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Abstract Article Info

This study is concentrating on the present status of the plant biodiversity of the Acceptedl14May 2016

area Zarka (Jordan) based on plant collections from the study area. The wild flow  Available Online:06 June2016
vascular plants in the surrounding area have been surveyed and identified. The
showed a low botanical diversity of the study area in terms of the number arsityli
of plant species recorded. A total number of 101 species belonging to 57 genera
families is recorded. Wild plants are also reported likeiplex semibaccata, Conyz Petroleum refinery
bonariensis, Peganum harmala, Lamarckia aurea, Hammada, eigil others. Tén Plant biodiversity
analysis of SEM shows many different elements deposited on the leaves of all Pollution

that have been sampled and examined in the study area such as: C, Fe, Mg, Al

K, Ca, Ti, S, Na and others. Dust particles deposited on leaves surfaces contail

concentrations of CaO, SiO2, K20, Al203 and MgO. However the majority of |

species recorded in the study area is facing the danger of loss and degradatior

area is severely exposed to the dust from the established refinery plant and

environmental and man effects.

Keywords

Introductio n major source of pollution in the surrounding areas of the
refinery. Plant biodiversity faces the danger of degradation
Zarka Province (Jordan) is characterized by its speciahd loss of many plant species assult of both mamade
phytogeography and special topograplty Jordan this and natural factors. Changes in plant biodiversity can
region exists in the Irarburanian region that surrounds all directly reduce sources of food, fuel, structural materials
the Mediterranean regions except the north. This region hasad medicinal or genetic resources-Egawi, 1996; Oran
mean amount of rainfall in this region is ranges from 50et al., 2014; Oran, 2015; Oran andBEsawi, 2015). The
150mm per annum at most. Temperature ranges from (1present study has been carried out to explore the effects of
38°C). The soil is mostly poor, eroded and mostly of thepetroleum refinery dust on plant diversity in Zarka
saline soil. The whole plants ecosystem has suffered a gréabvince, Jordan.
deal of human interaction (Kasapligil, 1956). Therefore vast
areas were destroyed and almost have no vegetation (LoMgterials and methods
1957).
Field trips and collection of plant specimens
Petroleum refingr has played an important role in solving
the problem of our community, on the other hand; it is th&xtensive field trips have been conducted in this
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botantcal survey to the study area surrounding thenounting paper. The paper should be good quality white
petroleum refinery plant, from outside the refinery up tgaper (lightweight board), they varying with the kind of
13Km East, Zarka, Jordan (Fig. 1). The localities havepecimens. Specimens attached to the sheets by using
been chosen randomly according to the availability o$trips of white gummed cloth.
plant species.

Identification of plant specimens
Fig. 1: The study ared:IZarka (Jordan).

~& 0 50 100km . The identification of plants was done based on using
FERRIUN S 0 50 wom floras for the region such as Flora Palaestina (Parts 1, 2,
# Golan SYRIA 3 and 4) (Zohary, 1966972; AlEisawi, 1982).
. eights ~ S
i ocaulety. 7 FA9 " scanning Electron Microscope (SEM) preparations
“Jirbid T . . .
e} : Imzéérdé' The (SEM) was used for this experiment becaafsis
Bank”, ® L5 usefulness in prevailing and analyzing small particles on
Sttin® (. AWAN leaf surfaces. Before using the SEM, samples were dried
; e and coated with a thin layer of conductive carbon or
e R metal (in this case it is gold), to prevent a buiful of
)\ Karak . SAUDI charges on the surfacéthe sample.
/ N\N.ARABIA
SEM analysis
JMa‘an

N z The sample plate (stubs) with the leaf samples were
EGVYET | LAlI‘Aqabah  / placed_ into SEM sample chamber after preparation.
/ The high vacuum pressure was used to evacuate the
chamber, and a high voltage was also used to turn the
electron beam on foproviding the best backscatter
_ . electron (BE) and X ray information. The method
Plant material preparation used to count and measure the particles on the leaves

. _ ~was X ray microanalysis. In this type of analysis, the
Collection of fresh plant specimens were placed ijyea of analysis and parameters are set, and the

plastic bags, to prevent loss of moisture when they closggogram built i the computer controls the data
securely, and each collection has been kept separateghawsi& The X ray microanalysis of the particles
After that they ndergo several steps of preparationsgetermines which elements are present in the particles
they were: found, and places them in a spectrum. The connected

