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Abstract 

Heavymetal(Zn,Cu,Cd,Fe,Mn,Pb,NiandCr)concentrationinfifteengroundwatersamplesof the 

Zaatari area were analyzed using inductively coupled plasma-optical emission spectroscopy 

(ICP-OES)fordeterminationoftheimpactofZaatarirefugeecampongroundwaterpollutionwith 

theabove-mentionedheavymetals.Theaimofthisstudyistoassessthepotentialpollutionofthe 

groundwater in Al-Zaatari area with heavy metals (Zn, Cu, Cd, Fe, Mn, Pb, Ni and Cr) through 

measuring their concentrations in the groundwater samples obtained through wells located at the 

studyarea. The sources of Mn, Pb, Ni and Cr was found to be from natural sources related to the 

weatheringofthebasalticrockswhereasZnandPb,Cu,Cdwasattributedtoanthropogenic sources such 

as fertilizers and pesticides in the agriculture, and various anthropogenic activities. 

Theconcentrationofheavymetalsingroundwaterrangedbetween,1.43to4.87mg/lforMn,0.85 to 1.85 

mg/l for Pb, 0.7 to 0.26 mg/l for Ni, 0.05-0.081 mg/l for Cd, and 0.30 to 0.19 mg/l for Cr. 

TheallowablelimitsforJordanian Institute of Standards and Metrology 

(JISM),2008areMn=0.1mg/l,Pb=0.01mg/l,Ni=0.02mg/l,Cd=and Cr = 0.005 mg/l respectively. 

The results also showed that the concentrations of Mn, Pb, Cd, Ni and Cr exceeded the desirable 

limits in many groundwater samples which was attributed to anthropogenic activity whereas Cu, 

Zn, Fe were below the desirable limits and could be attributed to natural source related to rock 

formation of basaltic origin. 
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1. Introduction 
Wateristheessenceoflifeandtheunderlyingeconomyofanycountryand withoutthe existence of 

waterlife will come to an end. Jordan is a prime countryto examine due to its even moredire lack 

of freshwater resources, as compared with its regional neighbors that are more blessed with water 

orhavethewealthtocreateitwithdesalinationtechnology.Jordanisconsideredone ofthe 

driestcountriesintheworld andsuffersshortageofwaterwhichisnotsurprisingduetothedesert 

environmentthatencompasses92%ofitslandarea(Dennyetal.,2008).Recentlythegroundwater 

quality has been deteriorating in many parts of the country due to rapid development, expansion 

of agriculture, and industrialization. However, the country cannot afford a situation in which 

maintains precious water resources from being lost due to pollution resulted from a wide variety 

of sources that including agricultural, domestic, and industrial (Awawdeh and Jaradat, 2009). 

Groundwaterisamajorsourceofwatersupplyfordomesticandagriculturalpurposes,especially in arid 

and semiarid regions (Nayak et. al., 2006; Kumar and Remadevi, 2006; Ahmadi and Sedghamiz, 

2007). Agricultural activities in semiarid regions consume large quantities of water 

duetohighevaporationrate.Irrigationexertsaheavytollontheavailablescarcegroundwater.as 

itconsumesmorethan65%ofthewaterbudgetinJordan.Thedemandofwaterfordomesticand industrial 

use is also increasing (Ta`any et. al., 2007). 

Heavymetalsarethosemetalswithspecificgravitygreaterthan5.0,highatomicnumberandhigh atomic 

weight. Heavy metals are not biodegradable and can be accumulative in the ecosystems and 

human bodies. (Abu-Rukah, and Osama 2001). Some of the heavy metals are usually toxic 

evenatlowconcentrationsandothersarenottoxicevenwhentheypresentathighconcentrations. In this 

content heavy metals are restricted to only toxic metals. Heavy metals are natural component of 

the earth it is impossible for human being to exist on earth without heavy metals, 

thereforewhereverhumansarefoundusageofheavymetalsexists.Improperdischargeoftheused heavy 

metals in the environment causes an adverse impact on the environment. Once they are 

discharged, they are transferred from one place to another and could reach and deteriorate 

groundwaterquality. The toxicity of heavy metals depends on its concentration in the aquatic 

system as well as its toxicity that various heavy metals showed different health effect (Ejazul et 

al., 2007).(Literature cited are old. (They range from 2001-2009 i.e. 14 – 22 years. They should 

be replaced with more recent citations.) 

The contamination of groundwater by heavy metals, originating either from natural soil sources 

of from anthropogenic sources is a matter of utmost concern to the public health. The main 

objective of this study was characterization of selected heavy metals concentration (Lead, 

Cadmium, Copper, Zinc, Nickel, Iron, Manganese and chromium) in groundwater of the area 

surrounding Zaatari refugee camp. Identifying the source of heavy metals in groundwater at 

Zaatari area. 

