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ABSTRACT

Solid waste management is becoming a serious problem especially in developing countries. It
becomes a growing problem in Khartoum city because it is randomly disposed and is the main
source of environmental pollution coupled with traditional management practices such as
burning and uncovered dunghills. This study aims to use suitable sites for solid Waste Collection
in Khartoum State using the integration of multi-criteria for decision analysis (MCDA) in
Geographic Information System (GIS) in addition to building geographic data base for waste
management for future monitoring program. Multi criteria are used including the distance from
settlements, rural and industrial areas, distance from roads, railway, drainage, land slope, and
land uses. The distances from these features was ranked and weighted. By superimposing these
weights, the Model Builder has been built, deriving a map representing the most suitable
locations for landfill in Khartoum. The results indicate that the most suitable sites will cause
minimum impacts to the environment, society and economy as well as conforming with the
regulations and generally accepted by the public.

Key words: landfill, Multi criteria Decision Analysis, GIS, Model builder
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Introduction:

Population growth increases waste production with rapid urbanization and economic
development in urban centers, improperly managed solid waste is a risk to human health and the
environment [1] [2] [3] Human activities including industrial, domestic, commercial,
construction and animals generate solid waste [4]. Solid waste production is rapidly increasing
worldwide as a result of continuous economic growth, urbanization and industrialization. It is
estimated that in 2006 the total amount of Municipal Solid Waste (MSW) generated globally
reached 2.02 billion tones, representing a 7% annual increase since 2003 [5]. With continuous
population growth and increase of standard of living, solid waste is increasing in tremendous
amounts [6]. This fact posed a major problem facing the world. This problem is more serious in
third world countries where 80% of the population lives [7]. It is believed that about10% of each
person’s production life is lost as a result of waste related diseases. Today waste management
encompasses the new concepts like waste reduction, Recycling, high tech collection,
compaction, thermal treatment, sanitary landfills as well as waste and leach ate treatment [8]. All
these are some parts of the strategies to focus on environmental protection in solid waste
management. For the longest time, waste management in Malaysia hinged on disposal and as a
result, almost all waste produced ended up in landfills. Hierarchy of waste management that has
been adopted was based on the principle of 3R (Reduce, Reuse and Recycle) [8]. Recently,
availability of land for landfilling is a real challenge. Landfills can be a source for ground water

contamination and hazardous emissive flammable gases [9].

Geographic Information System (GIS) is widely accepted tool to select suitable sites by the
waste management planners due to the current permitting and sitting requirements and also its

operations [10]. Besides, mounting environmental degradation and awareness, rising cost,

Arab Researcher iD




ARID International Journal for Science and Technology (AIJST) VOL. 5, NO.9, June 2022

society and political opposition, increasing of population density lack of available land and
public health concerns also contribute to the difficulty of choosing suitable land for landfill [11;
12 & 13]. Waste disposal is the least preferred option in waste management because it is
essentially an end of pipe solution and it has the most impact on the environment [14]. Despite
this fact, the bulk of solid waste still finds its way into solid waste disposal sites (SWDS) all over
the world - 60% in the EU and a little less than that in the US [15; 16]. Landfill has several
classifications, one of which is engineered landfill which has the capability to treat waste and
produce Landfill gas (LFG). LFG produced from organic waste decomposition, a biological and
chemical processes occurring after waste landfilling. The primary components of LFG are
methane (CH4) (50-60%) and carbon dioxide (CO2) (40-50%). LFG is produced by microbial
activity on biodegradable waste under anaerobic conditions. CH4 is one of the most important
greenhouse gases and has a global warming potential 21 times more than CO2.

In developing countries, the prevailing practice of municipal solid waste disposal is to dispose
the solid waste in dumpsites [17; 18], location of dump sites in urban areas provides the most
efficient and safe means of disposal of waste generated; however, the perceived environmental
costs, health-related hazards, social and economic impacts associated with waste dumpsite are
often confined to the immediate zone of influence of dumpsites and extends up to few kilometres
[18; 19]. GIS technology can support assessing the spatial distribution of these solid waste
dumpsites as well as identifying the sites suitable for sitting them.

Khartoum is growing city and hosting millions of peoples who daily dispose tons of waste.
Different types of solid waste were accumulated from residential, industrial and commercial

areas, municipal services, and construction and demolition activities (table 1). Types of waste

{10}—~
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sources in the study area are illustrated in the table (1) Solid waste sources and types in

Khartoum State.

The problem of the waste dumps existing in Khartoum state is a great challenge based on the
studies and reports of Khartoum State generation rate for MSW is 0.58 kg /d/person [20]. We
would therefore adopt the value of 0.58 kg/d/person for the year 2013 and increase it at the net
rate (growth rates less waste reduction rate) of the expected GDP increase of 2.7% per year. So
the waste generation in 2020 is 0.66 kg /d/person. However, another study conducted by [21]
estimated the waste generation to be 0.42 kg per capita per day. However, no clear proper waste
management practices are adopted and as result a huge quantity of waste are accumulated on the
street and neighborhood, this situation created a serious environmental and health problem
(Figurel). Currently, there are three Landfill sites in Khartoum State namely: Teiba Landfill site,

Abo Weledat Landfill site, Hatab Landfill site (Table 2).

This situation leads to a serious deterioration in the way of life of its inhabitant as results of lack
of principles and standards of public health and safety; and in light of increasing production of
waste, which requires search for suitable solutions to this issue. This paper aims to help decision
makers and planner for sustainable management of solid waste in Khartoum State by selecting of
most environmentally and healthy friendly suitable sites for new landfills of solid waste using

GIS-based Multi-Criteria Decision Analysis (MCDA).
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Table (1): Solid waste sources and types in Khartoum State.

Source Types of solid waste

Residential Food wastes, paper, cardboard, plastics, textiles, leather,
yard wastes, wood, glass, metals, ashes, special wastes

Industrial Housekeeping wastes, packaging, food wastes, construction
and demolition materials, hazardous wastes.

Commercial Papers, cardboard, plastics, wood, food wastes, glass,
metals, special wastes, hazardous wastes

Industrial Same as commercial.

Construction & Demolition Wood, steel, concrete, dirt, etc.

Municipal services Street sweepings, landscape & tree trimmings, general

wastes from parks, sludge.

Process(Manufacturing, etc.) Industrial process wastes, scrap materials, off-specification
products, slay tailings

Agriculture Spoiled food wastes, agricultural wastes, hazardous wastes.

Source: Integrated solid waste management (1993)

Table (2): Landfills in Khartoum State.

Landfill name Location | Total Area Full capacity Used Capacity

Tayba Landfill 25km from 1,651,000 m® 840,000 m®
Khartoum center
40 acre

Hatab Landfill 25km East of 2,724,000 m° 200,000 m®
Khartoum 80 acre

Abu- Wlidat 30km North of 16000 m® 2274 m°
Khartoum 6000
km2

Source: Supervisory authority for cleaning corporation Khartoum state (2016).
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Figure (1): Accumulation of waste on streets and landfills) Source: By authors (.

2. Materials and Methods:

2.1. Study area

The study area is the Khartoum state (Figure.2), the state lies between longitudes 31.5 to 34 °E
and latitudes 15 to 16 °N, which covers an area of about 22,142 km2 (https://en.wikipedia.org)
and is divided into seven localities. The total registered population of Khartoum state in 2008 is
5.274.321 person according to 5th Sudan population and housing census- 2008, and the projected
total population in 2017 is expected to be 7.7 million. Khartoum state is heavy populated state
with generated solid waste of 5,100 tons/day, however, the disposal waste at landfills is about

2000 tons/day which is much less than produced one.

ARM2j
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Figure (2): The Location of the study area

2.2 Data acquisition methods:

In this study, six map layers illustrated land-use specially residential and Industrial area,

drainage, roads, railways, slope) were collected from different Ministries and Institutions.

ARM=225
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2.2.1. Data Preparation:

To achieve the first objective in this research work the following data were used to conduct
spatial analysis. All dataset and maps were geotagged, linked and digitized to convert analog
maps into digital format that can be used in the GIS software.

2.2.2. Criteria Data Description:

The elaboration of the study on landfill site selection occupies extremely important place. In the
widest sense, the natural, social, political, economic and environmental factors have an important
role in landfill site selection. Thus it is necessary that on each landfill site certain parameters and
conditions should be satisfied to ensure complete sanitary security for surrounding residential
areas, as well as personnel working at landfills, protection of land, air, ground and surface water
from pollution. However, not all these parameters are included in this study due to the lack of
data availability. The related information about landfill sitting has also been reviewed from the
international practices like Environmental Protection Agency (EPA) from the United States plus
review from related literatures.

2.3. Methods:

Figure (3) summarized the used geospatial model in this study. It describes the spatial and
attributes data required to structure the database for effective implementation and management of
the study and the resources needed for the effective operation of the software. In this study the
required spatial and attribute data to establish the necessary geodatabase for effective selection of
suitable landfill sites were collected and analyzed using the ArcGIS software tools. The method
employed for the research involves consideration of important criteria for sitting solid waste

dumpsite were ranked and weighted from slope, land-use (residential, Industrial), drainage,

- _‘."’D :; | = .»
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roads, railways The following flow chart as shown in figure (3) summarized the used geospatial

model

Euclidean Euclidean
Distance Distance

Euclidean Euclidean Industrial Euclidean
Distance Distance area Distance

Euclidean
Distance

Weighted Overlay Suitability Map

Figure (3): Flow chart showing the adopted methodology in this study

All layer used were geotagged, resembled and digitized from analogue map for submission to
GIS software. Criteria rules for selection of Landfill Site shall completely satisfy the following

conditions illustrated in the Table (3):

ARM2j
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Table (3): List of constraint criteria

No. Criteria Weight
1 Drainage 35%

2 Residential (Settlements) area 30%

3 Railway 10%

4 Slope 5%

5 Roads 10%

6 Industrial 10%

Source: The authors modified the weights of criteria to adopt local conditions from
international ones

2.3. Analysis Methods Description

The Euclidean distance was calculated to produce an output raster contains the measured
distance for every layer based on the criteria table (3) adopted in this research, residential
distance have minimum requirement for safety area of distance 500m from the dumpsites,
dumpsites are to be located at a minimum of 300m from the road etc. as shown in equation (1).
Then Reclassification was performed to produce a single ranked map of potential areas to site
solid waste dumpsite based on weight of each parameter to end up with reclassified image with

new numeric value or scoring. Weighted overlay tool was used to select the suitable dumpsite.

d (p,q) = equation 1

Where d is the Euclidian distance between point p and g.

In this study, after determining the criteria and its classification, importance, weighting
according to equation (2), we build a model in Arc GIS environment through Model Builder that

depend on simplify complex problems and overlap in data and its relationship with the spatial
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and descriptive, so is the formulation of this model to simplify the basic problem and solve it as

shown in Figure (4).

m
S = Z WiXi equation 2
i-1

Where S is suitability, Wi is the weight of the factor | and Xi are the criterion score of factor i.

=
)
- =
=1
o= o O OoEGOEOE
= =
.
| G
=
-~ =
Figure(4): Model Builder for suitable site selection of new landfill in Khartoum state.

3. Results & Discussions:

The objective of this research was achieved by obtaining the necessary dataset and performing
spatial analysis. The strength of this work lies in its simplicity and flexibility. The increase in
commercial, residential, and infrastructural development due to the population growth and urban
expansion in the Ife is directly affecting the amount of waste generated in the area. Therefore,
this study is very necessary as it will act as a catalyst in the region for further improvement in the

identification and management of landfill sites. The proportion of Municipal Solid Waste
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(MSW) that goes to disposal sites is likely to be higher in developing countries because they
have less recycling and reuse capabilities [18]. This implies that, regardless of the fact that
dumpsites are the least preferred options for sustainable municipal solid waste (MSW)
management, trends show that they will still be around for quite a while. Evidence abounds that
residential areas of many cities in developing nation’s cities are plagued with diverse

environmental challenges [12].

Figure (6) showed the suitable areas for dumpsites. Based on the multi-criteria analysis, the
suitable dumpsites were located on the far North-Western part of the Khartoum State; however,
moderately suitable dumpsites were possible at various areas in the state. The not-suitable sites
were concentrated, as expected, in areas near to the River Nile and its tributaries and the heavy
populated residential areas. The situation of availability of suitable and moderately suitable sites
for dumpsites is very great and can provide good opportunities for Khartoum State to have main

dumpsites and some transitional medium collection sites.
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Khartoum Suitability Map for New Landfill Site
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Figure (6): Land suitability for New landfill.

