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ABSTRACT

The purpose of thisreview wasinvestigated of the impact and assessment of As-Samrawastewater treatment plant (WWTP) on
thewater quality of the Zarga River (ZR). TheAs-SamraWWTPisthelargest wastewater treatment plant in Jordan discharges
around 110 m?¥ year of effluent municipal wastewater to Zarga River. The assessment of the As-Samra WWTP considers
influent, effluent reclaimed wastewater and treatment efficiency. The main pollutantsrel eased to theriver are organics, nutrients,
phosphorous, microbial contamination, pharmaceutical compounds, and solid waste. Characterization of wastewater was
evaluated the influent and effluent of theAs-SamraWWT P. The maximum treated of the As-Samratreatment plant all parameters
are above 90%. In concluded, this review shows that the effluent treated water before reuse in agriculture irrigation needs
advanced treatment to prevent itsimpact on environment and then human health.
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INTRODUCTION

Thelack of freshwater isasignificant issueinthe
world. Indeed, it isprobably the most of humanity is
currently facing becauise problems connected toit affect
thelivesof millionsof people. Thelack of freshwater is
worsened by the continued population growthin Jordan
caused by natural population growth and the successive
influxesof refugeesfrom nelghboring countriessuch as
Palestine, Kuwaitl, Irag, Syria, Libyaand Yemen!®.
One way that Jordan has overcome its freshwater
problem is by making use of treated wastewater

dternaivewater resources, for example, usngrecycled
treated wastewater for agriculturd irrigation purposes®.
In Jordan, theincreasein water demand, in additionto
water shortage hasled to growing interest in treated
wastewater reuse. The scarcity of water hasled to the
broad use of nonconventiona water resourcesaround
13% of thewater resourcesin Jordan comefrom these
nonconventional resources?. The use of treated
wastewater resources is expected to increase
considerably to minimizethe gap between supply of
and demand for water’®,

Theamsof thisreview investigated of quantify the
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degree of contamination intheAs-SamraWWTPby
eval uating the characteristicsvariations of pollution
indicators and to determine the impacts of these
pollutionson ZargaRiver water quality for agricultures
irrigation. Evauated of quality of theAs-SamraWWTP
reclaimed wastewater was compared with Jordanian
standards to determine its suitability for reuse.
Furthermore, investigate the impact of theAs-Samra
WWTP upgradeonthe ZarqaRiver water quality and
theimpact of reductionin contaminant concentrations.

ASSAMRAWWTP

Background

In 1985, As-Samrawastewater treatment plant by
Stabilization ponds method thelargest naturd trestment
plant in Jordan and Middle East. It was constructed to
servethecapital city (Amman), Zarqgaand Rusiefeh
town. It servicesapopulation of approximately 2.27
million peoplemainly inAmman city and Zarga. As-
Samra WWTP designed to reclaimed water for
irrigation purposesand supportsvariousactivitiessuch
asagriculture, industry and recyclesto ground water in
the Jordan Valley. The management system of the
wastewater for the Amman and Zarga includes the
collection, conveyance, and treatment of wastewater
generated intheAmman Zargabasin where 60% of the
populationsof Jordan live. InAmman where 80% of
the households, the wastewater generated connected
to asewage network, istransported over about 40 km
to As-Samra wastewater treatment plant by gravity
through aconveyor pipeline. Wastewater isunder high
pressurewhentransfer to the plant dueto differencein
elevation and turbines have been installed to run on
upstream wastewater flow. The same process is
repeated after treatment wherethe effluentisused to
power discharge hydraulicturbinesgenerating additiona
energy beforethewater isreleased towardsthe King
Talal Reservoir (KTR) with its 86 MCM storage
capacity.

In 2008, As-Samratreatment plant was upgraded
to mechanical and chemical treatment (Figure 1). Due
tothelow performance of theold trestment system, the
plant was upgraded to mechanical treatment system
usingactivated dudge At thepresent time, theAs-Samra
plant generated ismore than 110 MCM/year™, As-

Samraplant now treatsal wastewater and the effl uent
water released into ZargaRiver and the quality water
isbetter thanthewater released duringtheinitid stages
of theplant. DespitetheaverageinfluentinAs-Samra
plant isalwayslower (267,000 m®/d) thanitsdesign
capacity (364 000 m*/day), it represents 71% of the
total reclaimed wastewater in Jordan'?.

