AssessmentofimpactofZaatari refugee camp ongroundwater
pollutionbyheavymetalsinAl-Zaatariarea,NorthJordan,

Abstract

Heavymetal(Zn,Cu,Cd,Fe,Mn,Pb,NiandCr)concentrationinfifteengroundwatersamplesof
theZaatariareawereanalyzedusinginductivelycoupledplasma-opticalemissionspectroscopy (ICP-
OES)fordeterminationoftheimpactofZaatarirefugeecampongroundwaterpollutionwith the above-
mentionedheavymetals. The aimofthisstudyistoassessthepotentialpollutionofthe
groundwaterinAl-Zaatariareawithheavymetals(Zn,Cu,Cd,Fe,Mn,Pb,NiandCr)through
measuringtheirconcentrationsinthegroundwatersamplesobtainedthroughwellslocatedatthe study
area.ThesourcesofMn,Pb,NiandCrwasfoundtobefromnaturalsourcesrelatedtothe
weatheringofthebasalticrockswhereasZnandPb,Cu,Cdwasattributedtoanthropogenic sources
suchas fertilizers and pesticidesin theagriculture,and various anthropogenic activities.
Theconcentrationofheavymetalsingroundwaterrangedbetween,1.43to4.87mg/lIforMn,0.85
t01.85mg/IforPb0.7t00.26mg/l,forNi,0.05-0.081mg/IforCdand0.30to0.19mg/IforCr.
Theallowablelimitsfor JordanianinstituteofStandardsandMetrology(JISM),2008are Mn =0.1 mg/I,
Pb=0.01mg/l, Ni =0.02mg/I, Cd=0.003and Cr =0.005mg/Irespectively. The
resultsalsoshowedthattheconcentrationsofMn,Pb,Cd,NiandCrareexceedingthedesirable
limitsinmanygroundwatersamplewhichwasattributedtoanthropogenicactivitywhereasCu,
Zn,Fewerebelowthedesirablelimitsand couldbeattributedtonaturalsourcerelatedtorock formation
of basaltic origin.
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1. Introduction

Wateris the essenceof lifeand theunderlyingeconomyofanycountryandwithouttheexistence
ofwaterlifewillcometoanend.Jordanisaprimecountry toexamineduetoitsevenmoredire
lackoffreshwaterresources,ascomparedwithitsregionalneighborsthatare more blessedwith
waterorhavethe wealth to create it with desalination technology. Jordan is considered oneof the
driestcountriesinthe worldandsuffersshortageofwaterwhichisnotsurprisingduetothedesert
environmentthatencompasses92%ofitslandarea(Dennyetal.,2008).Recentlythegroundwater quality
hasbeendeterioratinginmanypartsofthecountry duetorapiddevelopment,expansion
ofagriculture,andindustrialization.However,thecountry cannotaffordasituationinwhich
maintainspreciouswaterresourcesfrombeing lostduetopollutionresultedfromawidevariety
ofsourcesthatincluding agricultural,domestic,andindustrial(AwawdehandJaradat,2009).
Groundwaterisamajorsourceofwatersupplyfordomesticandagriculturalpurposes,especially
inaridandsemiaridregions(Nayaket. al.,2006;KumarandRemadevi,2006;Ahmadiand
Sedghamiz,2007).Agriculturalactivitiesinsemiarid regionsconsumelargequantitiesofwater dueto
high evaporation rate.Irrigation exerts aheavytoll on the availablescarcegroundwater. as
itconsumesmorethan 65%o0f thewaterbudget in Jordan. Thedemand ofwaterfordomestic and
industrial use is also increasing (Ta anyet.al., 2007).

Heavymetalsarethosemetalswithspecificgravitygreaterthan5.0,highatomicnumberandhigh
atomicweight.Heavy metalsarenotbiodegradableandcanbeaccumulativeintheecosystems
andhumanbodies.(Abu-Rukah,andOsama2001).Someoftheheavy metalsareusually toxic
evenatlowconcentrationsandothersarenottoxicevenwhentheypresentathighconcentrations.
Inthiscontentheavymetalsare restrictedtoonly toxicmetals.Heavy metalsarenatural
componentoftheearthitisimpossibleforhumanbeingtoexistonearthwithoutheavy metals,
thereforewherever humansarefoundusageofheavymetalsexists.Improperdischargeoftheused heavy
metalsintheenvironmentcausesanadverseimpactontheenvironment.Oncetheyare
discharged,theyaretransferredfromoneplacetoanotherandcouldreach anddeteriorate
groundwaterquality. Thetoxicity ofheavymetalsdependsonitsconcentrationintheaquatic
systemaswellasitstoxicity thatvariousheavymetalsshoweddifferenthealtheffect(Ejazulet al., 2007).

Thecontaminationofgroundwaterbyheavy  metals,originatingeitherfromnaturalsoilsources  of
fromanthropogenic sourcesisa matter of utmostconcerntothe public health.The main
objectiveofthis studywas characterization ofselectedheavymetals concentration (Lead,
Cadmium,Copper, Zinc,Nickel,Iron, Manganese andchromium) ingroundwater of the area
surroundingZaatarirefugeecacmp.ldentifyingthesourceofheavy metalsingroundwaterat
Zaatariarea.