. _ . o . device computer calculates and provides the elemental
Pressing and drying specimenghis is device by means compositim data of each element found on the surface

of which fresh specimens are pressed flat and quicklyf the leaf for every sample, and digital micrograph is
dried using pressers available at the Herbariugiven. In this experiment different magnifications
laboratories / University of Jordan. were set according to the sample used, magnification

o _ was between (10000 1000x). The magnification of

attacks or fungal infections, it is advisable to dip them in
poison before they are finally taken out of the press. Th8esyitsand discussion
solution most common used for this purpose consists of:

22.5 Mercuric chloride HgCI2, 52.5mmonium chloride  The plant species recorded during the study belonged to
NH4CI, dissolved in as little water as possible, and tQ5 families (Table 1 and Fig. 2). The majority of the
this added 1.5 liter of 96% alcohol (Ethanol). plant species were herbs and shrubs were minimum (8
, o ) _ species) (Table 2)Acacia albidawas the only tree
Mounting:This is process by which specimens ar&pecies recorded in the study. Among the recorded

prepared for the permanent files. The pressed and drigthnts, 29 species were belonged to rare category and 8
plants are securely attachedl one side of a sheet of gpecies were endemic plants (Table 3).
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Table 1.List of plants in the study area with their respective families.

Family Genus Species
Asteraceae Anthemis palaestinaReuter
pseudocotuldoiss.

Astariscus graveolend ess.

Astragalus curaganaeFisch. Mey.

Calendula arvensisL.
tenuis(Boiss.et Blanche)Bornm
tripterocarpaRupr.

Cardus australisPomel.
getulusPomel.

Carthamus tenuis(Boiss.et Blanche) Bornm

Centaurea calcitrapal.
iberica Spreng.
pallescendelile
sinaicaDC.

Conyza bonariensigL.) Cronquist
candensigL.) Cronquist

Crepis seneciodePelile

Lactuca orientalisBoiss.

Matricaria aurea(Leofl.) Schultz Bip.

Onopordum alexandrinunmBoiss.
macrocephalunkig
palaestinuntig

Senecio vernalisWaldst. & Kit

Boraginaceae Heliotropium suaveolen8ieb.
Brassicaeae Brassica nigra (L.) Koch
tournefortii Gouan

Cardaria drabal.

Clypeola jonthlaspil.

Diplotaxis acris (Forssk) Boiss.
erucoideqL.) DC.
viminea(L.) DC.

Eruca sativaMill.

Matthiola parviflora L.

Nasturtium officinaleR. Br.

Chenopodiaceae Anabasis articulata L.
syriaca lljin

Arthocnemum fruticosum(L.) Mog.
perenngMill.) Moss.

Atriplex dimorphostegi&ar.et Kit
halimusL.
lasianthaBoiss.
leucocladaBoiss.
muraleL.

Chenopodiaceae Atriplex nitensSchkuhr
sembaccataR. Br.
stylosaViv.
tataricalL.

Bassia muricatal.

Chenopodium albumL.

~ muraleL.
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Family Genus Species
stylosal..
vulvaria L.

Halocnemum strobilaceum(Pall.) M.B.

Hammada egii lljin
schmittianaPomel. Bostch
scopariapomel lljin

Herniaria glabral.

Kochia indica Wight

Panderia pilosaFisch.et Mey.

Salicornia europaed..

Salsola baryosmaSchult) Dandy
inermisForssk.
tetrandraForssk.
volkensiiSchweiuf

Scabiosa porphyroneuraBlakelock.

Suaeda monoicaForssk.
veraForssk.

Convolvulaceae Convolvulus arvensisL.

Fabaceae Acacia albida Del.

Geraniaceae Erodium acaule(L.) Becherer et Thell.
chium(L.) Willd.
laciniatum(Cav.) Willd.
malacoidegL.) L' Her.
moschatunt.. L' Her.

Poaceae Aegilops geniculataRoth.

Bromus alopecuroidesloir
diandrusRoth
fasciculatusPresl.
scopariusl.

Cutandia memphiticaSpreng.) Benth.

Dactylis glomeratal.

Digitaria dactylon(L.) Pers.

Hordeum glaucumSteud.
marinumHudson

Lamarckia aurea(L.) Moench

Lamiaceae Eremostachys laciniata (L.) Bunge.

Glecoma hederaced..

Marrubium cuneatunBanks et Sol.
vulgareL.

Fabaceae Trifolium resupinatuni..

Vicia crracal.

Malvaceae Malva nicaeenss All.
parviflora L.
sylvestrislL.

Malvella SherardiangL.) Jaub & Spach

Plantaginaceae Plantago afralL.

