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Study of Air Quality, Weather and Noise at Halls of the Holy Mosque
During Ramadan Season in 1429H

Abdulaziz R. Seroji
Department of Environmental and Health Research — The Custodian of the Two Holly Mosques Institute for
Hajj Research — Makkah — Saudi Arabia
Email: arseroji@uqu.edu.sa

ABSTRACT

This study was evaluating air quality (PM10, Noise, CO, Temperature and Humidity) inside
Al-Masaa and at the three big Halls of the Holy Mosque in Makkah (21°.25 N, 39°.52 E)
during the middle and last ten nights in Ramadan 1429H (2008). The study revealed high
concentration of PM10 in Al-Masaa and at the Halls ranging between 209 — 462 ug/m The
noise levels were also measured in the same sites and ranged between 74 — 84 dB. The
concentration of CO was very limited (7 mg/m’ in 15 min.) despite its relative high level
(13 mg/m’ in 15 min.) near the ventilation halls of Assog Assageer tunnel. The Heat Index
(HI) was also measured and found to be 43 °C in Al-Masaa. Such HI may affect the rest of
Prayers and Moatmreen. Recommendations and solutions have been suggested to improve
the air quality in Al-Masaa and the Halls. Some of these suggestions are making a central
air conditioning and ventilation system to reduce the PM10 spreading and providing more
convenient weather. The use of water scattering can also reduce the PM10. The study
stressed on the importance of continuous evaluation of air quality in the Holy Mosque area
to provide safer and more convenient environment for prayers.

Keywords:
PM10 - Noise - CO - Temperature Humidity - Air quality
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ABSTRACT

In this paper, a technique for designing a hybrid double lens, which is made of a
homogenous front element and a radial gradient-index back element, is presented. Then,
this designed system is optimized for collimating a monochromatic light, using ZEMAX
program. In addition, the optical performance of this optimized system is investigated and
compared with the optical performance of a well designed monochromatic objective, which
is composed of four homogeneous lenses, under the same conditions. Comparison of both
systems shows that the image quality of this presented system is better than its counterpart
and it has a simple configuration. As a result of this research, this designed hybrid double
lens can be used as a monochromatic objective for microscopes or telescopes.

Keywords:

Gradient Index - Monochromatic Objective - Ray Tracing — Aberrations - Merit Functions
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INTRODUCTION

In optical design, the need for non-aberration optical system (or of a minimum
aberration) and with a reduced number of elements enhanced the use of gradient index
(GRIN) optical elements (Sands; 1970, Marchand; 1978). Therefore, several photographic
objectives, with one axial gradient index element or more, have been designed to meet these
requirements (McLaughlin; 1980, Atkinson; 1982, Tscuchida et al; 1992, pfisterer; 1993,
Hunter et al; 1998, and Al-ahdli; 2004). Due to the progress of manufacturing large graded
index polymers (Wu et al; 1996), more radial GRIN objective lenses have been designed
(Krishna and Sharma; 1996, Fisher et al; 2002). Recently, polymer based GRIN lenses
draw their improved optical performance from a nanolayered internal GRIN found in many
biological lenses (Beadie ef al; 2008).
In this paper, a new technique for designing an optimum monochromatic objective system
is presented. This system consists of two optical elements, the front element is a
homogeneous lens and the back element is a radial GRIN lens, which is called a Hybrid
Double Lens (HDL). For comparison reason, this technique uses the parameters of the front
element as that of the first lens of a well known optical system (Kingslake;1978), which is
known as a Four-Lens Monochromatic Objective (FLMO). The FLMO design faced a
problem of over correction of spherical aberration, i.e., the three menisci elements, which
follow the first element in this system, were not able to compensate for the under correction
of the first lens of this aberration (Kingslake; 1978). In this research, this problem has been
technically solved by considering the presented design of the Hybrid Double Lens (HDL).
In this work, The HDL system has been optimized for a collimated monochromatic light
(parallel to the system optical axis) through minimizing the value of the Root Mean Square
(RMS) of the wave front error (ZEMAX; 2006). For comparison reason, the effective focal
lengths (f ) of both systems, HDL and FLMO, and their aperture radii are kept the same
(Kingslake; 1978) during the process of optimization. Also, the selection of the radial
GRIN profile of the back element is based upon the parameters given by (Krishna and
Sharma; 1996), so the fabrication aspects of this element can be reachable.
For comparison reason, the evaluation of the optical performance of both systems, FLMO
and HDL, has been carried out through the computation of several conventional merit
functions, which are available by ZEMAX software Program, at zero field angle and f /2
aperture. A graphical comparison of these merit functions, under the same conditions, will
be presented.

DESIGN TECHNIQUE
a. Background

The FLMO system, which is used as a target system in this work, is designed by
taking a single minimum- aberration lens (Kingslake;1978), and following it with three
menisci (see Fig.1). The front face of each is being chosen to give the maximum of
overcorrection, while the rear faces are perpendicular to the marginal ray to avoid the
spherical under correction.
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Figure (1): Layout Diagram for W\
Four - Lens Monochromatic
Objective. M/

Following the notation given in ( Kingslake; 1978), the design data for this system is shown
in Table 1.

Table 1. Design Data for Four-Lens Monochromatic Objective

Surface Radius (mm) Separation Refractive Semi-Diameter(mm)

(mm) index

1 15.148302 0.3 1,523 2.50

2 -62.252546  0.05 1.0 2.49758
3 12.166634 0.3 1.523 2.45920
4 17.962351 0.05 1.0 2.42875
5 8.777165 0.3 1.523 2.39692
6 12.89607 0.05 1.0 2.36142
7 6.294573 0.3 1223 2.30847
8 9.163047 8.85360 1.0 2.26992

b. Hybrid Double Lens Design Data

The HDL system (trial system) is designed by taking the first lens of the previous
FLMO system and replacing the other three menisci lenses by a radial GRIN lens. Also,
GRIN parameters given by (Krishna and Sharma;1996) are used. Fixing the effective focal
length value to that of FLMO, ZEMAX program determines the radial GRIN element
parameters. Then, RMS wave front error is computed at a zero field angle and aperture of /2
and it is used as indicator of the system optical performance. After many trials of running
the optimization program, the design data for the optimum HDL system has been achieved
(Table 2.). The layout diagram of this system is shown in Fig.2.

Table (2): Design Data for a Hybrid Double Lens
Surface Radius (mm) Separation Refractive Semi-Diameter(mm)

(mm) Index
1 15.148302 0.3 1.523 2.50
2 - 62.252546 0.05 1.0 2.49758
3 8.9910 0.36 Rad-GRIN  2.4675
4 Infinity 9.370 1.0 2.46448
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=
Figure (2): Layout design for /V —
Hybrid Double Lens. H\ -

The profile of the radial GRIN of this system, n(r), (see Fig.3), has the form as:
n(r) = ny, + nyr’ + nyr' (1)
Where r is the GRIN radius, which is located at the third surface in this system (Fig.2). The

GRIN parameters, which correspond for the optimum situation, and given in Eq.1 are as
follows:

Noo = 1.528478,n1y = —1.85x1073 and n,, = —2.686x107°. For comparison reason, this
system is optimized for a monochromatic light of 550nm wavelength(4).

1.540 —
1.538 —-
1.536 —‘
1.534 -:

1.532

Figure (3): Radial
Gradient Index Profile.

Refractive index
o
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1.526 —
1.524
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T ¥ T y ¥
.0 0.5 1.0 1.5 2.0 2.5
Gradient Radius (mm)

OPTICAL PERFORMANCE EVALUATION

The evaluation of the optimized HDL system is carried out through the computing
of the conventional merit functions used in optical design (ZEMAX; 2006). Then, the
corresponding values of these merit functions, for FLMO and HDL, are compared under the
same conditions, i.e., zero field angles, aperture of f/2, and 550 nm wavelength.
The result of the computed values of RMS wave front error, which is based upon a
Gaussian quadratic method for ray tracing (Forbes; 1988), are 0.095 um and 4.046 um for
HDL and FLMO systems, respectively. This result indicates that HDL objective has a
smaller value of aberration than that of FLMO. A graphical comparison of this merit
function, for both systems, is shown in Fig.4.
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This proves that HDL system has a better image than that of the FLMO system through the
field angle range 0° — 1.5°. Since the target system is designed for zero field angles, wide
range field angles are not considered in this work.

Ray aberrations, Longitudinal Spherical Aberration (LSA) and Transverse Ray aberration
(TRA), have been evaluated as a function of rays height at the aperture and graphically
compared for both systems (Fig.5 and Fig.6).