4. Conclusion and Recommendations:

The study concluded that Multi-criteria analysis with GIS techniques properly help in identifying
the suitable landfills. In addition, the study concluded that GIS-MCDA facilitates planning and
selection of the best sites process with high capability of dealing with wide range of standards
and proper ranking of factors controlling selection of appropriate sites with a high degree of
Accuracy. Based on the results of this study, suitable areas for landfill are very small and
confined to the peripheries of the state at the top north-western part, while moderate areas are
relatively concentrated beneath the suitable ones at the relatively central parts of the western and
eastern parts. Not suitable areas are very confined to central parts nears to rivers and residential

areas.
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The study recommends adoption and activation of GIS roles in the field of solid waste
management and environmental planning and Environmental Department of the Local
Government Areas and Town Planning Authority should adopt various levels of suitability based
on GIS-MCDA methods to select suitable sites for new planned landfills. The study highly
recommends the establishment and construction of the main landfills at the North-Western part
of the Khartoum State and other transitional collecting sites randomly distributed on the
moderately suitable sites. Based on the concurrent situation the study recommend rehabilitation
and new designing of the old landfill should to comply with the recommended environmental
and health standards for landfill. It is highly recommended to raise awareness of workers in these

landfills with occupational health, safety, and environmental measures.

Abbreviation:

- GIS: Geographical Information System

- MCDA : Multi criteria Decision Analysis based.
- MSW: Municipal Solid Waste.

- SWDS: solid waste disposal sites.

- EPA: Environmental Protection Agency.
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ABSTRACT

Six inbred lines of corn (ZM4L, ZM1L, ZP-301, ZM19L, OH, and UU440), originating
in America except the third from Yugoslavia, were included in a half-cross breeding program
during the 2016 spring season. They were included with their parents, in addition to the
commercial hybrid (Kadz), in the comparison experiment during the 2017 spring season at Al-
Zalaia area, which belongs to Al-Dour District - Salah Al-Din Governorate. The experimental
unit included two lines with a length of 3 m, the distance between a line and another was 0.70 m
and between plants 0.25 m in a randomized complete block design (RCBD) with three
replications. The studied traits were: Number of days from planting to tasseling, number of days
from planting to silking, leaf area surrounding the ear (cm?), plant height (cm), number of rows/
ear, number of grains/ row, weight of 300-grain (g), and Individual plant yield (g). The most
important results were: The source of the variation for the genotypes and the two abilities were
significant for all traits. The parent 6 was significantly superior in the number of days to
tasseling and silking (61.00 and 66.33) days, sequentially, and the parent 3 in the number of
grains/ row (35.23) and Individual plant yield (79.39 g). Also, the hybrid (4 x1) was significantly
superior in the number of days to tasseling and silking, and weight of 300-grain (62.00 day,
67.33 day, and 76.66 g) sequentially. The hybrid (2x3) has significant differences in tasseling
(62.66 day), leaf area (821.27 cm?), number of rows/ ear (18.53), and weight of 300-grain (77.93
g), also the hybrid (3x5) in traits of the number of days to tasseling (62.66 day), number of
grains/ row (42.46 grain), and the yield (192.30 g). The dominance variance had complete
control over all the studied traits, unlike the additive variance. The narrow sense heritability and
expected genetic advance values were low, and the average degree of dominance was greater
than one for all traits. Therefore, these traits can be developed by adopting the crossbreeding
method instead of the selection method.

Keywords: Corn, Evaluation, Diallel Analysis, Combining ability, Genetic Advance.
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5 [11] 5 [7] s ae il ods Cressi) cAiuall a3 Gaund Jal (o 5%l a3 QB ge iVl 5 cuagdl

[16]

P e I e A
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5l gl 48 g slnn Al A5 58 sl (ymny 5 L5 g5 o0 ) illane sl (3) 52

™)
% cpaell 3 g8 | 3 a8l 5 | e gl clad [ Al s yaad) il | cla gidl) Ly
Lalaldl
ef619.33 2X 1 gh536.36 ZM4L
3.65- 33.91- 24.16 (1)
b759.61 3X 1 gh543.28 | ZM51L
**18.17 82.51 5.14 Q)
d668.89 4X 1 j463.42 | ZP-301
4.05 69.52 28.98 (3)
d669.15 5X 1 ij482.80 | zZM19L
4.09 24.07 48.74- 4)
b771.21 6X 1 ih509.60 OH
**19.97 129.61 3.03- (5)
a821.27 3X 2 j451.86 | UU440
**27.76 163.19 6.51- (6)
5.87- 24.66 | f605.01 4X 2 (3.82) | S.E(g;)
1.36 25.49 | de651.56 5X 2 M.S. d.f S.0.V.
2.76- 2.45 | ef625.02 6 X 2 | 404.96 2 Rep
3.53- 15.89 | ef620.08 4X 3| 34324.93 20 | Genotype
**12 65 74.23 | c724.14 5X 3| 718615.23 5] G.CA.
**16.30 101.15 | bc747.57 6 X 3| 39561.49 15 S.C.A.
*12.14- 7.43- | g564.74 5X 442017 40 Error
9553.36 6X 4
**13.91- 15.32- 0.06
*11.16 100.19 | c¢714.59 6X 5 140.06
5.00 S.E | de642.80 CADZ
(Sij )
GA%
6.20 4.132 0.10 44180.28 | 44040.23 39421.43 | 4618.79

o hie s Jawgie el 1 @Y das s (4) Jsaa (& @l i) daal 480 ) o)) 5 Aplan ) Gunliall ¢ s

OS5 am 147.53 &l bos T sia Ji 53 5a¥ QY OIS Wiy <65 55 3 LY e (55ime BEALy an 186.60

(214.60) (sbon b sia et (6X1) cunedl Soals st say (5 sine dalall palas¥) 5 puiall il 55 355 1 Cps¥)

167.53 &is (3X2) omell b sio Ji (K15 cams (192.30) 398 s adll Cpmgd) ) Al el moeny Ll

Lﬁ‘ A gina g A e dale doaladl 3 ya3a g_;‘;‘gf_):."dtﬁj‘ 1 &,1;‘2\ Ll aa le‘a.ﬁﬁ (onagdl 1aa B8 Cu Oleans

sladl g A s e dalall Zulad¥) 5 sall il b oilagd) albae el chieall e3¢l 33l sladl Al g
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el Canall e Gal V) Gl e Cagd) 58 daadle die 5 ((6X2) Gnnell (31.16) Aad el IS 5«5 sina

%6.95 &lis (5X1) cxmell s sina s cai il e %8.97 5 %11.59 Walis (6X2) 5 (6X1) Cxiamell &y simall e oS

le Sl (5 el &g sina) Ayl dlle S (5 y2hall Lgianinyy &yl CaSI AL 350 Ll a3 Jpon g2

éﬂ} J;‘}C)Adgi cnls (_.);‘:")M‘ :\_}.m..!} (‘M ‘D.SA‘:JC;‘)LL&A“ U_iLL\L“.“. Q—M“. ‘)..\.Qj QLLILU.*. L_%JAAA].~.' \d&é.“ a:\Aﬁi

adsiall sl Cpenill s Gaall il Gy sl af Cumitil Les ciliall Cinmall Jadll e ciliall galaud) Jadl

Ol zalin o)l JYA (e ddall a2 Gauat 95 Ml aals e ST Babdl A 0 Jane Lad plii )5 dauS

15] 5[14] 5[2] s pea gl o2 il g5 63 aliall CAaiY) Lgny

(p) i) ) Al 430 ) 1) albaall mms 5 Ll il s i) 5 LB dplaall il siall 2(4)J 52

% Ongll 348 | 3 284l Al e st Olael | Adlall 3 yasall il | cllaws gial) LY
Lalall
4.90- 5.44- f182.86 2X 1/10.19 def186.60 | (1) ZMAL
3.62- 0.54- ef185.33 3X 1|2.27- h163.53 | (2) ZM51L
5.04- 3.79- £182.60 4X 114.70- i155.80 | (3) ZP-301
*6.95 14.42 b205.66 5X 1/|4.18- h163.86 | (4) ZM19L
**11.59 23.72 a214.60 6X 1]0.66 i155.86| (5) OH
**12 87- 5.87- h167.53 3X 20.29 j147.53 | (6) UU440
**8 85- 1.34 g175.26 4X 2 (0.66) | S.E(g;)
5.25- 3.42 £182.20 5X 2 M.S. d.f S.0.V.
**8 97 31.16 ah209.56 6X 2|37.57 2 Rep
**8 89- 3.70 g175.20 | 4 X 3| 7944.05 20| Genotype
1.61 19.05 c195.40 5X 3|7716.73 5 G.C.A.
1.19- 14.02 cde190.00 6 X 3|71019.83 15 S.C.A.
0.26 15.93 cd192.80 5X 41254 40 Error
g175.60 6X 4
**8 68- 0.89- 0.09
*6.29- 1.14- fg180.20 6X 5 4.18
0.86 S.E(S;) | cd19230| CADZ
GA%
5.01 3.377 0.15 1197.97 | 1193.79 1015.65 | 178.14

2 Y ol A (5) dsas b daunsally ol Cisia s ddial dgeail) Aol eilaa 5 LY cadlia)

12.13 @iy Unnsie Jil 6 Y OIS iy Ciua (14.26) b)) sl e 5 el goan e 585 ia (16.06)

S ALl &y gina 5y gemrs s all olaiVL Aaball Apalai¥) 50l ol il 82 QY1 S8 Jlgia) i ey cliea
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L sie el 5 el cuagd) iy Gilagll aea e (3X2) Crmed) (s Laadl cilagll duily <5 53 cus)
Lo gia JB i) (4X2) canedl b 55 AT e (s «(5X3) 5 (BX1) Cringdl oLl liva 18,53 o laia (ol
(4X2) Orngd slEul Gilagll aweal st ey Ay gine ilS Aalall Lalad) 50l @l EE (e sadyy i olea
38 e Jsanll any (4X2) gl 1ae (agd) guand Ay sine AVS 53 dan pe (uagl) 38 CulS WY iy (5X4) 5
Adle cillas sie 3 Cagd) o2 oLl 055 Lagus e W) sy i) o e Lgaday ) YY) (e yiad B jaie (i
83l A 5 %] Jaial (5 slue dic 4y sine CulS (Aualal) 5 Aalall) (45 jaiall 5 451 ) sl )l CaEAY) jalias S
S L eclipall Cipaall Jadl) ol e il gabud) Jadl) 30l ) s 3a) 5 (e JB dialaldl 5 08l ) dalad)
A alaall da )3 e o Sl o s (@siall (FI s Grandll g Guall (rally Sy sill) Gl 5l (i sSall e el
Gab e 0580 Lt L 5 el (galpaal) Jedll ol il Can da gSae ddall o2 o) @lld e a5 e SiST cilS

[16] 5[12] 5 [4] 2l asbiie CuilS i) o2 5 c A (il g aangdll

) T S —
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a5 ally Casial 320 Gl G805 ) (e el cilagdl s s Alasal) e sl 1(5) 525

%o cpaell 5 g8 | 5l oG [ e gl el | 5 asall PRk o giall Ly
Ll Al
del7.20 2X 1 m12.80 ZM4L
**20.56 0.86 -0.20 (1)
abc18.13 3X 1 fg16.06 | ZM51L
**27.10 1.91 0.48 Q)
bcd17.63 4X 1 113.80 | ZP-301
**23.60 2.07 0.37 (3)
ef16.66 5X 1 ijk14.83 | ZM19L
**16.82 0.38 -0.29 4)
ghi15.50 6X 1 hij15.33 OH
*8.65 0.44 0.43 (5)
al8.53 3X 2 ni2.13 uu440
**29 91 1.62 -0.79 (6)
3.27 -1.51 jk14.73 4X 2 (0.07) S.E(9))
**22 43 0.49 cd17.46 5X 2 M.S. d.f S.0.V.
**13.32 0.42 fg16.16 6 X 21/0.00 2 Rep
**13 55 0.06 fg16.20 4X 3] 876 20 | Genotype
**27 81 1.37 ab18.23 5X 3|76.34 5 G.C.A.
**16.82 1.03 ef16.66 6X 3| 957 15 S.C.A.
*9.35 -0.59 gh15.60 5X 410.16 40 Error
fg16.20 6X 4
**13.55 1.23 0.08
**20.56 1.51 del7.20 6X 5 0.05
0.09 S.E (S;) kll426 | CADZ
GA%
5.16 3.480 0.14 11.14 11.09 9.52 1.57

L gy bes Jangie el 3 ) a3 ccaall Gosaa ae dial dilan ¥y 430 ) 5l Alledll (6) Jsan ekl