2.Studyarea

2.1 GeographicallLocation

ThestudyareawhichisapartofAmman-ZargabasinislocatedwithinMafragGovernorateabout

20kmeastofMafraqcityinthenorthernpartof HashemiteKingdomofJordan.Thestudyareais
about17.8km?2atlongitudesbetween(E36°299265"/E36°539237"), andbetweenlatitudes
(N32°170'13"/N32°335'71"). ItislocatedintheNortheastJordan(Figurel).Zaatarirefugee’s
campwhichwasestablishedin2012after the breakoutof the civilwar in Syria.ltcontainsmore
than80,000 refugeeslivingoveranareaof5.3Km?2.Zaatarirefugeecampislistedasthesecond
largestrefugeecampintheworldandthefourthlargestcityinJordan(UNHCR,2017).Whereit forms part
of thestudyarea. The amountof wastewaterproduct within the camp wasestimated to
bearound3,600m3/d. Thewastewateristransportedtoasmallwastewatertreatmentplantlocated



withinthecamp.Theanthropogenic  activitieswithinthecamp arerestricted toverysmall
commercialshopsalongthemaincommerce  street,includesvegetable  stands,butchers,clothing
stores,footwear  stores,blacksmiths,rotisseries,smallrestaurants,andpetshops.The  climate  of
theinvestigatedsiteischaracterizedby dryandhotsummerseasonswithcoldandlow
precipitationduringwinter season. Thedryclimate, atmosphericdust and low intensityof
precipitation affect theprecipitation qualitybyincreasingits saltcontent (Salameh, 1996).
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Figure (1) :Location map, ofthe studyarea.

2.2 Geologicalsetting

ThestudyareacoveredbyuppercretaceouswithToronyanageformationrocksforWadiEs-Sir
andNeogene-quartetbasalt formationandsoil. TheWadiEs-Sirformationconsistsoffiveunits
withrockycontentinmostofthestudy area: Thefirstunit:composedoflimestonemasswith brightwhite
coloredintheformof wallontheboundaryofShuayb formation. Thesecondunit: is
acoarsecoquina,composedoflimestonerichinfossilsandthethickness ofeach cyclereachesup
tolm.TheThirdunitconsistsofmarlstoneyellowcoloredMarleywithaclearlayer’scluster.The  fourth
unit is limestonesequenceholding flint or thin layers offlint. Thefiveunits iscomposite a
massivelimestone,withhigh economic value,andfunctionsasexcellentconstructionstone,in
thisuniteoflargefossilsappearintensely insomeclasses.Depositionalofitisshallowandopen
marineenvironment(Smadi,1997).TheBasaltFormationisthesubsidiary
ofvolcanicofHarratSham(theeraofNeogene-
guartet)ontheeasternedgeofthestudyarea,wheremostCastsbasalt
streamfromthenorthtothesouth,consistingofasequenceofcontinentalbasalticfollowsaseries
ofbasaltalkaline.lthasbeenderivedasaresultofmeltingpartialandminorupper whichhasbeen
accompaniedbya  fewdegreesofsecondarydistinctions(Bender,1974).  Thebasaltcompositeof
twounits: AbedOlivineBasaltFormation(AOB)andFahdaVesicularBasaltformation(FA).The Abed
OlivineBasaltFormation has adistinct dark basalt, darkgray,full crystallization, medium
tofinegrainedofolivineandmicroscopicholesinmostfielddiscoveriesinclustersfieldand



tubularandcylindrical. The  characteristicofthisunitpresence  ofverticalcracksinthem,this
configurationshrinksinthesoutheastandsouthernregionsofthestudy area(Abed,2009).The Fahda
VesicularBasaltformationisthe
mostrecentvolcaniceruptionattributabletoAlBshirahgroup;itconsistsofconglomeratesolidvolcanicg
ranules.The compositionisdark basaltand basaltgrayfine-grained,andclustersofolivinepuregreen-
yellow,andislimitedinthesoutheast ofthestudyarearegions(Smadi,1997).Thestudy areacovering
two main typeofsoil,Firstthe Mediterranean(red)thatresidesinthesouthernregionsof
WesternandCentralofthestudyarea. ~The  Secondoneistheyellow  desertsoilthatcovers  the
northerneasternandsouthoftheregion areas(Abed, 2009).

2.3 Hydrogeologyofthestudy area
TwogroundwaterbasinsinJordanwerestraddlesinAl-Mafraq,thefirstoneiscalledYarmouk
basin,whilethesecondisAmman-Zargabasin.Ingeneral,theshallowgroundwaterinthe
YarmoukbasinisfoundintheB2/A7aquifers. Theoverlyinggeologicformationsconsistofmarly
layersandformaquicludesdippingwithincreasinganglestowardsYarmoukandJordanrivers.
Therechargeoftheaquifertakesplaceinthehighlandsof IrbidandAjlunandfurthertonortheast
beyondJordansterritories(Salameh,1996). ThesecondisAmman-Zargabasinhastwomain
aquifers,namelythedeepA4andtheshallowcomplexwhichconsistsoftheB2/A7orA7alone
orB2/AT7togetherwithWadifullofbasalts. Thisbasincanbedividedintotwoparts:thearea northeast of
WadiZargaand the western part extendingto thewest of WadiZarqga(Odat, 2015).
MafragGovernoratewithinsynthesisBasin(CatchmentArea)ValleyAlZarga(Amman-
ZargaBasin),whichcoversanareaof4049km2andextendsfromthefoothillsofJabal AIDruzeand
eventotheJordanRiver,is(Amman-ZargaBasin). Theaquiferisoneofthemostimportantwater
basinsintheKingdomapproximately3739km?ofitsarea,whichislocatedwithinJordanaccounts
for89%oftheoverallbasinareaofthestudy area,and355kmzinSyriaforming 11%(Salameh,

1996).