[~ 1.0
- - 0.8
Figure (5): Comparison of
Longitudinal Spherical Bal
Aberration for Four —Lens AN ; %
System (solid line) and AN | . 4§
Hybrid Double Lens (dotted
line).
- 0.2
0.025 " 0020 " 0015 " 0010 " -0.005 0.000°-©
Longitudinal Spherical Aberration (mm))
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Numerically, the corresponding values of LSA, for a marginal ray at height of 2.5mm
above the system optical axis, are 9.265x107° mm, 2.479x10~2 mm, for HDL and FLMO
respectively. Where the corresponding values of TRA, for this tangential plane ray, are
0.024186 A and 6.58239 A, respectively.

N
2
\ f
Figure (6): Comparison of . | =
Transverse Ray Aberration in N 2 ooz Aperature
Tangential Plane for Four- o ey -
Lens System (solid line) and ' '
Hybrid Double Lens (dotted
line). <1

These results imply that the imaging properties of HDL system are better than that of
FLMO system under the same conditions.

The energy distribution at the image space has been tested, for both systems, through the
computation of the following merit functions (Arendt; 1972): Encircled energy, Line
Spread Function cross section (LSF), and geometrical Modulation Transfer Function
(MTF).

The analysis of the encircled energy diagram (Fig.7), which shows the percentage of the
total enclosed energy as a function of the distance from the image centre (ZEMAX; 2006),
yields that 95.45% of the total energy is enclosed within a radial distance of 5.0 mm, for
the HDL system. Whereas, its corresponding value for the FLMO system is 80.58%.
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Figure (7): Comparison of Encircled
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For comparing one design with another, optical designers prefer MTF graph which shows
the modulation as a function of spatial frequency (Kingslake; 1978). Since the geometric
MTF calculation is based on a ray aberration data, the corresponding values of this function
are graphically compared (Fig.8).

1.0 o,

Figure (8): Comparison of \
Geometric Modulation Function ; .
for Four-Lens System (solid line) :

and Hybrid Double Lens (dotted 0.4+ \

line).

Geometeric Modulation Transfer Function

0.2 —
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Spatial Frequency (Cycle/ mm)

This figure shows that the cutoff frequencies are 933.3 and 918.5 cycle/mm for HDL and
FLMO systems, respectively. Also, this figure shows that the FLMO system curve falls
rapidly, compared to that of HDL system. This result implies that FLMO system has a large
amount of aberration with respect to the HDL system and this agrees with the result
dictated from Figs. (5-6).

In addition to the previous merit functions, the image intensity pattern cross section of a
line infinite distant object has been examined for both systems. A graphical comparison of
the corresponding values of LSF is shown in Fig. 9.

1.0 é

0.8 [%

Figure (9): Comparison of & ?11
Image Intensity for Four-Lens E o0 ' ﬁ
System(solid line) and Hybrid g . M
Double Lens (dotted line). }

Position ( micrometer)

In this work, the size the ray grid used to sample the optical system pupil is (64x64) and the
image grid size is (128x128) as it is recommended by ZEMAX software program

pYIA e ale = BVETY pyma ) oandl Y alanall Ll pslall s 31 RETHERTEN




Kassim: Hybrid Double Lens Monochromatic Objective: Design and Analysis

(ZEMAX;2006). Referring to Fig.9, the value of Full Width Half Maximum (FWHM)

(Kingslake;1978) for HDL is 1.1187um and that of FLMO is 2.5689um. This result agrees
with the conclusion that the more narrowed FWHM, the less amount of aberration in the
optical system.

Finally, optical designers concern is of the transmitted energy that emerges from the last
optical surface of the system. Therefore, the transmission of none polarized light which
incidents upon both systems, for zero field angle, has been computed at 550nm wavelength.
The corresponding transmission values, for HDL and FLMO systems, are
83.592 % and 70.2308 %, respectively. This implies that the use of GRIN material in
optical design reduces the absorption, reflection, and vignette losses, since this design has a
simple configuration ( two elements only).

CONCLUSION

This study proves that it is possible to design a hybrid double lens that can be used
as a monochromatic objective for microscopes or telescopes. This presented design satisfies
the requirements of optical designer for having an optical system with a less number of
optical surfaces and a reduced amount of aberration at the same time. Further work will be
carried out to redesign conventional monochromatic objectives with an axial GRIN element.
The author would like to extend his thanks to the Physics Dept. at Umm Al-Qurra
University for providing facilities during this research.
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ABSTRACT

Dilly weather temperature in middle east countries is very hot temperature range variations
ranged between 20 — 50 °C spatially in summer, so it was observed that the temperature in
the gamma camera room was variable, mainly when air-condition is not working. This
work was designed to study the effect of room temperature variation effect on measured
photo-peak position and detector uniformity conditions. For both camera detectors, photo-
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peaks were measured against room temperature over a period of thirty records. Also
intrinsic uniformity was measured using **™Tc point source with respect to photo-peak
position to indicate temperature effects on it. The uniformity Studies are applied on 15%
20% photo-peak windows width. Our data indicate that room temperature variations had a
significant effect on photo-peak position of both gamma camera detectors. It was also
apparent that, when the measured photo-peak exceeded a threshold, uniformity was
degraded. From the results obtained it was clear that uniformity was degraded when the
photo-peak position was offset. Also the uniformity was greatly affected on using 15%
energy window width. Temperature variations can affect measured photo-peak position and
any offset from this value can affect uniformity. Uniformity variation can degrade image
quality and affect the quantification of changes seen in dynamic, static and SPECT images.

Keywords:

room temperature - gamma camera — photo-peak - uniformity

INTRODUCTION

While abrupt temperature changes can cause crystal damage, the effects of slower,
smaller changes are not well documented. The temperature coefficient of light output (%.
°K-1) is 0.08 for Nal crystals, i.e. if at a certain temperature the signal is 100 units then the
change is 0.08 units per Kelvin change in temperature (Thermo Hilger, 2010). Practically,
this mean that the pulse height (output) will change as the temperature changes, which will
be manifest as a change in gain or sensitivity as well as a change in energy resolution;
however, the sensitivity curve is not linear.

An increase in ambient temperature will also increase resistance in circuits and adversely
affect the response of diodes. It has been suggested that elevated temperatures may result in
the gel used for optical coupling becoming less viscous (Sharp et al, 2005).

The effect of thermal changes on each component part of a gamma camera is beyond the
scope of this study. However, The purpose of this work is studying the influence of thermal
changes on the apparent photo-peak position and hence the image uniformity.

The adjustment of a camera is normally performed by setting up the gain of each
photomultiplier so that the flood field appears to be uniform (Bernier et al, 1994). This
means that the energy response of individual photomultiplier tubes may be different and,
while perhaps enabling a flat flood field to be obtained, errors in the uniformity of the
sensitivity distribution may at the same time be introduced (Pokropek Todd et al, 1976).
Pokropek found variations of up to 20 keV in the position of the peak across the camera
face.

The performance of a gamma camera is characterized by six parameters, spatial resolution,
non-uniformity, spatial distortion, sensitivity, count rate characteristic, and energy
resolution. Most of these are interrelated; some 60% of non-uniformity, for example, is due
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to spatial distortion, While energy resolution affects the system spatial resolution (Sharp et
al, 2005).

The non-uniformity is a measure of the slightly different response of different areas of the
detector to irradiation by a uniform source. This may be measured also with or without the
collimator. Although an image obtained on photographic film is adequate for daily
assessment, quantitative data from a digital (computer) image are necessary for comparison
purposes. In the latter case, it is the variation in pixel count values which is analyzed.
Approximately one-third of the non-uniformity is caused by energy-axis shifts of the
photopeak at different points in the field of view. The remaining two-thirds is primarily due
to spatial nonlinearities (Farag et al, 2001).

A gamma camera has an energy resolution of 9% to 10% at 140 keV (99mTc) Typically, the
Energy window (the difference between upper level and lower level discriminators) is set to
14%, or 20 keV, centered around 140 keV. The gamma camera software adjusts the
discriminator levels for radio-nuclides other than *™T¢ based on the relationship between
the gamma ray energy deposited and the light output of Nal (T1) (Cherry et al, 2003).
Recently it has been suggested that, on modern gamma cameras, uniformity and hence the
images may be improved by using a 15% instead of a 20% window (Mark et al, 2000).

Anwar and his group (Anwar ef al, 2009) concluded that the optimum energy window
width was in the range 15-20% for the ™ Tc isotope planer and SPECT imaging.

It was important to establish whether changing the energy window would improve
uniformity and thus the image quality; therefore a study examining the effects on flood
fields was necessary prior to applying any changes to the acquisition of patient images.
Most gamma camera vendors recommended that system environmental requirements for

temperature range are 15.5° -35° C (60°-95°F) and maximum variance 4.4° C/hr. (8° F/hr)
(Thrall and Zienssman, 1987).