2. Studyarea 

2.1 Geographical Location 

ThestudyareawhichisapartofAmman-ZarqabasinislocatedwithinMafraqGovernorateabout 

20kmeastofMafraqcityinthenorthernpartofHashemiteKingdomofJordan.Thestudyareais 

about17.8km²atlongitudesbetween(E36º299ʹ265ʺ/E36º 

539ʹ237ʺ),andbetweenlatitudes(N32º170ʹ13ʺ/N32º335ʹ71ʺ).ItislocatedintheNortheastJordan(Figur

e1).Zaatarirefugee’scamp which was established in 2012 after the breakout of the civil war in 

Syria. It contains more than 80,000 refugees living over an area of 5.3 Km². Zaatari refugee 

camp is listed as the second largest refugee camp in the world and the fourth largest cityin Jordan 

(UNHCR, 2017). Where it 

formspartofthestudyarea.Theamountofwastewaterproductwithinthecampwasestimatedto 

bearound3,600m3/d.Thewastewateristransportedtoasmallwastewatertreatmentplantlocated within 

the camp. The anthropogenic activities within the camp are restricted to very small 

commercialshopsalongthemaincommercestreet,includesvegetablestands,butchers,clothing stores, 

footwear stores, black smiths, rotisseries, small restaurants, and pet shops. The climate of the 
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investigated site is characterized by dry and hot summer seasons with cold and low precipitation 

during winter season. The dry climate, atmospheric dust and low intensity of precipitation affect 

the precipitation quality by increasing its salt content (Salameh, 1996). 
 

 

Figuer(1): Locationmap, ofthestudy area. 

2.2 Geological Setting 

Thestudyarea covered by upper cretaceous with Toronyan age formation rocks forWadi Es- Sir 

andNeogene-quartetbasaltformationandsoil.TheWadiEs-Sirformationconsistsoffiveunits with 

rockycontent in most ofthestudyarea: Thefirst unit: composedoflimestonemass with 

brightwhitecoloredintheformofwallontheboundaryofShuaybformation.Thesecondunit:is a coarse 

coquina, composed of limestone rich in fossils and the thickness of each cycle 

reachesupto1m.TheThirdunitconsistsofmarlstoneyellowcoloredMarleywithaclearlayer’s 

cluster.Thefourthunitislimestonesequenceholdingflintorthinlayersofflint.Thefiveunit is
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compositeamassivelimestone,withhigheconomicvalue,andfunctionsasexcellentconstruction stone, 

in this unite of large fossils appear intensely in some classes. Depositional of it is shallow and 

open marine environment (Smadi, 1997). The Basalt Formation is the subsidiary of volcanic of 

Harrat Sham (the era of Neogene - quartet) on the eastern edge of the study area, where most 

Casts basalt stream from the north to the south, consisting of a sequence of continental basaltic 

followed byaseriesofbasaltalkaline.Ithasbeenderivedasaresultofmeltingpartialandminorupper coat 

which has been accompanied by a few degrees of secondary distinctions (Bender, 1974). The 

basalt composite of two units: Abed Olivine Basalt Formation (AOB) and Fahda Vesicular 

Basalt formation (FA). The Abed Olivine Basalt Formation has a distinct dark basalt, dark gray, 

full crystallization,mediumtofinegrainedofolivine andmicroscopicholesin most fielddiscoveries 

in clusters field and tubular and cylindrical.The characteristic of this unit presence of vertical 

cracks in them, this configuration shrinks in the southeast and southern regions of the study area 

(Abed, 2009). The Fahda Vesicular Basalt formation is the most recent volcanic eruption 

attributable to Al Bshirah group; it consists of conglomerate solid volcanic granules. The 

compositionisdarkbasaltandbasaltgrayfine-grained,andclustersofolivinepuregreen-yellow, and is 

limited in the southeast of the study area regions (Smadi, 1997). The study area covering 

twomaintypeofsoil,FirsttheMediterranean(red)thatresidesinthesouthernregionsofWestern and 

Central of the study area. The Second one is the yellow desert soil that covers the northern 

eastern and south of the region areas (Abed, 2009). 

 

2.3 Hydrology of the Study Area 

Two groundwater basins in Jordan were straddles in Al-Mafraq, the first one is called Yarmouk 

basin,whilethesecondisAmman-Zarqabasin.Ingeneral,theshallowgroundwaterinthe 

YarmoukbasinisfoundintheB2/A7aquifers.Theoverlyinggeologicformationsconsistofmarly layers 

and form aquicludes dipping with increasing angles towards Yarmouk and Jordan rivers. 