This aquifer isinthesystem consists of two formations; WadiEs-Sir (A7)and Amman formation
separated byUm-Al Ghudran, which disappearsin some places.Amman togetherwith WadiEs-
Sirformationformoneofthemostimportantandextensiveaquiferoutcroppinginthehighrainfall —areas,
wheremostofrechargeoccurs. Thisaquifer islocatedinthewestern partsofthestudyarea
andsomeofthestudied wellsderivetheirwaterfromthiscomplex.According tothe(BGR&
MW1:2001)therechargeofgroundwaterin(B2/A7)toYarmoukbasinis throughthreesources.
First,AjlounMountains,where Ajloundomeislocated.Secondly,underflowfromthe
northeasterndesert basintoward the studiedarea atUmEssurabarea.Finally,underflowmoving
towardstheYarmoukRiverfromSyrianterritories. Thisisthemostimportantaquiferinthebasin.
Ithascontinuousextent,andarelativelyhighpermeability. Itreceivesthehighestamountofrecent
rechargeanditisconsideredtobe the principle source of freshwater fordomestic aswellasfor
irrigatedagricultureintheplateau. Theestimatedtotalrechargewithinthebasinisabout40-45
MCM/y.priortoaquifersdepletion,anadditionalamountofabout23MCM/y usedtobe transferred to
theB2/A7  from  abasaltaquifer in  theupperZarqavalleyarea. TheTransmissivity
ofaquiferisbetween(9.0-900.0)m?/d.andthe StorageCoefficientofitisbetween0.01-0.30 (Ministryof
waterand irrigation, 2012).

2.3.1 Upper aquifers
Thisaquiferconsistsmainlyoftwosystems;thefirstoneistheBasaltaquiferwhichextendsfrom
theSyrianJabelDruzarea  southwardtowardsthe  AzragandWadiDhulielregion.The  second
mainaquiferislocatedintheeasternpartsofthestudyarea. Thisoneconsistsofsedimentaryrocks
andalluvialdepositsofTertiaryandQuaternaryages. Theserocksformthelocalaquifersoverlain
partlybythebasaltaquifers.Rechargetakesplacedirectlyintotheseaquifers,orfromthe



surroundingaquifers(Sabahin,2007). Themain aquiferscaversinthe studyareaarebasaltand Amman-
WadiEs-Sir  Aquiferformation.The movementofthesurfacewaterinthestudy area drainingto
southeast direction.

2.3.2 Groundwater movement

Regarding  themovementofundergroundwater,there  are  twolevelsofundergroundwater,the
firstoneisconfinedinan areacontourlines520-525mbetweenSabha,andAlKoumAl Ahmar,
UmEljemal,andthesecondone isbetween500-510mlinesBaij, UmEsSarabandSamaAl
Sarhan(Serwanetal.,2001).The groundwaterflowsof traffic and reflectsonthe firstlevelarea
shippingwater,whichiscoming fromrainwaterfiltrationprocessthroughthebasaltspillsinthe regionof
high  rainfallinthe  Jabalal-Arabregioninsouthern ~ Syria ~ whichcomesfromthe  South
toNorthfromNorth-EasttoSouth-Westanddominantly fromEasttoWestFigure(2)
(Serwanetal.,2001;AL-Ansarietal., 1996). TheGroundwatermovementsdependonthegroundwater's
level,thedirectionistowardtheNorth-East,andtoSouth-WestanddominantlyfromEasttoWest.
Aquifersarefedby waterfromSyrianterritory (JebelArabs)extractionsecurity layersofbasalt layers
and estimated Amman— WadiEs-Sir withan amountof about 31 million cubic meters per
year,moreover,itisextractedfromthegroundwaterfordrinking purposesofthisregion.ltis
currentlyabout22millioncubicmetersperyearsuppliesthebranchandsomeareasofirbidzones.
Additionally,wherethelayersofwaterintheregionalongtheinsideSyrianterritoryadjoinit,the
extractionofwaterfromthesameclassextendedinsideSyriawillaffectthewaterintheNorthern
Badiaregion (Al-Ansariet al., 1996).

3.Methodology
Fifteen waterwellsamples havebeen collected from groundwaterwells in thesurroundingareas of
Zaataricamp within the Amman-Zargabasin(Figure 2). Thewatersamples were collected in 1L
polyethylenebottles and1.5 mLof INHNO3 (preservation ofsample) hasbeen added. Themethod of
heavymetalsanalysiswas doneusing InductivelyCoupled Plasma Optical Emission pectroscopy(ICP-
OES) in HamdyMangoanalysisCenter atJordan University. Theprocedureforthesamples preparation
as follows:

a.Transferal00-mlrepresentativealiquotofthewell-mixedsampletoa250-mlflaskand add 3
mlof concentratedHNO3 (preservation ofsample).

b.Placethebeakerinawaterbathorequivalentheatingsourceandcautiouslyheatitupto
g80°Cforlhr,thenaddanother3mlofconcentratedHNO3andheatitupto95°Cfor onehour.

c.Coolthebeaker.Add10 ml of1:1HCL, heatfor 15min.