MATERIALS AND METHODS

The scintillation camera used in this study was the E.CAM Dual-Head Variable-
angle from manufactured by Siemens company, which installed in Nuclear Medicine
department of National Cancer Institute, Cairo, Egypt since 2000. For accurate temperature
measurements  we  used digital thermometer [Amprobe TH-1  Relative
Humidity/Temperature Probe Style Meter has temperature accuracy +0.6°C (£1°F)] which
fixed at the sides camera head’s.
We made the routine daily peaking for the gamma camera using *™Tc- point source as the
Siemens recommendations at normal temperature (defined as between 25 and 28 °C), then
through the whole day's we recording 30 variables gamma camera room temperature which
ranged between 18 and 35.0 °C, the photo-peak values were obtained for each recording of
room temperature for both camera heads.
It is usual to carry out the calculations for both the useful field of view (UFOV) the whole
usable field of view and the central field of view (CFOV); the CFOV is defined as an area,
centered on the UFOV, having linear dimensions of the UFOV scaled by a factor of 0.75. In
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practice, for ease of calculation, the CFOV is defined as a circle having a radius 75% of the
largest circle that it is possible to inscribe within the UFOV (Webb, 1994).

For both the UFOV and CFOV, the mean and standard deviation (SD) of the pixel counts
are calculated. The coefficient of variation (CoV) of the pixel counts is given by CoV =100
(SD/C,,) where Cy, is the mean pixel count. The integral non-uniformity, a measure of the
range of pixel values, is given by:

U(+) = 100 (Cpax — Cu)/Cn%
U(=) = 100 (Cpin — C)/C%

where Cyee and C,, are the maximum and minimum pixel counts respectively. The

differential non-uniformity, measuring the rate of change of pixel count values, is defined
by:

Uy = 100(C/M)%

where C is the maximum difference in counts between two adjacent pixels and M is the
larger of the two counts (Graham et al, 1995).

It is usual to carry out the calculations for both the useful field of view (UFOV) the whole
usable field of view and the central field of view (CFOV); the CFOV is defined as an area,
centered on the UFOV, having linear dimensions of the UFOV scaled by a factor of 0.75. In
practice, for ease of calculation, the CFOV is defined as a circle having a radius 75% of the
largest circle that it is possible to inscribe within the UFOV (Webb, 1994).

For both the UFOV and CFOV, the mean and standard deviation (SD) of the pixel counts
are calculated. The coefficient of variation (CoV) of the pixel counts is given by CoV =100
(SD/Cp,) where Cp, is the mean pixel count. The integral non-uniformity, a measure of the
range of pixel values, is given by:

U(+) = 100 (Cyax — C)/Cin%
U(-) = 100 (Cpin — C)/C%

where Cyox and C, are the maximum and minimum pixel counts respectively. The

differential non-uniformity, measuring the rate of change of pixel count values, is defined
by:

Ug = 100(C/M)%

where C is the maximum difference in counts between two adjacent pixels and M is the
larger of the two counts (Graham et al, 1995).
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Temperature changes can cause crystal damage, we studied the effect of such shifted photo-
peaks on intrinsic uniformity as a separate part. At normal room temperature the intrinsic
uniformity were acquired for each such shifted photo-peak values using a PMTc  point
source according to the manufacturers recommendations. These were analyzed using the
manufacturers software to obtained integral and differential uniformity values for useful
(UFOV) and central (CFOV) field of view. Siemens recommended value limits are I
UFOV< 4.7%,1 CFOV< 3.9%, DUFOV< 2.7%, D CFOV < 2.5%, and Off peak shift + <
3.0 %.

Flood fields uniformity were obtained for head 1,head 2 at 20% and 15% windows width
settings. Photo-peak shift was plotted against temperature variation, and uniformity
parameters against shifted photo-peak then tested the relationship between photo-peak shift
and temperature using Student’s T-Test.

We plotted uniformity against photo-peak energy offset. This photo-peak had been offset
from measured photo-peak for *™Tc.

RESULTS

Plots of photo-peak shift against temperature variation for both camera heads were
shown in Figure (1). The effect of offsetting photo-peak on uniformity in head 1 for 15%,
and 20% window sittings can be seen in Figures (2 and 3). Figures (4 and 5) show the plot
of uniformity against energy for head 2 at 15%, and 20% window sittings. The
corresponding flood field images for head 2 are shown in image 1.
There was a correlation between temperature variation and measured photo-peak shift,
which was particularly significant for both heads (Figure (1)). It was also apparent that,
when the room temperature change from its an operating range it cause photo-peak shifting,
these shift is more in head 2 than head 1. Head 1 peak shift is within the Siemens
recommendation level but head 2 shift is out of range at cold weather, so head 2 is affected
by cold than hot weather within the camera operating range. For both heads the temperature
ranges 18-25 (cold weather) shift the photo-peak towards the +ve direction, but the hot shift
to —ve, but both non operating range cause significantly photo-peak shifting.
From the results obtained in Figures (2 and 5) it was clear that uniformity was degraded
when the photo-peak position was offset manly over the = < 3.0 % off peak shift, on which
the integral and differential uniformities over the recommendation limitations (I UFOV<
4.7%, 1 CFOV< 3.9%, DUFOV< 2.7%, D CFOV <2.5%).
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It was also apparent that, the uniformity degradation was more effected with 15% photo-
peak windows width rather than 20% (Figure (2 and 5)).
Visual comparison of the flood field images concurs with this finding as shown in Figure

(D).

We observed that during very hot weather, Or air-condition failure, camera room is
correspondingly hot. At the same time the camera uniformity is degraded and the photo-

peak significantly off peak.

Figure (1): Photo-peak energy
shift against temperature variation
for head 1 and head 2

Figure (2): Uniformity against
photo-peak energy shift for Head 1
at 15% energy window setting
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Figure (3): Uniformity against
photo-peak energy shift for Head
1 at 20% energy window setting

Figure (4): Uniformity against
photo-peak energy shift for Head
2 at 15% energy window setting

Figure (5): Uniformity against
photo-peak energy shift for Head
2 at 20% energy window setting
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Figure (6): “"Tc flood field
images acquired with a 15%

window and photo-peak offset for
head 2

DISCUSSION

Head 2 of gamma camera, which was in the lower position, is more Affected due to
temperature changes and less stable than Head 1. A rise in temperature causes a lowering of
the photo-peak position on both heads. Conversely, a fall in temperature raised the photo-
peak position. Such a shift in photo-peak from the optimal (tuned) position adversely
affected the uniformity on gamma camera, suggesting that high or low temperature can
influence camera performance. Photo-peak offset degrades the uniformity more with a 15%
window than with a 20% window.

To give an example from the worst effect (Head 2), a drop in temperature of 10°C from the
optimal causes the photo-peak to shift from 0 to 4.7%. This results in D.CFOV changing
from 2 to 4.0% (+50%) in 15 % window width, indicating that the changes in photo-peak
shift due to temperature induced non-uniformity in gamma camera.

Correct photo-peak position is important to ensure good uniformity, which is essential to
ensure that clinical images provide an accurate record of the physiological distribution of
radioisotope within the patient, since it is known that variation in uniformity and sensitivity
across the gamma camera face will affect both static, dynamic and SPECT quantitative
studies.

These results are consistent with those demonstrated in experiments using the Jaszczak
phantom, which suggest that SPECT images are affected by changes in photo-peak and
uniformity more than planar images (Bernier et al, 1994).

We believe this will be more significant at high count densities where signal to noise ratio
is high.

In Conclusion the temperature variations can affect measured photo-peak position and any
offset from this value can affect uniformity. So the temperature in gamma camera room
must be ranged between 25 and 30.0 °C, since when the temperature deviated from this
range attempts would be made to rectify it. 20% window width is better than 15% window
if the temperature deviated is not rectify.
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ABSTRACT

In the present work, we are interesting to the study of the occurrence of the geomagnetic
storms during the very geomagnetic activity days characterized by a value more then 6 for
the geomagnetic K index. A data base of 12045 days (three solar cycles, 20™ 21% and 22™)
is analyzed. The study shows the occurrence of these very geomagnetic activity days is
increasing for the three discussed solar cycles and their location is very important at the
minimums of the solar cycles. In the other hand, the very geomagnetic activity months
during this period are identified.