;L&|¢uls‘5:\&.4]\blgjdﬁ‘}”.ku)lajé 1 &,I;\Y\Qg~55~54~5 1 c«\-';y‘ucéj.\ud_)\&j 1'%2;;3523 bJﬁLﬁm

Lyl el JOA oJef AL (pe 3a8Y) @l 5 Ay sinall dgan ) dhai al (K1 dale dpala) 34080 (JSkiay 6535 2

Lanailly cJualal) il K Clia (g dage Aiia 5 Ay sina s Lo so Ale 5300 el o et T 00 5a00s a2l

g Gle (358 A gl Maa la 43,40 o8 s Jaugie e 4L (2X1) Giell g Cus (ilagll

ooty e M din 37,73 &l dlan sie JIV IS (5X1) Omedl et (6X3) 5 (5X3) Ol 5 5m sLY15 cilagl)

Ge oSall e (6X4) 5 (3X2) Crimed) e ilagl) AAST 435 ja 4y gina S eV e Aalal) 3l el il
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Flia n 47,13 iy 538 (il cpng) Jau gie 5aby ) e 3 (5 3a05 dls llay (S & i S Cpngl) 358

CilS Aualall 5 Aalal) 5 uall 5 4805 50 Il Abiaiall GOUAY) ibiad ey jall b gia culS ilagll g e

Al ge Huay dlaidie Gl adgiall S sl sl Guall el Syl IS5 %] Judial (5 shue e Ay gina

i e 2al 5 (e ol cul€ saliadl s 50 Jae Lel bl Capcaal) Jadll (alésil s cilipall abund) Jadll 15 51 Cassy

Jua¥l b CABY) Lebny ey (ungdl) (o Aaalill A il 28l 8 Anbaal) lially G sSaa ddiall 038 f e el

[3] i pe il o i) dinall Sl auaill ia jal o) jiall 3 )3 e Baaa SO e J peanll Cangs 3 jaliall

[17] 5 [14] s

il g e Aol A8 o cllaall a5 L5 ilaglls £L sl il il £(6)d 520

% Cagll 348 | 3284l P Cidan gial) olagdl | 3 ynaal) Py Gildau siall LY
Lalall FA
b43.40 2X 1 m27.26 ZMA4L
*7.92- 5.81 1.15- (1)
e-h39.43 3X 1 k33.40 | ZM51L
**16.33- 1.46 0.83 )
cde41.40 4X 1 jk35.23| zP-301
**12.16- 5.25 1.21 (3)
hi37.73 5X 1 130.80 | ZM19L
**19.94- 1.36 0.60- 4)
e-h39.60 6X 1 130.86 OH
**15.08- 2.75 0.38- (5)
fgh39.06 3X 2 k33.86| UU440
**17.11- 0.89- 0.09 (6)
**13.86- 2.46 d-g40.60 4X 2 (0.185) S.E(g;)
**_12.02 3.10 cde41.46 5X 2 M.S. d.f S.0.V.
**_13 57 1.89 def40.73 6X 2|1.01 2 Rep
**_14.14 1.94 d-g40.46 4X 375972 20 | Genotype
**.0 90 3.72 bcd42.46 5X 3|719.43 5 G.C.A.
**.8 34 3.97 bc43.20 6X 3|773.16 15 S.C.A.
**-14.63 3.31 efg40.23 5X 410.98 40 Error
ij36.20 6X 4
**.23.19 1.19- 0.03
**_17.96 1.04 gh38.66 6X 5 0.33
0.24 S.E a47.13| CADZ
(Sij)
GA%
2.51 5.523 0.06 77.94 77.61 72.83 4.78

Arab Researcher iD




ARID International Journal for Science and Technology (AIJST) VOL. 5, NO.9, June 2022

s s s siall il 6 Y1 S a8 o 52,40 o8 (ol Jas iy 65 45 2 LY e ] QY aa

Ol a3 gl iy ¢ 5535 1 el st el olad¥l s 4y sine a3y e Aalall 3 sl <l il cilSs 2 30,96
(6X2)5 (4X2)5 (4X1)s (3X1) waed) linls p& 77.93 0,8 s Jaugias LYy el paen e (3X2)
gm O (a5 ot 62,10 &les dbaall adgl U sia Jil (5X4) Gl OIS Gm & 3385 (6X5) 5 (5X3) 5 (4X3) 5
Cre b yidl) Aol ) pudiy g o 0 ) Al 30 pa 8 A (o) (o S pm i s B Cpnell 18 i ) D
Balall 33y ) sl st yadly Adaall 48 ) 5l Aalise ddia b Le8 o8 XS g daal) 8 A010a)) 5alad) poand Alee ) e )
(5X1) Oringdl 5 s ilang) 8T & gina 5 A g Fual ) Lpalai¥1 5 jaiall cl 535 il 5 ¢(Faadl L Lgmpand 5 40132))
a ) deay ol 81 et all sladVL i€ (3X2) aa sl Camgll Baadl Cua gl 58 pady Lady (5X4) 5
Ly 9] Jia) (5 sie e Ay ime S Aalally dalad) G paall 5 481 5l Sl ) Qs CilS (g sinall
Jadll e ST ciliall alpad) Jailly da S diiall o2a o e Qs 138 5 aaly (e JBT g8 Aalall ) daladl 5 0l
Ge Sall e Auaidia b gemy @ siall 15l Cpenill g Gaal) inalls Gy sill Jgean (5ol Lea el Cipadl)
il R e Yo Guagill o< ddall o3 ek o ) GlD (g jay Mg canly (e e il 13) salud) da jn Jana

[15] 5 [11] 5 [6] g poo L Lo 53 Aiillan il o3
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(6&) Zan 300 05 Adal A1y 51 allaall (mny s Ll il s ilagd) s LU Al o giall 1(7) Jsas

Cmagdl B [ 3 PeE o giall clad [ 3 il o giall Ly
% Ll Al
bcd68.10 2X 1 e52.40 ZM4L
*11.93- 5.04 1.41 (1)
ah73.70 3X 1 f936.36 | ZM51L
4.69- 5.54 1.14- Q)
a76.66 4X 1 e52.20| ZzP-301
0.86- 12.97 3.96 3)
d64.06 5X 1 f42.96 | zZM19L
**17.15- | 0.97- 0.50- 4)
d63.46 6X 1 e51.13 OH
**17.93- | 3.82 0.83 (5)
a77.93 3X 2 030.96 | UU440
0.77 12.32 4.56- (6)
4.74- 12.52 ab73.66 4X 2 (0.50) S.E(g;)
**1538- |2.95 cd65.43 5X 2 M.S. d.f S.0.V.
6.25- 15.41 abc72.50 6X 2|0.48 2 Rep
3.70- 8.22 ab74.46 4X 3| 7563.19 20 | Genotype
2.62- 7.71 ah75.30 5X 3| 7195.53 5 G.C.A.
**1543- |3.21 cd65.40 6X 3| 685.74 15 S.C.A.
**19.69- 1.02- d62.10 5X 417.39 40 Error
d62.66 6X 4
**18.96- | 4.94 0.04
0.34- 18.00 a77.06 6X 5 2.46
0.66 S.E (S;;) a77.33| CADZ
GA%
4.99 5.321 0.07 734.01 | 731.54 683.28 48.27

il e 3 ) (S G (8) Usia (b (sl s Ailan ) Lehualii A gl (52 il cilall Jalal) dia Ul

50.90 ilis duala i 8 6 Y aal 55 L Flsae 79.39 o, (lua Jassies 5 QY e cLY) s o

3all ol il Sy (6 Jsan) Caall sa dae ddia i (i ) @l 6 e o Sy dnd gl g ¢ Ml a2

192.30 o8 (bua Jass siay (flagdl gaen (Ao (5X3) Conedl GBsdis ¢ 55352 LU 4y sina g doa 9o Aalal) LpalasY)

Caall g 230 Clia G adsi ) elld e aa cpne) 138 G588 0 1A (S ¢ OaS (ke el e il a2

3l 5 el b giddl 53553 ¥ s sl dga e dga e o2 iyl e (756 olsaall) 4a 300 s

aax iS5 ddaall oda ‘f (8988 L.‘SM‘ cpagd) 18 dclia ‘f e.hl.uﬁ Laa cgs}'u.d\_; gt yall oladVI cnld Adladl dualasy)
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Alad) (il s 28550 S lae il (K1) Cnell V1 Asina s i pe ald Lalad) 53 I3 (g
Jaill S5 aaly e Ji Aalall L) dalad) (45 8l dai iS5 %] Jain) (5 giee die Ay gine AN 3 Aalall
Opendl e @l GuSail Lao (Uil y ol nally Gy sl dn 3y liall ol Jaill (e BB il il
Gaob Ge Adall o2 Gt ) Glld (5 Lea canly (o ST 820l Aa 53 Jore ClS Laiy 4 i L€ @ siall Il

16] 5[12] s [8] el adbiie il o2a CuilS «alATY) (o Yo Cagl

(a2) 52l ) Juals Zaal 480 ) allaall iany s Lyl 5 (ilagd) s oS dylal) e il :(8)Js2n

Cmagdl B [ 3 P las giall el [ 30l il Glas giall Ly
% ialal) dalal)

d157.45 2X 1 kl65.86 ZM4L

**18.78- | 27.75 2.33- (1)
c170.40 3X 1 jk70.38 | ZM51L

**12.10- | 30.04 2.86 Q)
b180.88 4X 1 i79.39 | ZP-301

**6,60- 59.14 13.53 (3)
h121.80 5X 1 163.70 | ZM19L

**37.17- | 6.09- 5.00- 4)
h123.19 6X 1 ij75.22 OH

**36.45- | 6.40 1.07 (5)
b180.82 3X 2 m50.90 | UU440

**6,72- 35.26 10.04- (6)

**23.64- | 21.08 9148.03 4X 2 (0.59) S.E(g;)

**22 07- | 17.96 efg151.07 5X 2 M.S. d.f. S.O.V.

**23.16- | 26.97 fg148.96 6X 21493 2 Rep

**19.60- | 18.26 de155.86 4 X 3| 5925.84 20 | Genotype

0.80- 48.53 al92.30 5X 3| 71558.53 5 G.C.A.

**20.44- | 21.58 def154.23 6 X 3| 77381.60 15 S.C.A.

**34.81- | 1.22 h126.37 5X 4]10.31 40 Error
h124.88 6X 4

**3558- | 10.85 0.03

**11.92- | 50.55 c170.75 6X 5 3.44

0.783 S.E (S;;) al93.86 CADZ
GA%
6.00 6.161 0.05 7770.37 | 7766.94 7378.16 388.77
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sclaliiiuy) — 4

Ay ) Sl 3gd A1) gl Al e Gy (uail U yina Leian 5 oL G S AT Glia o Laa i
il sia el JNA (30 (ZP-301 X OH) (ZM 1L X ZP-301) csiimells (OH) 55 (ZP — 301) 3 eV Lepay

olagll ZUEY sacly ¥ Glo Jpanll b @y e o cang 130 i 1) le alall s Ralall alasy) LS yika s

&) _patidiall
Salsll ac) | ualidall o & Salsll ac) | paidial) and &
el ot 2 ol pxle 1
et s 4 ple sk pxS 3
e B 6 )USA I- 5
e 5hS &S 8 el Uadl) S.E 7
Degree of freedom d.f 10 Source of variance S.0.V 9
Mean Square M.S 12 Sum of Square S.S 11
Statistical Analysis SAS 13
System

) T S —
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ABSTRACT

This study evaluated leakage radiation doses inside an x-ray room at patient’s positioning levels.
The effects of different exposure settings (X-ray tube voltage, radiation exposure intensity,
dosimeter position, and distance from X-ray tube) on leakage radiation dose are estimated.
Various x-ray tubes and models were used in this evaluation. The findings of this study revealed
that, the increase of tube voltage (kVp), and tube current (mAs) led to a concomitant increase in
the quantity of leakage radiation, whereas the increase in distance from X-ray tube and dosimeter
position reduces the intensity of recorded leakage radiation according to inverse square low. In
addition, the evaluation of leakage X-ray for investigated X-ray units illustrated that, leakage
radiation doses at patient level around X-ray tubes were within the permissible occupational
dose. Finally, the reduction of leakage radiation dose can be acquired by reducing the intensity of
radiation (mAs) and increasing the distance between imaged object and x-ray source

Keywords: Assessment, leakage, radiation, exposure factors, X-ray room
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1. Introduction

Medical X-ray tube is considered a major source of industrial radiation exposure to workers,
patients, and the general populace, hence there is a problem of safely using of ionizing radiation
during medical imaging [1, 2, 3]. For example, general radiography accounts for 88 % of X-ray—
based imaging in Yemen and make up the most of ionizing radiation dose in radiology

departments [4].