d.Filterthe sample andadjustthe volumeto 100mliwith volumetric flask.

e.Measurementof PHandECofthewater sampleswere carriedoutinthefieldtoavoid any
alterationthroughtransportation. These valuesofeachsamplewererecheckedin the lab.
Thedetectionlimit (ppb)foreachheavymetalanalysisforlICP-OESshown in Tablel.
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Figure(2):Location mapof the collectedwaterwellsamples and directionof ground water
flow.
Table (1):1CP-OESdetection limit for each elementstudy
Element Detection limit (ppb)
Mn 0.2
Fe 0.7
Cu 0.9
Pb 10
Cd 0.5
Ni 3
4.Result
Theconcentrationofheavymetals,ECandpHvaluesinthegroundwatersamplesareshownin
Table2,whicharecomparedwiththeJordaniandrinkingwaterguidelinesrecommendedbyJISM
(2008).Themeanconcentrationofheavy metalsinthegroundwatersamplesfollowstheorder:
Mn>Pb>Ni>Cr>Cu>Cd>Zn>Fe.ConcentrationsofdissolvedMn,Pb,Ni, Cr,Cu,Cd,Zn,Fein
groundwaterweredetermined,withameanvalueof2.4mg/IforMn,1.5 mg/IforPb,0.5mg/Ifor

Ni,0.25mg/IforCr,0.06mg/IforCd,0.04mg/IforZnand0.035mg/lforFe.Alltheheavymetals
studied(Zn, Fe, andCu)arelikelyto bederived fromthenaturalwater-rockreactionprocessesin
theaquiferssince  noneofthese =~ metalsexhibitedconcentrationvaluesoutside  theJISM(2008)
limitswhiletheotheranalyzedheavymetalsarederivedfrombothnaturalandanthropogenic



sources, Camiloetal.,2021,sincetheirconcentrationexceededtheJISM(2008)(Table3).The chemical
characteristics for theheavymetals are as follows:

4.1. Copper

Copper concentrationofthe investigatedwellsare showninTable (2),the concentration ranged
from0.182t00.279 mg/lwithanaverageconcentrationof0.222mg/l. ThelowCuconcentration
oftheinvestigatedwellswaswithinJISM(2008)limitsalthoughitiswidelyusedinmanydifferent
anthropogenicactivitiesindicating naturaloriginratherthananthropogenicsource.Thiscanbe
explainedby theslightlyalkalinesoilandslightlyalkalinewaterofpH7.34t07.65,retarding  copper
mobility.

Table (2): Concentrationof Cu, Zn,Fe, Mn, Pb, Cd, Ni, Cr in mg/Lfortheinvestigated water
wells samples.

WellNo. | WellsName Cu Zn Fe Mn Pb Cd Ni Cr pH EC
B1 #3 station | 0.182 | 0.035 | 0.032 1.62 14 0.063 | 0.44 | 0.21 7.48 1696
B2 AL1485 0.193 | 0.026 | 0.025 2.09 1.3 0.055 | 052 |0.248 | 7.34 942
B3 AL3423 0.249 | 0.023 | 0.025 1.83 1.15 0.06 0.56 | 0.26 7.55 610
B4 AL3004 | 0.261 | 0.034 | 0.065 1.77 1.85 0.06 0.57 | 0.265 | 7.50 657
B5 AL1193 0.279 | 0.156 0.02 2.75 1.54 | 0.081 0.7 |0.262 7.65 636
B6 AL3513 0.237 | 0.042 | 0.029 2.8 1.7 0.062 | 0.65 | 0.257 7.54 599
B7 AL1265 0.211 | 0.014 | 0.025 2.4 161 | 0.064 | 059 |0.254 | 7.62 1023
B8 AL1273 0.208 | 0.025 0.03 3.24 1.62 0.06 0.5 0.27 7.47 1897
B9 AL3517 0.209 | 0.018 | 0.023 1.3 1.62 | 0.053 | 0.47 | 0.251 7.39 2160
B10 AL2689 0.198 | 0.023 0.12 1.213 | 1.63 0.05 0.43 | 0.25 7.65 671
B11 F1389 0.251 | 0.026 0.03 3.42 1.77 0.07 0.41 | 0.252 7.49 1178
B12 Mercy(1) 0.194 | 0.044 0.025 2.24 1.35 0.051 0.26 0.19 7.48 1145
B13 Mercy(3) | 0.234 | 0.021 0.03 2.93 1.7 0.058 0.4 0.30 7.45 676
B14 Privatewell | 0.212 | 0.032 | 0.0268 | 4.87 1.35 | 0.064 0.5 0.25 7.45 826
B15 AL3452 0.214 | 0.069 | 0.026 1.46 0.85 | 0.058 | 0.45 | 0.25 7.61 846

Max. 0.279 | 0.156 0.12 4.87 1.85 | 0.081 0.7 0.30 7.65 2160
Min. 0.182 | 0.014 0.02 1.213 | 0.85 0.05 0.26 | 0.19 7.34 599
Avg. 0.222 | 0.04 0.035 2.4 15 0.06 0.5 0.25 7.51 1037
(JISM,2008) 1.0 4.0 1.0 0.1 0.01 | 0.003 | 0.02 | 0.05 | 6.5-85 | 2343




4.2.Zinc

The rangeof zincionconcentrationin drinking waterthathas beenanalyzedfromthewells,and
thecollectedwater sampleswerebetweenthesamples(0.014-0.156mg /L)Figure3.Zinc
concentrationinthestudyofallwellswaswithintheJordanianstandardsfordrinkingwater,which
isidentifiedbyinstitutionforJordanianinstitutionforStandardsandMetrology(JISM,2008), The
limitfor theconcentrationof zincindrinkingwaterequal4.0mg/I(Table3).Theaverage
concentrationshowing alowconcentrationofzinc,thiscanbeattributed totheslightlyalkaline
waterenhanceitsprecipitationratherdissolvedinthecollectedsamples,whererangepH7.34to

7.65 (EPA: 2005; WorldHealth Organization, 2003c).