Keywords:
Space Weather - Solar Cycle - Geomagnetic Storms - K index - GPS

INTRODUCTION

Solar activity has a great impact on the Earth’s ionosphere. Geomagnetic storms
and strong Extreme Ultra Violet / Ultra Violet (EUV / UV) emission from specific types of
solar flares can greatly alter the electrical characteristic of the ionosphere. The ionosphere
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effect depends on the properties of the incident signal and on the Total Electron Content
(TEC) defined as the integral of the electron density on the path between the satellite and
the receiver. This influences the accuracy of the Global Positioning System (GPS) and the
Global Navigation Satellite Systems (GNSS) detection technologies (Venkateswara et al,
2010). Now a day, GPS can be consider as one of the most efficient technique to measure
precise positions at real-time and also allows to save time and money. Therefore, it is
widely used in many sectors of science and technology. The space weather outside of its
quiet periods is the origin of the ionosphere disruptions that can strongly break, or even to
make impossible, of the accuracy and the reliability of the positioning based on the
detection systems. The expected regular magnetic field variation of the current systems is
caused by the regular solar radiation changes. Additionally, irregular current systems
produce magnetic field changes caused by the interaction of the solar wind with
magnetosphere, by the magnetosphere itself, by the interactions between of the solar wind
with the magnetosphere and the ionosphere, and by the ionosphere itself. These currents
produce geomagnetic disturbances that are measured at ground-based magnetic
observatories recording the three magnetic field components.

The Dourbes observatory (Center of Geophysics) is one of the permanent INTERMAGNET
stations and it measures the variation of the amplitude of the components (X and Y) of the
magnetic field. The amplitude is measured in nanoTesla (nT) and the observatory expresses
the most disturbed value of a three-hourly range by the index K. The K indices are to be
hand-scaled from analogue magnetograms following morphological criteria expressed in
the so-called Mayaud rules (Menvielle et al, 1995). The K index is given on a quasi-
logarithmic scale from 0 (< 5 nT) to 9 (> 500 nT). The planetary magnetospheric Kp index
is evaluated using the K indices obtained from 13 selected subauroral stations and is also
given in a scale from 0 to 9 (Boberg et al, 2000).

In a previous work (Nebdi et al, 2004), the results showed that the probability of the
correlation between the ionospheric small-scale variability and the geomagnetic activity is
100% when the K index and the planetary magnetospheric Kp index are greater or equal to
7 for all the cases studied. The interest of the present work is focusing only in the very
geomagnetic activity days and their occurrences during three solar cycles (33 years).

PREPARATION OF DATA

Tables 1, 2 and 3 are classified the data by months, years and cycles and showed the
occurrence of the very geomagnetic activity days during three solar cycles, the 20™ 21 and
22™ The black rectangles represent the beginning and the ending of the cycle in term of
months. The meaning of the abbreviations T.M., T.Y., and T.C. are the Total for every
Month, Total for every Year and Total for every Cycle of the very geomagnetic activity
days respectively. The data in the following tables give all the very geomagnetic activity
days in each month where the K index is greater than or equal to 7.

PYONe iy = BVETY pya Vol ¥ el Ll pylall 5 1 ol dnly das




Nebdi: Study of Geomagnetic Activity During Three Solar Cycles using a K-index Data Base

Table 1 : Occurrence of the very geomagnetic activity days identified during the 20"
solar cycle

Jan. | Feb. | Mar. | Apr. | May | Jun. | Jul. | Aug. | Sep. | Oct. | Nov. | Dec. T.Y.

Y
1964 0

0

1

1965
1966 4
25,
1967 | 14 | 16 %
1968 31 1
1969 2 23 30
1970 8 21 17
1971 17

1972 18 5.9 15

1973 1 29
1974 6 11
1975 22
1976 1 3

— W WIS

N =[N W

TM.| 1 2 2 3 3 1 1 4 2 ) 3 2 | T.C.26

Table 2 : Occurrence of the very geomagnetic activity days identified during the 21% solar
cycle

Jan. | Feb. | Mar. | Apr. | May | Jun. | Jul. | Aug. | Sep. | Oct. | Nov. | Dec | T.Y.
1976 0
1977 0
1978 | 4 30 1 4 - 28 | 29 25 8
1979 235 13 2
1980 19 1
1981 25 14 2
1982 1,2 13, 6, 6

14 22
1983 4,5 24 9 4
1984 26 1
1985 21, 2
30
1986 s 3
8,9

TM. | 1 5 2 3 2 1 4 2 3 1 2 1 T.C.29
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Table 3 : Occurrence of the very geomagnetic activity days identified during the 22" solar

cycle
Jan. | Feb. | Mar. | Apr. | May | Jun. | Jul. | Aug. | Sep. | Oct. | Nov. | Dec. T.Y.
1986 12 25 2
1987 0
1988 22 3 2
1989 13,1 23 20, | 17 | 29 8
4, 21
29
1990 12 12 2
1991 24,2 5, 8, 12 8,28 | 1, 13
5 17 13 29 |89
1992 3, 10 4
20,
26
1993 4 1 2
1994 21 2 1 3
1995 7 1
1996 0
TM.| 0O 5 5 5 3 3 2 1 1 5 5 2 | T.C.37

DATA ANALYSIS AND DISCUSSION

The collected data study the total occurrences for the very geomagnetic activity days
during the three selected solar cycles and reveal that 26, 29 and 37 very geomagnetic
activity days for the 3 solar cycles respectively. In total, 92 very geomagnetic activity days
are identified which represents about 1 % from 12045 days.
Figure 1 gives the frequency of the occurrence of the very geomagnetic activity days during
3 solar cycles, and we can see that the very geomagnetic activity days are increasing cycle
by cycle.

14

12

10

ERRREET IREEE |
[.

o |

0 +¥ ; \d

1964 1968 1972 1976 1980 1984 1988 1992 1996

Figure 1: Frequency of the
occurrence of the very geomagnetic
activity days during three solar
cycles

active days

Frequency of the occurrence of the very

Years
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Figures 2a, 2b and 2c, show the distribution of the probability of the occurence of the very
geomagnetic activity days during the 20" 21% and 22" solar cycles separately. The
probability of the occurrence is given by:

P, (Xi)= Nu(Xi) / N1y (1)
with N, (X;) the number of events (the very geomagnetic activity days) related to a month X;
i=1,2, .., 12) during a cycle u (un = 20, 21, and 22), and Nr, the total number of the
events occurred during the cycle p.
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The correlations between the probabilities for a pair of two solar cycles are very low, and
we got 0.31, 0.20, and 0.14 for 20" and 21% solar cycles, 20" and 22™ solar cycles, and 21
and 22" solar cycles respectively. In other hand, the correlations between the probability of
each cycle and the probability for the three solar cycles gives a more significant values and
we have 0.82, 072 and 0.49 for solar cycles 20™ 21% and 22™ respectively.
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Figure 3: Probability of the
occurrence of the very geomagnetic
activity days during three solar
cycles

Probabilty of the occurence during
the 20th, 21st and 22nd solar cycles

Figure 3 represents the values of the probability of the occurrence of the very geomagnetic
activity days for the three solar cycles, and we can say that the first three very geomagnetic
activity months are April, February and November with 14%, 13% and 11% respectively.
The "quiet" month is January with 2%. The average of the events (number of the very
geomagnetic activity days) per year for each cycle are 2.17, 2.42 and 3.08 respectively for
the 20", 21 and 22" solar cycles.
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50 -
O ¥ 1
1976 1981 1986

Figures 4, 5 and 6, illustrate the distribution of the very geomagnetic activity days (the
triangles) over the monthly sunspot number (the solid line) for each solar cycle separately.
For the three solar cycles, we used the data base of the Monthly Sunspot Number (SSN)
from the Solar Influences Data Analysis Center (SIDC) (http://sidc.oma.be/sunspot-data/
accessed on 15 January 2010).

250 -
The 22" Solar Cycle
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3
a
Figure 6: Distribution of the %50 -
very geomagnetic activity -
days over the monthly 3
sunspot numbers during the %00 -
22" solar cycle. g
(weeme SSN. A Very Active Days) A
50 -
0 T T T T T 1
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The analysis of this distribution permits us to compute the number of very geomagnetic
activity days occurred in the three phases for each solar cycle which are the Positive Phase
denoted by P.P. corresponding to the increasing region, the Maximum Phase denoted by
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M.P. (the region near the maximum or the quasi-plateau) and the Negative Phase denoted
by N.P. for the declining region.

Table 4: Statistics about the distribution of the very geomagnetic activity days over the
three phases for each solar cycle

B.P, M.P. | N.P.
Solar Cycle 20 3 4 17
Solar Cycle 21 10 2 17
Solar Cycle 22 8 6 23
Total in three solar cycles 23 12 57
Average for the three solar cycles 7.67 -+ 19
Percentage of the occurrence by each phase | 25% 13% 62%

Table 4; provide some statistics about the number, the average and the percentage of the
occurrence of the very geomagnetic activity days for each region in the solar cycle. The
occurrence of the very geomagnetic activity days in the declining phase is very important
(62%), followed by the increasing phase (25%) and finally the maximum phase with only
13%.

