3: where stored drugs products contained in at home.

The maijority of the enrolled sample in the current study had stated that improper
disposal of medicines will affect both the environment and health (73.8%). Details are

illustrated in figure (4).
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Figure 4: Knowledge about the effect of improper disposal of medicines at environment and health

3.4 Profile of the Medicines stored in home.

Interestingly, the prevalence of medication storage among the participated households
was 100% as all the enrolled households were storing medicines. Among the
households enrolled in the study, 2652 medicines were the total number of drugs.
Drugs were classified into more than six groups; chronic disease drugs (14.5 %),
supplements (6.6 %), drugs for infections (5.6%), gastro—intestinal tract (GIT) drugs
(17.2%), drugs of respiratory tract (12.7%) and others (38.5 %) which included;
analgesic, drugs for urinary tract system, antirhuematic agents, iron deficiency
products, fibrates, general health care products and eye care products. The most
common pharmacological group among the entire drugs were analgesics (23.6%)
followed by antidiabetics (6.5%), antihistamines (6.3%), antispasmodics (6%) and

antihypertensive drugs (5.2%). Details are illustrated in table (4)
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Table 4: Medicines classification found in household

Drug Classification Pharmacological Group % Total (%)
Chronic diseases Antidiabetic 6.5
Antihypertension 5.2
Antidepressant 2.0 |14.5
Cholesterol 0.8
Supplements Vitamins and minerals 5.8 | 6.6
Steroids 0.8
Infection Antibiotics 4.8 |5.6
Antifungal 0.8
GIT Antispasmodics 6.0 |17.2
Antiemetic 2.1
Laxatives 2.8
Antacid 0.9
Proton pump inhibitors 3.7
Others 1.7
Respiratory tract Cough products 3.9
Decongestant 2.5 | 12.7
Antihistamines 6.3
Others 4.9
Others Analgesic 23.6
Urinary tract 2.7 | 38.5
Antirheumatic agents 3.1
Iron deficiency 3.7
Fibrates 1.3
General health care 2.9
Eye care 1.2

In regards to the drug dosage form, tablets were the most widely available dosage
form (58.7%), followed by capsules (21.1%), syrups (10.7%) and the lowest available

dosage form was suppositories (0.5%). Details are given in figure (5).
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Figure 5: Types of drugs dosage form at home.

Hospitals were the main source of the available drugs in the enrolled households
(59-2%). Other sources include; health center (31.3%), pharmacy (8.4%) and less

commonly source was friends (0.1%). Details are illustrated in figure (6).

Firend  0.1%
Family | 0.4%
Self-therapy | 0.6%
Pharmacy [ 8.4%
Health center [N 313%

Hospital | 59.2%

0.0 10.0 20.0 30.0 40.0 50.0 60.0

Figure 6: Source of medicines stored at home

The majority of the stored drugs by the different households were with valid expiration
date (54.5%), followed by (28.7%) with no clear data about the expiry date, and

(16.9%) were expired. Details are given in figure (7).
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Figure 7: Expiry date status for drugs stored at home

Out of the 2652 stored drugs in households, (76.4%) were in their original packages
and (51.8%) were considered with adequate label. The vast majority of the kept drugs
were partially consumed (90.1%). The drugs were kept for being ongoing treatment
(69-7%), leftover drugs (21.5%), and kept for future use (8.4%). Most of the drugs
that are in current use at the time of the study were in their original package (77.7%),
(55-3%) with adequate label, (89.8%) were partially consumed, and (66.8%) were
OTC drugs. For leftover drugs, (24.2%) were not in its original container, (49.8%)
were not adequately labelled, and (10.2%) were with entire amount and not have
been partially consumed earlier, (32.6%) of the leftover were POM. In regards of the
drugs kept for future use, (32.7%) were not in it is original package, (70.7%) not
adequately labelled, (93.1%) partially consumed, and (42.7%) were POM. Details are
given in table (5).

Table 5: Pattern of drugs stored at home according to expiry date and their status

Expired
447
(16.9)

432 156 2025

original | (78.6) | (64.4) | (79-1) |(77.7) | (75-8) | (67-2) | (76.4)
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conditio | packag | 309 159 159 412 138 76 627

n e (21.4) (35-5) |(20.9) (22.3) | (24.2) | (32.7) | (23.6)
—-Not in
original
packag
e
Label - 737 185 453 1023 | 286 68 1375
conditio | Adequa | (51.0) (41.4) | (59-6) (55-3) | (50.2) |(29.3) | (51.8)
n tely 708 262 307 826 284 164 1277(4
labelled | (49.0) (58.6) | (40.4) (44.7) | (49-8) | (70.7) | 8.2)
—Not
adequa
tely
labelled
Amount | -None | 157 52 54 (7.1) | 189 58 16 263

used | -Partial | (10.9) [ (11.6) |[706 | (10.2) | (10.2) | (6.9) |[(9.9)
1288 395 | (92.9 |1660 |512 [216 |2398

(89.1) | (88.4) (89.8) | (89.8) | (93.1) | (90.1)
Type of | -OTC | 975 286 | 492 1235 384 |133 | 1753
drugs | -POM | (67.5) | (64.0) |(64.7) |(66.8) | (67.4) | (57-3) | (66.1)
470 161 | 268 614 | 186(3 |99 | 899

(32.5) | (36.0) | (35.3) |(332) |2.6) |(42.7) |(33.9)

3.5 Wastage of medications stored in households

The total estimated cost of the stored drugs in the participated household was 176658
AED. The cost of the expired drugs was 28468.5 AED and the cost of medicines with
unclear expiry date was 49348 AED. The cost of the leftover drugs was 39398.5
AED, while the cost for the drugs which were currently in use was123708 AED, and
13551.5 AED was the cost for drugs that kept for future use and consumption, thus
the estimated medication wastage of stored medicines in households was 30% (52950

AED out of the total 176658 AED). Details provided in table (6).
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Table 6: Cost of drugs found in UAE households

Valid 98841.5 | 68.4024 + 90.87469
Expired 28468.5 | 63.6879 + 86.51167 | 176658
Expire Unknown 49348.0 | 64.9316 + 85.23890

status

Ongoing treatment | 123708 66.8962 + 89.42477
Leftover drug 39398.5 | 69.1202 + 88.44385

Status  of | Kept for future use | 13551.5 | 58.4116 1.57865 | 176658
drugs

3.6 Solutions for minimizing the quantity of unused and expired drugs.
The majority of the study sample (31.7%) agreed on donation of the unused medicines
as a suggested solution, while (24%) of the households had the believe that providing
proper guidance to the consumer will be beneficial, moreover (23.1%) stated that
prescribing should be in quantity and duration that ensure patient compliance and
(14.5%) selected the option of lowering the number of prescribed drugs by the health
care providers as a suitable solution for minimizing the number of unused and expired

drugs. Details are illustrated in figure (8)

Do not know - 6.8%
Lowering the No. of prescribed medicine by
N 14.5%
doctor.
By prescribing in quantity and duration that
: : N 23.1%
ensure patient compliance.

Answers

By providing proper guidance to the consumer. _ 24%

By donating the unused medicines. _ 31.7%

0 5 10 15 20 25 30 35

Figure 8: Suggestions toward controlling quantity of unused and expired medications.
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3.7 Factors affecting the pattern of the medication storage and disposal at home.

Chi-square test was conducted to explore factors affecting the pattern of drug storage
or drug disposal at households level and included the following variables; number of
children, number of elderly, nationality, family history of having chronic diseases,
availability of medical insurance, having health professional in family, nearness to
hospital, income, mothers education, mothers occupation, fathers education, fathers

occupation, person who take care of drugs at home, size of house and housing status.

In regard to household drug storage habits, there was a significant difference with the
following variables: number of children (P < 0.001), number of elderly (P< 0.001),
nationality (P= 0.014), family history of chronic diseases (P < (0.001), nearness to

hospital (P < 0.001), income (P < 0.001), mothers education(P < 0.001), mothers
occupation (P < 0.001), fathers education(P < 0.001), fathers occupation (P < 0.001),
person who take care of drugs at home (P < 0.001),size of house (P < (0.001) and
housing status (P= 0.005).

Regarding the factors affecting drug disposal habits at households level , there was a
significant difference with the following items: family history (P = 0.031), medical
insurance (P<0.000), health professional in family (P < 0.000), income (P < 0.001),
mothers occupation (P < 0.001), fathers education(P < 0.001), person who take care
of drugs at home (P < 0.001),size of house (P= 0.004) and housing status (P <
0.001). Details are listed in table 7.
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Table 7: Factors affecting the pattern of medication storage and disposal in

households

Household drug storage | Household drug disposal

Chi-Square Test (P-Value)
No. of children <0.001 0.392
No. of elderly < 0.001 0.108
Nationality 0.014 0.127
Family history <0.001 0.031
Medical insurance 0.055 <0.001
Health professional in family | (0.951 < (0.001
Nearness to hospital <0.001 0.625
Income < 0.001 < 0.001
Mothers education < 0.001 0.072
Mothers occupation <0.001 <0.001
Fathers education <0.001 0.140
Fathers occupation <0.001 0.298
Person take care of drugs <0.001 < 0.001
Size of household <0.001 0.004
Housing status 0.005 < 0.001

4. DISCUSSION

Information depicted by the present study is of high importance not only for healthcare

authorities but also for the community safety as it reveals the degree of irrational in—

home drug storage, disposal and the level of public awareness towards household

drug use in a multiethnic country like UAE. Findings obtained from this research also

present a critical issue to be addressed as the availability of in—home stored drugs

relates directly to issues of public safety. Therefore, the focus should be given for
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what people really do with drugs at home in addition to educating people regarding

the correct dose administration for any prescribed drugs.