4.3 Manganese
Theconcentrationofmanganeseforthewaterwellsamplesstudyrangesbetween(1.213to4.87ppb)  Table
2Figure 3.Thisresultishigher than the allowable limitsthe Jordanian standardsfor drinking water
(JISM,2008)(0.1mg/l)(Table3).Themajoranthropogenicsourcesofenvironmental
manganeseincludemunicipalwastewaterdischarges,sewagesludge,miningandmineralprocessing

and iron production as wellas combustion offossil fuels.

4.4 Lead

The concentration of lead in thestudysamples rangesbetween (0.85-1.85ppb)Table 2, Figure3.
TheseconcentrationsdonotconformtospecificationsandJordan standards.Moreover,thisresult
isnotinconformitywiththeJordanianinstitutionforStandardsandMetrologyhaveidentifiedthe
Jordaninstitution(0.01mg/L)(JISM,2008)(Table3).Theprimary sourcesofleadioninwater
aremotorvehicleexhaust,industrialsolid,gaseous,andliquidwastes(WorldHealthOrganization.
2003b) Muhammad et al., 2022.

Table 3:Themaximum allowed concentration (ppm) for someheavymetalelements (JISM, 2008),
and the concentration (PPM) (Maximum and minimum) for theheavymetal in the studysample.

Cadmiumderivesitstoxicityfromitschemicalsimilarity
plant,animalsandhuman.Cadmiumonceabsorbedbyanorganizationremainsresidentformany

years(overdecadesforhumans),althoughitiseventually

HeavyMetal Jordanianlinstitution for Standards and | Rangeof heavymetals concentratio
Metrology(2008) (ppb), in the investigatedwells
Iron 1.0 ppm 0.02 -0.12
Zinc 4.0 ppm 0.014 — 0.156
Copper 1.0 ppm 0.182 -0.279
Manganese 0.1 ppm 1.213- 4.87
Lead 0.01 ppm 0.85-1.85
Cadmium 0.003 ppm 0.05-0.081
Nickel 0.02 ppm 0.26 -0.7
Chromium 0.05 ppm 0.19-0.30
4.5 Cadmium

tozincanessentialmacronutrientfor

excreted.The cadmiumconcentration



ofinvestigated  wellsisshownTable2andFigure3.Theconcentration ~was  verylowasitranged
from0.081t00.005ppb.Althoughtheconcentrationwaslowbutitwashigherthantheallowable
limitsoftheJordanianinstitutionforStandardsandMetrology limit(JISM,2008)forthe
concentrationofcadmium(0.003mg/l), (Table 3). Thesourcesofcadmiumcontaminationare
fromanthropogenicsourcessuchasartificialfertilizers,vehicleemission andBurning offossils fuels
(World Health Organization,2003d), Muhammad et al., 2022,

4.6. Iron

The concentration ofironin all thewells ranges between 0.12 t00.02 ppb.It appearsto be within the
range of the Jordan Specificationsfor drinkingwater(0.1 mg/l),andJordanianinstitutionfor
StandardsandMetrology(0.003mg/1)(JISM,2008a) Table3,thisindicatingnaturalsourcerather
thananthropogenic. Theconcentrationofironshowedalowconcentrationwhichcanbeattributed
totheslightly  alkaline  waterofpH7.34to7.65enhancing  itsprecipitationratherdissolvedinthe
collected samples(WorldHealthOrganization,2003a).

4.7. Nickel
Theionconcentrationofnickelinallwellsrangesbetween0.7t00.12ppb(Table2andFigure3). It
appearstobethatthis resultishigherthan allowablelimitstheJordanian standardsfordrinking water
(JISM,2008) (0.02 mg/l) (Table 3),thesereflecttotheanthropogenic activity,natural resourcesfor
basalticaquifer andsuchas agriculture activity andTrafficoilcombustionfor heat and
electricity,Stainlesssteel products and Vegetation(Muhammad et al.,2022).

4.8. Chromium
The chemicalanalysis  ofinvestigatedsamplesshowedthattheCr  concentrationinallwellswere

relativelyhighasitrangedbetween0.19t00.30ppb(Table2andFigure3).ltappearstobethat this resultis
higher than allowable limits theJordanian standards for drinkingwater(JISM, 2008)
(0.05mg/l)(Table3).Chromiumcanbetransportedby surfacerunofftosurfacewatersinits soluble or
precipitatedform. Soluble andun-adsorbedchromiumcomplexes canleachfromsoil
intogroundwater. TheleachabilityofCr*®increaseswithincreasingsoilPH. Themainsourcesof
CrElectroplating industries,Leathertanneries, Textileindustries,Steel,Industrialcombustion, Wood
burning, Reuseincineration and fertilizers(Muhammad et al., 2022).