CONCLUSIONS

Long term (three solar cycles) variations of the very geomagnetic activity days in
the geomagnetic K index data base are examined. The study shows that the occurrence of
these very geomagnetic activity days is increasing cycle by cycle and we have 26, 29 and
37 very geomagnetic activity days for the solar cycles 20" 21% and 22™ respectively.
The data analysis conclude that 87% of the very geomagnetic activity days are located at
the minimums of the solar cycles and 13% at the maximum, in the other hand the very
geomagnetic activity months during this period are April, February and November with a
percentage of 14%, 13% and 11% respectively. The "quiet" month is January with 2%.
We hope that this work will be a good tool and helpful for the space satellite users and for
developing a forecast and prediction models.
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ABSTRACT

In Saudi Arabia, some citizens are exchanging a fermented black tea beverage called locally
Al Nabtah which is known worldwide as Kombucha, due to claims of curing many diseases
and simplicity in brewing it at homes. Many researches were carried out on this beverage to
elucidate the microorganisms responsible for its fermentation, verification of its benefits
and to caution the public of its hazards. The aim of this study was to investigate yeast
genera isolated from a local kombucha sample (Al Nabtah) in comparison with relative
studies worldwide. In this study, five yeast isolates were obtained and identified as Candida
guilliermondii, Candida colleculosa, Candida kefyr, Candida krusei and Saccharomycodes
ludwigi. The bacteria partners of the beverage were not investigated in depth. This paper
will also explore authenticated research on this beverage (Kombucha).

Keywords:
Kombucha - Al Nabtah - Folklore medicine — Saccharomycodes - Acetobacter xylinum
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INTRODUCTION

Al Nabtah is a local name used in Saudi Arabia for what is known now worldwide
as Kombucha which is a fermented, sugared black or green tea beverage (Alexopoulos,
1996; Sreeramulu et al., 2000; Mo et al, 2008). Actually the name kombucha is a
misnomer for this beverage since in Japanese it stands for another beverage made of
seaweed kelp. In Japan kombucha is known as ku cha kinoko (red tea mushroom) while in
China it is called hong cha jun or hong cha gu (red tea mushroom or fungus) as mentioned
in Wikipedia. Being a popular beverage in many countries, many local names were
assigned for the same beverage and Teitze (1996), states more than 85 synonyms for it.
Kombucha has gained global reputation for its alleged health benefits mostly based on
anecdotal information as being remedy for dozens of medical cases (Teitze, 1996).
Some of the claimed health benefits of this beverage include; being able to promotes
digestive functions; prevents cardiovascular diseases; stimulates the immune system;
reduces inflammatory problems and improves resistance to cancer (Dufresne and
Franworth, 2000). However these claims were largely individual testimonies that were not
validated scientifically (Srinivasan er al., 1997; DiGeorgio and McLaughlin, 2000; Ernest,
2003; Mo et al., 2008). In fact, several case reports and case series raised doubts about the
safety and side effects of this beverage such as suspected liver damage; metabolic acidosis
and other severe illnesses, leading to the conclusion that the consumption of this beverage
is harmful and cannot be recommended for therapeutic use (Srinivasan et al., 1997;
Greenwalt et al., 2000; Ernest, 2003; Kole ef al., 2009).
The recipe of Kombucha originates, many years ago, in northeast China (former Manchuria
region) and later spread to Russia and Eastern Germany, Japan, Australia and USA where it
is having growing publicity on commercial scale for all of its various forms (Mo et al.,
2008). Medicinal and health claims raised by enthusiastic people about kombucha triggered
authentic scientific research to unveil myths and clear facts about it (Scopus cites 75
articles).
Kombucha is described as a product of a fermentation process shared by acetic acid bacteria
(Acetobacter xylinum) and some yeasts in a symbiotic relationship. The ripped brew is
distinguished by the rubbery, pancake-like mass which floats on top of brewing vessel, thus
nominated as tea mushroom, tea fungus (Mo et al., 2008; Jayabalan et al., 2010) and in
Saudi Arabia as Al Nabtah.
The aim of the present study is the isolation and identification of yeasts flora found in local
kombucha sample (Al Nabtah) in comparison with various data and to aware the public of
some facts relating to Kombucha.

MATERIALS AND METHODS

The Kombucha (Al-Nabtah) sample was of unknown origin and was provided by a
Saudi citizen. The sample was delivered to microbiology laboratory in a plastic, one liter
container. The beverage looked brownish and slightly turbid with a thick pellicle immersed
in it. Sample pH was measured and found acidic (pH 4) and kept in refrigerator for further
investigations.
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Isolation of yeasts in beverage

A modified yeast and malt extract agar (YMA) medium for yeast growth was adopted since
it gives good results in practical lessons. It consists of 70 g/l glucose, 3 g/l yeast extract, 5
g/l peptone and 15 g/l agar (Med.1) and adjusted with phosphoric acid to pH 4. After
autoclaving and cooling; tetracycline (100 pg/ml) was added to suppress unwanted bacterial
growth.

Isolation of bacteria in beverage

Nutrient broth and nutrient agar were used for bacterial detection and cycloheximide (40
ug/ml) was added mainly to suppress some yeast growth (Med.2). A third medium (Med.3)
normally used for Acetobacter europaeus (DSZM: German Collection of Microorganisms
and cell culture) was modified to higher osmolarity to resemble in part the heavily sugared
original beverage. It consists of 3 g/l yeast extract, 5 g/l peptone, 50 g/l glucose.
Commercial pasteurized apple vinegar 40ml and 30ml absolute ethanol were added to
autoclaved and cooled medium.

Isolation of yeasts in pellicle

The thick rubbery pellicle was picked and cut with razor into small pieces. Few pieces were
macerated in an electric mixer containing 100ml of 5% sterilized sucrose. Only supernatant
was used for inoculating solid and liquid media.

Isolation of bacteria in pellicle
One ml of the above supernatant was used for inoculation of solid and liquid medium (100
ml) (Med3). Only three replicates were used for both media.

Kombucha (Al-Nabtah) Growth Medium

The following recipe was used throughout, it consisted of 5 g black (Lipton) or green
(Indonesian) tea, bottled water, Sml pasteurized apple vinegar and 80 g/l sucrose (Med.4).
Boiled water was poured on tea in a tea pot (300 ml), infused for 10 minutes and then
sieved into a 2 liter flask containing 700 ml of boiled bottled water having 80 g of sucrose
and finally acidified with 5ml of apple vinegar.

Recombination of yeasts and bacteria
This was achieved by inoculating Med4 with 10 ml of propagated bacteria and loopful of
yeast isolate.

Antibiotics sensitivity tests

Filter paper discs were impregnated with either tetracycline (100 pg/ml) or cycloheximide
(40 pg/ml) for bacteria and yeasts respectively and clear zones were observed on solid
media.

Yeast isolates pellicle formation

A loopful of each yeast colony was inoculated into 100 ml flask containing 50 ml of Med.
1, incubated for 3 days and watched for pellicle formation and/or surface membrane.
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Fermentation tests

Only sucrose fermentation was tested and gas formation inside Durham tubules was
observed for each yeast isolate after 2 days incubation. Results were saved for genera
characteristics.

Yeast sporulation test
Smear of each isolate was stained with 5% malachite green and counter stained with
safranin in order to determine the presence or absences of ascospores for identification

purpose.

Yeast identification
The system of Api 20C Aux (bio Merieux, France) was adopted.

RESULTS

Microscopic examination of a drop of Kombucha sample exhibited consortia of
bacteria and various shapes of yeast cells. Colonies of yeast and bacteria appeared later on
plates on Med. 1 and Med. 2 respectively provided with cycloheximide and tetracycline as
mentioned above.
Distinctive yeast colonies from triplet plates showed the presence of five isolates which
were labeled as Tyl, Ty2, Ty3, Ty4, and Ty5. (Plate 1a) Sucrose fermentation test gave
positive reaction in only three isolate namely, Tyl, Ty2 and Ty5. Only three out of five
isolates Ty2, Ty3, and Ty4 were characterized by pellicle formation in static liquid cultures.
All yeast isolates showed variable sensitivity to cycloheximide as judged by clear zone
formation and one isolate TyS5 gave positive reaction with malachite green. Table 1
summarizes main characteristics of the five yeast isolates. Similar spectrum was noticed
when the supernatant of macerated rubbery pellicle of the sample was investigated.
Using the Api 20C Aux system for identification of yeasts isolates could tentatively
recognizes four isolates only, they were Candida guilleriemondii (Tyl) — anamorph of
Pichia ohmeri -, Candida colleculosa (Ty2), Candida kefyr (Synonym: C. pseudotropicalis)
(Ty3) and Candida krusei (Ty4). The fifth isolate showed strong resemblance in characters
with a stock culture of Saccharomycodes ludwigi previously identified (CBS, Delft,
Holland) (Table 2). Microscopic examination of smears stained with 5 % malachite green
(sporulation test) for all five isolates, showed no distinctive ascospores under oil immersion
magnification, except for isolate (Ty5) (Table 1).
Smears of bacterial colonies exhibited some bacilli and few streptobacilli when grown on
Med?2 but when Med.3 was used tanned, hyaline colonies were observed. The latter was
Gram negative bacilli and was maintained in liquid culture for recombination experiments
to ascertain its role as the bacterial partner of symbiosis as would be indicated by acetic
acid production.
Laborious trials were done to reproduce a healthy rubbery pellicle or SCOBY (Symbiotic
Colony of Bacteria and Yeasts) on both black and green tea on Med.4. The best result
obtained when a cocktail of equal volumes of Ty1, Ty2, and Ty5 and the bacterial isolate
were mixed and incubated for 7 to 10 days after which a thick and smooth rubbery pellicle
could be seen (Plate 2a, and Plate 1b, 1c). The healthy pellicle (mother) was subjected to
another reproduction (Plate 2b) on Med.4. It is worth mentioning that no significant
differences were observed on pellicle texture either with black or green tea. Reproducing
the beverage in the above way would insure the roles of isolated yeasts and acetic acid
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bacteria as sharing partners in forming Kombucha beverage as judged by SCOPY
formation.