Leakage radiation arises from x-ray tube, especially those with defects in housing or shielding,
this leakage spreads out of x-ray tube in different directions [5]. Hence, leakage radiation is an

important source of radiation dose exposure that patient’s receive during x-ray imaging [3].

The hazard of leakage radiation exposure to patients and radiology staff during radiological
procedures is imperative because of patient’s position during radiographic imaging and long term
of X-ray exposure for medical personal [6]. Hence, leakage radiation is considered the main
source of over exposure dose for patients and radiology staff [7, 8]. Therefore, there is a need to

decrease leakage radiation to protect patients and medical personal from unnecessary x-ray dose
[9].

To elucidate matter interactions with leakage radiation from X-ray tube, the mechanism of X-ray
propagation should be understood. When a leakage beam of X-ray strikes any object or inner
cladding of X-ray room, it is either scattered, absorbed, transmitted or reflected to backward
[10]. Leakage photons can change its direction due to interaction with some medium inside x-ray

room.

The leakage photons from x-ray tube negatively affect radiographic image quality thereby

hindering accurate representations of human anatomy, and increase radiation dose that patients
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and medical personnel are exposed to [11]. Leakage X-ray scatter is one of the foremost factors
that negatively affects image quality by causing the underestimation of attenuation difference in
image reconstructions. The leakage radiation decreases image sharpness and contrast, which
makes the image hazy and indistinct [12, 13]. The generated secondary photons continue to

dissipate energy in different directions due to the scattering interactions [14].

Also, leakage radiation can have a significant effect on the quality of a radiograph, due to the
increasing the level of random background noise on the image receptor which degrades

radiograph details visibility [15, 16].

Leakage radiation doesn’t absorbed by the X-ray tube housing shield. Hence, leakage radiation
had particular concern to limit radiation leakage from the X-ray tube to less than 0.88 mGy/hr at
1 metre from the x-ray tube focus [17, 18]. Because of the exposed patient will typically be
closer than 1 m to x-ray tube in various radiographic investigations, the exposure dose
measurements at closer distances than those is important and required for both safety and
regulatory purposes [8]. So that, this study aims to assess leakage radiation from some of x-ray

tubes inside radiography room with different radiation exposure factors.
2. Experimental:
2.1 Materials

The measurements of this study were carried out in the radiology departments at University of
Science and Technology Hospital and Medical Complex in Sana’a city, Yemen. The
measurements of this study involved utilizing some of x-ray tubes types and models, the
measurements of leakage radiation dose curried out using two dosimeters: the first one is PTW-

UNIDOS radiation dosimeter (the chamber voltage from 0 to 400 V with selectable polarity,
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while the linearity is <=+ 0.5 % , and 115V/230 V power supply) which is available to read both
dose and dose rate, while the another dosimeter is an accurate survey meter (Gamma-scout)
which is equipped with a Geiger-Muller counter tube, able to detect electromagnetic radiation as
well as alpha and beta radiation, with calibrated scale from 0.01uSv/h to 5000.00 uSv/h. The

assessment of leakage radiation done by monitoring area around X-ray units.
2.2 Methods

This study estimated leakage radiation from x-ray tube at different distances from x-ray source
including patient table and standing bucky levels at X-ray room wall. The X-ray machine tube is
a leading source of medical radiation, which was directed towards an exposed object. The
leakage radiation doses were estimated using ionization chambers dosimeters. The measurements
were carried out with different exposure factors (Tube voltage (kVp), radiation intensities (mAsS),
and distance from x-ray tube) to assess the effect of these factors on resultant leakage radiation
(the data was listed and presented in Tables 1- 4, in Appendix), and. For all measurements the
normalized exposure rate are determined after correction factors’ calculation to estimate leakage

radiation values.
3. Results and discussion:
3.1 Evaluation leakage radiation for different types of x-ray tubes

In this part, the leakage radiation from investigated X-ray tubes is estimated using radiation
survey meter, the exposure factors were set at 100 kVp, 10 mA, and exposure time of 1 sec. The
survey meter set at 100 cm from focal spot at four locations (directions); anode side, cathode
side, right and left of the tube, the exposures are made and the leakage radiation from the x-ray

tubes are recorded and presented in Figure 1.
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Figure (1): leakage radiation at different positions for investigated X-ray tubes
For all X-ray tubes the, largest radiation exposure dose rates is recorded at anode location,
whereas the less exposure doses are recorded at cathode side. The highest radiation leaks dose
rate 4.8 mR/hr was recorded for Siemens multi compact x-ray tube. The measurements of
leakage radiation at fixed exposure settings present that the leakage radiation doses at different
locations around X-ray tube fall below the maximum acceptable radiation leakage and within the
permissible occupational dose (10 mR/hr) according to the United States food and drug
administration regulations [19]. Moreover, Figure 2 illustrates the mean of absorbed radiation

dose rate measured in (UGy/hr) and its equivalent exposure dose rate measured in (mR/hr).
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Figure (2): Radiation exposure dose rate for different types of X-ray tubes
Collectively, the results showed that all investigated X-ray units presented similar values for
leakage radiation doses within the permissible occupational dose for the different locations
around X-ray tubes according to some related standards such Malaysian standards (MS 838,
2007) which recommends that radiation leakage rate at 1 m from the tube housing should not
exceed 10 mR/hr (100 uGy/hr) [20]. this finding agree with Joseph et al (2020) who found that,
radiation tube leakage for assessed diagnostic rooms were within the reference level [21]. In
addition, there is a slight effect for x-ray tube model and design on leakage radiation, the largest

value of leakage radiation was observed with Siemens multi compact x-ray tube.

3.2 The effect of exposure factors on leakage radiation

To assess the effect of exposure factors on leakage radiation, various settings were carried out to
estimate the resultant radiation leaks from Xx-ray tube during exposure. Figure 3 illustrates

leakage radiation doses from two models of x-ray tubes using various exposure factors.
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Figure (3): leakage radiation doses at different exposure factors
Figure 3 shows noticeable association between x-ray factors (parameters) and leakage radiation
during x-ray exposure. The radiation exposure intensity (mAs) proved superior effect on
radiation leaks , The largest value of leakage radiation was observed with the exposure factors
(90 kVp, 32 mAs), so that its applicable approach to decrease radiation intensity (mAs) for x-ray
settings and compensate that by increasing kVp to obtain adequate exposure for better x-ray

image contrast.
3.3 Radiation exposure doses at different distances inside x-ray room

This part estimate leakage radiation dose at different distances from x-ray tube, the effect of

increasing distance from x-ray source on recorded radiation leaks dose is shown in figure 4.
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Figure(4): Radiation exposure doses at different distances from x-ray tube
The leakage radiation dose decreased as the distance from x-ray tube was increased. This relation
obeys to inverse square low between radiation intensity and distance from x-ray source. The
highest radiation leaks dose rate was 19.1 mR/hr recorded at 50 cm distance from x-ray source.
Regarding to positioning and projection of patient during x-ray imaging, the posterior anterior
(PA) projection at 2 m distance produced lower leakage radiation than anterior posterior (AP)
projection at 1 m distance due to the shorter distance from x-ray source This result is consistent
with Justin et al.” findings (2018) who reported higher scattered radiation with AP projection
comparing with PA projection [2]. Leakage radiation can be reduced by providing external

shielding or increasing distance between the patients and the X-ray tube.
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4. Conclusion:

The leakage radiation is an undesirable radiation exposure should be kept at lowest level within
the permissible dose limits. Through the assessment of radiation leakage, it was proven that,
leakage X-ray depends on various factors, such as x-ray intensity (mAs), distance from X-ray
source, and X-ray tube voltage. The reduction of leakage radiation dose can be acquired by
adequate changes of radiation exposure factors particularly radiation intensity (mAs) and

distance from X-ray source.

List of Abbreviations:

kVp Kilo volte peak
mAS Milli ampere second
mGy/hr Milli gray per hour
m Meter

mA Milli Ampere

sec. Second

cm Centimeter

uGy/hr Micro gray per hour
mR/hr Milli Roentgen per hour
MS Malaysian standards
PA Posterior -anterior
AP Anterior-posterior
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Appendix
Study’s Data

leakage radiation doses in mR/hr for different types of X-ray tubes
Dosime Siemens Siemens Toshiba Toshiba
location Multix Swing | Multix Compact | KXO-50S | IME-100L
Anode 3.82 4.82 4.15 4.53
Cathode 2.7 3.4 2.85 3.16
Right 3.06 4.51 3.91 4.26
Left 3.01 4.42 3.78 4.12

Table(2): The means of leakage radiation dose rate measured in (UGy/hr) and its equivalent
exposure dose rate measured in (mR/hr).

Type of X-ray tube Measured dose (LGY/ hr) Normalized dose (mR/hr)
Toshiba KXO-50S 48.19 3.67
Toshiba IME-100L 52.72 4.02
Siemens Multix Swing 41.63 3.15
Siemens Multix Compact 56.28 4.29

Table(3): Leakage radiation doses (LGY/ hr) at different exposure factors

X-ray tube (Siemens Multix X-ray tube (Siemens Multix Swing)
Exposure Compact)
Setting | Reading | Reading | Reading | Mean | Reading | Reading | Reading | Mean
1 2 3 dose 1 2 3 dose
4KVl oea | 268 | 263 | 265 | 324 | 319 | 317 | 32
2mAs
60kVD7| 689 | 681 | 688 | 686 | 646 | 645 | 653 | 648
4mAs
QKD 7163 | 7154 | 7172 |71.63| 8151 | 8152 | 8L47 | 8150
32mAs
1250m%p/ 17.31 17.25 1734 |17.30| 16.51 16.58 16.41 16.50
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Table(4): Means of leakage radiation doses at different distances from x-ray tube

. Leakage radiation doses (mR/hr) at different
leakage radiation distances from x-ray tube
dosimetry location 05m im om
Anode 19.1 3.82 0.83
Cathode 13.5 2.7 0.57
Right 15.3 3.06 0.782
Left 15.05 3.01 0.756
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ABSTRACT

Many studies are needed to be done in a nutrition field and people are advised to eat eggs daily
to reduce mineral deficiencies. The purpose of this study is to evaluate the concentrations of six
essential elements: Na, Mg, P, S, K, Ca and determine the nutrient contents such as; protein,
lipid, ash, and moisture in the edible part of hen eggs selected from four different sources in
Aden (i.e. Al-Buraiqgeh, Al-Hiswah, Khormaksar, and Shaikh Othman). These elements were
determined by inductively coupled plasma-optical emission spectrometry (ICP-OES). The
highest concentrations of sulfur were found in hen egg samples derived from the Khormaksar
(4205 ppm) and Shaik Othman (4433 ppm) regions. Moreover, the concentrations of sodium in
selected raw eggs from the same regions were 3044 and 2758 ppm, respectively. On contrary, the
collected egg samples from Al-Buraigeh had in general, low levels of elements. The macro
Kjeldahl method was used to determine protein in egg samples while the total lipid content was
determined using the Soxhlet method and the Gerber method. The high percentage of protein
content was noted in market hen eggs from Al-Hiswah (12.80%) but, the lowest percentage of
protein content was derived from street hen eggs from Al-Hiswah (7.66%). For the lipid percent,
the high concentration was remarked to home hen eggs from Khormaksar (12.71%) while the
lowest percentage of protein content was coined for market hen eggs from Al-Buraigeh (9.91%).
This data can be attributed to hen feed specifics within different regions and the impact of
environmental factors. The percentage of ash and moisture was also determined in this study.
The obtained results were compared with others achieved in different countries. In all analyzed
raw eggs, the concentrations of minerals and nutritional contents were safe levels.