5.Discussion

Theconcentrations ofCu,andFeinallthewater sampleswerewithinthemaximumpermissible
limitsofJordanianstandardfordrinkingwaterand(JISM,2008).Copperisclassifiedasapriority
pollutantbecauseofitsadversehealtheffects(Borahetal.,2009;WorldHealthOrganization,
2003).Thesemenacesprovokethestudiesonthemonitoring oftheseheavy metalsinthischain
asitisimportantfortheprotectionofpublichealth(PetterssonandRasmussen,1999;Malle,
1992).AccordingtoJessicaetal.,2020reportedtotheheavy metalsmay enterahumaninfour
waysfrom;ingestionof contaminatedfood;inhalationfromtheatmosphere,drinking
contaminatedwater;anddue toskincontactfromagriculture,pharmaceutical,manufacturing,
residentialandindustrialareas. TheconcentrationsofMn,Pb,Ni, Cdand Crinallofthewater
sampleswerehighandabovetheallowablelimitsofthe Jordanianstandardsfordrinking water
and(JISM,2008). Leadisnotanessentialtraceelement;ifit getsconcentratedinlivingorganism
ithasnoknownbiologicalfunction.ltcancauseavariety — ofharmfulhealtheffects(Botkinand Keller,
2005)and itis  known as afatal neurotoxic (Thomson and Parry, 2006).


https://pubmed.ncbi.nlm.nih.gov/?term=Briffa%20J%5BAuthor%5D

HighconcentrationofchromiumwasdetectedinwellNo.3anditwasabovethe maximum
permissiblelimitsofJordanianDrinkingWaterand (JISM,2008)Table(3) (Figured).Thissiteis
locatedatwithinZaataricamp,thehighconcentrationisrelatedtothenearsewage sludgeand
municipalwastewaterdischarges.Ontheotherhand,wellsNo.8andwell number9showedalso
highconcentrationsandabove JISM,2008standardTable(3).The sourceof Cr atthese wellsis
duetoitslocationalong Bagdadhighway,these reflecttotheanthropogenicactivity,suchascar traffic,
handwork,blacksmithing,machines repairandpainting(Jaworski,1980).The concentrationof Cr
inwellNo.12  ishigher  thanthe  maximumpermissible limitsof Jordanian  Drinking
Waterand(JISM,2008) Table(3) (Figured),these reflecttothenaturalresourcesfor basaltic rockand
anthropogenic activitysuch asagricultureactivity(fertilizer andpesticide).

The concentrationof nickeliselevatedinallsamples,itishigherthanthemaximum
permissiblelimitsof ~ JordanianDrinking ~ Waterand(JISM,2008)Table(3),  (Figure4).Allthe
wellswhichlocatedfarfromBagdadhighway,theconcentrationofNiin wellNo.9and10 IS
higherthanJISM.(2008),thesereflecttotheanthropogenicactivity,naturalresourcesforbasaltic
aquiferandsuchasagricultureactivity. Itisduetothesiteofwellswhichlocatednearthehighway, sothey

affected bycarsexhaust,carwashingstations,andhumanactivitiessuchasmunicipal
wastewaterdischarges,sewagesludge,miningandmineralprocessingandironproductionaswell as
combustion offossil fuels(Dunnicket al., 1995).
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Figure(3): Concentration(ppb) for theelements Cu, Zn,Fe, Mn, Pb, Cd, Ni and Cr in thestudy
waterwellsamples.

Theincreasingofleadconcentrationintheenvironmentcanbecausedby various anthropogenic
activitiessuchasthe use of leadedfuel,batteries,solders,bearings,cable covers,
ammunition,plumbing,pigmentsand  caulking  (Wuana et.al.2011).Leadconcentrationinall
wellsishigherthanthemaximumpermissiblelimitsofJordanianDrinkingWaterand(JISM,

2008), Table3,(Figure4).ItisduetothesiteofwellswhichlocatedneartheBagdadhighway,so
theyaffected byuse of leaded fuel, batteries, solders, bearings, cable covers, ammunition,
plumbing, pigmentsandcaulking.Theconcentrationof lead in wellNo.8ishigher than JISM.
(2008),thepossiblecause isthelocationinagriculturalarea where thepesticidesandfertilizers are
used,inadditionto other agriculturalactivities. TheconcentrationofleadinwelINo.15is
higherthanJISM.(2008),thesereflecttothenaturalresourcesforbasalticrockandanthropogenic activity
suchasagricultureactivity. TheconcentrationofleadinwellNo.3ishigherthanJISM.
(2008),whichlocatedinsidetheZaataricamp,thehighconcentrationisrelatedtothenearsewage sludge
and municipal wastewaterdischarges.