In the present study, mothers were responsible for taking care of drugs available at
home (59.7%). Other research showed different culture where male were responsible

for stored medicines at home [4].

A total of 2652 drug products in the 221 households studied were found, with a mean
(#SD) of 19.1 (%8.9) drug products per family. The average number of stored
medication in this study was different from that reported from other countries, like
Saudi Arabia, Sudan, New Guinea, Uganda and United Kingdom [2, 8, 13, 15, 16,
46]. The number of drugs reported by these studies were 4.3, 4.4, 1.7, 6, and 10.3
per household respectively [2, 8, 13, 15, 16, 46]. This variation in numbers of stored
drugs found from diverse nations may be related to the difference in method of
dispensing and accessibility of drugs, different health seeking habits among different
countries [13]. In addition, this might reflect differences in compliance with treatments

or variances in incidence of chronic ilinesses [15].

It was revealed that none on the households enrolled in the study had no drugs stored
at home, thus the prevalence of kept drugs was 100% in the sample studied. Other
studies reported; 97.7% in Sudan, 94% in Iraq, 53% in New Guinea, 42% Spain and

50% European [3, 8, 13]. Larger family size and inclusion of herbal products as drugs
were reported as contributing factors in prompting drug storage at home [6].
The required storage conditions for medicinal products included sufficient space with
adequate ventilation lighting, temperature controls and out of reach for children [2,
13, 43]. The majority of drugs in our study were kept in Fridge and bedroom (43%)
followed by 27.6% in fridge, which is an accessible place to children. Some drugs
were stored at the kitchen (15.4%), where humidity and high temperature causes
stability problems of drugs. Only a minority (5%) of the household stored medicines
in bathrooms, which is not a suitable place of medicines because of the risk of heat
and moisture that quicken instability. Such results indicated bad, and sometimes
dangerous, storage conditions for medicines. Awareness and informing patients about
the proper storage of medicines will influence patients ' attitudes about the good
storage of medicines and is the first step towards improving their behavior. There is
an urgent need for public educational campaigns on the appropriate storage of

pharmaceutical products at home to raise awareness of the safe use of drugs.
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Keeping medicines in drug cabinet that locked in a cool, dark, dry place and out of
reach of children, is highly recommended by pharmacists as well as drug

suppliers [43]. Our study revealed that 39.8% contained stored drugs in Drawers at

home, 36.2% at tables or shelfs and only 10.9 % at home pharmacy cabinets.
Accessible storage places, like kitchen counters, tops of tables or dressers, alongside
tables, open drawers and unlock locations can contribute to accidental drugs ingestion

by children [13].

In Turkey, 50% of poisoning accidents were caused by the storage of drugs within th
e reach of children [13, 47]. Unorganized storage of medicines at different locations
in the household might result in unintentional non—-compliance, risks to children's
health, enhanced deterioration and waste of resources [2, 43]. In the light of these
findings, there is a great need to increase public awareness of in—home drug storage

and its negative consequences if it was consumed after improper storage conditions.

Around one-fourth of the medicines stored in the participated households were not
fitted in its original container and 48.2% of overall stored drugs were not adequately
labelled. Findings from other studies revealed satisfactory primary packaging and 91%
of the stored drugs were adequately labeled [4, 6]. Safety of medicine packaging is a
worldwide problematic and alarm had been stated over accidental poisoning because
of poor packaging [2]. It has been recommended that safety of drugs packaging can

minimize the unintentional intoxication more than the increased awareness dose, this

could explain the high prevalence of intoxication among children, particularly with no

supervision by adults [2].

Proper drug disposal is an important environmental issue [11, 20]. Our findings raise
concerns about dealing with leftover and discarded expired drugs. The majority used
to deal with leftover drugs by keeping them (36.7%), and 29.9% of the enrolled
households threw away leftover medicines. Higher rate was documented in a study
where 50% of the households used to keep leftover medications at home [6]. Current
study documented low rate of returned drugs to pharmacy, as 2.7% and 13.6% of
leftover medicines and expired medicines were returned to pharmacy respectively. A
study conducted in Egypt revealed that 3.12 % of the participants returned unused
medicines to pharmacies [11]. To find a low proportions of drugs return to pharmacy
in our study is not surprising as this service is not widely promoted in UAE healthcare
system. Only DHA pharmacies initiated a campaign called clean your cabinet, so there
is a need to develop policies and regulations regarding activating pharmacy
responsibilities in safe disposal of medicines.
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In regards to methods of disposal medications at home, 71.9% of drugs were thrown
in dust-bin and 4.1% were flushed in toilet or sink. Around 60% of the surveyed

households were discarding expired drugs as they are and only 8.6% used to crush

expired drugs before discarding. Other studies revealed similar results, that the typical
method were discarding drugs in the garbage followed by toilet flushing [11, 48].
These behaviors are conflicted with FDA guidelines [11]. These findings highlight the
critical need for public awareness program and campaign to correct the disposal

options for expired and leftover medications.

In our study, 16.9% of the stored drugs were expired and 28.7% had no clear expiry
date. These findings reveled similar rates to expired drugs in Palestine (17.7%) and
Sudan (15.2%), while higher rate was observed in Belgium (21%) and Iran (21.7%)
[8, 15, 49, 50]. While for unclear expiration date, less value were obtained from
different countries; 11% in Palestine, 17.1% in Iran and 3% in Sudan [8, 15, 49].

The study showed that 52.9% of the households were always checking the expiry
date. This indicates the significant need to spread the basic knowledge about the
expiry date checking in regular manner to maximize the rate of this important practice
in the community. In Saudi Arabia, 87.5% claimed checking the expiry date of
medicines before being used [3]. In UAE, the pharmaceutical manufacturers are
required to enclose a patient information leaflet (PIL) with a clear label for the

medicines package to ensure the right of all patients to be aware about not only the

drug indications, side effects, dose instructions, storage conditions abut also expiration

dates.

The utmost commonly stored medicines at home in this study were analgesics (23.6%)
followed by antidiabetic drugs (6.5%) and antihistamine medications (6.3%). In
Belgium, analgesics were reported as the most commonly encountered categories of
medicines (7.2%) [2, 50]. In Sudan, the maximum frequently stored drugs found at
homes in Sudan were antibiotics (22%), followed by analgesics (12%) [2, 8]. In Saudi
Arabia, the most common drugs at homes were drugs used for respiratory problems
(16.8%), followed by central nervous system products (16.4%), and antibiotics
(14.3%) [2, 18]. An Iranian study concluded that the central nervous system acting
drugs (23.7%) were the most commonly kept drugs, followed by antibiotics (14%) and
the drugs acting on the gastrointestinal system (13%) [2]. Regarding antibiotics, the
current study showed low rate of storing the drugs at home (4.8%) which could be
explained by the availability of restricted prescribing regulations that prohibit
purchasing antibiotics without a prescription. For countries where pharmaceutical
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regulations and standards are well defined, like UAE, antibiotics labeled as prescription
medicinal products used by specific patients to treat a particular health disorder for a

specific period of time.

OTC drugs were the most consumer of medications being stored by households
(66.1%) compared to (33.9%) of POM medicines. Comparable study findings were
reported in a previous study [7]. OTC drugs are first line treatment for numerous iliness
with mild to moderate severity that does not require a prescription by health care
provider) [51-53]. Tablets were the most common drugs dosage forms kept at homes
(58-7%). This result is consistent with other studies [4, 19]. This explained by the

fact that tablet dosage form is preferred because of its effortlessness usage by public.

The vast majority of stored medicines in the participated households were bought from
official medical sectors (98.9%) including hospitals (59.2%), health centers (31.3%),
and pharmacies (8.4%). This degree of rational medication delivery from authorized
sectors might be considered as one of the greatest in the region compared with other
researches [8]. Others studies revealed that pharmacies were the leading source of
drugs stored at home [8, 54]. This reflect the wise decision of implementing the health
insurance law in UAE, which facilitated public seek for health consultation with
minimized financial burden. Moreover, these findings highlight the significant
responsibilities of health care providers they can play to import information about safe

storage and disposal of drugs at home.

Self-medication provides a lower cost alternative for people who cannot afford cost of
clinical services [19]. Not surprising to find the low percent of self-medications as a
source of drugs stored in household (0.6%) as UAE government protects its citizens
rights to have health care services with affordable cost through the health insurance
law. Irrational self-medication can lead to resources wastage,

enlarged pathogen resistance, severe health risks, adverse drug reactions [43].
Recurrence of familiar symptoms following a doctor's initial diagnosis is a common
cause of self-medication [13]. Drug sharing between family members, relatives and
friends may exacerbate the situation [43]. Another optimistic finding explored by the
current research was the minimal rate of sharing medications that kept at home
(0.5%). Sharing of medicines with people for whom the treatments was not proposed
can composite the hazard of drug-related diseases and can raise the rates of

hospitalization, associated morbidity and mortality [1].