Ranunculaceae Adonis aestivalisL.
vernalisL.

Ranunculus muricatusL.

Urticaceae Urtica pilulifera L.

Zygophyllaceae Peganum harmala L.
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Fig. 2: Some of plant species that recorded in the study p@entarea rbcz@Spr.)(b) Anabasis syriaca
lljin, (c) Peganum harmal&. and(d) Hammada eigilljin.

Table 2. The Plant Species recordigdthe study area showing their habitats (Trees, Shrubs and Herbs).

Family Genus Species Herbs Shrubs Trees

Asteraceae Anthemis palaestinaReuter +
pseudocotuldoiss. +

Astaricus graveolend_ ess. +

Astragalus curaganaerisch. Mey. +

Calendula arvensisL. +

tenuis(Boiss.et Blanche)Bornm +

tripterocarpaRupr. +

Cardus australisPomel. +

getulusPomel. +

Carthmus tenuis(Boiss.et Blanche) Bornm +

Centaurea calcitrapal. +

iberica Spreng. +

pallescen®elile +

sinaicaDC. +

Conyza bonariensigL.) Cronquist +

candensigL.) Cronquist +

Crepis seneciodePelile +

Lactuca orientalisBoiss. +F

Matricaria aurea(Leofl.) Sduliz Bip. +
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Family Genus Species Herbs Shrubs
Onopordum alexandrinumBoiss. +
macrocephaluntig +
palaestinuntig +
Senecio vernalisWaldst. & Kit +
Boraginaceae Heliotropium suaveolensieb. +
Brassicaeae Brassica nigra (L.) Koch +
tournefortii Gouan +
Cardaria drabal. 1
Clypeola jonthlaspiL. +
Diplotaxis acris (Forssk) Boiss. +
erucoideqL.) DC. +
viminea(L.) DC. +
Eruca sativaMill. +
Matthiola parviflora L. +
Nasturtium officinale R. Br. +
Chenopodiaceae  Anabasis articulata L. +
syriaca lljin +
Arthocnemum fruticosum(L.) Mog. +
perenng(Mill.) Moss. +
Atriplex dimorphostegidar.et Kit +
halimusL. +
lasianthaBoiss. +
leucocladaBoiss. +
muraleL. +
Chenopodiaceae  Atriplex nitensSchkuhr +
semibaccat&. Br. +
stylosaViv. +
tatarica L. +
Bassia muricatal. +
Chenopodium albumL. +
muraleL. +
stylosal. +
vulvariaL. +
Halochemum strobilaceum(Pall.) M.B. +
Hammada egii lljin +
schmittianaPomel. Bostch +
scopariapomel. lljin +
Herniaria glabralL. +
Kochia indica Wight +
Panderia pilosaFisch.et Mey. +
Salicornia europaed.. +
Salsola baryosmaSchult) Dandy +
inermisForssk. +
tetrandraForssk. +
volkensiiSchweiuf +
Scabiosa porphyroneuraBlakelock. +
Suaeda monoicaForssk. +
veraForssk. +
Convolvulaceae Convolvulus arvensisL. +
Fabaceae Acacia albida Del.
Geraniaceae Erodium acaule(L.) Becherer et Thell. +
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Family Genus Species Herbs Shrubs Trees
chium(L.) Willd. +
laciniatum(Cav.) Willd. +
malacoidegL.) L' Her. +
moschatunt. L' Her. +
Poaceae Aegilops geniculataRoth. +
Bromus alopecuroidesoir +
diandrusRoth +
fasciculatusPresl. +
scopariusl. +
Cutandia memphiticaSpreng.) Benth. +
Dactylis glomeratal. +
Digitaria dactylon(L.) Pers. +
Hordeum glaucumSteud. +
marinumHudson +
Lamarckia aurea(L.) Moench +
Lamiaceae Eremostachys laciniata (L.) Bunge. +
Glecoma hederaced.. +
Marrubium cuneatunBanks et Sol. +
vulgareL. +
Fabaceae Trifolium resupinatum L. +
Vicia crracal. +
Malvaceae Malva nicaeensisll. +
parviflora L. +
sylvestrisl. +
Malvella sherardiana(L.) Jaub & Spach +
Plantaginaceae Plantago afraL. +
Ranunculaceae Adonis aestivalisL. +
vernalisL. +
Ranunculus muricatusL. +
Urticaceae Urtica pilulifera L. +
Zygophyllaceae Peganum harmalal. +

Table 3.The Plant Species recorded in the study area showing their potentials and ecological status (M: medicinal, P:

poisonous, C: common, R: rare, En: endemic).