TherechargeoftheaquifertakesplaceinthehighlandsofIrbidandAjlunandfurthertonortheast beyond 

Jordan`s territories(Salameh, 1996). The second is Amman-Zarqa basin has two mainaquifers, 

namely the deep A4 and the shallow complex which consists of the B2/A7 or A7 alone 

orB2/A7togetherwithWadifullof basalts.Thisbasincanbedividedintotwoparts: thearea northeast of 

Wadi Zarqa and the western part extending to the west of Wadi Zarqa (Odat, 2015). Mafraq 

Governorate within synthesis Basin (Catchment Area) Valley Al Zarqa (Amman- Zarqa Basin), 

which covers an area of 4049 km² and extends from the foothills of Jabal Al Druze 

andeventotheJordanRiver,is(Amman-ZarqaBasin).Theaquiferisoneofthemostimportantwater 

basinsintheKingdomapproximately3739km²ofitsarea,whichislocatedwithinJordanaccounts 

for89% of the overall basin area of the studyarea, and 355 km² in Syria forming11% (Salameh, 

1996).Thisaquifersystemconsistsoftwoformations;WadiEs-Sir(A7)andAmmanformationseparated 

by Um -Al Ghudran, which disappears in some places. Amman together with Wadi Es-Sir 

formation form one of the most important and extensive aquifer outcropping in the high rainfall 

areas,wheremostofrechargeoccurs. 

 

Thisaquiferisinthewesternpartsofthestudyarea and some of the studied wells derive their water 

from this complex. According to the (BGR & MWI: 2001) the recharge of groundwater in 

(B2/A7) to Yarmouk basin is through three sources. First, Ajloun Mountains, where Ajloun 

dome is located. Secondly, underflow from the northeastern desert basin toward the studied area 

at Um Essurab area. Finally, underflow moving 

towardstheYarmoukRiverfromSyrianterritories.Thisisthemostimportantaquiferinthebasin. 

Ithascontinuousextent,andarelativelyhighpermeability.Itreceivesthehighestamountofrecent 

recharge and it is considered to be the principle source of fresh water for domestic as well as for 

irrigated agriculture in the plateau. The estimated total recharge within the basin is about 40-45 

MCM/y. prior to aquifers depletion, an additional amount of about 23 MCM/y used to be 

transferredtotheB2/A7fromabasaltaquiferintheupper Zarqavalleyarea.TheTransmissivity 
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of aquifer is between (9.0-900.0) m
2
/d. and the Storage Coefficient of it is between 0.01-0.30 

(Ministry of water and irrigation, 2012). 

 

2.3.1 Upper Aquifers 

Thisaquiferconsistsmainlyoftwosystems;thefirstoneistheBasaltaquiferwhichextendsfrom the 

Syrian Jabel Druz area southward towards the Azraq and Wadi Dhuliel region. The second 

mainaquiferislocatedintheeasternpartsofthestudyarea.Thisoneconsistsofsedimentaryrocks 

andalluvialdepositsofTertiaryandQuaternaryages.Theserocksformthelocalaquifersoverlain partly 

by the basalt aquifers. Recharge takes place directly into these aquifers, or from the surrounding 

aquifers (Sabahin, 2007). The main aquifers cavers in the study area are basalt and Amman- 

Wadi Es- Sir Aquifer formation. The movement of the surface water in the study area draining to 

southeast direction. 

 

2.3.2 Groundwater Movement 

Regarding the movement of underground water, there are two levels of underground water, the 

firstoneisconfinedinanareacontourlines520-525mbetweenSabha,andAlKoumAlAhmar, Um El 

jemal, and the second one is between 500-510 m lines Baij,Um Es Sarab and Sama Al Sarhan 

(Serwan et al., 2001). The groundwater flows of traffic and reflects on the first level area 

shippingwater, which is comingfrom rain water filtration process through the basalt spillsinthe 

region of high rainfall in the Jabal al-Arab region in southern Syria which comes from the South 

to North from North- East to South-West and dominantlyfrom East to West Figure (2)(Serwan 

etal.,2001;AL-Ansarietal.,1996).TheGroundwatermovementsdependonthegroundwater's 

level,thedirectionistowardtheNorth-East,andtoSouth-WestanddominantlyfromEasttoWest. 

Aquifers are fed by water from Syrian territory (Jebel Arabs) extraction security layers of basalt 

layersandestimatedAmman–WadiEs-Sirwithanamountofabout31millioncubicmetersper year, 

moreover, it is extracted from the groundwater for drinking purposes of this region. It is 

currentlyabout22millioncubicmetersperyearsuppliesthebranchandsomeareasofIrbidzones. 

Additionally,wherethelayersofwaterintheregionalongtheinsideSyrianterritoryadjoinit,the 

extractionofwaterfromthesameclassextendedinsideSyriawillaffectthewaterintheNorthern Badia 

region (Al-Ansari et al., 1996). 