Reasons for keeping medicines by households were for being in current use (69.7%),

leftover drugs (21.5%), or kept for future use (8.7%). Other studies found that the vast
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majority of householders store drugs at home in order to be used in the future [4, 55].
Individuals kept medications at home for easy access to use when disease is developed

[4]. Such easy access to stored medicines leads to improper usage,

resource wastage, drugs-related accidents, administration mistakes, drug toxicity and
adverse side effects [9]. Other research found that unnecessary prescribing and poor
drug adherence, were the major reasons for in—-home storage of leftover drugs [13].
The reasons behind leftover drugs were not addressed in the current study and this may
shed light on the significance of designing future researches in UAE in order to identify
the main causes for that behavior. Thus, more controlled studies should be conducted

in UAE and directed to the phenomenon of in—home drugs storage.

The total price of medicines stored in the 221 households was 176658 AED. This
obtained result helps in the estimation of the national drug wastage from households.
In the current study, among the total cost of stored drugs (176658 AED), the cost of
the leftover drugs were 39398.5 AED and 13551.5 AED were for drugs that kept for
future use and consumption. By referring to the definition of medication wastage, as
any medicinal product that is either prescribed or purchased over — the—counter (OTC)
that is never consumed fully [16—18], the estimated medication wastage of stored
medicines in UAE households was 30%. This wastage rate is higher than other country
wastage rate of stored drugs in households as in Saudi Arabia (25.8%) and less than
many countries like in Iran where the wastage was (38.8%) and in other Gulf

countries (41.3%) [15, 16]. Determination of medication wastage in UAE has a

significant influence on the national economy strategies in future planning moreover; it

will provide a guidance for potential future assessments and interventions.
5. CONCLUSION

In conclusion, this study raises a number of concerns regarding medicines stored in
homes, which warrant further investigation. All householders enrolled in the study stored
drugs at homes and there were numerous presentations of inappropriate storage.
Medicines were stored regardless of whether they were contained or placed in the ideal
place and conditions for storage. Medicine should be handled and stored properly to
achieve the goal of rational therapy. Analgesics were the most common and were
frequently stored drugs at home. OTC drugs are type of drugs mostly kept in different
households. The main sources for getting medicines were official health sectors like
hospitals, medical centers and pharmacies. This study was the first that evaluated

medication wastage among UAE households, which showed the rate of 30%
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RECOMMENDATION

It is necessary for patients to know what manufacturers recommend regarding proper

storage conditions for medicines at home. More patient’s awareness is needed

regarding the safe handling and storage of medicines at home. There is a great necessity to
inform and encourage the public to follow the rational medicine storage in order to gain
economic and health benefits and to solve the problem of improper storing medications at

home and other associated threats.

Awareness programs for public on rational storage and disposal of medicinal products will
prevent harms that might be caused by poor storage condition of medicinal products at
homes. It is ought to establish health awareness campaigns in primary community health
centers regarding the risks related to household storage and illegal use of pharmaceutical
items. Universities must come up with ideas and strategies to educate the students,
particularly those from non—medical specialties, about the safe waste disposal methods of
expired medications to avoid dangerous effects as it can be harmful to the environment and
to people's healthy lives. It will help solving the problem of storing pharmaceutical products
at home and other associated threats if health care providers actively participate in
periodically educating the community about resulted hazards. Spreading the awareness of
medication wastage is a beneficial investment not only to patients but also to health care
systems to minimize the wastage burden within the country. Implementing pharmacy take-
back services by the Ministry of Health will ensure the proper disposal of medications, thus

community pharmacies should have the staff, resources and storage space to collect and

store unused or expired drugs. In addition, Arab countries may establish drug collection
systems for redistribution of unwanted medicines to patients who cannot afford them, or for
donation to humanitarian organizations, ensuring that gathered drugs follow product quality

storage standards
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Study the results of pesticide residues in varieties of grains, legumes, seeds and nuts that displayed in the local and
imported market of the Emirate of Dubai

*Aida Essa Belal Nasser
Abstract

The agricultural pests play a role in the destruction of agricultural
lands and crops, which necessitated farmers to resort to the use of
pesticides to address the problem, to protect their crops, increase
production and reduce prices, and the use of pesticides in
agricultural pest resistance was considered a solution to the
problems of famine in developing countries, but the tendency of
farmers to use pesticides has an impact on human health, exposing
agricultural crops to the risks of pesticide contamination.

The importance of the topic of this study lies in the negative
effects on human health due to the misuse of pesticides in
agriculture, in the absence of control and education of farmers.
The study describes the outcome of the results of the analysis of
the level of pesticide residues in food products such as cereals,
legumes, seeds and nuts imported through the outlets of the
emirate of Dubai during the period (2019-2020), which was
carried out by the food studies and Systems Section of the Food
Safety Department at Dubai Municipality.

The aim of this study is to verify that the percentage of pesticide
residues does not exceed the permissible limit in grains, legumes,
seeds and nuts imported of all kinds and available in the local
market of the emirate of Dubai, and that the pesticide residues in
them are within the safe limit for consumers and approved
according to the UAE standard ( maximum limits for pesticide
residues in agricultural and food products-UAE.SMRL 1: 2017),
the study presented the results of the tested samples, of which were
valid and other samples exceeded the percentage of pesticide
residues in them, and the results of laboratory-tested samples were
also presented according to the countries from which cereals,
legumes, seeds and nuts are imported, and also touched on the
types and The number of pesticides in the examination.
The analyzed results raise concern for consumer health, and the
study offers a number of suggestions, including increasing the
efficiency of control systems (such as activating the traceability
process for food products from the country of origin), and thus will
contribute to continuing to ensure a high level of consumer
protection.
The study also provides recommendations to the competent
regulatory authorities to address indiscriminate practices in food
production, which lead to exceeding the percentage of pesticide
residues in cereals, legumes, seeds and nuts.
Keywords: pesticide residues, grain products, legumes, seeds and
nuts, specifications of food products.

[The research winning the second place in the field of nutrition in the
38th competition of the Rashid bin Humaid Award for Culture and
Science]

*Food Safety Specialist- Dubai Municipality
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Table 2-1: EUCP — Food commodities 1o be monitored in the calendar vears 2010, 2011 and 2012,

2010 2011 2012

Apples Beans without pods ™ Aubergines
Head cabbage Carrots Bananas

Leek Cucumbers Butter

Lettuce - Poultry meat Cauliflower
Milk Liver @ Egpgs

Peaches Oranges or Mandarins Orange juice ™
Pears @ Pears Peas without pods @
Rove or oats Rice Peppers (sweet)
Strawberries | Potatoes Table grapes
Swine meat Spinach ™ Wheat
Tomatoes
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Table 2-12: Pesticides most frequently detected in wheat flour

2o samples above Background information on the pesticides

Food product Pestcide LOQ found

Chlormequat 43.0 Plant growth regulator msed in cereals.
Wheat floar — — —

Pimmaphos-methyl 289 Insecticide for post-harvest storage.
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Ao DA 35 cilatia iy diaady Adleiall Slagleal) o Jpeanll (paailly 30000 3329 malin FIRS (o 5y malill -1

AL

latll 3] Al Byl paailly 2,53 g 5K FIRS zaliyg (g 4de lasbeall Jisas « Microsoft Excelazaliy, alasiul .2

Jslaal) zhands

Microsoft Excel.zalin gaa (PIVOT TABLE ; FILTER Juals iy cliball st 5 a5 23

sy gl e sane e 3sineall 53l Sl slly Gl silly gl gl 8 w1 Y1 5slasl

gl el sl il sl 1l 558 a5 1 A5V 55kl

(52 gimaall pually il il gl gl el

3l s
) O3 B3y giual)
2018 lgalatiay cagally clid ) Llatiay igel
1,465,306 ol /2018
[ 3N S s
Country Name ProductName Total Weight / kg 715,881 ohll
India basmati rice 212,952,410
Canada whole wheat 133,254,670
Russian Federation | whole wheat 128,698,483
India sona masuri rice 115,957,829
India white rice 84,162,162
Pakistan whole wheat 72,307,674
Argentina whole corn 62,768,840
India sella rice 54,350,908
Pakistan basmati rice 50,602,253
Vietnam jasmin rice 41,820,557
Pakistan white rice 30,566,064
India wheat flour 30,176,005 V) Galial culaia (pe cilaylsll A (S
Argentina barley 30,154,000 Jsilly gl 335 & sana (0 %48.86
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United Arab

Emirates wheat flour 26,158,600
Thailand parboiled rice 23,925,549
India matta rice 22,598,288

(1) Gale Gasa Jsaall glo*

S Ll

iually 5lly Sy sl n sl o e gon L 5 A Bl e

2020 b N 2019 s e sasll*

Aallia Aagilly (sl due) Lasal) Al €3 el saaly die dlatind 5203 Adagiud) ciliml) 320 ®

SAMP-10112019-1118

cpually saly il gally sl (e gl 12811 CaluaYI*

202: graal) andll il Jdat aa Ciliall axc*

Olae dalalu —30 Y1 Ll gal bl ¢ il

g 31: ) Jidas 3 Adagiealls 2503800 Clial) Leie 3 gl Joall 22

25e 400 ce i Loz pandll b ) L gls aae *

Apadally AahLeY ) Aaalsall o Tale Ay ) Baalgall 5 08 Abalsn (385 A1) claiiall Gilial 3 clandl Lad da el 3gaall*