L ocation

Thesitelocated in Khirbeh As-Samraareawithin
Al Hashimiyyain Zarga Governorate 13Km North of
Zargaand 36 Kmto Downtown Amman.

Wastewater treatment process

Themain purposeof wastewater trestment process
istoremoval pollution of thereceiving watercourse,
and to protect human health and the environment.
Reclamed water isapplied on soil, on cultivated aswell
asmarginal areasin variousfacilitiessuch asindustry,
agriculture and recharge of ground water. In Jordan,
twenty-seven domestic wastewater treatment plants
wereeva uated over periodsranging fromtwotofifteen
yearsof operation. Eight wastewater treatment plants
used waste stabilization pond system, eight plantsused
activated dudgesystem, four plantsusedtrickling filter
system and two trestment plant used mixed technology
activated dudgeandtricklingfilter. Theactivated dudge
and tricklingfilter systemswere found to have better
performancethan thewaste stabilization pond systems.
Al-Mahamid, (2005) wasfound the activated sludge
andtricklingfilter syssemishigher removad efficiencies
for BOD,, COD and TSS and produced good quality
of thefina effluents.

As-Samra WWT plant was consisted of
dabilization ponds, and theinfluent flow ratewasaways
exceeding theplant’s design capacity (67,000 m¥d). It
wasrehabilitated and upgraded inAugust 2008 (Figure
1). Main objective of As-SamraWWTPisto increase
the hydraulic capacity from 67000 m3/d to 365,000
m?¥d and provide an adequate trestment of wastewater
improving its effluent quality for suspended solids,
biological materials and other critical pollutantg?.
TABLE 1 summarizesthe characteristics of theAs-
SamraWW TR, including thetreatment technol ogy used,
operating date, design flow capacity and design
biologica loading (BOD,). Theaverageinfluent BOD,
isestimated at 650 mg/l whichisavery high organic
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load imposing operationd problemsinthisplant™. From
Figure 2 can be seen theimprovement of the effluent
qudity parametersissignificantintermsof BOD,, TSS,
and TN compared to theinfluent water parameters. As
shownin TABLE 2 thewater quality changes between
inlet and outlet.

WASTEWATER COLLECTION
& CONVEYANCE

As Semrs Waostewsher

Effluent to treotment plant

King Talam Dam
Esst Zargs
pumping Station
west ::a:?
purmping tlation
Ain Ghazal

pre-treatment

To outlet
{urbines

Wastewater treatment line

Asshownin Figure 2 the As-Samrawastewater
treatment processes include biological and sludge
treatments. It aims a brief of description of the
schematic’s treatment methods, designs and
specifications of wastewater treatment.

1- Raw waste water

2- Primary Settling

3- Biological treatment

4- Clarification

5- Final disinfection

6- Primary sludge thickening
7- Activated sludge

8- Anaerobic digestion

9- Mechanical dewatering system
10- Biogas holders

11- Gas power generation

12- Oder control

Figurel: Schemeof As-SamraWWTP’sconfiguration. Sour ce: M odified from!#

TABLE 1: Dedign criteriafor theAs-Samrawastewater treatment plant

Parameters
Year of Deﬂ'gn flow Actual hydraulic Averageinfluent Sludge Desgn BODs Efficien Treatment Serviced
operation  (m/day) load in (m%d) (m>/day) (m°day) (mglL) %Y system  population
2013 2015 2016 2014*
1984 67,000 230 2% 304
249740 3000 650 97.3 WTPAS 2,265,000
2008 364,000 606 862 357

Source: DOS, 2016

TABLE 2: AsSamraWWTPwater quality parameters Inlet,
outlet and values

I nlet water Oultlet water

BODs 637-708 mg/l BODs 5-30 mg/l
COD 1,449 mgl COD 53 mg/l
TSS 649-682 mg/l TSS 15-30 mg/l
Total Nitrogen 100-107 mg/l  Total Nitrogen 15-30 mg/l