 

3. Methodology 

Fifteen water well samples have been collected from groundwater wells in the surrounding areas of 

Zaatari camp within the Amman-Zarqa basin (Figure 2).The water samples were collected in 1 L 

polyethylenebottles and 1.5 mLof 1N HNO3 (preservationofsample) has been added.Themethod 

ofheavymetals analysiswasdoneusingInductively Coupled Plasma Optical Emission 

spectroscopy(ICP -OES)inHamdyMangoanalyticalanalysisCenterat Jordan University. The 

procedure for the samples preparation as follows: 

a. Transfera100-mlrepresentativealiquotofthewell-mixedsampletoa250-mlflaskandadd 3 ml 

of concentrated HNO3 (preservation of sample). 

b. Placethebeakerinawaterbathorequivalentheatingsourceandcautiouslyheatitupto80°C for 1 

hr, then add another 3 ml of concentrated HNO3and heat it up to 95°C for one hour. 
c. Coolthebeaker.Add10mlof1:1HCL,heatfor15min. 

d. Filterthesample andadjustthevolumeto100mlwithvolumetricflask. 

e. Measurement of PH and EC of the water samples were carried out in the field to avoid 

any alteration through transportation. These values of each sample were rechecked in the 

lab. 

Thedetectionlimit(ppb)foreachheavymetalanalysisforICP-OESshowninTable1. 
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Figure(2):Locationmapofthecollected waterwellsamplesanddirectionofgroundwater flow. 

Table(1): ICP-OESdetectionlimitforeachelementstudy 

 
Element Detectionlimit(ppb) 

Mn 0.2 

Fe 0.7 

Cu 0.9 

Pb 10 

Cd 0.5 

Ni 3 

 
 

4. Results 
The concentration of heavy metals, EC and pH values in the groundwater samples are shown in 

Table2,whicharecomparedwiththeJordaniandrinkingwaterguidelinesrecommendedbyJISM 

(2008). The mean concentration of heavy metals in the groundwater samples follows the order: 

Mn>Pb>Ni>Cr>Cu>Cd>Zn>Fe. Concentrations of dissolved Mn, Pb, Ni, Cr, Cu, Cd, Zn, Fe in 

groundwaterweredetermined,withameanvalueof2.4mg/lforMn,1.5mg/lforPb,0.5mg/lfor 

Ni,0.25mg/lforCr,0.06mg/lforCd,0.04mg/lforZnand0.035mg/lforFe.Alltheheavymetals 

studied(Zn,Fe,andCu)arelikelytobederivedfromthenaturalwater-rockreactionprocessesin the 

aquifers since none of these metals exhibited concentration values outside the JISM (2008) limits 

while the other analyzed heavy metals are derived from both natural and anthropogenic 

sourcessincetheirconcentrationexceededtheJISM(2008)(Table3).Thechemicalcharacteristics for 

the heavy metals are as follows: 
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4.1 Copper 

Copper concentration of the investigated wells are shown in Table (2), the concentration ranged 

from0.182to0.279mg/lwithanaverageconcentrationof0.222mg/l.ThelowCuconcentration 

oftheinvestigatedwellswaswithinJISM(2008)limitsalthoughitiswidelyusedinmanydifferent 

anthropogenic activities indicating natural origin rather than anthropogenic source. This can be 

explained by the slightly alkaline soil and slightly alkaline water of pH 7.34 to 7.65, retarding 

copper mobility. 

 

4.2 Zinc 

The range of zinc ion concentration in drinking water that has been analyzed from the wells, and 

the collected water samples were between the samples (0.014 – 0.156 mg / L) Figure 3. Zinc 

concentrationinthestudyofallwellswaswithintheJordanianstandardsfordrinkingwater,which 

isidentifiedbyinstitutionforJordanianInstitutionforStandardsandMetrology(JISM,2008),The limit 

for the concentration of zinc in drinking water equal 4.0 mg/l (Table 3). The average 

concentrationshowingalowconcentrationofzinc,thiscanbeattributedtotheslightlyalkalinewaterenha

nceitsprecipitationratherdissolvedinthecollectedsamples,whererangepH7.34to 

7.65(EPA:2005;WorldHealthOrganization,2003c). 

4.3  Manganese 

Theconcentrationofmanganeseforthewaterwellsamplesstudyrangesbetween(1.213to4.87ppb) Table 2 

Figure 4. This result is higher than the allowable limits the Jordanian standards for drinking water 

(JISM, 2008) (0.1 mg/l) (Table 3). The major anthropogenic sources of environmental manganese 

include municipalwastewaterdischarges, sewage sludge,miningandmineralprocessing and iron 

production as well as combustion of fossil fuels. 