Keywords: Minerals, Nutrient value, Proteins, Lipids, Hen's eggs, ICP-OES.
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1. INTRODUCTION

Hen's eggs have been regarded as a primary item and very nutritious food for human
consumption since they contain the majority of nourishment as recommended to be taken daily
with a specific amount [1,2]. This most important food provides nutrients, proteins, vitamins (B,
B>, Bi2, niacin, biotin, choline, pantothenic acid, A, E, K, and D), and microelements (Se, I, Zn,
Cu, Mn, and Fe) [2]. The egg yolk contains lipid, cholesterol, conjugated proteins, and some
micronutrients, whereas the albumen (egg white) is mostly water, with simple proteins, minerals,
and water-soluble vitamins [3]. Eggs diet are a significant source of metals [4-6] including
macro-elements (Na, Mg, P, S, Cl, K, and Ca) which are required in huge amounts and found in
greater proportion in living organisms' tissues [7]. They play critical roles from zygote to senility
[8]. Minerals are also involved in the activation of some enzymes in the body [9,10]. The human
body’s immune system relies on a balanced diet rich in several nutrients [11], such as proteins
and lipids, which are present in every part of the egg, but a major portion is present in the egg
white and yolk. All proteins are excellent sources of amino substances containing nitrogen atoms
[12]. Lipids help organs structurally and insulate nerves, and are also an excellent source of two
types of fatty acids (saturated and unsaturated) [13]. Eggs have a high nutritional value as a food,
not only because of the quantity and ratios of nutrients they contain but also because of their
bioavailability and chemical characteristics that enable them to satisfy human nutritional
demands [14-17]. Due to the great importance of some metals and the properties of a hen’s egg,
which is a basic food ingredient, this present study was conducted to monitor the content of some
minerals and nutrients such as proteins, lipids, ash, and moisture in three types of hen eggs

(home, street, and market) selected from various locations in Aden city, Yemen. Not just to

Arab Researcher iD




ARID International Journal for Science and Technology (AIJST) VOL. 5, NO.9, June 2022

monitor, but also to compare the results with others mentioned in the previous studies to guide

the public on the levels of elements they need and to consume to achieve public health.

2. MATERIALS AND METHODS
2.1 Sample Collection

Two hundred and forty hen's eggs samples were randomly collected from the houses and the
markets at four regions of Aden city-Yemen including Al-Buraiqeh, Al-Hiswah, Khormaksar,
and Shaikh Othman. The samples were transferred into plastic bags and kept refrigerated until
analyzed. Each egg was washed with deionized water and then its white and yolk were mixed

and lastly analyzed without eggshell.
2.2 Chemical Reagents

The chemicals used were of experimental chemical agent grade (AR). The standard solutions
were prepared from 1000 ppm and diluted with deionized water for each element. K2SO4, CuSOy,
H>S04, HCI, H3BO;3, petroleum ether, and amyl alcohol were obtained from BDH (England).
NaOH was supplied from Sigma-Aldrich (Sweden). The indicator was prepared by mixing

methyl red (0.2%) with bromocresol Green (0.2%).

2.3 Applied Analytical Methods

The measurement of Na, Mg, P, S, K, and Ca in the egg samples was carried out using a Thermo
Scientific (iCAP 6000 series, USA) inductively coupled plasma-optical emission spectrometry
(ICP-OES) instrument supported by Qtera ISDS software and the standard procedure was
applied as mentioned in [18]. On one hand, the total protein in egg samples was determined by
Kjeldahltherm BUCHI (Type K-434; Switzerland). Mixed eggs white and yolk were digested

with 18M H>SOs so that they released nitrogen and analyzed by a suitable titration technique.
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The amount of protein present was calculated from the nitrogen concentration of eggs [19]. On
the other hand, lipid content was determined by two methods, the Soxhlet method and the Gerber
method [20]. The percentage of the ash content was determined according to the Association of
Official Analytical Chemists [21,22] using Muffle Furnace (Type MF 120; Turkey). The
percentage of the moisture in the studied egg samples was determined according to [21] by

drying samples in an electric oven (Hermannpaulser; Germany).

2.4 Sample Pre-Treatment

2.4.1 Determination of Mineral Concentrations

This method describes the preparation of samples to determine metals in egg samples. Each egg
was washed with deionized water. From raw eggs, only white and yolk were mixed in a 200 ml
beaker. About 5 g + 0.001 of the mixed sample were weighed and digested with 6 ml of
HNO3(65%) and 2 ml of H202 (29%) in a 100 ml beaker and covered with a watch glass. After
30 min, the beaker was placed on a hot plate up to 140 °C until achieving the complete
decomposition of the sample. Then, the total volume was reduced to nearly 3 ml, cooled, and
filtered into a 50 ml calibrated flask with deionized water using Whatman 42 filter paper [23-25].
2.4.2 Determination of the Crude Protein Content

Eggs white and yolk were digested with a strong acid so that nitrogen was released and
determined by a suitable titration technique. The amount of protein present was then calculated
from the nitrogen concentration of digested raw eggs. This is usually considered to be the
standard method of determining protein concentration [19].

2.4.3 Determination of Total Fat Content

To determine the crude lipid content in egg samples, the Soxhlet method, a semicontinuous

extraction method was used. The solid egg sample (usually, dried and pulverized) was placed in
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a thimble in the chamber and then, was completely submerged in the hot solvent for about 10
minutes before both the extracted lipid and solvent were siphoned back into a boiling flask
reservoir. The lipid content was determined by measuring either the weight loss of the egg
sample in the thimble or by the weight gain of the flask reservoir [26]. In the Gerber method, the
concentrated sulfuric acid was pipetted into the Gerber bottle by using a Gerber pipette. The
homogenized egg samples were weighed and diluted in deionized water. The sample was poured
directly onto the acid in the Gerber bottle and amyl alcohol was added to the bottle. After mixing
centrifuging the fat was calculated from a calibrated scale of the Gerber bottle. All the
measurements were done in triplicates [27,28]. The preparation and digestion of raw egg samples
were done at the Chemistry Department Laboratories-Faculty of Education of Aden.

3. STATISTICAL ANALYSIS

The (Genstat 12) software was used in two-way statistical analysis (two-way ANOVA) to
analyze results at a significant level (P<0.05). The standard deviation (= SD) was calculated after
replication at least three times. The least significant difference (L.S.D) was calculated between

the averages and the statistical analysis was made using the complete random design.

4. RESULTS AND DISCUSSION

The current study focused on mineral and nutritional contents in raw egg samples collected from
Aden-Yemen. Six essential elements that are sodium (Na), magnesium (Mg), phosphorus (P),
sulfur (S), potassium (K), and calcium (Ca) were explored in three types of hen eggs (home,
street, and market hen eggs) as represented in Tables 1 and 2 and Fig. 1. The highest variable
range of concentration of elements was determined in hen egg samples derived from Khormakser

and Shaik Othman regions. Whereas, raw egg samples from Al-Buraiqeh region mostly
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contained low levels of elements. The percentages of proteins, lipids, ash, and moisture in hen's

eggs were denoted in Tables 3 and 4 and Fig. 2.

4.1 Raw Egg Mineral Contents

The concentrations of minerals were compared to others determined in literature studies and
showed significantly some differences/similarities values in eggs. The maximum sodium level
was recorded in Khormaksar (3044 ppm) for home hen eggs. Whereas, the minimum sodium
level was determined in street hen egg samples of Shaik Othman and Al-Hiswah (1084 and 1088
ppm), respectively (see Table 1 and Fig. 1.1). The overall mean concentration of sodium
(2075.3ppm) in Table 2 was higher than the 1540 ppm reported in the United Kingdom [29].
However, the overall mean sodium concentration of (2075.3 ppm) in four regions (Al-Buraigeh,
Al-Hiswah, Khormaksar, and Shaikh Othman) is low, especially when compared to the literature
study by Kili¢ et al in Turkey [30], who discovered a sodium concentration of 4329 ppm may
clear the fact that the feed mixtures had almost identical content of this element. The data in
Table 1 declares that the high average level of magnesium in Khormaksar home hen eggs (249.9
ppm) could be due to the various foods hens feed at home. On the other side, the low mean
concentration of magnesium was found in Al-Hiswah and Shaik Othman street hen eggs (94.1
ppm) and (96.2 ppm) respectively, Fig. 1.2. The overall mean concentration of magnesium was
181.33ppm (Table 2) less than that reported by Hashish et al. [31] in Egypt 388.1, 442.6 ppm in
conventional and home-produced eggs, respectively, and fewer than the concentration in Brazil
[32] (681, 674 ppm). Otherwise, the recent overall mean concentration was similar to those
observed by Chowdhury et al. [33] in Bangladesh, who found (119.22 and 221.29 ppm) in
commercial and local hen eggs, respectively and also parallel to the result (120 ppm) achieved in

Spain by Moreiras et al. [34] but higher than the value 103 ppm reported in the literature by
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Rubio et al. in Island [35]. Following the analysis, phosphorous levels determined in samples of
Shaik Othman were found distinct significantly higher (1754 ppm), but a low phosphorous level
(824.1 ppm) was found in the Al-Hiswah region. The high concentration of phosphorous in
market hen eggs from Shaik Othman may be due to the corn and soybean meal diets for the hens
at the farms for egg production (1240 ppm). On the other hand, a high concentration of
phosphorous in all home hen eggs was due to whole grains such as millet, whole-wheat bread,
rice, and maize. The overall mean level of phosphorus (1258.1 ppm) reported in this study (Table
2) was less than the values reported by Zhu and Zhao in China [36]. They summarized those
phosphorus concentrations were (4152 ppm and 4058 ppm) in hen eggs from conventional and
free-range systems, respectively [36]. The highest mean sulfur content (4433 ppm) was identified
in Shaik Othman's market hen eggs, whereas the lowest concentration was reported in Al-
Hiswabh's street hen eggs (1144 ppm) as was in Fig. 1.4. The overall sulfur content in a certain
study (3066.3 ppm) was higher than 849.92 ppm, the amount of sulfur summed up in sulfur-
containing amino acids, by English in Canada [37]. In other investigations, the diet of laying
hens that supplemented with soybean meals enriched with some elements influenced the transfer

of elements to eggs, in particular at increased dosing [38].

Table( 1): Mean concentrations of minerals in egg samples (ppm+=SD)* dry weight

Parameters Al- Al-Hiswah Khormaksar Shaik Mean=SD
Buraigeh Othman

N

a
Home Hen 1915+4.0 1564+3.0 3044+4.0 2220+3.0 2186 +£7.07
Eggs
Street Hen 1452+9.0 1088+2.0 2338+4.0 1084+3.0 1490 £10.48
Eggs
Market Hen 2819+5.0 2302+4.0 2323+4.0 2758+6.0 2550 +£9.64
Eggs
L.S.D**for 4.00

types
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M
g
Home Hen 227.7¢1.5 162.4+2.0 249.9+1.0 186.6+0.4  206.6 £2.72
Eggs
Street Hen 112.0+1.2 94.1+0.06 197.1£0.4 96.21+0.4  124.8 £1.33
Eggs
Market  Hen 237.1+0.2 175.2+0.3 192.6+0.3 2454+1.0 212.6£1.10
Eggs
L.S.D for types 0.80
P
Home Hen 1523+7.0 1254+8.0 1565+6.0 1564+7.0 1476 £2.72
Eggs
Street Hen 110610 888.7+£7.0 1471£10 1049+4.0 1128.7
Eggs +1.32
Market  Hen 1260+5.0 824.1+0.7 840+3.0 1754+12 1169.6
Eggs +1.10
L.S.D for types 5.58
S
Home Hen 2946+8.0 2218+3.0 4205+5.0 379149.0 3290 +13.37
Eggs
Street Hen 2098+8.0 1144+5.0 3447+7.0 1438+15 2032 +19.05
Eggs
Market  Hen 4125+4.0 3312+3.0 3638+6.0 4433+10 3877 £12.68
Eggs
L.S.D for types 6.00
K
Home Hen 221147.0 1784+5.0 2591+4.0 2751+4.0 2334 £10.29
Eggs
Street Hen 1360+12 863.7+5.5 2519410 992.1+£3.1 1434 £16.84
Eggs
Market =~ Hen 2577+4.0 2391+£8.0 2250+2.0 2896+5.0 2529 +10.44
Eggs
L.S.D for types 5.00
Ca
Home Hen  997.9740.18 741.57£0.20 1274.00+£0.57 1177.00+£0.17  1047.63
Eggs +0.84
Street Hen 776.27+0.88 482.37+0.60 964.93+0.33  374.60+0.66 649.54
Eggs +1.29
Market  Hen 1117£0.10 1046.00+0.42 897.60+0.14  1269.33+0.25  1082.48
Eggs +0.51
L.S.D for types 2.97

*opm=SD. Concentration in part per million unit + standard deviations, the minimum and

maximum values (in bold) are for the particular element.

**1.S.D: Least significant difference of mean values for whole eggs types at (P<0.05).
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Table(2): Comparison of the overall mean concentrations of elements in the current study with
the values cited in the literature (in ppm)

Overall

mean

comeent ;i Turk Egy Bra Spa Isla Chi Cana Isla
ration . Banglad .