F- Coliforms 108 MPN/100 ml F-Cdliforms <1000 MPN/100ml

CHARACTERIZATION OFASSAMRAWWT

The purposeof thecharacterization of effluentAs-
SamraWWT toinvestigatethefeasibility of utilizing
treated wastewater for agricultural purposes.
Characterization of As-Samrawagtewater trestment was
evauated intermsof measuringBOD,, COD, TN, TR,
NO,, NH,, TDS, TSSand heavy metalsva uesfor the
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______________________
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' J 16 belt-filters press
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/

J
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Clarification

11 Second zone and
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¢ Water reuse for agriculture
10% of water consumption in agriculture
In Jordan come from the WWTP

Disinfection by chlorination

Waste activated
sludge (WAS)

(50% dry solid)

Drying
18 solar drying beds

Reuse opportunities
Organic matters (land application, soil

.

9 chlorination tanks

Treated water quality
J (Observed values)

fertilizer, nurseries agricultures)
Calorific value: cement factories

BOD= 5-30mg/!
$5= 15-30mg/|
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Figure2: Wastewater treatment linesin As-Samrawastewater treatment plant after first expansion®

influent and effluent from the plant at different years.
The efficiency assessment of As-SamraWWT based
on effluent quality standardsfor irrigation reuse was
investigated. TABLES 3, 4 and 5 illustrates the
characteristicsof wastewater that influent and effluent
of theAs-SamraWWT during the selected years.

Raw wastewater

As-Samraraw wastewater was characterized as
high salinity. The high strength isdueto the low per
capitaconsumption of water, caused by shortagesin
water resources. Thehigh sdinity of wastewater (TDS

more than 1000 mg/l) is caused by the salinity of
domestic drinking water reached to 580 mg/l valug*?.
A number of initid water quality parametersmay affect
the use of treated water for irrigation and theyield of
irrigated cropsin the Jordan valley. TABLE 2 shows
the influent BOD,, COD, TN, TP, NO,, NH,, TDS
and TSS values for As-Samra WWTP at different
stages. Myszogrgj, Qteishat!®® were observed the
values in of BOD,, COD, TN, TP and TSS
concentrations for the influent wastewater are 650,
1238, 100, 16 and 571 mg/l, respectively.
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TABLE 3: Someof thepreviousworkscarried out on influent for As-Samrawastewater treatment plant

Parameters
Years BODs COD H,;S TN TP NH, TDS TSS PO, NO; pH Ref
mg/I

1998 708 1789 104 20 85 1153 556 12
2001 798 2288 1286 799 22
2006 552.6 14416 70.58 549.9 709
2008 705 1890 90 591 [10]
2008 (mg/dm?’ 686 1350 706 [25]
2009 (mg/dm® 673 1238 671 =
2015 652 1449 40 130 551 [29]
2017 S1 620 517 9% 114 480 [

%) 540 1183 98 113 501 Y

TABLE 4: Someof thepreviousworkscarried out on effluent for As-Samrawastewater treatment plant

Parameters
Years BODs COD TP TN NHs TDS TSS DO PO, NO; E.coli PH EC Ref.
(mg/) oy mSlm

1990 106 321 19 110 1144 177 (22

1995 144 355 12 80 1219 125 =

2000 139 497 18 89 1220 146 (22

2003 101 94 1141 92 4.0 37,000 [

2005 8 224.40 19.45 112.60 2153.00 @8

S10 88.11 1181 11250 2115.00 4

2006 1182 335 86.16 118 7.89 (11

2008 140 605 97 117 18 (10

2009* S8 68.75 1118 99.19 2171.00 8l

S10 5054 7.08 69.92 2056.00 (8]

2011 1524 3859 129.6 35,63 28.00 <16x10° 7.86 ;é(/):] (5

2011 991 71.09 20.17 110082 17 15.84 18 7.85 (50

2014 836 53.96 14.80 123 90233 17.71 777 38 8 7.42 B
2014 <2 75 <45 888 15 53 37 7.3 DOS, 2014
2015 6 41 9 935 9 4 54 7.53 DOS, 2015
2017 st 8 117 22 122 18.0 Othman et a.,