4.4Lead 

Theconcentrationofleadinthestudysamplesranges between(0.85-1.85 ppb)Table2,Figure3. 

TheseconcentrationsdonotconformtospecificationsandJordanstandards.Moreover,thisresult 

isnotinconformitywiththeJordanianInstitutionforStandardsandMetrologyhaveidentifiedthe Jordan 

institution (0.01 mg/L) (JISM, 2008) (Table 3). The primary sources of lead ion in water 

aremotorvehicleexhaust,industrialsolid,gaseous,andliquidwastes(WorldHealthOrganization. 

2003b). 

 

4.5 Cadmium 

Cadmium derives its toxicity from its chemical similarity to zinc an essential macronutrient for 

plant,animalsandhuman.Cadmiumonceabsorbedbyanorganizationremainsresidentformany years 

(over decades for humans), although it is eventually excreted. The cadmium concentration 

ofinvestigated wells is shownTable2 and Figure 3. Theconcentration was verylow as it ranged 

from0.081to0.005ppb.Althoughtheconcentrationwaslowbutitwashigherthantheallowablelimits of 

the Jordanian Institution for Standards and Metrology limit (JISM, 2008) for the concentration of 

cadmium (0.003 mg/l), (Table 3). The sources of cadmium contamination are 

fromanthropogenicsourcessuchasartificialfertilizers,vehicleemissionandothers(WorldHealth 

Organization, 2003d). 

4.6 Iron 

Theconcentrationofironinallthe wellsrangesbetween0.12to 0.02ppb. It appearstobewithinthe 

range of the Jordan Specifications for drinking water (0.1 mg/l), and Jordanian Institution for 

StandardsandMetrology(0.003mg/l)(JISM,2008a)Table3,thisindicatingnaturalsourcerather 

thananthropogenic.Theconcentrationofironshowedalowconcentrationwhichcanbeattributed to the 

slightly alkaline water of pH 7.34 to 7.65enhancing its precipitation rather dissolved in the 

collected samples (World Health Organization, 2003a). 
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Table(2):ConcentrationofCu,Zn,Fe,Mn,Pb,Cd,Ni,Crinmg/Lfortheinvestigatedwater 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 1.4 0.063 0.44 0.21 7.48 1696 

B2 AL1485 0.193 0.026 0.025 2.09 1.3 0.055 0.52 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 1.61 0.064 0.59 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 Private well 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 1.5 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 6.5-8.5 2343 

 

4.7 Nickel 

Theionconcentrationofnickelinallwellsrangesbetween0.7to0.12ppb(Table2andFigure3). 

ItappearstobethatthisresultishigherthanallowablelimitstheJordanianstandardsfordrinking water 

(JISM, 2008) (0.02 mg/l) (Table 3), these reflect to the anthropogenic activity, natural resources 

for basaltic aquifer and such as agriculture activity. 

 

4.8  Chromium 

Thechemical analysisof investigated samplesshowed thatthe Crconcentration inall wells were 

relativelyhigh as it ranged between 0.19 to 0.30 ppb (Table 2 and Figure 3). It appears to be that 

thisresultishigherthanallowablelimitstheJordanianstandardsfordrinkingwater(JISM,2008) (0. 05 

mg/l) (Table 3). Chromium can be transported by surface runoff to surface waters in its soluble 

or precipitated form. Soluble and un-adsorbed chromium complexes can leach from soil into 
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groundwater. The leach ability of Cr
+6

 increases with increasing soil PH. 

 
Table3:Themaximumallowedconcentration(ppm)forsomeheavymetalelements(JISM,2008), and the 

concentration (PPM) (Maximum and minimum) for the heavy metal in the study sample. 
 

HeavyMetal JordanianInstitutionforStandardsand 

Metrology(2008) 

Rangeofheavymetals concentration 

(ppb),intheinvestigated wells 

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 

 

5. Discussion 
The concentrations of Cu, and Fe in all the water samples were within the maximum 

permissiblelimitsofJordanianstandardfordrinkingwaterand(JISM,2008).Copperisclassified as a 

priority pollutant because of its adverse health effects (Borah et al., 2009; World Health 

Organization,2003).Thesemenacesprovokethestudiesonthemonitoring oftheseheavymetals 

inthischainasitisimportantfortheprotectionofpublichealth(PetterssonandRasmussen,1999; Malle, 

1992). The concentrations of Mn, Pb, Ni, Cd and Cr in all ofthe water samples were high and 

above the allowable limits of the Jordanian standards for drinking water and (JISM, 2008). Lead 

is not an essential trace element; if it gets concentrated in living organism it has no known 

biologicalfunction. Itcancauseavarietyofharmfulhealtheffects(BotkinandKeller,2005)and it is 

known as a fatal neurotoxic (Thomson and Parry, 2006). 