Maslas 35S0 il sall aois
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lad) U aaeS (MRL) ohe JS1abinke 0,01 claall (spuail

Country

FAIL

PASS

Grand Total

ARGENTINA

(9]

AUSTRALIA

BELIZE

BOLIVIA

BRAZIL

CANADA

CHILE

CHINA

EGYPT

W] 0| | | N D] W| D] W

B SN e <IN B SN R S L I R NS T B S T B N
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FINLAND 1 1
INDIA 2 42 44
IRAQ 1 1
KAZAKASTAN 2 2
MADAGASCAR 3 2 5
MALAWI 2 2
MAXICO 5 1
MOZAMBIQUE 3 3
MYANMAR 2 2 4
PAKISTAN 7 7
PERU 1 1
RUSSIA 1 1
SOUTH AFRICA 1 1
SPAIN 1 1
SUDAN 5 5
SYRIA 1 1
TANAZANIA 3 3
TURKEY 9 9
UK 1 1
UNITED STATE 61 61
UZBEKISTAN 3 3
VIETNAM 1 4 5
Grand Total 11 191 202
FAIL

4

3

2

cl) e : FAIL

T =
16
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Country/Product Name

FAIL

AUSTRALIA

SPLIT FAVA BEANS

SPLIT FAVA BEANS

EGYPT

CARAWAY SEEDS

INDIA

CUMIN SEEDS

WHITE MILLET

MADAGASCAR

BLACK EYE BEANS

MYANMAR

BLACK GRAM

VIETNAM

BLACK PEPPER

Grand Total

11

PASS

70

60

50
40

30

20

10

ARGENTINA
AUSTRALIA

BELIZE
BOLIVIA

INDIA
IRAQ

KAZAKASTAN

EGYPT
MADAGASCAR

BRAZIL
CANADA
CHILE
CHINA
FINLAND
MALAWI

MAXICO
MOZAMBIQUE

MYANMAR

PAKISTAN

PERU
RUSSIA

SOUTH AFRICA

SPAIN
SUDAN

SYRIA
TANAZANIA

TURKEY

UK

UNITED STATE

UZBEKISTAN

VIETNAM

W PASS
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UNITED STATE

Pass

ALMOND BLANCHED SLICE

ALMOND

ALMOND IN SHELL

ALMOND KERNEL

W N DD

ALMOND KERNEL 27/30

ALMOND SHELLED

ALMOND WITHOUT SHELL

BLANCHED ALMOND

CHICK PEAS

IN SHELL SWEET ALMONDS

IN SHELL WALNUT

RAW ALMOND

SHELLED ALMOND

SHELLED ALMOND

SHELLED SWEET ALMOND

SHELLED WALNUT

SWEET ALMOND IN SHELL

SWEET ALMOND KERNEL

SWEET ALMONDS

WHOLE SWEET ALMOND

ALMOND KERNEL

CHICK PEAS

INSHELL ALMOND

INSHELL WALNUT

PECAN HALVES

RAW ALMOND KERNEL

SHELLED ALMOND

SHELLED WALNUT

WALNUT SHELLED

ALMOND
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SHELLED ALMOND

SWEET ALMOND

WALNUT IN SHELL

ALMOND

ALMOND KERNELS

INSHELL WALNUT-JUMBO

RAW ALMOND

SHELLED ALMONDS 23/25

SHELLED RAW ALMOND

SHELLED SWEET ALMOND

SWEET ALMONDS

WALNUT INSHELL

WHOLE ALMOND

TOTAL

61

INDIA

Pass

BLANCHED CASHEWNUT KERNEL

CASHEW KERNEL W280

CASHEW NUTS

CASHEWNUT

CASHEWNUT KERNEL

CASHEWNUTS

CHICK PEAS

DAL

FLAX SEEDS

GREEN MILLET

HARRIS

HULLED SESAME SEEDS

MOONG DAL WASHED

SESAME SEEDS

TOOR DAL

WHOLE WHEAT

BLANCHED CASHEWNUT
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BLANCHED CASHEWNUT

CASHEW NUT

CASHEWNUT

CASHEWNUT KERNEL

hn | | W

CHICKPEAS

ROASTED GRAM

SESAME SEEDS

VACCUMED CASHEWNUT

WHEAT

WHITE CHICKPEAS

Total

42

TURKEY

Pass

CHICK PEAS

HAZELNUT

HAZELNUT KERNEL

ROASTED CHOPPED HAZULNUT

ROASTED HAZULNUT KERNEL

BLANCHED HAZELNUT

CHICK PEAS

CORN GRITS

Total

CHINA

LIGHT SPECKELED KIDNEY BEANS

MACADAMIA NUTS

PUMPKIN SEEDS

SUNFLOWER SEEDS

WALNUT IN SHELL

WALNUT WHOLE

INSHELL WALNUT

WALNUT IN SHELL

Total
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PAKISTAN Pass
FENUGREEK SEEDS 1
GREEN MILLET 2
GREEN MILLET 1
GREEN MILLET SEEDS 1
PINE NUT 1
PINE NUT KERNEL 1
Total 7

2l Jaali

e 5 Jdeal (e clie 3 baxe s BLACK EYE BEANS : a cilialsdll dalas juall GliaY) @ jpicae -

Cilialsall Aallae yuadl 250380 CaluaY) gll

3/ BLACK EYE BEANS Rde e

p VIS A IS 2000 Lol Cilialsall Ailhae il Cliaal) a2 il ey iglls Wil Wl -

Glialsall Aallae yuad) 380320 CaluaY) gall
BLACK EYE BEANS AW
CUMIN SEEDS igll
WHITE MILLET
BLACK GRAM Sl

.Qmw:\b&a‘)&csujddﬁhb;\_}:\s e 'e@}@ﬂ‘)ﬂ%)}&-‘;wdsj -

Cilaalgall Zallae el 2 GalusY) gl
CARAWAY SEEDS yae
BLACK PEPPER alig

Cpually Hsially Sllsally gl e gl (8 Y] Clase Ll Allal Wlaas] Gl dail annl i Al DA 0
aaiall Ayl chlaY) gy 8 als Gl o Elgaul SV clamid) Gaall;

A clanid) 4 il W lSe (e Adle Gilsie 39as sl Jla 8 Ailel cliglall il aui sale) (e Leas
9 (2016 <55 1Y)
b Sl Clane e S5 Calagaud 3 Auhall sda s — Sl e bl b adies 30050 claiid) e 3 maly of Gia
coalal) L KLY e i ae Lead Jaagl N lald) e 33 gl Al3al) colatidl
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abs Gl Lgie 33 giusall ald) msen i) ol sl 05 <2019 aled B8 galing ol e 2l hlaall s (Sa 4dles
bl b Ledlagind Gy A A clatially S Glane Glis @hball SV e Vs daliival) 28)all maln araal Lale
el e sl dak)

Gl Jadl)
Gl

(24) 483 :andll & Clasall gl axe

*(K2sS) plada) e muag

Pesticide Pesticides Functional Classes
CARBENDAZIM Fungicide
CARBARYL -
THIOMETHOXAM Insecticide
PROPICONAZOLE Fungicide
PICOXYSTROBIN Fungicide
TRICYCLAZOLE -

THIOPHANATE METHYL -

NAPROPAMIDE -

HEXACONAZOLE -

DIURON -

2020 35050 GliaY) £l sie Leadtiually 2L GLS ) (@ o) (S S*
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B2 siall L3130 GliaY) Glie b cnny A et SV (Sland) L) LSl

COD | Pesticides
RESULT (PPM) EU MRLs (PPM)
ID SAMPLE NAME ORIGIN | RESULTS PPM EX
SAMP-08112019- MYANM 0.1 CARBENDA
1005 BLACK GRAM AR FAIL 0.972 0.1 ZIM
SAMP-13112019- BLACK EYE MADAG
1033 BEANS ASKAR FAIL 2.107 0.05 CARBARYL
SAMP-15112019- BLACK EYE MADAG CARBARYL
1053 BEANS ASKAR FAIL 1.014 0.05
CARBENDA
SAMP-17112019- VAN ZIM
1169
BLACK GRAM AR FAIL 0.48 0.1
SAMP-11112019- SPLIT FAVA AUSTR 0.5 | CARBENDA
1057 BEANS ALIA FAIL 1.284 ZIM
SAMP-12122019- SPLIT FAVA AUSTR CARBENDA
1088 BEANS ALIA FAIL 1.056 0.5 ZIM
SAMP-18122019- BLACK EYE MADAG CARBARYL
1017 BEANS ASCAR FAIL 1.836 0.05
PROPICON
0.171 0.05 AZOLE
NAPROPA
11. .
383 0.05 MIDE
SAMP- - VIETNA
30122019 HEXACONA
BLACK PEPPER M FAIL 1.1 .
1082 96 0.05 ZOLE
0.1 0.05 DIURON
SAMP-06012020- CARBENDA
1118 WHITE MILLET INDIA FAIL 0.128 0.01 ZIM
63.84 0.1 0.1 CARBENDA
SAMP-06012020- ZIM
CUMIN SEEDS INDIA FAIL
1017
0.089 0.05 THIAMETH
OXAM
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0.33 0.05 PROPICON
AZOLE
0.098 0.05 PICOXYST
ROBIN
0.823 0.05 TRICYCLAZ
OLE
THIOPHAN
0.251 0.1 ATE
METHYL
SAMP-07012020- 0.1 | CARBENDA
CARAWAY SEEDS | EGYPT FAIL 0.94 0.1
1012 ZIM
)

o3 dgag o Blially 1) cilaiial b cland) W e 3l 2Saall b Leia salinad) (Sa s gl (e aaad) ) Al Caals
gl aaay ol