DISCUSSION

The isolated yeasts in the present study indicate that Kombucha beverage flora is
inconsistent with findings of other studies (Table 2). In particular the study performed by
Mayser et al. (1995) where 32 home brewed samples and two commercial samples were
investigated. It could be noticed from Table 2 that some genera appeared to be dominant in
Kombucha such like Saccharomycodes Iudwigi, Schizosaccharomyces pombe and
Zygosaccharomyces. In a similar investigation of a local Kombucha sample (Al Nabtah)
conducted by Dr. Hudaithi, Riyadh, Saudi Arabia (unpublished data) isolated two Candida
species. This to some extent resembles the present study findings. In Australia Teoh, er al.
(1995) isolated Candida stellata from two Kombucha samples and gave explanation about
yeast ecology in Kombucha stating that Kombucha fermentation, in general, is initiated by
osmotolerant species succeeded and ultimately dominated by acid tolerant species. As
mentioned earlier, a rubbery pancake — like thick pellicle was formed when three isolates
namely: Candida colleculosa, Candida kefyr and Saccharomycodes ludwigi (Ty2, Ty3,
Ty4) were added to the bacterial partner. Candida colleculosa is known to be a sucrose
fermenter. Jarrell ef al. (2000) investigated the Kombucha consortia of yeasts and bacteria
in the beverage and stated that different Kombucha cultures differ from each other. Similar
conclusion about the differences in the microbial compositions of different kombucha
fermentations was given by Mo et al. (2008).
It is worth mentioning here that an eminent yeast taxonomist Kurtzman isolated a novo
species which was nominated as Zygosaccharomyces kombuchaensis (type strain NRRL-
YB 4811, CBS 8849) where phylogenetic analysis based on 18S rDNA sequence placed it
near Zygosaccharomyces lentus (Kurtzman et al. 2001).
Dufresne and Farnorth (2000) presented scientifically based review on Tea, Kombucha and
health in which the authors shed more light on the complex mechanisms that could be
implicated in the physiological activities of both tea and Kombucha beverages. Moreover,
the changes in content of organic acids and tea polyphenols during Kombucha fermentation
was studied by Jayabalan ef al. (2007) where they concluded that the biodegradation of tea
catechins, theaflavin and thearubigen during Kombucha fermentation might be due to some
unknown enzymes excreted by yeasts and bacteria in Kombucha culture. In their review,
Dufresne and Farnworth (2000), and more recently Mo et al. (2008), cited references which
explain the synergic relationship between yeasts and bacteria in Kombucha as "yeast cells
convert sucrose into fructose and glucose and produce ethanol while acetic acid bacteria
Acetobacter xylinum converts glucose to gluconic acid and fructose into acetic acid, and tea
caffeine plus related xanthenes stimulates cellulose synthesis by the bacteria". In the current
study, it can be observed from Table 2 that some of the isolated yeasts were able to ferment
sucrose thus indicating that certain genera in the beverage are capable of fermenting
sucrose to glucose and fructose and later allow alcohol fermentation. Pellicle-forming
yeasts would be expected to be found in the jelly-like disc or SCOPY normally formed in
ripped Al Nabtah beverage.
The beneficial effects of Kombucha were attributed by some authors in Australia (Tietze,
1996) and Germany (Giinther, 1995) and many Kombucha-related websites, to the
detoxification properties of glucuronic acid. This issue was debated by Roussin (1996) and
Hoffmann (1998) whether the detoxification effect could be attributed to gluconic or
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glucuronic acid. The presence of lactic acid in some Kombucha samples was attributed to
the action of lactic acid bacteria on ethanol and acetic acid (Dufresne and Farnworth, 2000).
The claim that Kombucha is having an anti-microbial activity was studied by Greenwalt et
al. (1998) and found to have a significant effect on tested gram positive and gram negative
pathogenic bacteria and attributed this effect to acetic acid alone. Also, in the same study
they proved that Candida albicans was not inhibited by Kombucha beverage thus
contradicting some claims that it fights it (Glinther, 1995). Similar conclusions were also
provided by Sreeramulu ez al. (2000) and Talawat et al. (2006). However, Sreeramulu et al.
(2001) suggested that the production of large proteins (enzymes) during the fermentation
process, together with acetic acid, may also play a role in the claimed anti-microbial
activity of Kombucha. The effects of Kombucha on overall health is exaggerated by
producers worldwide and presented it as a panacea without authentication with medical
studies as seen on many websites. In this regard Pauline et al. (1999) studied the toxicity,
anti-stress and hepato-protective properties of Kombucha in rats and concluded that
Kombucha has anti-stress and hepato-protective activities. A systematic review (Ernst,
2003) of the clinical evidence of Kombucha effects stated that no clinical studies were
found relating the efficacy of Kombucha beverage. The Food and Drug Administration
(FDA) issued a news release in which it cautions the public on Kombucha and referred to
the Iowa case where a 59 year-old woman used to drink 4 oz daily of locally brewed
Kombucha, for two months, died on April 3, 1995 (Currier et al., 1996).

In Saudi Arabia, some home-brewed Kombucha drinkers were admitted to hospitals
suffering from various ailments including kidney failure cases as such news are circulating
in local media. This could be attributed to many factors starting from Kitchen utilities,
personal hygiene and processing the beverage in open dusty areas thus introducing
mycotoxins producing molds, acid-tolerant bacteria and some pathogenic yeasts as
contaminants during brewing process.

Bearing the above in mind; the result obtained from screening yeasts in only one local
sample, as in this study, is not enough to draw distinctive conclusion to all Al Nabtah
samples circulating in the kingdom of Saudi Arabia and further detailed studies are needed
to prove its effects on human body.

In conclusion, home brewing of Kombucha or Al Nabtah is a hazardous process and until it
is produced under sanitary conditions of a licensed factory and quality controlled then it
would be safe to use as a refreshing beverage.

Table 1: Some characteristics of the five yeast isolates recovered from Al Nabtah sample

Yeast isolate Sucrose fermentation Spore Surface Identification
formation membrane (Api 20C AUX)
Tyl + No - C. guilleriemondii
Ty2 + No + C. colleculosa
Ty3 - No + C. kefyr
Ty4 - No + C. krusei
Tys " Vs ) Saccharomycodes
ludwigi

(+) = positive fermentation / observation of formation of surface membrane
(-) = negative fermentation / no observation of formation of surface membrane
(Yes) = observation of ascospores under oil immersion magnification

(No) = Ascospores were not observed under oil immersion magnification
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Plate 1a: Showing eight Plate 1b: Showing formation of Plate 1¢: Showing
yeast isolates arranged in pellicle using black tea formation of
one plate (some in duplets) pellicle using
green tea

Plate 2a: showing
recombination of
different yeast mixture
using black tea and
green tea (middle)

Plate 2b: showing
reproduction of new
pellicle (right) from old
one (left)

OLD " NEW
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Table 2: Shows the diversity of yeasts isolated from Kombucha in various countries

Isolated Yeasts Reference
Schizosaccharomyces pombe, Dr. Meixner cited in Tietze, H. (1996)
Saccharomycodes ludwigi, Pichia
fermentans
Schizosaccharomyces pombe, Dr. Helmut Golz cited in Tietze, H. (1996)

Saccharomycodes ludwigi, Pichia

fermentans, Mycoderma, Torula

Brettanomyces, Zygosaccharomyces, Mayser, P. et. al (1995)
Saccharomycodes ludwigi, Candida kefyr,

Candida krusei, Kloeckera, Hanseniaspora.