 

High concentration of chromium was detected in well No.3 and it was above the maximum 

permissiblelimitsofJordanianDrinkingWaterand(JISM,2008)Table(3)(Figure5).Thissiteis located 

at within Zaatari camp, the high concentration is related to the near sewage sludge and municipal 

wastewater discharges. On the other hand, wells No.8 and well number 9 showed also high 

concentrations and above JISM, 2008 standard Table (3 ). The source of Cr at these wells is due 

to its location along Bagdad highway, these reflect to the anthropogenic activity, such as car 

traffic, handwork, blacksmithing, machines repair and painting (Jaworski, 1980). The 

concentration of Cr in well No.12 is higher than the maximum permissible limits of Jordanian 

Drinking Water and (JISM, 2008) Table (3) (Figure 4), these reflect to the natural resources for 

basaltic rock and anthropogenic activity such as agriculture activity (fertilizer and pesticide). 
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The concentration of nickel is elevated in all samples, it is higher than the maximum permissible 

limits of Jordanian Drinking Water and (JISM, 2008) Table ( 3),(Figure 4). All the wells which 

located far from Bagdad highway, the concentration of Ni in well No. 9 and 10is 

higherthanJISM.(2008),,thesereflecttotheanthropogenicactivity,naturalresourcesforbasaltic 

aquiferandsuchasagricultureactivity.Itisduetothesiteofwellswhichlocatednearthehighway, so they 

affected by cars exhaust, car washing stations, and human activities such as municipal 

wastewaterdischarges,sewagesludge,miningandmineralprocessingandironproductionaswell as 

combustion of fossil fuels (Dunnick et al., 1995). 

 
 

Figure(3):Concentration(ppb)fortheelementsCu,Zn,Fe,Mn,Pb,Cd,NiandCrinthestudy water well 

samples. 
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The increasing of lead concentration in the environment could be caused by various 

anthropogenic activities such as the use of leaded fuel, batteries, solders, bearings, cable covers, 

ammunition, plumbing, pigments and caulking (Wuana et. al. 2011). Lead concentration in all 

wells is higher than the maximum permissible limits of Jordanian Drinking Water and (JISM, 

2008),Table3,(Figure4).ItisduetothesiteofwellswhichlocatedneartheBagdadhighway,so they 

affected by use of leaded fuel, batteries, solders, bearings, cable covers, ammunition, plumbing, 

pigments and caulking. The concentration of lead in well No.8 is higher than JISM. (2008), the 

possible cause is the location in agricultural area where the pesticides and fertilizers are used, in 

addition to other agricultural activities. The concentration of lead in well No.15 is 

higherthanJISM.(2008),thesereflecttothenaturalresourcesforbasalticrockandanthropogenic 

activity such as agriculture activity. The concentration of lead in well No.3 is higher than JISM. 

(2008),whichlocatedinsidetheZaataricamp,thehighconcentrationisrelatedtothenearsewage sludge 

and municipal wastewater discharges. 

 

The concentration of manganese for the water well samples study ranges between (1.213 to 4.87 

mg/l), The major anthropogenic sources of environmental manganese include municipal 

wastewaterdischarges,sewagesludge,miningandmineralprocessingandironproductionaswell as 

combustion of fossil fuels (Hrones et, al. 2010). Manganese concentration in wells is higher than 

the maximum permissible limits of Jordanian Drinking Water and JISM. (2008), Table (3), 

(Figure 5). The concentration of Mn in well No.4 is higherthan JISM. (2008),this can be due to 

locationofwellalongBagdadhighwaywherevehicleemissionfromthetrafficalongitimpactthe 

heavymetalsconcentrationsofgroundwater. The concentrationofMninwellsNo.12,itpossible to 

cause the location in agricultural area where the pesticides and fertilizers are used, in addition 

tootheragriculturalactivities.TheconcentrationofMninwellNo.15ishigherthanthemaximum 

permissiblelimitsofJordanianDrinkingWaterandJISM.(2008),Table(3),(Figure5),reflecting 

thenatural condition ofthesesite.The higherlevels of exposureto manganesein drinkingwater are 

associated with increasedintellectual impairmentand reducedintelligence quality in school- age 

children (Elsner et al.,2005; Siegel and Siegel, 2000). 