Element for [29 ey pt zil esh [33] nd na da nd
¢ 1 [30] [31] [32] [34] [35] [36] [37] [39]
ypes
(ppm=S
D)
20753+ 154

Na 9.06 0 4329 - - - - - - - -
388.
1 681 119.22
Mg 1811 7323 = - and and and 120 103 - - -
' 442. 674  221.29
6
415
2
P 12153.11&: ] ] ] ] ] ] ] and ] ]
' 405
8
S 30663+ ] i ) ) i i i 849.9 i
15.03 2
2099+1 130
K 2.52 ) i ) 674 i 0 ) ) ) )
229
926.55+ 7-
Ca 0.88 - 258 - 570 - - - 174
8

For potassium element, the highest mean concentration (2896 ppm) was discovered in Shaik

Othman's market hen eggs, while the lowest mean potassium concentration (863.7 ppm) was

identified in Al- Hiswah's street hen eggs (Table 1, Fig. 1.5). The potassium concentrations in

Al-Buraigeh, Al-Hiswah, and Shaik Othman's (street hen eggs) were higher than those reported

in Spain by Moreiras et al. [34], who concluded that potassium concentration was 1300 ppm in

whole raw hen eggs. However, the overall average level of potassium concentrations in hen eggs

(home, street, and market) in this study was very high (2099 ppm), especially when compared
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with those reported by de Freitas et al. [32] from Brazil, who reported that potassium content was

674 ppm in home-produced eggs.
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Figure (1): Concentrations of sodium, magnesium, phosphorus, sulfur, potassium, and calcium
in egg samples were collected from four different areas.

Calcium was detected as high concentrations in Khormaksar's home hen eggs (1274 ppm), while
the lowest mean calcium concentration was identified in Shaik Othman's street hen eggs (374.60
ppm) as plotted in Fig. 2.6. The recorded value for the overall mean concentration of calcium
(926.55ppm) in eggs white and yolk was lower than reported by Hashish et al. [31] in Egypt who
found that calcium levels ranged from 2297 to 2588 ppm. The overall mean concentration of our

samples was also linked to those reported in the literature. A low value had been reported by
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Rubio et al. [39] in Island (174 ppm). However, the sources of interaction effects were unknown,
and no other studies had looked at differences in egg mineral concentration caused by
interactions between the hen's rearing system and other factors [40]. Furthermore, hen eggs
should consume to maintain public health [41,42].

4.2 Nutrient contents of eggs

Tables 3 and 4 and Fig. 2 illustrate the percentages studied in different hen's egg samples with
data obtained by other authors in different countries. In the recent work, the protein content
among the egg types followed the order: market hen eggs (12.48%) > home hen eggs (9.64%) >
street hen eggs (8.80%). On contrary, the mean value of protein among four areas was: Al-
Hiswah (9.59%) < Shaik Othman (10.20%) < Khormaksar (10.70%) ~Al-Buraiqe (10.73%). The
overall average percentage of protein (Table 4) in hen eggs (home, street, and market) was
(10.30%). Furthermore, the overall mean percentage of protein in our study was lower than that
conducted in the literature (12.1-48%) [43-47]. The high percentage of protein in all market hen
eggs compared to other types of hen eggs in different areas could be due to the hens' nutrition in
the farms as there are a variety of different protein sources that are suitable for use in hen diets,
such as corn, wheat bran, soybean meal, and the feed ingredients may contain essential amino

acids [48].
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Table(2): Percentage of the proteins, lipids, ash, and moisture in egg samples (g/100g; Mean +

SD)*
Parameters Al-Buraiqeh Al-Hiswah  Khormaksar Shaik Othman Mean+SD
Proteins
Home Hen Eggs 10.31+0.38 8.30+0.63 10.57+0.00 9.37+0.00 9.64 +£0.74
Street Hen Eggs 9.42+0.17 7.66+1.17 9.37+0.18 8.75+0.62 8.80 £1.35
Market Hen Eggs 12.46+0.34 12.80+0.48 12.17+0.49 12.49+0.31 12.48 +£0.83
L.S.D for types 0.43
Lipids
Home Hen Eggs 11.95+0.13 11.80+0.23 12.71+0.68 11.42+0.13 11.97+0.74
Street Hen Eggs 10.59+0.47 10.59+0.35 11.65+0.13 10.74+0.35 10.90 £0.69
Market Hen Eggs 9.91+0.26 10.59+0.80 10.44+0.23 10.06+0.37 10.25+0.95
L.S.D for types 0.31
Ash
Home Hen Eggs 0.84+0.08 0.80+0.03 1.02+0.02 0.90+0.07 0.89+0.11
Street Hen Eggs 0.79+0.08 0.78+0.09 0.83+0.04 0.78+0.08 0.80+0.15
Market Hen Eggs 0.96+0.21 0.92+0.06 0.81+0.03 0.95+0.06 0.91 £0.23
L.S.D for types 0.06
Moisture
Home Hen Eggs 73.40+£2.46 67.65+4.25 73.50+0.14 70.14+0.94 71.17+5.0
Street Hen Eggs 70.90+0.38 68.78+3.10 72.63+1.23 72.00+1.10 71.08 £3.5
Market Hen Eggs 70.05+1.50 72.20+0.14 64.05+0.73 71.28+0.76 69+ 1.8
L.S.D for types 1.55

* The values in bold indicate the smallest and highest readings.

The changing variations in lipid content detected between street, home, and market were not

statistically significant as represented in Table 3 and Fig. 2.2. The high percentage of lipid

(12.71%) in the home hen eggs of Khormaksar may be due to the hens' constant feeding of trash-

cooked rice. The percentage of lipid reported in our study was similar to those previously

reported by Kralik & Kralik[48], which found that the percentages of lipid in eggs were 10.7-

11.6%, except that the percentage of lipid in market hen eggs of Al-Buraigeh was slightly lower

(9.91%), and the percentage of lipid in home hen eggs of Khormaksar was slightly higher than

the range mentioned in Croatia [48]. The overall mean percentages of lipid (Table 4) in all

samples of this study were about half of the percentage of lipid reported by Yoshida et al. in
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Japan in some types of food eaten by the Japanese, where it was (20.8%) [42]. As shown in
Table 3 and Fig. 2.3, the greatest percentage of ash content in the analyzed egg samples was
discovered in Khormaksar home hen eggs (1.02%), while the lowest percentage of ash content
was identified in Al-Hiswah and Shaik Othman street hen eggs (0.78%). The overall average
percentage of ash in hen eggs (home, street, and market) in Table 4 was 0.8666% lower than the
percentage of ash in Italy [43] reported by Federico et al. who found that the percentages of ash
in eggs were 1.25%. The home hen eggs of Khormaksar had the greatest percentage of moisture
content of the investigated egg samples (73.50%), whereas the market hen eggs of Khormaksar
had the lowest percentage of moisture content (64.05 %) with the overall percent equals 70.41%
(see Tables3 and 4, Fig.2.4). The decrease in moisture content in Khormaksar market hen eggs
might be attributable to storage circumstances such as temperature and humidity, as well as the
time spent in storage where water can escape through the eggshell [49]. There were no
statistically significant differences between home hen eggs and street hen eggs, but significant
differences appeared between market hen eggs and other types of egg samples. In terms of the
percentage of moisture in raw eggs white and yolk reported in this study, the moisture contents
in home hen eggs and street hen eggs from Khormaksar and home hen eggs from Al-Buraiqeh
were similar to those found by Kralik & Kralik [48], who reported that the moisture content in
the studied egg samples was 72.5-75.0%, while the rest our hen egg samples from various areas

showed a low moisture content.
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Figure (2): Percentage of protein, lipid, ash, and moisture in egg samples.

Table (4): Comparison of the overall mean percentages of protein, lipid, ash, and moisture in
egg samples (g/100g; Mean+SD) with published values.

Element Overall mean Croatia Poland  Italy Japan  (Italy} Spain
concentration for [47] [45] [46] [42] [43] [44]
types
( mean%=SD)

Proteins 10.30+0.97 12.5-13.5% 17% 48% - 17.19%  12.1%
Lipid 11.04+0.79 - - - 20.8% -
Ash 0.8666+0.16 - - - - 1.25% -
Moisture 70.41+3.43 72.5-75.0% - - - - -
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5. CONCLUSION

The concentrations of minerals and nutritional value in egg samples showed quite different,
depending on the rich nutrition system of hens and other factors such as the impact of
environmental, physiological reasons, and husbandry practices. From the results obtained in this
study, it can be concluded that the studied egg samples contain significant and safe levels of all
types' analyzed eggs. Sodium (Na), magnesium (Mg), phosphorus (P), sulfur (S), potassium (K),
and calcium (Ca) concentrations were almost similar compared to the other mineral elements
determined in literature values. These elements should be used in a method that is more accurate
in terms of the level of detection (ppm, ppb). Inductively coupled plasma-optical emission
spectrometry (ICP-OES) was used for the total concentration analyses. The researchers also
observed differences in the ratios of proteins, lipids, ash, and moisture in raw egg white and yolk
samples. These results support the consideration of raw eggs as an excellent food for human
consumption and the researchers, in this work, stated strongly on performing quality control
regulations and new quality control aspects based on internal egg quality by the authorities in the

market that may have an impact on the health of the consumer.
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NO. Abbreviation Scientific Name
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5 K Potassium
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ABSTRACT

Semen samples were collected from healthy people (control group for comparison),
asthenospermia infertility patients, and unexplained infertility patients from male donors who
attended the Fertility Center at Al-Sadr Teaching Hospital in Al-Najaf Al-Ashraf / Iraq for the
period from 1/12/2020 to 25/3 /2021. The present study aims to estimate the concentration of
manganese, nickel, and aluminum in semen as one of the factors that cause oxidative stress in
male infertility. The atomic absorption spectrometry was used to estimate the concentrations of
the elements and the statistical analysis by the Tukey One Way method in the Graph Pad Prism
program to determine the relationships between the study elements and the parameters of semen
in men. The results of the study showed a significant increase (P < 0.05) in the level of nickel
and aluminum concentrations (490 = 27.57 and 450.3 = 17.92 pg/L, respectively) and a
significant decrease (P < 0.05) in the concentration of manganese (202 + 8.718 ppm). ) in the
semen group of men with asthenospermia in comparison with the healthy fertile group (as a
control group) (161.7 £ 5.963, 307.5 + 10.58 ug/L and 309.2 + 1.470 ppm), respectively. The
results also revealed the existence of many negative relationships between the concentration of
elements and semen parameters and between the same concentrations. The study concluded that
the concentrations of these elements are a factor of stress oxidants that appear in cases of
asthenozoospermia or may not change in other types of infertility and remain unexplained
infertility.

Key World: manganese, nickel and aluminum elements, Asthenozoospermia, infertility
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1. Introduction

In view of the importance of the male reproductive system in maintaining the species of
the organism, studies related to reproductive aspects proceeded in order to identify the
foundations of preserving the species, the integrity and completeness of the genetic material, and
the continuity of survival[1][2][3]. The wife did not have any clear reason for not getting
pregnant, so the man would be considered sterile[4]. Infertility is a pathological condition that
affects about 15% of the total couples who want to have children, and it is a widespread medical
problem and has significant psychological effects. Male infertility factors constitute about 50%
of this case, and about 25% of them are caused by idiopathic diagnostic [5]. Impaired sperm
motility affects approximately 40% of all cases and is asthenozoospermia because of many
factors and can result from abnormal semen liquefaction, bacterial infection, genetic defects, or

be the result of as yet unknown changes at the level molecular, including proteomic changes [6].

Asthenozoospermia in infertile patients was defined as the condition in which the

percentage of sperms with forwarding progression is less than 32% according to [7].

Unexplained infertility is a term that has been applied to up to 15% of infertile couples[8]
and usually refers to a diagnosis made in couples for whom all standard examinations are good,
such as owvulation tests, and semen analysis is normal but pregnancy has not occurred[9].
Therefore, the deficiency of these trace elements could be an important factor for poor

spermatogenesis, poor sperm quality and male fertility [10].

The molecular mechanism of the genotoxic activity of nickel compounds and the
underlying mechanisms affecting male fertility are not yet fully understood. One plausible
mechanism is the generation of reactive oxygen species that initiate lipid peroxidation and whose
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products can create bonds with DNA affecting gene expression and lead to the degradation of
acid peroxides. Unsaturated fatty acids to produce malondialdehyde[11]. Aluminium causes
toxic effects on sperm shape, number, vitality, and motility. Oxidative stress is suggested as one
of the mechanisms by which aluminium negatively affects sperm parameters. Biological
membranes contain unsaturated fatty acids. An imbalance between the level of oxidative stress
and antioxidant capacity may damage the structure of the sperm. Membranes, which in turn leads

to disruption of membrane-dependent functions [12] .

Manganese is able to quench peroxyl radicals and acts as a chain-breaking antioxidant.
Some studies have also indicated that manganese - as a potent inhibitor of oxidative stress - can
reduce oxidative stress and improve sperm motility or semen quality in laboratory

conditions[13][14][15].