QIS d8 (e L (oragell Sladdad & L3 G50 Slanal) alasiul LY Aty cpe il J8 e Ablsde Glujles 3gas Aulyall cuy :i{j
SE el ) a1 ZUEY) 50k S dallad Al Slanall e 23l ddlia) ok goball sl Ll aliie) agasl Loyl 1 cclanall Aanial)
i e LBl dae gl Gl o Gl ) <l S dalsally ctlelaall (o Slad Al dalil) Jgall (& el alasi) Leady ¢ Jsall & oneliall

2A1aal) clatially alidl 3y adll Jsall

[ CSal R e il il Ge gl GsaSl ol Aie) adsie s S0 CSal el aall LEG Gs Aula) il sl
apud Jili mital Aulay Aie 2a g WS 4V Abalsally CODEX basdll 335 0.1 42 zsamsdl) 2all Liny 68.84 /CARBENDAZIM
Aa)sY) Adalsall (385 0.05 43 zsemal) 22l Ly 11.383 /NAPROPAMIDE /S pall s L oy aliid (g 3)siss

glyphosate residues (e 43291 & clamall Mg e glsil aal Ao il sV StV o) Gusiall galing (30 Byabiall ojlall Liady
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Studying the Improvement of Soil Properties of Oxygen Project at Hatta by Using Polymerized Dry
Sludge’s Produced in West Water Treatment Plants in Dubai

*PROF. Husni J. Muhammad
**Aisha Saeed Al Blooshi

***Aisha Almurr Al Muhery

**** Alia Abdul Rahim Al Harmoudi

Abstract
Two-year field trial was conducted to determine the
effects of using dry polymerized sewage sludge’s as
an amendment to improve physical, chemical, and
hydrological soil properties for an arid sandy loam
soil at Hatta/UAE. Six irrigation frequencies’ were
tested for irrigation consumption on three types of
natural plants Ziziphus spina-cristi (Seder), Prosopis
spicigera (Ghaf), and Acacia tortilis (Sumer). Plant
growth used as an indicator for improving soil
properties, and heavy metals uptake were studied. The
study compare the amended soil with dry polymerized
sludge (375kg polymerized sludge/pit for each plant)
to unamend soil as control.
Results pointed out that: Both water consumption and
plants growth, were significantly improved in
amended soils compared with the control soil.
Amended soils for the maximum plant growth can
consume irrigation water (quantity and frequency) by
90% for Sumer (irrigation frequency each 2 weeks)
and 95% for both Seder, and Ghaf (irrigation
frequency each 4 weeks).
Results indicated that Bio-Concentration Factors (BF)
and percentages of Removal were differ among the
three plant species grown in the treated soils, in their
ability to translocation heavy metals into the shoots
and their efficiency in accumulating heavy metals.
This study pointed out that all irrigation treatments for
the amended soils for the three types of plants had BF
values less of than 1 for Cd, Cr, Cu, Ni, Pb and Zn,
which means that the metal bioaccumulation
phenomenon did not take place in Seder, Ghaf and
Sumer under sewage sludge treatments.

[The research winning the second place in the field of
environmental sciences in the 38th competition of the Rashid bin
Humaid Award for Culture and Science]

* Principal Soil and Water Resources Specialist - Dubai
Municipality.

** Soil and Water Resources Officer - Dubai Municipality

*** Soil and Water Resources Officer - Dubai Municipality
**** Director of Environment Department, Dubai Municipality
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slas (yo0 Cale Weekly (40.9) > Each 4 weeks (32.4) > Each 6 weeks (29.8) > Each 3
weeks (24.8) > Daily ( 21.9) > Each 2 weeks (17.8)

slaa pe yans Each 2 weeks (45.2) > Weekly (36.4) > Each 6 weeks (31.8) > Daily
(27.7) > Each 4 weeks (23.8) > Each 3 weeks (17.4))

slea (o o Each 3 weeks (31.7) > Each 4 weeks (30.6) > Weekly (25.4) > Each
)

6 weeks (20.1) > Each 2 weeks (20.0) > Daily (17.8

)l ST OIS Bpalaad) Ailal) sleally Alebead) ol 8 Al A5l ¢l (Lshe BawiS) salll Anp ol Ol i
Aalaall il 3 cblall gab Ay aadl b GBS el (4 a8y Jsaa) sleall Aalee ye i 8 Laelill Ll a
G Aalee die IS aully Gl g Loy ol (b )Wl 2 285 Janll it . bl i) Cdlaaly sl a8 slaally
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Aol Lol Sy 135 calid 3 US 1S () Alalen die and) el Al @l g b cpaldd 4 S S
2 a8y a5 (5,4 .3 Jslaa) o olae (4ad) Gl Aawally Al8HN A g daaludl)

 50.00% 1~ |
o i
=
S o A m Seder, each 4 weeks
g ~ \/ \\41 \ﬁ irrigation
0.00% <
Best control Difference
treatment growth in growth
growth Treatment

Waaa sty slaalls Aalaall ol 3 Sl sad Juadl (s Bjlia t 2 o) JS&

slaally Alalaall e 5 Alebeal) (il 3 Al Adbiaall Aslall 1 pad Aansi ecadl (0 A3lke 16 a8y Jsan

lly et dans ool S lly gai A ] | 5 R el o0 R
cildll g © Waaa Juadl (€3 | cuill b g Wdbae Jiail | balaall il i il
sleally Zhaladl sl b slaalls dabad) ) slaalls dlebadl e
47.2% (4 0S5 S| 27.3% % ((JS 5 o
adl (48 s (£ s 19.9%
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46.7% 4 X &) H& .
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(&)
45.2% (2 S @ S5 | 31.7% (IS o s
o ( <@ BUS ( < BUS 13.5%
e g3)
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@ S Alae Auball 038 (& Aardieal) L (g b Al ()l cBlalan cind ) slia (i 17 a8y Jon
@ Al (8 lly A3 Bla) U8 (e daiial)

S saal (0gally dlgll sl Sgandly byl Oleses als
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. 4314l ) olial
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g US 64 5120 20480 80%
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el 6 S 10 800 24800 96.9%
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Aaals Bysems Aoy hall SladBU DA a1 st o ol il slaad) pladnl IS Aile 5ypemns e sid IS S
(5 54 2 IS5 8 a3y Jsan) gl oda Cadlialy Ciidl 8 lasY) el sall Aawsi o)l Lile
slaalls Alebaally Ao g ) 3all Hlad) 1Y gai Ao Juad Auiaal) (63 olae AuaS a8 a8y Jsan

olaall (i A Juzadf obaall (i AaaS Juadl | gt Lo Juml | Zslal) gl gas Jua]
A 5 % Aalall g1y slaally Alaledll

%95 24320 %47.2 gl 4 S (55 ¢l

%95 24320 %46.7 pald 4 S g5 calal

%90 23040 %45.2 e sad JS (g ¢ yand

@l olaal (5 Auss Juadl s At JuadY (51 olae ilpaS il

95%  95% ) S
o oos% () &

23040
Seder Gaff Sumer '—'—.7

each 4 each 4 each2

weeks weeks weeks Seder  Gaff ~Sumer
each 4 each4 each?2

weeks weeks weeks

Al (b el SHlautB A sai Sl 253 (5l ola cansiy ClaeS i 1554 o8y JISEY
L Jaudly bl jlal satd Asailly oY) il pled 4 (S35 3y LS5 (ol Aalee ()l Auhall 238 il el
Gam) bl gyl AhS o ) Lol daball eyl LS ¢ ) e Gaily gpesand IS 3asl5 3y )< (o)) Alalas
Auhall 53e Pla () cOlales S5 G slaall (i 3 Y] Cina gl SIS (el e 3 38 (Sl sl
(6 &2 &)

Sl Ch)SS (i
)56 288 299 304 310

0

Daily Each Each 2 Each 3 Each 4 Each 6
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e e (A Jlpally Aldlall a1 s of (e @) LSS G o Aaaly 55y oel JSA (o el S
el e¥sa L

O 55 IS Amally a5l EDlelas (b gl AL alaall Slysinse L cilin) Al (o) cDllas Gadly 19 ) dyaa
Al ¢l

abie Slal Al Q) pasdll g 55 ofw\ Sonll ASIA L 055 L_Ef” Gl LS gy
L) Alelas slaatl dlelaal) Copill dunalls Y1 g aba)
Cd, Cr, Ni el 3 UK, I Sl
Cd, Cr, Cu el 6 US4y I calsl)
Cd, Ni, Pb, Zn Esmd IS4 S el
Cd, Cu, Pb, Zn el 6 US4y I

DL ae eads Ayl o3 8 Ferdiendll A3l 151 3 (gand) SSIN s Jals odel Joanll it e Tolael