 

Thesourcesofcadmiumcontaminationareartificialfertilizers(WHO,2003d).Thenatural average 

abundance of cadmium in the earth crust has been reported from 0.1 to 0.5 ppm. The natural 

sources for Cd in igneous and metamorphic rocks tend to be shown a low value ranging from 

0.02 to 0.2ppm, whereas the sedimentaryrocks have a higher value between 0.1 to 25 ppm 

(Winter, 2001). The concentration of the Cd has increased in environment due to anthropogenic 

activity.ThehighestlevelsofCdarefromvehicleemissionandsmokingtobaccoandothers. The 

concentration of cadmium is elevated in wells No. 1, 4, 9 and 11is higher than the maximum 

permissiblelimitsofJordanianDrinkingWaterand (JISM, 2008) (Figure4),Table(3) , It is due to the 

site of wells which located near the highway, so they affected by anthropogenic activities, such 

as cars exhaust, industrial batteries, artificial fertilizers, smoking tobacco and others. The 

concentration of Cd in well No. 15 is higher than (JISM, 2008), these reflect to the natural 

resources for basaltic rock and anthropogenic activity such as agriculture activity (fertilizer and 

pesticide).Cadmiumexposureisariskfactorassociatedwithalargenumberofillnessesincluding kidney 

disease,early atherosclerosis, hypertension, and cardiovascular diseases (Fechner et al., 2011). 

 

The Lead can accumulate in soils, especially those with a high organic content, where it 

remainsforhundredstothousandsof years. Itcan taketheplaceofothermetalsinplantsandcan 

accumulate on their surfaces, there by retarding photosynthesis, and preventing their growth or 

killingthem.Contaminationofsoilsandplantsthenaffectsmicroorganismsandanimals.Affected 

animalshaveareducedabilitytosynthesizeredbloodcells,whichcausesanemia(Greene,2014). Lead 

can cause severe damage to the brain and kidneys and, ultimately, death. by mimicking 

calcium,leadcancrosstheblood-brainbarrier.Itdegradesthemyelinsheathsofneurons,reduces 

theirnumbers,interferes with neurotransmissionroutes,anddecreasesneuronalgrowth (Rudolph 
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, 2003). Symptoms of lead poisoning includenephropathy, colic-like abdominal pains, and 

possiblyweaknessinthe fingers,wrists,orankles.Smallbloodpressureincreases, particularlyin 

middle-aged and older people, may be apparent and can cause anemia. Several studies, mostly 

cross-sectional, found an association between increased lead exposure and decreased heart rate 

variability (Navas-Acien, Ana 2007; Stenhammar, 1999) . In pregnant women, high levels of 

exposure to lead may cause miscarriage. Chronic, high-level exposure has been shown to reduce 

fertility in males (Sokol , 2005 ). 

 

TheconcentrationofZn,Cu,andFeinallthewaterwellsamplesB2andB3in 

ZaatariRefugeecampiswithinthemaximumpermissiblelimitsofJordanianDrinking 

Waterand(JISM,2008),asitappearsthereisnotanyeffectofpollutionfromthe 

campandthewaterissafefordrink.ThisstudyexplainstherearenoeffectofZaatari 

camponthegroundwaterpollution.However,theconcentrationlevelofMn,Pb,Ni, 

CdandCrishigherthanthemaximumpermissiblelimitsofJordanianDrinkingWater 

and(JISM,2008),isreflecttheanthropogenicactivitieswithinthecampisrestrictedtoverysmallcommer

cialshopsalongthemaincommercestreet,includesvegetablestands,butchers,clothingstores,footwear

stores,blacksmiths,rotisseries,small restaurants, and pet shop (Alshiraˊh, 2018) . 

 

ThepHactivityrangedinthewaterthathavebeenbetween7.34to7.65samplesandwith 

anaverageof7.51forallstudywells.Generally,thepHofthegroundwatersamplesfallsbetween 

apHrangeof6to9innaturalconditions(StummandMorgan1996). Thisisduetotheexistence of 

dissolved carbon dioxide and hydrogen carbonate ions (Mokhtar et al., 2009; Al-Harahsheh et 

al., 2014) (Equations.1 and 2 ), which form a buffer system. 

H2O +CO2 H2CO3H2O+CO2 H2CO3 Equations.1 

H2O+CO3 2H++CO
-3

H2O + CO3  2H
+
+ CO

3-
 Equations2 

ThevalueofpHinallwellswithinthestudyallowedbytheInstitutionforStandards and 
Metrology for drinking water limit. The concentration of TDS ranging in each sample examined 

between 383.4 mg /l to 1382 mg /l and average of 663.9 mg/l. The concentration of TDS in well 

No.9 is higher than the Jordan Standard and Metrology of drinking water. The set value of 1000 

mg/l.ElectricalConductivity(EC)valueofthewatersamplesforallwellsstudyhasbeenbetween 599 to 