The current study aimed to find out the effect of the level of trace elements (nickel,
aluminium and manganese) on the fertility parameters of men by measuring the fertility
parameters of men suffering from asthenozoospermia (or unexplained) infertility and comparing

it with the control group.
2. Material and methods:

This study was conducted in the laboratories of the Fertility Medical Center in Al-Sadr
City in Al-Najaf Governorate / Ministry of Health / Iraq. The study spanned from 12/1/2020 to
25/3/2021. Semen samples were collected from donors with asthenozoospermia (n=35) and
unexplained infertility (n=35) of men and fertile (n=20) as a control group (The norm criteria -as
unexplained sperm - are similar to those of fertile sperm-normospermia) [16] with a lifespan
ranging from 30 to 38 years.
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The liquefied seminal plasma was diluted 1:10 by adding deionized water to the samples
at room temperature, and. they were run in 1, 2, 3, 4, and 5 ppm to obtain a stock standard for
trace elements (Ni, Al, Mu). and assayed with an atomic absorption spectrophotometer (AAS) —
Varian model spectra AA 300/400, Germany ) All the trace element stock standards ( of
concentration 1000 ppm ) were obtained from Fluka Chemical Switzerland , and the results were
calculated as mg / ml .[17] the statistical analysis was used by the Tukey One Way method in the
Graph Pad Prism program (p<0.05) , as well as the Excel program to determine the relationships

between the study elements and the parameters of semen in men.

Results

Table (1) showed a significant increase (p < 0.05) in semen volume, liquefaction time,
and percentage of abnormal sperm shape (2.934, 34.89, 45.23, respectively) in the group of
asthenozoospermia patients compared to the control and patients groups. Unexplained infertility,
while there was a significant decrease (p < 0.05) in the percentage of progressive motility (15.37)

in asthenozoospermia group compared with groups of unexplained infertility and control.

Table (1): Semen analysis parameters in asthenozoospermia patients and unexplained infertility
patients in comparison with the control group.

Parameters Asthenozoosper | Unexplained n=35 | Control
mic n=35 Mean | Mean S.E (Normospermic)n=20
S.E Mean S.E

Semen volume (ml) |2.934+0.187b | 2519 +0.176b | 0.139+3.615 a
Liquefaction  time | 0.370+34.89 b | 0.355 +32.86 a 33 £0.465a

(min)
Sperm concentration | 33.14 + 1.469 33.26 +1.875 33 £ 0.465
(million/ml)
Progressive  motile | 15.37 + 1.566 ¢ 60.26 + 1.279 b 69.55 + 1.268 a
%
Abnormal sperm | 45.23 £ 1.455 ¢ 34.37+£0.754 b 25.50 £1.085a
morphology %
Different letters mean a significant difference between groups
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700
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Elemints concetration ug/L

Control Uexplain infertilily Asthenospermia

Figure (1): Evaluation of the concentration of elements (nickel, aluminium, manganese) in the
seminal fluid of asthenozoospermia patients in comparison with the control and unexplained
infertility groups.

Different capital letters mean a significant difference between the groups of the same element
.Different small letters and the same colour element means a significant difference between the

groups.
In addition, Figure 1 showed a significant increase in the elements nickel (490.037 & 249.667)
and aluminium (450.314 & 312.886) and a significant decrease in manganese (202.009 &

284.491) in the semen of men with asthenozoospermia and unexplained infertility when

compared with the control groups.
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The results of the relationships between semen parameters and the studied elements in
asthenozoospermia patients

The results of the current study showed a positive relationship between nickel
concentration and semen analysis parameters (semen volume, percentage of non-motile sperm
and percentage of abnormal sperm shape) and the results showed a negative relationship with the
following parameters for semen analysis (liquefaction time, percentage of progressive motility,
and the percentage of non-progressive motility of the sperm). The results of the current study
showed a positive relationship between aluminum concentration and semen analysis parameters
(sperm volume, percentage of progressive motility, percentage of non-progressive motility of
sperm) and the results showed a negative relationship with the following parameters for semen
analysis (liquefaction time, percentage of non-motile sperm and percentage of abnormal sperm
shape). The results of the current study showed a positive relationship between manganese
concentration and semen analysis parameters (sperm volume, liquefaction time, percentage of
progressive motility, and percentage of non-progressive motility of sperm) and the results
showed a negative relationship with the following parameters for semen analysis (percentage of

non-motile sperm and the percentage of abnormal sperm shape) as shown in Table (2).
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Table (2): Correlation coefficient of nickel, aluminium and manganese elements in the semen of
asthenozoospermia patients compared to the unexplained infertility and control groups.

Parameters of Straight —line
Elements R value R?value equation
semen
values
Nickel Semen volume (ml) | y=0.0002x+2.8379 0.0008 0.028
Liquefaction time | y=-0.0021x+35.936 0.0254 0.159
(min)
Progressive motile | y=-0.0034x+17.058 0.0037 0.061
%
Abnormal  sperm | Y=0.0041x+52.261 0.006 0.077
morphology %
Aluminium Semen volume (ml) | y=0.0014x+2.3234 0.017 0.130
Liquefaction time | y=- 0.0021x+35.817 | 0.01 0.1
(min)
Progressive motile | y=0.0128x+9.6198 0.0214 0.146
%
Abnormal  sperm | y=-0.0283x+66.984 0.121 0.348
morphology %
Manganese Semen volume (ml) | y=0.0022x + 2.4915 0.0105 0.102
Liquefaction time | y=0.0124x + 32.381 0.085 0.292
(min)
Progressive motile | y=0.0501x + 5.2414 0.0779 0.279
%
Abnormal  sperm | y=- 0.00489x + 64.34 | 0.0858 0.293
morphology %
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The relationship between the levels of concentrations of the studied elements
The results of the current study showed a negative relationship between the concentrations of

nickel, aluminum and manganese, as shown in Figures (4, 5 and 6).
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4. Discussion

Semen assays in patients with asthenozoospermia and unexplained infertility compared to

the control group

The results in this study showed a significant increase (p<0.05) in the parameters of semen
represented by semen volume, sperm concentration, percentage of progressively moving sperm,
and percentage of normal sperm in normal sperm compared to patients with asthenozoospermia
and unexplained infertility, and the results with other studies [18][19],which indicated that there
was a significant increase in the concentration of sperms, the percentage of sperms with
progressive movement, and the percentage of normal sperms compared to fertile people, and this
may explain the result of the reactive oxygen species (ROS) whose increased production leads
to a negative impact on the parameters of sperm as a result of the occurrence of the state of
oxidative stress, as the active oxygen species works to attack the unsaturated fatty acids,
proteins, and sugars involved in the composition of the plasma membranes of the sperm, and
then leads to a state of lipid oxidation in the outer plasma membranes, and cellular membranes
inside the cell such as the mitochondrial membranes and the nuclear membrane, the matter which
leads to a decrease in the percentage of motile sperm, and the percentage of normal sperm [20].
In this study, which agreed with [21], a significant decrease (P < 0.05) was observed in the
percentage of motile sperm in asthenospermia compared to both normospermia and unexplained
infertility, It may be caused by the cytokines that this study indicated. Where, the increase in the
concentration of circulating cells in the semen beyond the normal limits, which leads to a

decrease in the volume of semen[22] .
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The level of trace elements in the semen of asthenozoospermia patients compared to the

two control groups

The results showed a significant (p<0.05) increase in the level of nickel in
asthenospermia and unexplained when compared to the control group, and this may explain that
nickel can induce apoptosis, oxidative stress, and DNA damage, and that nickel's reproductive
toxicity in males, through indicators of fertility, sperm motility, and the epididymis, it shows
damage to nickel compounds in spermatogenesis[23]. This study agrees with[24] where a
decrease in sperm count and testicular enzymes was recorded with severe pathological changes
in the testes such as interstitial cell proliferation because of exposure to nickel. Or eat unwashed

foods that are exposed to heavy metals[25].

Several studies have shown a correlation between exposure to nickel and human fertility,
and laboratory experiments have shown that high exposure to nickel is associated with a low
level of expression of mannose receptors in sperm, leading to a decrease in sperm quality and
then disruption of fetal development. In addition, another study reported that the concentration
Low nickel significantly increased the total and advanced motility of sperm by in vitro

experiments [26].

The results also showed a significant increase (p<0.05) in the level of aluminum in the
subjects with asthenozoospermia when compared with groups of unexplained infertility and the
control, and this may explain that aluminum is an oxidizing, toxic, immunomodulatory, pro-

inflammatory and mutagenic agent[27].

The results of the current study showed significant differences (P<0.05) in the levels of

manganese, as there was a significant decrease in patients with asthenozoospermia compared to
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the two groups of unexplained infertility and the control. The results of this study agree with a
study that says that a deficiency in manganese intake can delay growth, impair fertility and cause
birth defects[28]. While the results of this study did not agree with Gennart, et al., [29], as no
effect of manganese on fertility. The results of the current study showed a negative relationship
between the concentrations of nickel, aluminum and manganese, as noted in Figures (4, 5 and 6).
Which may affect the concentration of these elements one on the other and lead to the emergence
of infertility in men. Because the body and all its fluids fall within the homeostasis mechanism
between oxidative stresses and antioxidants, and any imbalance between this balance leads to the
emergence of cases of one of the types of infertility or remains unexplained infertility despite the

completion of all the analyzes and treatments required for couples. [30].

5. Conclusion

It was found that the increase in the concentration of nickel and aluminum and the decrease in
the concentration of manganese are among the possible causes of infertility in patients with
asthenozoospermia. Or unexplained infertility remains in a few men who receive all the required
treatments and supplements because this is subject to the genetics and environment of the same

infertile man.

Abbreviations

AAS: atomic  absorption  spectrophotometer.;ROS:  reactive  oxygen  Species.

;:DNA:Deoxyribonucleic acid
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ABSTRACT

Indoor air quality and environmental monitoring, particularly during the coronavirus (COVID-
19) pandemic are vital and in need. The main purpose of monitoring the air quality is that the
infected area may increase the risk of spreading infectious diseases of COVID-19. Therefore,
real-time and non-contact measurements are more necessary for the current situation to monitor
the indoor area air quality. In this study, we propose an optical method for monitoring indoor air
quality in fast and accurate tracking of ultraviolet (UV), visible, and near-infrared (IR) indoor
atmospheric gases using the natural sunlight and spectrometer. The proposed method is portable,
non-contact, and real-time spectroscopy screening of the Oxygen (O,), Ozone (O3), and water
vapour through the analysis of their absorption characteristics. The absorption peaks and light
intensities of O, at 630 nm, 685 nm, and 758; O3 at 380 nm, 390 nm, 427 nm, 481 nm, 522 nm;
and H,0 at 718 nm and 820 nm have been monitored at different weather conditions. Further to
provide air pollution’s effect through tracking the absorption peaks and intensity for each gas,
the proposed method might help identify the infected area potential of COVID-19 under practical
scenarios such as pre-inspection in houses, shops, hospitals, and schools. The data are of great
importance, particularly for population groups and individuals most vulnerable to COVID-19.
Considering factors such as safety, stability, and price, this simple technology is the most
suitable for real applications.

Keywords: Air Quality, Environmental Monitoring, COVID-19, Air Quality, Atmospheric
Gases.