2 5 4.5 6.5 144 10.0 2019

JS (G. A)* 30 100 45 50 >2 30 100 69 100 g

JS (G. A)*: Jordanian Standard, group A
TABLE 5: Someof thepreviousworkscarried out on effluent for As-Samrawastewater treatment plant

Heavy metals

Al As Be Cu Fe Mn Mo Ni Pb Se Cd Zn Cr Hg Ca Mg Na K Cl V Co B CN Ref.
Years (mg/l)
2001 09 0005 0.01 027 038 012 <0.02 003 0.02 0.014 0.005 0.08 0.043 0.001 <01 0.05 0.04 el
2011 261.14 3132 36461 091 G.Car @ d., 2011
2014 <0.7 <0.02 74 24 193 263 DOS 2014
2015 <07 <0.02 75 19 207 288 DOS 2015
JS(GB) 50 01 01 02 50 02 001 02 50 0.05 000 50 01 230 100 230 01 0.06 1.0 01 2

Source: DOS
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The raw wastewater of As-Samra plant is
comparatively low in toxic pollutants such as heavy
metal s, pesticides and toxic organic compounds. This
isduetothelow leve of industrid dischargesto sawage
trestment plants. Itisestimated that 10% of thebiologica
load comesfromindustria discharges”.

Treated wastewater

Characterization of treated water fromAs-Samra
plant wasevauated intermsof measuring BOD,, COD,
TR, TN, NH,, TDS, NO,, CO,, SO,, EC and TSS
vaues. Theaveragetemperatureof influentflowis24°C.
TABLE 6 showsthesomeof thepreviousworkscarried
out on effluent for As-SamraWWT plant. It can be
seen thebest removal of BOD,, COD, and TSSvaues
are8and 44, 10 mg/l respectively. The efficiency of
BOD, removd inwaste stabilization ponds (efficiency
remova 80%) systemislower thantheactivated dudge
(efficiency removal ranges from 92.5 to 95.75%)
system. The capacity of theAs-SamraWWT plant for
Pollution parametersremova wasobserved (TABLE
4). Thepoor COD remova efficienciesfor As-Samra
WWT range from 58 to 83% were found in waste
stabilization ponds system, whilethe COD removal
efficiencies range from 92 to 97% were found in
activated dudgesystem. Inthecaseof TSS, the highest
efficiencies of removal after upgraded of As-Samra
treated wastewater plant. The valuesreduction after
upgraded of theAs-Samraplant dl pollution parameters
isabove 90%. TheAs-Samraplant before upgrading
2008 hasalow efficiency regardsto BOD, NH,,, and
COD remova becauseit dependson natura treatment
(stabilization ponds), so it is affected by seasonal
variation of climate parameters such astemperature,
pressure, and sunshinehours. Main pallution parameters
intheeffluents of As-SamraWWT working on waste
gtabilization pond system of BOD, COD and TSSwere
144 mg/l, 356 mg/l and 126 mg/l, respectively and the
effluent trested wasteweater containsahigh concentration
of NH . TABLE 4 showstheAs-Samratreatment
plant after upgraded 2008 the effluent of parameters
such as BOD,, COD, TN, TP, NH, and TSS are
complies with Jordanian standards for treated
wastewater discharge to streams, recharge of
groundwater and reusefor irrigation of agriculture.

TABLE 5 comparesthe concentrations of heavy

metals in Jordanian wastewater to the Jordanian
standards. As-Samra wastewater treatment plant
characterized insignificant heavy metals and low
concentrationstoxic organic compoundsdueto thelow
level of industrial discharges because industrial
wastewater treated for toxinsand partly recycled before
reaching the As-Samra plant!*®l, Cadmium, copper,
nickel are often present in wastewater and can be
mobilized easily and absorbed by plants. Despitethe
fact that present heavy metaslevelsarenot high, these
contaminants could build up inthe soil with time*2,
From TABLE 5, it is found that the levels of trace
elements and metals are much lower than the
concentrations specified by the Jordani an Standards.
In concluded, the capacity of theAs-SamraWWT plant
was assessment and the quality of the reclaimed
wastewater was compared with Jordanian standards.
It’s should be suitability for irrigation reuse.