Saccharomycodes ludwigi, Roussin, M. R. (1996-1999)
Saccharomycodes apiculatus,

Schizosaccharomyces pombe,

Zygosaccharomyces sp., Saccharomyces

cerevisiae.

Brettanomyces bruxellensis, Candida Teoh, Ai Leng et al. (2004)
stellata, Schizosaccharomyces pombe,

Torulaspora delbrueckii,

Zygosaccharomyces bailii

Candida krusei, Candida colleculosa, Dr. Hudaithi, Saleh, Riyadh, Saudi Arabia
Saccharomyces cerevisiae.
Candida guilliermondii, Candida Current study

colleculosa, Candida kefyr, Candida krusei,
Saccharomycodes ludwigi
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ABSTRACT

The present study was conducted to identify the endoparasitic helminthes of some marine
Serranid fishes, Epinephelus tauvina (locally named as Tuwina), Epinephelus
polyphekadion (locally named as Kershaf), Epinephelus summana (locally named as Daba),
and Epinephelus chlorostigma (locally named as Summan) during the year of 2006 in Red
Sea, Jeddah coast. These fish were selected due to their economic importance and
widespread in the Red Sea. The following parasites were recorded in these fish as follows:
(1)- eight trematodes, Cainocreadium serrani (Nagaty, 1956); Cainocreadium epinepheli
(Yamaguti, 1934); Prosorhynchus crucibulus (Rudolphi, 1819) (Nagaty, 1937); P.
squamatus (Odhner, 1905); P. pacificus (Manter, 1940); Paraprosorhynchus jupe (Kohn,
1967); Erilepturus hamati (Yamaguti, 19340); Phyllodistomum thalassomum n. sp., (2)- 4
nematodes, Anisakis simplex larvae (Rudolphi, 1809); Thynnascaris larvae (Dollfus, 1933);
Procamallanus chetumalensis n. sp.; Camallanus hypophthalmicthys (Dogel& Akhmerov,
1959), (3)- one tetraphyllidean larvae, Scolex pleuronectis (Miiller, 1788). According to our
knowledge these parasites were reported in these hosts for the first time.

Keywords:
Epinephelinae - Serranid fishes - helminthic parasites — sex — length — weight - Jeddah
coast.

INTRODUCTION

Fish plays an important role in human nutrition and fish farming, apparently offers a
solution to the problem of the increasing human population.
Studies of marine fish diseases have been sporadic and inadequate until now. These
diseases are economically important because they reduce fish production and fish quality
for human consumption. Microorganisms such as bacteria, viruses, fungi and protozoa as
well as the helminthes and parasitic crustacea are considered as the important disease
agents.
The Red Sea favors a very suitable environment for marine invertebrates (specially
crustacea and molluscs) which act as intermediate hosts for both cestodes, trematodes and
nematodes.
Serranidae is a major, chiefly marine, family of perciform fishes. It contains five
subfamilies and about 508 species, making it one of the largest and most diverse families of
vertebrates. Groupers belong to the subfamily Epinephelinae which comprises 15 genera
and 165 species worldwide according to Heemstra and Randall (1993) & Eschmeyer and
Fong (2009). Groupers are commercially important food fishes concentrated in the warmer
oceans of the world (Cribb et al, 2002).
Saoud et al, (1988) recorded Heliocometrina qatarensis n. sp. from Epinphelus tauvina and
E. summana. A brief description of Phyllodistomum thalassomum, Helicometra hypoditis
and Hamacreadium trematodes infecting some Red Sea fishes has been illustrated (Rabie
and Ahmed 2000). Bray and Justine (2006) described a new species, Prosorhynchus
maternus from the serranid fish Epinephelus malabaricus (Bloch et Schneider) in the
waters of New Caledonia.
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AL-Mathal (1996) recorded Protocephalus sp. (Tetraphllidae) and Nybelinia sp.
(Trypanorhynchidae) plerocercoids from Lethrinus sp. (EL-Shour fish) among Arabian
Gulf, Saudi Arabia, without mentioning the prevalence of each larval stage separately.
Rigby et al, (2002) redescribed the marine fish parasite Camallanus carangis (Olsen, 1954)
(Nematoda: Camallanidae) from the honeycomb grouper Epinephelus merra (Serranidae) in
the Tuamotu Islands of French Polynesia. Valero et al, (2000) showed that Anisakids are
present in many marine teleosts and the consumption of commercial fish, containing third
larval stages (L3) of some Anisakid species, constitutes a potential risk for public health.

MATERIALS AND METHODS

The present study included 250 specimens of the serranid fish species from the Red
Sea, Jeddah coast (Al-Bangalla fish market), Saudi Arabia, as follows: 58 Epinephelus
tauvina (24 male and 34 female); 56 Epinephelus polyphekadion (26 m. and 30 f.); 96
Epinephelus summana (96 £.) and 40 Epinephelus chlorostigma (8 m. and 32 f.) According
to weight, fishes were grouped into four groups (less 1 kg, 1 kg, 2 kg and 3 kg) and the
length into four groups (30 cm, 40 cm, 50 cm and above 60 cm) (Figure 1).
The internal organs of fish were investigated separately for parasitic helminthes. Then these
parasites were flattened, fixed and stained for further identification studies by light and
scanning electron microscope. The effect of different factors such as sex, length, weight of
fish and seasonal fluctuation on the prevalence of different parasitic helminthes were
studied.

Epinephelus summana pinephelus chlorost1gri£1
Figure 1: Photograph showing different examined fishes

RESULTS AND DISCUSSIONS

All examined specimens of E. polyphekadion were found to be infected by one or
more types of parasites with a prevalence of 100%, followed by E. chlorostigma 95% and
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E. summana 91.67% and the lowest prevalence was in E. fauvina 67.24%. All examined

fishes were free from any species of adults cestods (Table 1) and (Figure 2).

Table 1: General prevalence (P) of helminth infection in the examined hosts from Red Sea,

Jeddah coast during 2006

Fish hosts No. of examined fish No. of Infected fish | Prevalence %
Epinephelus tauvina 58 39 67.2
E. polyphekadion 56 56 100
E. summana 96 88 91.7
E. chlorostigma 40 38 95
Total 250 221 88.4

Figure2: General prevalence of helminth infection in the examined hosts from
Red Sea Jeddah coast during 2006.
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Trematodes were most common, the highest infection was in E. summana 83.33%,
followed by E. polyphekadion 78.57% then E. chlorostigma 75% and the lowest prevalence
was 63.79% in E. tauvina. Nematodes were the highest infection in E. polyphekadion
82.14%, followed by E. summana 59.38% then E. tauvina 58.62% and the lowest
prevalence was 40% in E. chlorostigma. Cestodes larvae highest infection was in E.
polyphekadion 19.64% followed by E. summana 9.38% then in E. chlorostigma 5% and the
lowest prevalence was 3.45% in E. tauvina (Table 2).

Thirteen endoparasites species were found as followed: a- 8 of them were trematodes which
are: Cainocreadium serrani (Nagaty, 1956) (Plate 1); Cainocreadium epinepheli
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(Yamaguti, 1934); Prosorhynchus crucibulus (Rudolphi, 1819) (Nagaty, 1937); P.
squamatus (Odhner, 1905); P. pacificus (Manter, 1940); Paraprosorhynchus jupe (Kohn,
1967); Erilepturus hamati (Yamaguti, 1934) and Phyllodistomum thalassomum n. sp.. b- 4
nematodes (2 larvae and 2 adults) were recovered including the nematodes, Anisakis
simplex larvae (Rudolphi, 1809); Thynnascaris larvae (Dollfus, 1933) (Plate 2a&b);
Procamallanus chetumalensis n. sp. and Camallanus hypophthalmicthys (Dogel&
Akhmerov, 1959). C- one tetraphyllidean larvae was recorded, Scolex pleuronectis (Miiller,
1788) (Plate 3) with four types in the present study. In this study all these species,
mentioned above, are recorded as a new parasite in these hosts.

Plate 1: Photomicrograph of adult Plate 2a: A Magnified parts of
Cainocreadium serrani Nagaty (1956). photomicrograph of Thynnascaris larvae
X 40 Dollfus (1933). X 400

Plate 2b: A Magnified parts of Plate 3: Photmicoraph f

photomicrograph of Thynnascaris Scolex pleuronectis larvae Miiller
larvae Dollfus (1933). X 400 (1788). X 400

Fifty eight Epinephelus tauvina fishes were examined, it was found that 67.24% of these
fishes were infected with 6 trematodes (Cainocreadium serrani, Cainocreadium epinepheli,
Prosorhyncus  pacificus,  Prosorhyncus  crucibulus, Erilepturus  hamati., and
Phyllodistomum thalassomum) and one tetraphyllidean cestode (Scolex pleuronectis) and
two nematodes (Anisakis simplex larvae and Thynnascaris larvae).