Family Genus Species M P C R En
Asteraceae Anthemis palaestinaReuter +
pseudocotuldoiss. + +
Astaricus graveolend_ ess. +
Astragalus curaganaeFisch. Mey. +
Calendula arvensisL. +
tenuis(Boiss.et Blanche)Bornm
tripterocarpaRupr.
Cardus australisPomel. +
getulusPomel.
Carthmus tenuis(Boiss.et Blanche) Bornm
Centaurea calcitrapal. +
iberica Spreng. +
pallexensDelile +
sinaicaDC. +
Conyza bonariensigL.) Cronquist +
candensigL.) Cronquist +
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Family Genus Species C R En
Asteraceae Crepis seneciodePelile +
Lactuca orientalisBoiss. +
Matricaria aurea(Leofl.) Schultz Bip.
Onopordim alexandrinumBoiss. +
macrocephaluntig +
palaestinuntig +
Senecio vernalisWaldst. & Kit 4
Boraginaceae Heliotropium suaveolensieb. +
Brassicaeae Brassica nigra (L.) Koch
tournefortii Gouan +
Cardaria drabal. +
Clypeola jonthlaspiL.
Diplotaxis acris (Forssk) Boiss. +
erucoideqL.) DC. +
viminea(L.) DC. +
Eruca sativaMill. +
Matthiola parviflora L. +
Nasturtium officinaleR. Br. +
Chenopodiaceae Anabasis articulata L. +
syriaca lljin +
Arthocnemum fruticosum(L.) Mog. +
perenng(Mill.) Moss. +
Atriplex dimorphostegidar.et Kit
halimusL.
lasianthaBoiss. +
leucocladaBoiss. +
muraleL. +
nitensSchkuhr +
semibaccata. Br. +
stylosaViv. +
tatarica L. +
Bassia muricatal. +
Chenopodium albumL.
muraleL. +
stylosal. +
vulvariaL. +
Halocnemum strobilaceum(Pall.) M.B. + +
Hammada egii lljin +
schmittianaPomel. Bostch +
scopariapomel. lljin
Herniaria glabralL. +
Kochia indica Wight +
Chenopodiaceae Panderia pilosaFisch.et Mey. +
Salicornia europaed.. +
Salsola baryosmaSchult) Dandy
inermisForssk. +
tetrandraForssk. +
volkensiiSchweiuf +
Scabiosa porphyroneuraBlakelock. +
Suaeda monoicaForssk.

veraForssk.
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Family Genus Species M C R En
Convolvulaceae Convolvulus arvensisl. + +
Fabaceae Acacia albida Del. +
Geraniaceae Erodium acaule(L.) Becherer et Thell. + +
chium(L.) Willd. +
laciniatum(Cav.) Willd. +
malacoidegL.) L' Her. +
mosthatumL. L' Her. 4
Poaceae Aegilops geniculataRoth. +
Bromus alopecuroidesoir +
diandrusRoth +
fasciculatusPresl. +
scopariusl. +
Cutandia memphitica(Spreng.) Benth. +
Dactylis glomeratal. +
Digitaria dactylon(L.) Pers. +
Hordeum glaucumSteud. +
marinumHudson +
Lamarckia aurea(L.) Moench +
Lamiaceae Eremostachys laciniata (L.) Bunge. +
Glecoma hederaced..
Marrubium cuneatunBanks et Sol. +
vulgarelL. + +
Fabaceae Trifolium resupinatuntL. +
Vicia crracal. +
Malvaceae Malva nicaeensigll. +
parviflora L. + +
sylvestrisl. + +
Malvella sherardiana(L.) Jaub & Spach +
Plantaginaceae Plantago afra L. + +
Ranunculaceae Adonis aestivalisL. + + o+
vernalisL. + + +
Ranunculus muricatusL. + o+
Urticaceae Urtica pilulifera L. +
Zygophyllaceae Peganum harmalal. + + +
(a)

e 1
e

the study area.