OV @l obal i Sl L sad Juadl oy Laxie Al o3 8 deadid) Al 18U Al oSlel () Dlales

LoV g Agpad) ALED (palaall (gpall oSl

Ao g pall Glall (& aslsall oS)A

el dliall Glaliadll ddla) ) e (e sleY) i ai Al Al Ghliall Gp pliad dpgadl) cliall (st (sl
bl cliall cpeas o el s cglaa) sla (o bl saill Gy peall Gl Glbdiall Jaleadll o3 (s3a] G
AL Galaall Coghll Sia Al JSLEQD Gans caand 3B @Y Lghe 3yu€ b€ aladnal cuiat Gany D aay Al Al
Jsaa) Auball o3a (b caardind ) Aabadl) Aslall ¢lel) b AL Goleall (geall WS Al o) (@) (Aishah et al., 2016)
Al caal 8 cpna) S cblal (ol b Rl lall aaSfale) ALED galed) 3815 o ) sl (10,
Ll cleal (Ko (Cd) asmeal€ll > (Ni) ISl > (Cr) as &1 > (Cu) alaill > (PD) alia)ll > (ZN) il idale 5)50m
SR R sall s Adalal) dendl L (PH) Bl delis 3 ie slaadly Alabeall Gl 8 cledll duipala ligd e 55 o
LIS ol Legilisd Aapn o Gulailly @bl Aala 8 Lege Dss Al delin Canly il A Guegiy i (aee JSI IS
Ll e o adiey S daliad) shaall 1S o s clilall Jd e ALED Caleall Gabaial o) sl Je b Gl cucaidsl
slaad) dila) ) 4l cAiliadl slaall 3 goladdl o380 355 e anling ALEN Gpalaall L) aliaial 2S¢ wlill) 5 S/
i) llall b ooleall o3a 3805 £ ) ) ool Auhall o3a b deadnd) i) )

Sl & ey Ao gy dall llall jeaa ) ALEN alead) A 5al) B Ldb L OIS Aeadieal slaad) o ) bl @l
Aapdall sV Aaudyy LB oleall Galiaial (e o) 8 (laal) sles Al ) e 13as (sl Olin) lbball Lall eaY)
ad) Ll LSy cpalaall o3gd (aliaia¥) 5045 off LS (Y)(Aishah et al., 2019) dub ae 3il5s 1385

Blas Adla) ey 5l & (gguinall (oSl s 3alyy SIS Ausl Jelin A Ll ) gy of oSa B4)(Kumari et al.,2016)
LSl
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Ao b Aaaly Byseans seda G () Cpanall DAL SIS Al ¢l Canal ALEN Goleall (ggall ASI A i)
o T AL S Y G dsm of (Se um @AY (parameters) dalsll ae 15adl eV OIS aselS)) oS)5
50 A€ (eians I btV ) 138 IS ) i 4 adal) S5 Al e Al el il Calatl (6 ol ade el
iy Sliall gaend 2018 a8 Cojlinl A Gall (abiiid (sl i Jlaa] die agde () b ST a8l Ads s
Cojlial 8 el olaaY Aawdl Jaadl cus ALE salpall SLaaY conil) s3a il Aale )seay bt %27.8 5 %111 o
Gan)l of Lasdly oS0 ¢ (%16.7) Lot Gilall il SLaa) dans <ol cpm b L JSally o g S (gpainl %167 Gawiy Ll
calS ejlial A ealiall G enll Zaally Lad 2Dy LS eclijlly ¢ pabia)ll cpulail) cag €I a5 aalall cilin) & jealic
BaS Loty 5l Slal s (3 %16.7 Gy pabiajlly JSally Gulaill jalic cojlial Cus Gawi€y o€ cuiid) oS8 L el
LS hll o385 8508 ey Sl b bl (amy o G Aaalid Gl a8 aalall SlaaY) 1 ob Lle <%66.7 il
Glall 138 ¢ i 13y (5) COlalas Fusad oana (o (9 Blebaa Aanf cojlinl all Banills G 2l 038 DA daialy cilS
O o il Ll Baaly ye jlial 38 Ll Baadly Gua Al o3 (8 Aeriid) AL @) e 0t e ST B ey

ol Ay aalal jsla ol

Al b Al abiaal) Al gl Glass Gl 8 AL Golaall 315010 a8y sas

Plant Treatment Parameter
Cd Cr Cu Ni Pb Zn
Seder Daily without sludge 0.0444 | 5.072 | 11.10 | 9.478 | 0.976 | 53.82
(control) 4
Ghaf Daily without sludge 0.0553 10.07 1.210 | 41.08
7.656 13.81
(control) 0
Sumer Daily without sludge 0.0542 | 19.50 | 9.946 15.13 0.924 | 24.81
(control) 0 . 6
Seder Daily with sludge 0.0487 11.1 0.652 | 40.98
4.369 8.815
3
Ghaf Daily with sludge 0.0903 6.140 7.602 | 13.86 | 0.918 | 28.34
' 0 0 2
Sumer Daily with sludge 0.0509 6.970 8.250 | 10.94 | 0.729 | 19.59
' 0 6
Seder Weekly with sludge 0.0667 8.954 0.705 | 47.72
3.814 9.019
5
Ghaf Weekly with sludge 0.0415 7,540 7.552 | 14.25 | 0.969 | 36.31
0 ' 0 1
13
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Sumer Weekly with sludge 0.0607 8487 8.073 | 17.33 | 1.238 | 31.51
' 0 0
Seder Each 2 weeks with sludge | 0.0486 6.028 0.583 | 31.29
2.749 5.605
8
Ghaf Each 2 weeks with sludge | 0.0509 5.867 1.005 | 29.15
6.118 11.30
0
Sumer | Each 2 weeks with sludge | 0.0410 6.273 0.854 | 32.87
7.180 12.59
9
Seder Each 3 weeks with sludge | 0.0492 8.104 0.761 | 44.79
5.970 12.13
9
Ghaf Each 3 weeks with sludge | 0.0571 | 6.601 | 6.977 1141 0.878 | 42.67
0 0 ' 6
Sumer | Each 3 weeks with sludge | 0.0515 7.324 0.834 | 24.31
6.513 13.47
9
Seder Each 4 weeks with sludge | 0.0633 8.548 0.635 | 39.80
4.693 9.166
7
Ghaf Each 4 weeks with sludge | 0.0513 9.151 0.904 | 39.24
6.801 12.06
2
Sumer | Each 4 weeks with sludge | 0.0413 | 10.11 | 9.452 13.84 0.909 | 29.49
0 ' 8
Seder Each 6 weeks with sludge | 0.0508 9.358 0.774 | 42.08
3.835 7.060
0 4
Ghaf Each 6 weeks with sludge | 0.0617 9.675 13.38 | 12.62 | 0.873 | 33.63
' 0 9
Sumer | Each 6 weeks with sludge | 0.0585 6.435 15.67 | 11.04 | 1.363 | 37.51
' 0 0
Samples no. exceedin 11/18 2/18 3/18 | 5/18
P ? / 2/18 / 2/18 / /
control
% of samples exceeding 61.1% 11.1% 16.7% | 27.8
11.1% 11.1%
control %
Seder % exceeding control 100% | 16.7% 0% 16.7% 0% 0%
14
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Ghaf % exceeding control 50% 16.7% 16.7% | 16.7
16.7% 0%
%
Sumer % exceeding control 33.3% 16.7% 16.7% | 66.7
0% 16.7% o
(o]

Bio—Concentration Factors and % of Removal ) 43U 4, s5all Zawilly 43 geall S5l Jalse) Ao aadl A3Y) EDalas
(BF)
Oolaall 038 o (madds ofy Anlall Aandl) (8 Augine Bpemn W3S 80l ) S Gl Basasall ooladl ad o
tlaa Galale o adiey cbilall danlp Bl Q) b

bl 8 e daiial) dggal) A L]

sl 8 oS [ahs¥ly i) A J)) Gl S5 A 2
cgmall el Sl Jale (S Bl B o3 Aad ) Gl Qi) b S anall 55 Al B of s
oobaid e bl 206 oL @)(Aishah et al,. 2019) 5 ®)(Sun et al., 2009) oo S 4auasl L e by
o fide 10 S5 e (s einasil (3 oalaall oSI5 ool 357 o bbbl 58 aail Caddiol ALEN oalaall oS5
Ol o3 il Aaglia 8 43y o clall AL G clall B WS ol o s elailly @bl e dailly
e 58 cas pabel (o Lale el o Ll ke caand)
Wlell el b LeaSlig oulatlly i3l palaa iy (abiaial AL Zaualls iy smg Laadl 10 &) Jyaall ) Talsiad
L) sl (A G @l il (e
238 el G Al 32 A il 8 AL Galall (BF) (gaall dalal) o b ek (10 48, Jsan) &l o3
Al L b Sy sy slaally Alaled) il 3 Al 2D 2alal ¢l G Gaua DS o)
ey Gl e AN oledll aliaial b L3y of ) Aila] 13 AL Cpoleall Fuend \giaslie 3 alias 3l o3
abad) clahall el e lleall plaly Gl sda lia e Liad Jy d3ladl sleall 3 ooledll 038 3815 o Lo
) i e Liad sl 8 lagey A bl b ALED ool 3813 b oiald) e aall U e Gl casal
Al o G skl LS cedlaleal) cadaals Load il o8 dlaleall Gl 8 AL cpaleall 5805 of ) 1s5Lal QIS ¢ AT
G e (alailly Bl Jaea Lias AL Galaall oS5 dha lae lglia (e ey AR hld) Gl glad sles
laall slaa 8 ALY cpalaall agay a1 (Jualaall alvive 1) e Jganll dal g Gl e galadl 238 al))
Al lghnes e @lldy S alaaly
& AEN oleall (BF) (gonll dalall s ol 35l slasd) Aili) (5n5 pasall (o)) Aalaal Fnnills Al 038 il L
Lol gsnl) QY dale ad ol il comiagl G ADA Aalal) GaliaYl CDEAY las cuthidl 8 Laalil) bl
Anlul) Calual) A els (ol Gans A s 10 A8 Joan Gulailly G5l cpaladd 1 e oSl il andly i) ¢ ol
WS S0 o saealS) oledd ulS Ly el (3 Gulailly Gl Saee JB S ey pabiaial e 5l 2D
Ol aliaial (b 2N 558 Lod culS @bl o3 b e s o1 e T — audly Gl ¢ andl & alia s
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) Asla) aabad) thal ) ALED palaall Jaiy pabaial o 5l lgublE Gl i Y Ly gl cadl LS bl
ol G e Ahal) cat ALED oleal) aliaial G LgTeliS 8 Ledlna) Gl LA Goleal) Lnand Lgiaglie S Lol