Theconcentrationofmanganeseforthewaterwellsamplesstudy rangesbetween(1.213
to4.87mg/l), Themajoranthropogenicsourcesof ~ environmentalmanganese includemunicipal
wastewaterdischarges,sewagesludge,miningandmineralprocessingandironproductionaswell
ascombustionoffossilfuels(Hroneset,al.2010).Manganeseconcentrationinwells ishigher
thanthemaximumpermissiblelimitsof JordanianDrinking WaterandJISM.(2008),Table(3), (Figure
4).The  concentrationofMninwellNo.4ishigher ~ thanJISM.(2008),  thiscanbe  due to
locationofwellalongBagdadhighwaywherevehicleemissionfromthetrafficalongitimpactthe
heavymetalsconcentrationsofgroundwater. TheconcentrationofMninwellsNo.12,itpossible
tocausethe  locationinagricultural — areawherethe  pesticidesandfertilizersareused,inaddition
tootheragriculturalactivities. TheconcentrationofMninwellNo.15ishigherthanthemaximum
permissiblelimitsofJordanianDrinkingWaterandJISM.(2008), Table(3),(Figure4),reflecting
thenaturalconditionofthesesite. Thehigherlevelsofexposuretomanganeseindrinking
waterareassociatedwithincreasedintellectualimpairmentandreduced intelligencequalityinschool-
age children(Elsneret al., 2005; Siegel and Siegel, 2000).

Thesourcesofcadmiumcontaminationareartificialfertilizers(WHO,2003d). Thenatural
average abundance of cadmiumintheearthcrusthasbeen  reportedfrom0.1to0.5ppm.The
naturalsourcesfor ~ Cdinigneousandmetamorphicrockstendtobe  showna  lowvalueranging
from0.02t00.2ppm,whereasthesedimentary rockshaveahighervaluebetween0.1to25ppm (Winter,
2001).The concentrationof theCdhasincreasedinenvironmentdue toanthropogenic activity.
Thehighest levels of Cdarefrom vehicle emission and smokingtobacco and others.The
concentrationof cadmiumiselevated inwellsNo.1,4,9and11 ishigher thanthe maximum
permissiblelimits ~ of  JordanianDrinking ~ Waterand(JISM,2008)(Figure4),Table(3),Itisdue
tothesiteofwellswhichlocatednearthehighway,sothey affectedby anthropogenicactivities,
suchascarsexhaust,industrialbatteries,artificialfertilizers,smoking tobaccoandothers.The
concentrationofCdinwellNo.15ishigherthan(JISM,2008),thesereflecttothenatural
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resourcesfor basalticrockandanthropogenicactivitysuchasagricultureactivity(fertilizerand
pesticide).Cadmiumexposureisariskfactorassociatedwithalargenumberofillnessesincluding
kidneydisease, earlyatherosclerosis,hypertension,andcardiovasculardiseases(Fechneretal.,

2011).

TheLeadcanaccumulateinsoils,especially thosewithahighorganiccontent,whereit remains
forhundreds tothousands ofyears.ltcantakethe  placeofothermetals in plants andcan
accumulateontheirsurfaces,therebyretarding photosynthesis,andpreventingtheirgrowthor
killingthem.Contaminationofsoilsandplantsthenaffectsmicroorganismsandanimals.Affected
animalshaveareducedabilitytosynthesize
redbloodcells,whichcausesanemia(Greene,2014).Leadcancausesevere
damagetothebrainandkidneysand,ultimately,death.by mimicking calcium,leadcancrossthe blood-
brainbarrier.ltdegradesthe myelin sheathsof neurons,reduces theirnumbers,
interfereswithneurotransmission routes, and decreases neuronal growth(Rudolph
, 2003).Symptoms of lead poisoning includenephropathy, colic-like abdominal pains, and
possiblyweakness in thefingers, wrists, or ankles.Small blood pressureincreases,particularlyin
middle-agedandolderpeople,maybeapparentandcancause  anemia.Severalstudies,mostly  cross-
sectional,foundanassociationbetweenincreasedleadexposure anddecreasedheartrate
variability(Navas-Acien,Ana2007;Stenhammar,1999).Inpregnantwomen,highlevelsof ~ exposure
toleadmay cause miscarriage.Chronic,high-levelexposure hasbeenshown to reduce fertilityin
males (Sokol ,2005).

The concentration of Zn, Cu, and Fe in all the water well samples B2 and B3 in Zaatari
Refugee camp is within the maximum permissible limits of Jordanian Drinking Water and
(JISM, 2008), as it appears there is not any effect of pollution from the camp and the water is safe
for drink. This study explains there are no effect of Zaatari camp on the groundwater pollution.
However, the concentration level of Mn, Pb, Ni, Cd and Cr is higher than the maximum
permissible limits of Jordanian Drinking Water and (JISM, 2008), is reflect the anthropogenic
activities within the camp is restricted to very small commercial shops along the main
commerce street, includes vegetable stands, butchers, clothing stores, footwear stores,
black smiths, rotisseries, small restaurants,andpet shop(Alshira’h,2018) .

ThepH activityranged in thewaterthat havebeen between 7.34 to 7.65 samples and with
anaverageof7.51forallstudywells.Generally,thepHofthegroundwatersamplesfallsbetween apH
rangeof 6to 9 in natural conditions (Stummand Morgan 1996).This is dueto the existence of
dissolved carbondioxide andhydrogencarbonate ions(Mokhtaretal.,2009;Al-Harahshehet al.,
2014) (Equations.1 and 2 ), which formabuffer system.