Fig. 3: The Surfunding area of the RBgum refinery'

(a) Sh

owing the Dust Emitted from the refine(ja) Plant biodiversity in
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Scanning Electron Microscope (SEM) micrographs havall of the four plant species that have been collected
alsobeen carried out to describe the impact of pollutiorand sampled. Plants must exolga gasses through
caused by the emitted dust from tieéimery on the plant their leaves in order to conduct photosynthesis and
biodiversity of the surrounding area of petroleumrespiration; they also must permit evaporation
refinery (Fig.3 a, b). The analysis of SEM shows many /transpiration in order to assist in the movement of
different elements deposited on the leaves of all planisater from the ground to leaves, where it is needed to
that have been sampled and examined in the study adeaild carbohydrates. Yet, if rdnspiration is
such as: C, Fe, M@Al, Si, Cl, K, Ca, Ti, S, Na and uncontrolled, a plant may become desiccated
others. The results indicated that plant species growinglehydrated) and die, this process is controlled by the
near the refinery were covered with higher amounts aftomata, which are microscopic pores, located in both
dust accumulations than those growing far away from thepidermal layers of the leaf. These allow air into and
factory. Dust particles deposited on leaves surfacesut the leaf, which is how thglant takes in CO2 and
contain major concentrations of CaO, SiO2, K20, Al203ets out O2, and allow water vapor out in the process

and MgO. of transpiration. As air passes through the stomata,
most of the dust particles will not passes through the
It can be observed from micrographs (Figs-#dthat st omat a but wil | rather |

there is a considerable amount of dust accumulated and close mostf the stomatal pores.

HV Mag wD Det | Sig 50.0pm———
25.0 kV|1200x|12.9 mm |ETD | SE 133

& . o : ~ 4 g
E ‘ WD De! Sig 50.0pm E S 50.0pm
113.2 mm SSD BSE 145 1 3 5.0 kV[1200x(12.6 mm | SSD | BSE 283

Fig. 4: SEM micrographs of leaves pfants collected from study sﬂ(;a) Malvella sherardianasample leafl33), (b) Brassica
tournefortii (sample leafl45), (c) Centaurea ibericgsample leafl54) and(d) Atriplex leucocladgsample leaR83).
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Dust emitted from the chimneys of the refinery containg\l, K and part of O and Ca are the main components of
major concentrations of C, Fe, Mg, Al, Si, Cl, K, Ca, Ti,clay and limestone, which are the raw materials for

S, Na; these elements are transported with particulateement production and could come to the plants from the
and are known for their effechair pollution as reported soil itself. It can be concluded that thedst area is of

by previous studies, but this current analysis shows th&w botanical diversity, and the plant species in the study
dust particles deposited on leaves surfaces contain magmea are facing the danger of loss and degradation.
concentrations of CaO, SiO2, K20, Al203 and MgOPetroleum refinery dust is a major pollution source in

(Figs. 5a5d), these major elements are known to be th¢his area, and has many effects eventually on the
componets of the plant cells, but at the same time Sienvironment and the comunity.

Untitled: 1 EDAX ZAF Quantification,
Label A: 133E Standardless, Element Normalized
Element | Wt%

CK 9.33
O K 52.84
Na K 0.49
Mg K 9.83
Al K 2.25
Si K 4.43
S K 0.68
ClI K 0.28
K K 0.8

CaK 17.95
Ti K 0.15
Fe K 0.97
Total 100
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Fig. ba: X- Ray spectrum of particles showing the elemental conteMsivella sherardiandeaf (sample leaflL33).

Label A: 145E

EDAX ZAF Quantification,
Standardless, Element Normalized

Element W1t%

C K 9

O K 36.7

Na K 1.01

Mg K 1.56

Al K 3.45

Si K 7.81

S K 0.97

Cl K 0.63

K K 1.42

Ca K 34.27

Ti K 0.17

Fe K 3

Total 100

it issiiion W
1_00 Z2_ 00 3 00 4 _ 00 5 00 65 _00 F_00 8 00 9 _00 10_00 11 .00 12_ 00

Fig. 5b: X- Ray spectrum of particles showing the elemental contemraissica tournefortiilsample leafl45).
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Label A: 154

EDAX ZAF Quantification,
Standardless, Element Normalized

Element | Wt%
CK 0.85
O K 2.81
SiK 2.07
ClIK 0.69
K K 28.06
CakK 52.14
Ti K 0.81
Fe K 12.57
Total 100

Fig. 5¢. X- Ray spectrum of particles showing the elemental conteri@gntaurea ibericgsample leafl54).

Label A: 283

EDAX ZAF Quantification,

ga Standardless, Element Normalized
Element | Wt%
O K 54.85
Na K 1.76
Mg K 2.44

o Al K 3.79
Si K 7.14
S K 1.91
CIK 2.28
K K 4.72
CaK 19.44
Ti K 0.15
Fe K 1.51
Total 100

Y S
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Fig. 5d: X- Ray spectrum of particles showing the elemental conteifiplex leucocladgsample leak83).
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