Al laa e Ll s dilad) sleall b LahSi e 2l i
(BRF) Zigall a1 ad culS aulid &y caonlad 3D e sand cgsad IS (5555 5 slaalls labadl 25l ady Lad
A ALEN Calaall (ol WS Bl oL e (535 R paal) AL Galaall pnead Ay 1 e B andly A ¢l
50 A gal AL L) o A bl e o Al G s3a o ) g 38 1aay bl s3gd duills 5,0S o
tA il @AY cOlabaall By (X clgina] 3 eaaShas slaalls Alalaall il (e AN aladl) Galiaial e
A U< Ayl alanlly Alalens oo US Bogsall cslaalls labealy oand (S Bs el calealls Alelaa g Ly 3554l
sl AY) a8 il leally Alelealls aald 6 U Ayg5alls slaadls Alalas gnld 4 S Aleleall slaalls dlaleay aled
oS b i 135 (Zn, Pb, Ni, Cu, Cr, Cd) auball cans il dawilly 1 e B8 jandly ccalall ¢ jaull (BF)
i 135 slaally Alebaad) Q) 8 Al jaudly Gl o) 8 S Al 3 o Al agdad) oS sl ol J
bl e bajliel San YOI clgial G galaall 038 555 (abiaial o 53l Ll oS5 Al gy S clall ol
Sy Al wass 2 dsball ela) oded Al alaadl Asdladl il b Lete)) die 50l oaslonll oSIAN Ball
& J e A gpadl) Agaeall lifis ) 3k e 4 Sadll S G Ly (2N, Pb, Ni, Cu, Cr, Cd) ALl gpoled) o]
Oe sl S5 Gl o(metalothioneins p 5 5li) o «(phytochelatins (s sild) 48 pall CLIKH Zals cclal)
foand) Cuintl DAY Gadel e puliiall Guladlly Grea)dl) i) wb S Cus (DA Gl e L) Gyk
Apand Lgiaslie (520 b s clbilall b Lad hual LS (®(Kramer et al. 2007), @(Aishah et al., 2019)
Aalads ST AL G 8 AR Galeall S5 Jie dagall AGY) a8 o 55 el sae dlia oy AL ol

Alall 1Y)
(A5 A ggal) conailly Byl 550 Jalge ) ALEN (paleall AGY) cDlalas 11108, Jsan
; P t
&5_1 T arameter
<l
Cd Cr Cu Ni Pb Zn
sl | el o aalal S| 0.0444 | 5.072 11.1 9.478 | 0.9764 | 53.82
slaall Alalea e Liill
(55
awlall 35 b S 1 21 2 30.7 7.5 6.4
(55
BF Lsall AlY) 408 | 0.0444 | 0.2415 5.55 0.3087 | 0.1302 | 8.4094
Ll WPU% | %4.44 | %24.15 %555 %30.87 | %13.02 | %840.94
Gl | asd) gl sl 3€50 | 0.0553 | 7.656 10.07 13.81 1.21 41.08
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sleally lelae 2 Zuslly

(pas/ils)

alall Bup b S5 1 21 2 30.7 7.5 6.4
(pSfels)

BF 45l Ay 4ad | 0.0553 | 0.3646 5.035 0.4498 | 0.1613 | 6.4188

Lol % | 5.53% | 36.46% | 503.50% | 44.98% | 16.13% | 641.88%

ol | asdl @l Ll 30| 0.0542 9.946 0.9246 | 24.81
slaalls Alalaa e 45l
(225 ile) 19.5 15.13
il a5 3 ) 1 21 2 30.7 7.5 6.4
(pas/els)

BF 4oall dllyy) 4ad | 0.0542 | 0.9286 4.973 0.4928 | 0.1233 | 3.8766

Lgall W% | %5.42 | %92.86 | %497.30 | %49.28 | %12.33 | %387.66

sl | asl) o aalal < | 0.0487 | 4.369 11.1 8.815 | 0.6523 | 40.98
slaalls Alelae 45l

(pas/ils)

wlallds 4 < | 1.49 | 1467 | 383.7 | 78.25 | 24.74 | 1265
(P25/&k)

BF Lipall &Y 4ad | 0.0327 | 0.0298 | 0.0289 | 0.1127 | 0.0264 | 0.0324

Lol P % | %3.27 %2.98 %2.89 | %11.27 | %2.64 %3.24

Gl | asd) o 2alal 30| 0.0903 | 6.14 7.602 13.86 | 0.9182 | 28.34
slaalls Alalaa 405l

(pas/ k)

wlilldop 35S | 1.49 | 1467 | 3837 | 78.25 | 24.74 | 1265
(pSfeks)

BF 5l a1 48 0.0606 | 0.0419 | 0.0198 | 0.1771 | 0.0371 0.022

Ll AN % | %6.06 %4.19 %1.98 | %17.71 | %3.71 %2.24

sand) | gasdl gl aalal 3SaN| 0.0509 | 6.27 8.25 10.94 | 0.7296 | 19.59
slaalls Alalaa 405l

(pas/ls)

wlallds 8 < | 1.49 | 1467 | 383.7 | 78.25 | 24.74 | 1265
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(pas/ils)

BF asall dllyy) 408 0.0342 | 0.0427 | 0.0215 | 0.1398 | 0.0295 | 0.0155

Lpall AN % | %3.42 %4.27 %2.15 | %13.98 | %2.95 %1.55

sl | Al 3l e | 0.0667 | 3.814 9.019 47.72
(S/ale) sleall 8.954 0.7055
sladl 6 S0 | 1.49 | 1467 | 3837 | 78.25 | 24.74 | 1265
(/)

BF dsall AllyY) 408 0.0448 0.026 0.0233 | 0.1153 | 0.0285 | 0.0377

Lol N % | %4.48 %2.60 %2.33 | %11.53 | %2.85 %3.77

Gl | Alled) Ll esadd 5[ 0.0903 | 6.14 13.86 28.34
(xS/ale) slaally 7.602 0.9182
slaall 3 5l [ 1.49 146.7 383.7 78.25 | 24.74 1265
(ps5/&)

BF 45l AlyY) 48 0.0606 | 0.0419 | 0.0198 | 0.1771 | 0.0371 | 0.0224

Ll AN % | %6.06 %4.19 %1.98 | %17.71 | %3.71 %2.24

andl | dlladll 25l gc.}.ui | 0.0607 8.487 8.073 17.33 1.238 31.51
(a5l sl

slall 35S0 | 149 | 1467 | 3837 | 78.25 | 24.74 | 1265
)

BF Lall Ayl dad | 0.0407 | 0.0579 0.021 0.2215 0.05 0.0249

Lol WP % | %4.07 %5.79 %2.10 | %22.15 %5 %2.49

) Agll e snd S )| 0.0486 | 2.749 | 6.028 | 5.605 | 0.5838 | 31.29
(a5]eke) slanlly elad

slaadl 3 S | 1.49 | 1467 | 3837 | 78.25 | 24.74 | 1265
(pS/eks)

BF 4,1l A1y 4ed | 0.0326 | 0.0187 | 0.0157 | 0.0716 | 0.0236 | 0.0247

Lol WP % | %3.26 %1.87 %1.57 %7.16 | %2.36 %2.47

S Ll eesd US 55| 0.0509 | 6.118 11.3 29.15
(pxS/3ke) slaally Alalaall 5.867 1.005
sleal) 3 5S0 | 1,49 146.7 | 383.7 | 78.25 | 24.74 | 1265
(/)
18
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BF a0l A5y 4ad | 0.0342 | 0.0417 | 0.0153 | 0.1444 | 0.0406 | 0.0230

Laall AN % | %3.42 %4.17 %1.53 | %14.44 | %4.06 %2.30

el Al pesad US| 0.041 | 7.18 6.273 | 12.59 | 0.8549 | 32.87
(aS/ke) sleadly Aeladl)

sladl b S0 | 1.49 | 1467 | 3837 | 78.25 | 24.74 | 1265
(&)
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Formal Guarantees for the Public Servant in the Administrative Investigation

An Analytical Study in Emirati. Jordanian and Egyptian Legislation

*Dr.Mohammad Njim Ibrahim Elayat
Abstract

This research dealt with the topic of formal guarantees for
the public employee in the administrative investigation An
analytical study in the UAE, Jordanian and Egyptian
legislation, where the administrative investigation, which is
carried out before the imposition of punishment, is one of
the most important and prominent disciplinary guarantees
for the public employee within the scope of administrative
discipline.