H20 +CO2 — H2CO3H20+C0O2 —» H2CO3 Equations.1

H,0+CO3 —»;H++CO3H20+C03 — H"+CO* Equations2

ThevalueofpHinallwellswithinthestudyallowedbythe InstitutionforStandardsand
Metrology fordrinkingwaterlimit. TheconcentrationofTDSrangingineachsampleexamined
between383.4mg /1t01382mg /landaverageof663.9mg/l. TheconcentrationofTDSinwell
No.9ishigherthantheJordanStandardandMetrology ofdrinkingwater. Thesetvalueof1000
mg/l.ElectricalConductivity(EC)valueofthewatersamplesforallwellsstudyhasbeenbetween
599 t02160 pS/Cmand atarateof 1037uS/Cm.ltishigher than specificationsof Jordan and
standardsidentifiedby thevalueofEC1400uS/Cm.ThevaluesofECinallwellswithin
specificationsofJordanandstandards. Thelikely sourcesandcausesofthemajorcontributorsto
theelevated TDSconcentrationsandrelatedEC(whichincreasedwithincrementofSTD)are:
1)increasedalkalinity andcalciumconcentrationsresultingfromtheweathering,efficient  delivery,
andaccelerated dissolutionof calciumcarbonate foundintheincreased expansesof
impervioussurfacesanddrainagesystems2)increasedsulfateconcentrationsmostlikelyresulting
frommoreefficientdeliveryofdepositedorspilledsulfurcompoundsfromimperviousareasand
wastewaterleaksorillicitdischarges;and3)elevatedchlorideconcentrationsresultingfromvaried
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sourcesaswastewaterleakage, runoffoflawnfertilizers,andspillsordischargesofvaried substances
containingchlorides, includingroadsalts( Mikalsen, 2005).

Theaverageconcentrationshowingalowconcentrationofzinc,copperandiron,thiscan
beattributedtotheslightlyalkalinewaterenhanceitsprecipitationratherdissolvedinthecollected
samples.
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Figure(4): Contour mapshows the concentration (mg/l) of Cr,Ni, Cd, Mn, Pb, Fe,Zn and Cu
forthe studywater wellsamples.

6. Conclusions

FromthestudycarriedoutonthegroundwateraroundZaatariRefugeeCamp,Zarga-Ammanbasin
area,theresultsobtainedshowvariouslevelsofconcentrationoftheheavy metal. Thestudy
observedthatpollutionfromrefugeecampdidnotreachthegroundwaterresourcesoftheareaand the
waterissafefordrink. Zincconcentrationis0.014to0.156mg/l, itlieswithintheJordanian
specificationsfordrinkingwater(4.0mg/l)(JordanianinstitutionforStandardsandMetrology,
2008).Theconcentrationofthe Cuionrangebetween0.182t00.279 mg/llieswithinthelimitof
theJordanianInstitutionforStandardsandMetrology (JISM,2008)(1.0mg/l),andJordanian
InstitutionforStandards). Iron concentration is between 0.12 to 0.026 mg/l lies within the range of
JordanSpecificationsfordrinkingwaterand withinJordanian InstitutionforStandards
andMetrology(2008)(1.0mg/l). ThelevelconcentrationofMn1.43to4.87mg/l,inwellsNo.4,
12and15arehigherlevelthantheJordanianDrinkingWaterlimitsand(JISM,2008), the natural
resourcesforbasalticaquiferandanthropogenicactivity suchasagricultureactivitysuchas
fertilizerandpesticide.Cadmiumconcentrationinthestudiedsamplesrangebetween0.081t00.05
mg/l,inallwellsstudysamples.Therefore,wellNo.1,4,9and11itseemstoexistandwashigher
thantheallowablelimitsoftheJordanianinstitutionforStandardsandMetrologylimit(JISM,
2008)fortheconcentrationofcadmium(0.003mg/1).It’sduetothesiteofwellswhichlocatednear
thehighway,sotheyaffectedbycarsexhaust,carwashingstations,andhumanactivitiessuchas
municipalwastewaterdischarges,sewagesludge,mining andmineralprocessingandiron production
as wellas combustion offossil fuels,

The  concentrationsofMn,Pb,NiandCrfor  allthewater =~ wellsamplesare  higherthanthe
allowablelimitsoftheJordanianstandardsfordrinkingwater(JISM, 2008)andStandards Institutionof
Jordan. Theelementsconcentrationsarerangebetween,Mn(1.43t04.87 mg/l),Pb
(0.85t01.85mg/l),Ni(0.7t00.26mg/l)andCr(0.30to0.19)respectively. Theallowablelimitfor
(JISM,2008)areMn ~ =0.1mg/I,Pb=0.01 mg/l,  Ni=0.02mg/landCr=0.005mg/Irespectively.
Thesehighconcentrationsareduetothelocationofwells,whichlocatedneartheBagdadhighway, sothey
affectedbycarsexhaust,carwashingstations,andhumanactivitiessuchasmunicipal
wastewaterdischarges,sewagesludge,miningandmineralprocessingandironproductionaswell
ascombustionoffossilfuels;otherpossiblecauseisthelocationinagriculturalareawhere the pesticides
andfertilizersareused, inaddition to otheragriculturalactivities. Theconcentration of Zn, Cu,
CdandFefor allthe waterwellsamplesandB2 andB3inZaatari Refugeecamp are
withinthemaximumpermissiblelimitsofJordanianDrinkingWaterand(JISM,2008),itisevident
thatthereisn'tanyeffectofpollutioncausedbyZaatariRefugeecamponthegroundwaterwith



respect to heavymetals.

Thisstudyconcludesthatthegroundwaterisnotpollutedby heavymetalsandthattherewasno negative
effectofZaatariRefugeecamponthegroundwateraroundthestudy areawithinZaatari RefugeeCamp.

Disclaimer
This paper is an extended version of a Thesis document of the same author.
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