2160 µS/Cm and at a rate of 1037µS/Cm. It is higher than specifications of Jordan and standards 

identified by the value of EC 1400 µS/Cm. The values of EC in all wells within specifications 

ofJordan and standards. Thelikelysources and causes ofthe majorcontributorsto 

theelevatedTDSconcentrationsandrelatedEC(whichincreasedwithincrementofSTD)are: 

1) increased alkalinity and calcium concentrations resulting from the weathering, efficient 

delivery, and accelerated dissolution of calcium carbonate found in the increased expanses of 

impervioussurfacesanddrainagesystems2)increasedsulfateconcentrationsmostlikelyresulting 

frommoreefficientdeliveryofdepositedorspilledsulfurcompoundsfromimperviousareasand 

wastewaterleaksorillicitdischarges;and3)elevatedchlorideconcentrationsresultingfromvaried 

sources as wastewater leakage, runoff of lawn fertilizers, and spills or discharges of varied 

substances containing chlorides, including road salts ( Mikalsen, 2005). 

 

The average concentration showinga low concentration of zinc, copper and iron, this can 

beattributedtotheslightlyalkalinewaterenhanceitsprecipitationratherdissolvedinthecollected 

samples. 
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Figure(4):Contourmapshowstheconcentration(mg/l)ofCr,Ni,Cd,Mn,Pb,Fe,ZnandCu for the 

study water well samples. 
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6.0 Conclusions 

From thestudy carried out on thegroundwater around Zaatari Refugee Camp, Zarqa-Amman basin 

area, the results obtainedshowvarious levels of concentrationoftheheavymetal. The study observed 

that pollutionfromrefugeecampdid notreachthegroundwaterresourcesoftheareaandthewater is safe for 

drink.Zinc concentration is 0.014 to 0.156 mg/l, it lies within the Jordanian specifications for drinking 

water (4.0 mg/l) (Jordanian Institution for Standards and Metrology, 

2008).TheconcentrationoftheCuionrangebetween0.182to0.279mg/llieswithinthelimitofthe Jordanian 

Institution for Standards and Metrology (JISM, 2008) (1.0 mg/l), and Jordanian Institution for 

Standards).Ironconcentrationisbetween0.12to0.026mg/llieswithintherangeofJordanSpecifications for 

drinking water and within Jordanian Institution for Standards and Metrology (2008) (1.0 mg/l).The 

level concentration of Mn 1.43 to 4.87 mg/l , in wells No. 4, 12 and15 are higher level 

thantheJordanianDrinkingWaterlimitsand(JISM,2008),thenaturalresourcesforbasaltic 

aquiferandanthropogenicactivitysuchasagricultureactivitysuchas fertilizerandpesticide. 

Cadmiumconcentrationinthestudiedsamplesrangebetween0.081to0.05mg/l,inallwells study samples. 

Therefore, well No. 1, 4, 9 and 11 it seems to exist and was higher than the allowablelimits ofthe 

Jordanian Institution for Standards and Metrologylimit (JISM, 2008) 

fortheconcentrationofcadmium(0.003mg/l).It’sduetothesiteofwellswhichlocatednear 

thehighway,sotheyaffectedbycarsexhaust,carwashingstations,andhumanactivitiessuch 

asmunicipalwastewater discharges,sewagesludge,miningandmineralprocessingandiron production as 

well as combustion of fossil fuels, 

The concentrations of Mn, Pb, Ni and Cr for all the water well samples are higher than the allowable 

limits of the Jordanian standards for drinking water (JISM, 2008) and Standards 

InstitutionofJordan.Theelementsconcentrationsarerangebetween,Mn(1.43to4.87mg/l), 

Pb(0.85to1.85mg/l),Ni(0.7to0.26mg/l)andCr(0.30to0.19)respectively.Theallowable 

limitfor(JISM,2008)areMn=0.1mg/l,Pb=0.01mg/l,Ni=0.02mg/landCr=0.005mg/l respectively. These 

high concentrations are due to the location of wells, which located near the Bagdad highway, so they 

affected by cars exhaust, car washing stations, and human activities such as municipal wastewater 

discharges, sewage sludge, mining and mineral processing and iron production as well as combustion 

of fossil fuels; other possible cause is the location in agricultural area where the pesticides and 

fertilizers are used, in addition to other agricultural activities.The concentration of Zn, Cu, Cd and Fe 

for all the water well samples and B2 and B3 in Zaatari Refugee camp are within the maximum 

permissible limits of Jordanian Drinking Waterand(JISM,2008), 

itisevidentthatthereisn'tanyeffectofpollutioncausedbyZaatari Refugee camp on the groundwater with 

respect to heavymetals.  

 

This studyconcludesthat the groundwater is not polluted by heavy metals and that there was no 

negative effect of Zaatari Refugee camp on the groundwater around the study area within Zaatari 

Refugee Camp. 
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