-y B
{10

Arab Researcher iD



https://doi.org/10.36772/arid.aijst.2022.516

ARID International Journal for Science and Technology (AIJST) VOL. 5, NO.9, June 2022

oaildl

Ggn 15l (COVID-19) Ls,sS Lesé daila L] DNV R TR s 1| B PR AN\ R YA I XPEN Aas
J@M\UA\JAY\‘)Lum\‘)k;wd:\‘)amqw\w‘u\)&;\)@lcéﬁw\fww‘)ﬂ J:J\A Lu‘)‘,‘)...a‘,
Aaka) ;,Lud\gs;\}@\zgpwﬂw,)@duy\ex@ﬁmuukgs\qmmmmdﬂ .COVID-19
o Ay sall AN ol g el @il A e I o] se) 53 s A sl &y ey A8y sk i Al 5l o3
u;;.uH\ UM“J‘ ¢ gra e\mb (lR) c\).«;“ NI PR 8% M.UAS\J MJA\} (UV) naaid) 88 dai) dshia
(oz) OSSO il aallly Juaill aie ae Jsanall ikl (asdll o da el 45kl ikl (i
;}ga.“ b.lul} uaha.\any‘eaﬁk_a‘)\aj‘ c.l@_.: aalall uaha.m‘)“ umhaadglxdbw;w\ )\A.}J (03) UJJJY\J
522 ¢ siasili 481 ¢ yiasili 427 ¢ siasili 390 ¢ yiasili 380 e O3 ¢ 758 5 yiasili 685 5 yiasilh 630 2 O2
shsedl Gl il g e s dle Adlita dygn iyl A lada ) a0 Jia sl 820 5 siesili 718 e H20 ¢ e s
w}}mw\mw\w\mméu}sd\m)ﬂ\mmm‘)b&@hs}uawwed B A (e
Loaal cld catll .wJ\mUuwt}ﬁmdeuA\@M\uaﬁs\dugmg_,u,ﬁ)u;ud):@19_u})js
O ie dalse () Sl (s plalls Alad i je SV Y15 S e panall dilly L Y 838
Aia)) il Gl 4 Adaged) gl o3 Gl A 5 ) Y

Arab Researcher iD




ARID International Journal for Science and Technology (AIJST) VOL. 5, NO.9, June 2022

1. Introduction.

Further to the general sources of air pollution, air pollution infected with COVID-19 has
recently become an issue of worldwide concern because of the serious health and environmental
impact on humans. So, air monitoring in indoor places such as schools, airports, shops, houses,
etc., and some other places are essential nowadays. It is now well established that screening
particular trace gases such as Oxygen (O,) and Ozone (Os) in the air at ground level or indoors
can provide information about the air pollution that can cause significant adverse health effects
and damage to the environment. Unlike in monitoring the changing atmosphere such as carbon
dioxide (CO,) and methane (CH,) levels that cause climate change, monitoring other gases such
as O, and O3 has become needful nowadays for monitoring the air quality. For this reason,
atmospheric O, and O3 measurements can be used, especially, to monitor the indoor area.
However, we believe that as long as climate change had affected the O, air level, COVID-19 will
also lead to small variations in O, and Oz peaks absorption which could be challenging for
traditional electronic air quality sensors to detect the contaminated area. Moreover, an advantage
of optical atmospheric measurements is that the observation of O, and O3, as well as other gases
within UV-NIR of the electromagnetic spectrum, can be used to derive the path lengths of
photons through the infected area and hence could contribute to the anomalous absorption effect
in these gases. On one hand, studying atmospheric chemistry with the visible portion of the
spectrum is not new, it has been used for measuring gases through the detection of molecular
absorption features [1-4]. Measuring O, was developed using mass spectrometry [5], a
paramagnetic analyzer [6], vacuum ultraviolet absorption [7], gas chromatography [8], fuel cells
[9], and also using continuous on-site measurements [10-12]. Therefore, accurate and highly

precise atmospheric O, measurements offer a significant contribution to a better understanding of
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the global carbon cycle [13-14]. On the other hand, a detailed and quantitative analysis has been
studied in [15-19], highlighting the impact of COVID-19 on people’s lives, activities, research
production and the environment. It also found that there are ten scientific reasons in support of
the airborne transmission of COVID-19 [20]. Moreover, citizens’ responses to the policies
enacted to control the disease have also been studied [15-18].

But there is limited research on the impact of virus mitigation and containment measures on the
environment and air quality. From our perspective, we believe the level of air quality is a result
of robust interactions with the COVID-19 pollutants. This is supported by a recent study using
light of night imaging techniques [17] to predict the spreading of COVID-19 in the air and
environment. Therefore, this study aims to assist with providing the technology that can help
with understanding the behavior of gases to detect the contaminated area, hence leading to the
disinfection of it and curbing the spread of the virus epidemic in both indoor and outdoor
environments. The proposed technology is a compact, real-time, low-cost, and high-precision
UV to NIR spectroscopy technique for monitoring air quality. This technique provides details
and describes the unique features of gases within the UV to NIR regime, particularly, O, and O3
within indoor/outdoor environments; the performance of the peak absorptions and light
intensities of these gases have been evaluated in this work, based on various independent
laboratory weather conditions.

2. Methodology and Data Collection.

The methodology that has been used in this study is focusing on the monitoring of UV, visible,
and NIR indoor atmospheric trace gases, particularly O, and Oz gases using spectroscopy
absorption of the gases within the regions of 200-1000 nm. In this study, the light source can be

any, such as the natural sunlight radiation as in our study (Fig. 1) or any other light sources such
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as light emitted diode (LED), tungsten lamp, etc. As illustrated in the schematic of Fig. 1, the
sunlight is passing through a glass window to examine the indoor/outdoor room or hall. The
transmitted light that interacted with indoor gasses in the room is collected by using an optical
spectrum analyzer (OSA) which is placed at a 2 m distance from the window at an angle of 45
degrees and altitude of 1.5 m. The OSA (CCS200-compact CCD spectrometer) instrument that
has been used in this research has a spectral resolution of 0.2 nm allowing a clear distinction
between gases contributions to the observed absorption in the 200-1000 nm spectral region.
Hence providing a stringent test of the quality of the observed gases features particularly O, and
O3 bands as well as the nearby overtone bands of water vapour (H,O). The data was recorded at
various weather conditions among five sets of light and heavy rain, cloud, and clear and partly
sunny sky conditions weathers. For each single weather condition, the average of different three
days’ measurements has been presented. The collected data that includes different weather
conditions have been chosen because the UV-NIR regions of the spectrum apparently display the
largest discrepancies between observations and theory in these conditions and hence are subjects
of particular scrutiny therein. Furthermore, the indoor laboratory measurements of UV-NIR
(200-1000 nm) absorption of O, and O3 gases, as well as other gases, are critically monitored
and reviewed, taking into account the variation of the weather conditions. Therefore, in this
study, comprehensive laboratory data have been taken into the consideration during the spectra
measurements in order to monitor in real-time the O,, O3 and H,O gases and hence assess the
spectral peaks absorption wavelength position and normalized intensity within UV-NIR reign.
This method of O, and O3 gas monitoring based on spectral instruments is an accurate, easy, and

cheap real-time tool to provide the necessary data as we can be called an air oximeter.
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Figure(1): The spectroscopy setup using natural sunlight source radiation for monitoring the
environment gases within UV-NIR regions.

3. Results and discussions

The absorption of UV-NIR radiation in various weather conditions is a key factor in air
pollution detection. Besides the improved accuracy of the environment’s gases measurements
that result from the sun's broad spectral coverage at high resolution, real-time detection of the air
pollutions may be possible via monitoring the O, and O3 profile using full spectral information in
the 200-1000 nm regions. The transmitted sunlight that interacted with environmental gases has
been considered at different weather conditions and high resolution (0.2 nm) over a wide range
of wavelengths as shown in Fig. 2 which summarizes the major absorption features of
environmental gases and their complexes in the wavelength range from 200-to 1000-nm.
Different weather conditions have been used for better understanding the absorption cross-
section and comparing the peak absorption wavelength and the transmitted intensities of
environmental gases within this region of the electromagnetic spectrum at weather conditions of
cloud (Fig.2 a); light and heavy rains (Fig.2 b); and clear and part sunny (Fig.2 c), hence
identifying the anomalous absorption. The results have been assessed based on monitoring the

position of the gases' absorption wavelength peaks and their intensities. All observed wavelength
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absorption of the gases in the bands of 200- 1000 nm are shown in Fig. 2 agreed well with their
expected spectral structure under all five weather conditions. The observed structured absorption
in this wide wavelength range could be accounted by considering the O, O3, and H,O trace gases

under the aforementioned weather conditions.
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Figure(2): Absorption features of environmental gases using the solar radiation, indoor area at
the approximate wavelength regions of 200-1000 nm at different weather conditions; a) cloud; b)
light and heavy rains; and c¢) clear and partly sunny.

In the UV region (200-400 nm), the main absorbers are molecular Os;. So, the Oz absorption
exhibits two continua peaks at 380 nm and 390 nm named Huggins bands [21] which appeared
due to the photo-dissociation. These absorption peaks are quite higher than the other small
absorption band in the region between 240-300nm (Hartley band) [21] which are mainly
absorbed in the stratosphere and mesosphere.

In the visible region (400-700 nm), the absorption peaks at around 427 nm, 481 nm, and two
neighboured peaks around 522 nm are appeared due to the Oz molecular absorption (blue tail of
the Chappuis band), while the high absorption peaks at around 630 nm (y band), 655 nm and
685nm (B-band) appeared due to the O, molecular absorption [21]. In the NIR region (700-
1000nm), there are some interesting absorption peaks, the peak at 758 nm is also belongs to the

0O, (A-band) absorption wavelength which is mainly used for the remote sensing of the level of
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cloud pressure from space. Strong absorption peaks and combination bands centred at 718 nm
and 820 nm have also been observed and are related to the H,O vapour absorption [22]. These
two peaks are supposed to be relatively weak, but the high absorption here could be due to the
high humidity in the United Kingdom weather. The contribution of H,O to the solar heating of
the atmosphere appears to be significant. Several quite small H,O lines have also been detected
in the visible region that is associated with combination transitions. However, molecular O, that
has absorption bands in the visible and NIR designated by the two excited states A and B
transitions coupled with vibrational-rotational transitions produce weak absorption lines in the
visible and NIR, respectively.

Clear absorption peaks in the visible region have been expected to detect in the visible region
which is related to the nitrogen dioxide (NO;) [23], but only one peak at 589 nm is related to this
gas in the region. The absence of other peaks is due to low pressure and temperature which both
influence the absorption of this gas [24]. Additionally, due to the complexity of the excited
electronic states of this gas, it is impossible to predict its spectrum from NO, molecular even
with high experimental resolution.

After analyzing the collected data, the peak wavelengths of all the observed gases in the region
of 200 nm-1000 nm have been monitored and it was found that all peaks are approximately in
the same position for most days under investigation weather conditions as shown in Fig. 3, with
small wavelength fluctuation (1nm) have noticed due to weather temperature variation. The
normalized transmitted intensity of the absorption peaks was also examined on different weather
days for Oz, O, and H,O gases as illustrated in Fig. 4. The normalized intensity has clear
fluctuations across the days for each wavelength's peak. For instance, on day 3 in Fig. 4-a where

the weather is clear sunny, Oz (427 nm, 481 nm, and 522 nm) has a lower normalized intensity
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that led to an increase of the intensity of O, (630 nm, 655 nm, 685 nm, and 758 nm) and H,O
gases (718 nm and 820 nm) in Fig. 4-b. This means that the high temperature disrupts the band
of the Oz molecule in the visible region and converts it back to O, and H,O where the intensities
of these gases were increased. Also, on the clear sunny day (red color in Fig. 2), the spectrum has
a redshift due to the high temperature (+15C) of that day compared to all other days.

So, any observations for the anomalous absorption in the region of 200-1000 nm may indeed be
related not only to structured features but rather to various pollutions. O, O3, and H,O all play a
vital role in anomalous absorption, which could lead to a weak spectral structure (or lack thereof)
of absorption. Therefore, the O, and O3 may be affected by the COVID-19 interactions which
will lead to anomalous behaviour in these gases’ absorption peaks leading to exchange yields
(light-virus interactions) that provide valuable information about the contaminated area
(pollutions) and uptake, which cannot be acquired from other measurements. Therefore, this
spectroscopic technique is an ideal method for monitoring atmospheric O, and O3 indoor
background levels and studying these gases-air interactions. This technique can also be extended
beyond the daytime sunlight to include an outdoor bust area using streetlights to monitor air

quality at night.
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Figure (3): The absorption gases wavelength peaks on different weather days.
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4. Conclusions.

We demonstrated a real-time and non-contact optical absorption method for monitoring gases
within 200-1000 nm, particularly, O,, H,O, and O3 for monitoring indoor air quality. Using this
technique, many peaks of O,, O3 and H,O have been observed and monitored at different
weather conditions. The peak wavelengths for all of the observed gases are approximately
located at the same position for most days under investigation weather conditions, whereas the
normalized transmitted intensities have clear fluctuations across the days for each wavelength's
peak due to disrupts the band of O3 molecule in the visible region and convert it back to O, and
H,0 at hot weather. Further to the simple and low cost, this method is fast and allows accurate
retrieval of UV, visible, and NIR indoor atmospheric trace gases using the natural sunlight and
absorption spectrometer. Moreover, the method is also can be adaptable to connect with smart
mobile and computers to provide a portable analyzing system for the monitoring of the air

quality especially in the time of the COVID-19 pandemic.
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List of abbreviations

1 CCD Charged coupled device

2 CH, methane

3 CO; carbon dioxide

4 COVID-19 Coronavirus-2019

5 H,O water vapour

6 IR near-infrared

7 LED light emitted diode

8 NO, Nitrogen Dioxide

9 OSA optical spectrum
analyzer

10 0, Oxygen

11 O3 Ozone

12 uv ultraviolet
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