Fifty six Epinephelus polyphekadion fishes were examined, it was found that 100% of
these fishes were infected with 5 trematodes (Cainocreadium serrani, Cainocreadium
epinepheli, Prosorhyncus crucibulus, Paraprosorhynchus jupe and Prosorhynchus
squamatus) and 1 tetraphyllidean cestode (Scolex pleuronectis) and 4 nematodes (4nisakis
simplex larvae, Thynnascaris larvae, Procamallanus chetumalensis and Camallanus
hypophthalmicthy).
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Table 2: Prevalence of parasitic infection in the fish hosts

Fish Host No. of No. of Types of parasites
examined infected Trematodes | Cestodes | Nematodes
No. % No. % No. % No. %
Epitepieis 58 39 | 6724 | 37 |63.79| 2 | 345 | 34 |58.62
tauvina
E. polyphekadion 56 56 100 44 |78.57 | 11 |19.64| 46 |82.14
E. summana 96 88 | 91.67 | 80 |[8333| 9 9.38 | 57 [59.38
E. chlorostigma 40 38 95 30 75 2 5 16 40

Ninety six Epinephelus summana fishes were examined, it was found that 91.67% of these
fishes were infected with 3 trematodes (Cainocreadium serrani, Prosorhyncus crucibulus
and Phyllodistomum thalassomum) and 1 tetraphyllidean cestodes (Scolex pleuronectis) and
1 nematode (Anisakis simplex larvae).

Fourty Epinephelus chlorostigma fishes were investigated, 95% of these fishes were
infected with two species of trematodes (Cainocreadium serrani and Prosorhyncus
crucibulus) one species tetraphyllidean cestode (Scolex pleuronectis) and one species of
nematodes (Anisakis simplex larvae).

The intestinal lumen of examined fishes were infested with Prosorhyncus spp. and
Cainocreadium serrani of trematodes, unidentified tetraphyllidean larvae (S. pleuronectis),
that were the predominant parasites together with the nematodes. The nematoda consisted
of the anisakid species A. simplex larvae.

In the present study the relations between sex, length and weight of fishes and the
prevalence of infection with the different parasitic helminthes were studied.

Table 3 : Prevalence of helminthic parasites in relation to sex in fish hosts

No. of Types of parasites
; .of In
Examined No. of Infected Trematodes Cestodes Nematodes
Fish host M F M F M F M F
M
. 66. 67. 66. 61. 58 58. 58.
E. tauvina 24 34 16 67 23 65 16 67 21 76 - - 2 8 14 33 20 82
E.
polypheka | 26 30 | 26 | 100 | 30 | 100 | 24 321 20 6667' 5 123 6 | 20 | 17 631 29 9667'
dion
E. 91. 83. 9.3 59.
G 0 96 0 0 88 | - . 80 | 53 : g 9 s 2 - 57 | 33
E.
chlorostig | 8 2 | 8|00 |30 |% | 8|02 Sl -1 -2 620 - | - | s s0
ma

M: male; F: female

Generally, the prevalence of infection with different helminthes in E. polyphekadion was
the same in both sexes, while in E. chlorostigma was higher in males than females. This
may be attributed to the higher sensitivity of males than females to the infection of parasites
due to the testosterone synthesis which may decrease the immune resistance of males.
However, opposite action was observed in E. tauvina fishes, where the prevalence of
infection was slightly higher in females than males. This may be attributed to the decrease
in the physiological immunity of females especially during the period of egg-laying ( Table
3).
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The prevalence of infection with helminth parasites in E. tauvina was higher in fishes of 40
cm in length followed by the same results in 50 and 60 cm fishes and the lowest prevalence
of infection was in 30 cm in length. While in E. polyphekadion the prevalence of infection
was high in all fish lengths and reached to 100%. In E. summana, the prevalence of
infection was higher in 30 cm in length fishes followed by 40 cm then 50 cm fishes. While
in E. chlorostigma the prevalence of infection was higher and the same in fishes 40 cm and
60 cm in length followed by 50 cm fishes and the lowest prevalence of infection was in 30
cm ones (Table 4). This may be attributed to feeding habits of the host and the life cycles of
different parasitic helminthes.

Table 4: Prevalence of helminthic parasites in relation to length groups in fish hosts

o ofiih Types of parasites
Fish host Length No. of
group (cm.) ex. Trematodes Cestodes Nematodes
NO. | % NO. % | NO. % NO. %
30 7 3 42.86 3 4286 | 0 0 2 28.57
Epinephelus 40 24 18 75 17 (7083 | 2 8.33 16 66.67
tauvina 50 21 14 |66.67 | 13 61.9 0 0 12 57.14
60 6 4 66.67 4 66.67 | 0 0 4 67
30 10 10 100 8 80 3 30 8 80
B, polyphekadion 40 30 30 100 25 | 8333 | 7 23.3 26 86.67
50 12 12 100 9 75 1 8.33 9 75
60 4 4 100 2 50 0 0 3 75
30 21 20 | 95.24 18 85.71 2 9.52 10 47.62
E summana 40 67 63 |[94.03| 59 |88.06| 7 10.45 47 70.15
' 50 8 5 62.5 3 37.5 0 0 0 0
60 0 0 0 0 0 0 0 0 0
30 8 7 87.5 4 50 0 0 2 25
E. chlorostigma 40 20 20 100 18 90 2 10 11 55
50 10 9 90 7 70 0 0 3 30
60 2 2 100 1 50 0 0 0 0

Regarding the weight of fishes, The prevalence of infection with helminth parasites in E.
tauvina was higher in the largest weight fishes 3 kg followed by 2 kg and 1 kg fishes, while
the lowest prevalence of infection was in the lowest weight fishes less than 1 kg. The same
results was reported in E. summana, the prevalence of infection was higher in the largest
weight fishes 2 kg followed by 1 kg while the lowest prevalence of infection was in the
lowest weight fishes less than 1 kg. In E. chlorostigma, the highest prevalence of infection
was the same in weight 2 kg and less than 1 kg fishes, while the lowest prevalence of
infection was in the medium weight fishes 1 kg (Table 5). This may be attributed to that
larger fishes have long food chains than smaller one.

The present study revealed that there was no correlation between sex and length of fishes
and the prevalence of infection with different parasitic helminthes. While there was a
significant effect of fish weight on the prevalence of infection with trematodes and
cestodes. On the other hand, there was insignificant effect of fish weight on the
prevalence of infection with nematodes.
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Table 5: Prevalence of helminthic parasites in relation to weight groups in fish hosts

No. of inf. Types of parasites
weight No. of Trematodes Cestodes Nematodes
Fish host roup (kg) ex. NO %
group X8 | " INo.| % |NO.| % | NO. | %
Eptnophalus Less than 1 16 9 56.25 8 50 0 0 6 37.5
Hryiian 1 29 17 |58.62| 17 |58.62| 2 6 17 58.62
2 8 8 100 8 100 0 0 8 100
3 5 5 100 4 80 0 0 3 60
Less than 1 9 9 100 4 44 .44 3 33.33 9 100
1 30 30 100 29 9667 | 6 20 25 83.33
E. polyphekadion 2 12 12 100 8 66.67 | 2 16.67 12 100
3 5 5 100 3 60 0 0 0 0
6 1 1 100 0 0 1 100 1 100
Less than 1 29 26 | 89.67| 22 |7586| 4 13.79 11 37.93
E summana 1 59 54 ]91.53| 51 86.44 | 5 8.47 40 67.8
2 8 8 100 7 87.5 0 0 6 75
3 0 0 0 0 0 0 0 0 0
Less than 1 15 15 100 13 86.67 0 0 6 40
E. chlorostigma 1 15 13 | 86.67 11 | 7333 | 2 13.33 10 66.67
2 10 10 100 6 60 0 0 0 0
3 0 0 0 0 0 0 0 0 0

It was also observed that the prevalence of infection with different parasites was seen to be
high all over the year and the prevalence of infection was high and similar during spring
and autumn, slight decrease was observed during summer and winter (Figure 3). This may
attributed to the differences in the temperature and the extensive feeding of fishes and the
availability of intermediate hosts of these parasites in spring and autumn seasons.

Figure 3: Seasonal prevalence of helminth parasites recorded from fish hosts.
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Moreover, the present study revealed that the different seasons had no effect on the
prevalence of parasites and no seasonality in infection level was observed.

Scanning Electron Microscope was used in this study, the high magnification provided by
SEM has revealed with precision a number of structures in such detail, not seen before.

It can be concluded that the new finding of this present study, could make a contribution to
our knowledge on the parasitic fauna of serranid fishes from the Red Sea (Jeddah coast) and
form a suitable basis for future studies on the various aspects of the relationships between
these parasites and their hosts.
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