The effects of the administrative investigation represent a
great danger to the fate of the staff member, which
necessitated subjecting those procedures to specific
objective and formal controls and frameworks that ensure
that, their use does not deviate from the desired objectives,
so that those procedures do not turn from a tool to reach the
truth to a demolition shovel or a source of abuse to the
public official. In the light of the foregoing, the researcher
has decided to study the aspect related to the formal
guarantees of administrative investigation in a number of
comparative legislations, as the rules governing
disciplinary procedures aim to achieve a balance between
two objectives, the first is the interest of the administration
in the management of the public facility by punishing those
who violate the duties of the job, and the second is the right
of the employee to have legal guarantees during the
investigation and trial. Administrative investigation and we
dedicate to it in the second section, the sole body of the
administrative investigation, which we will address in the
third section.

Keywords: Administrative investigation, Referral, Formal
guarantees, Public servant, Public service.

[The second-place winning research in the field of Sharia
and legal studies in the 38th session of the Rashid Bin
Humaid Award for Culture and Science]
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Training Program Using Challenge-Based Learning and TPACK Framework to
Improve Teachers' Distance Learning Practices

*Dr.Abdelrahim Fathy Mohamed Ismail

Abstract

This research aimed to prepare a training program
based on the integration of Challenge Based
learning (CBL) and Technological Pedagogical and
Content Knowledge Framework (TPACK) to
improve distance learning practices in both aspects:
cognitive/performance among teachers. The
research used the experimental method through a
design based on one experimental group. The
sample consisted of (36) middle school teachers:
(21) females and (15) males, from the majors of
Arabic language, social studies and English
language. Two lists of cognitive and performance
practices of distance education, the content of the
training program sessions based on the CBL model
and TPACK framework, the cognitive test of
distance education practices and the Rubric graded
rating scale for distance learning performance
practices were prepared for the purpose of
verifying the research objectives. The results
indicated that there were statistically significant
differences at the level of 0.01 on the sub-
dimensions and the total score in the cognitive
aspect test of distance education practices in favor
of the dimensional measurement. The results also
indicated that there were significant differences at
0.01 in favor of the dimensional measurement on
the sub-dimensions and the total score of the
Rubric scale in the performance aspect of distance
education practices among teachers. In light of the
research results, a set of recommendations and
future proposals were presented.

Keywords: Challenge-based learning (CBL),
TPACK framework, distance education practices.

[The second-place winning research in the field of
educational and psychological studies in the 38th
competition of the Rashid Bin Humaid Prize for
Culture and Science ]

*Associate Professor of Curriculum and Instruction
King Faisal University, Saudi Arabi
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A strategic vision to confront the problems of persons with disabilities in the Gulf
Countries in light of the Corona pandemic Cooperation Council

*Prof. Ayman Ahmed Hassan Galalh

Abstract

The research aimed to anticipate the future to
confront the problems of persons with disabilities, by
estimating the reality of the problems of persons with
disabilities in general and in light of the Corona
pandemic in particular; In an attempt to formulate a
strategic vision to confront the problems of persons
with disabilities, the research is considered one of the
forward-looking research using the content analysis
method and relying on the deductive or inferential
approach (72) Study. The research reached the most
important results, the most important of which is the
description and interpretation of the problems of
people with disabilities in general and in the context
of the Corona pandemic in particular, whether at the
level of the disabled as individual system, family
system, small group system, institutional system, and
community system, in an attempt to analyze the
internal and external environment of the research
problem using environmental analysis (SWOT), and
based on the visions of the Gulf Cooperation Council
countries, the strategic determinants of the strategic
vision were deduced, including (problem system,
social worker system, institution system, professional
intervention process system), and the formulation of
the strategic objective and operational objectives of
the strategic vision and the mechanism for achieving
them through designing An executive plan to address
the problems of persons with disabilities in the
countries of the Gulf Cooperation Council.

[The research winning the second place in the field of social
studies in the 38th competition of the Rashid bin Humaid
Award for Culture and Science]

*Professor of Social Work and Quality Assurance and
Academic Accreditation Consultant ,Imam Mohammad Ibn
Saud Islamic University, K.S.A
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The reality of spousal violence against women during the COVID-19 pandemic from
the point of view of abused wives

*Dr. Walaa Mohamed Shaaban Elsayed
Abstract

This study aimed to determine the reality of
spousal violence against women during the
COVID-19 pandemic from the point of view
of battered wives. The researcher used the
descriptive analytical method in this study.
The study sample consisted of 160 abused
wives. The researcher designed a
questionnaire to determine the reality of
forms of spousal violence (physical - sexual
- verbal - economic - psychological) against
the wife by the husband. The results showed
that all forms of violence against the wife by
her husband during the Covid-19 pandemic
reached a total weight of (18783), and a
weighted relative weight of (78.26%). This
indicator is high, indicating that the level of
spousal violence in its various forms is high
during the Covid-19 pandemic. Physical
violence came in first place at 22.1%,
followed by "verbal violence" with 20.9%,
followed by psychological violence at
20.5%, then fourth place sexual violence at
18.4%, and finally, fifth place is sexual
violence at 18.1%. The study ended with the
researcher coming up with important
recommendations  that contribute to
confronting the phenomenon of spousal
violence against women.

Keywords: Covid-19 epidemic, violence,
abused wive, husband.

[The winning research in the second place in the field
of social studies in the 38th competition of the Rashid
Bin Humaid for Culture and Science Award]
*Assistant Professor of Social Work, College of
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Cyber security for UAE digital banks
Suggested strategy according to the terms of the Abu Dhabi Global Market

*DR.Diaa Mohamed Ahmed Hassan
**DR.Ali Sayed Ismail
Abstract

This study proposes a comprehensive
cybersecurity strategy for UAE digital banks;
Information threats have a great ability to harm its
integrity, disrupt and undermine critical
information infrastructure operations, reduce
technology investments, and slow economic
growth.

This study derives its importance from the danger
of the increase in cyber-attacks, as one of the most
important systemic risks facing contemporary
financial systems, and then develops a strategy that
enables Emirati digital banks to secure their digital
infrastructure, and contribute to achieving their
economic aspirations, by defining their goals,
mission, plans, and foreseeing Its future risks, in
order to establish a comprehensive plan that
reflects the needs, defends the present, and
anticipates the future, based on the belief in the
latent capabilities of the United Arab Emirates, in
order to achieve a major, influential and effective
role in contributing - deeply - to future studies and
supporting the ambitions of its governments; for a
comprehensive, long-term digital transformation.
As well as the need to promote innovation, take
advantage of recent developments in the world of
technology and data, and employ them; To provide
the most secure, fast, and easy financial services.
This study aims to clarify the nature of the
cyberspace security strategy of the UAE digital
banks, and define its foundations, scope,
objectives, plan, and the elements for its success, in
order to protect digital banking systems from
illegal access to them, or tampering with their
systems, or their information during operation, or
storage. processing, or transportation.

Keywords: digital space - digital banks -
operational risks - the United Arab Emirates.

[The research winning the second place in the field of
economic studies in the 38th competition of the Rashid
bin Humaid Award for Culture and Science]

* Associate Professor (Researcher) Economics at Saleh
Center Kamel for Islamic Economics at Al-Azhar
University.

** Associate Professor of Islamic Economics and
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The role of the Social Worker in Dealing with Cases of Sexual Harassment

A Descriptive Analytical Study on a Sample of Social Counselors in Secondary
Schools in Riyadh

*Dr. Hanan Obaid Rashid Al Masoud
Abstract

This study aimed to determine the most prevalent
types of sexual harassment among secondary school
students, to identify the most prevalent behavioral
problems in cases of sexual harassment among
secondary school students, to identify the role of the
social worker in dealing with cases of sexual
harassment, and to identify the difficulties facing the
social worker in practicing it. For its role with cases
of sexual harassment, arriving at a proposed
conception of the social service to deal with cases of
sexual harassment. The study used the social survey
method, and the study sample was limited to 70
female social workers working in secondary schools
affiliated with the Ministry of Education in the north
and east of Riyadh. The study tool was the
questionnaire. The study reached important results,
including: The proposed concept is based on the
most prominent foundations: the integration of the
concepts of sexual education - sexual harassment -
physical violence) within the curricula of basic
education stages, implementation of awareness
programs in basic education schools and general
secondary schools - technician, with the
participation of the health visitor - psychologist -
Social worker - teacher of religious education.
Among the recommendations made by the study:
listening to the child is the beginning of the solution,
maintaining calm and not making the child feel
afraid. If the child refuses to go to school, he must
talk to him and understand his problem.

key words:the role of the social worker / sexual
harassment/ behavioral behaviours

* Associate Nora Bint Abdullrahman University, KSA
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