WASTEWATER REUSE

In Jordan, about 63% of the Jordanian population
makes use of services of wastewater collection and
treatment provided to them by thegovernment in 2013.
This leads to the production of about 137 MCM of
treated wastewater annually aquantity that Jordanians
reusein agriculture. Theamount that the mixed water
irrigatesis about 20,000 hain the middle and lower
Jordan Valey®. Thisreplacesitsdwindling freshwater
flow. Itisexpected that thevolumeof As-Samratrested
wagtewater will increase dueto thegrowth of population
and theincrease of the sewered areas. For thispurpose,
the government established the expanded As Samra
wastewater treatment plant in October 2015to provide
Jordanwithupto 133 MCM of treated water per year.
According to Drechsd*® treated water represents 13%
of thecountry’s entire renewable water resources. This
hel psfreshwater to be devoted for morevaluable uses.

The farmers who directly used this method
recoghi zed that the continuous supply of reclaimed water
from thewastewater treatment plant enabled them to
cultivate throughout theyear™. After upgradingtheAs-
SamraWWTPin 2008, thequality of theZargaRiver
water considerably improved. Thereweregradual but
significant reductionsin chemica oxygen demand and
TP®, Thishad positive effectsonirrigation practices
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which, inturn, produced itshabitats. El-Rawy, et d .17
noted the high concentrations of the pollution parameters
inAs-Samraplant. Thishas been attributed to anumber
of variablessuch aslocal pollution from agricultural
runoff with pesticidesandfertilizersandillegd discharge
of pollutantsfromuntrestedindustrid wastes. Al-Ansari
et al.[@ observed the that theimpacts of irrigation by
As-Samratreated wastewaters plant have been used
for only alimited period of time, and that therewereno
adverse hedthimpacts. Furthermore, reclaimed water
should be controlled because of environmenta issues
such asZargaRiver, groundwater andyield crops.

SOCIO-ECONOMIC,HEALTHAND
ENVIRONMENTAL EFFECT

Thepositive effects of theAs-Samrawastewater
treatment plant highly improved the quality of domestic
and indugtrid wastewater effluentsentering ultimately
surfacewater bodies (364,000 m¥/day). Thetreatment
plant significantly helpsin thereduction of disposal of
raw sewage, risks of groundwater pollution and the
spread of excreta-related diseases. Sincetheupgrading
in 2008, As-Samratreated water quality inthe Zarga
River has significantly improved despite certain
recontamination®. The As-Samra WWTP secures
about 170-180 new jobs, which are used almost
exclusively by nationa staff. Only 3% of al femae
employeeswere contacted in order to encouragethe
participation of womenin public consultationsabout job
opportunities and to examine the obstacles towards
women employment. Further, the reclaimed water
secures about 10,000 jobsin agriculture, industry, and
economic development. As-Samra also produces
103,000 kwh of green energy per day. Thismakesthe
plant 90-95% energy self-sustainable. It also enables
the production of biogasduring theon-sight digestion
of dudgeused for heating. TheAs-SamraWWTPhas
itsownindirect usesfor thewhol e country such asthe
following: improvementsinwastewater use, theddivery
of fresh water, savings of treated wastewater use by
2.26 million people, thereduction of aguifer extractions,
the support of the tourism sector jobs, food security,
the saving of theuse of syntheticfertilizers(reclaimed
water isrichin plant nutrients) and the adaptation to the
risksrelated to climate change and migration(*,

CONCLUSION

In Jordanthereuse of reclamed water for irrigation
is a valuable strategy to maximize available water
resources, but the quality of the treated water is
agricultura chdlenges. Theassessment of theAs-Samra
wastewater trestment plant of congdersinfluent, effluent
and treatment efficiency. The contaminants reduction
after upgraded of theAs-Samraplant dl parametersis
more than 90%. The characterization of treated
wastewater fromAs-SamraWWTPwasevauatedin
termsof measuring of the pollution parametersvaues
suchasBOD, COD and TSS. The capacity of theAs-
SamraWWTPfor COD and TSSwere high remova
observed. The effluent of As-Samra wastewater
treatment plant can be characterized insignificant toxic
organic compounds and heavy meta sdueto thelow
leve of indugtrid dischargestotheAs-Samraplant. The
effectsof agricultureirrigation by As-Samrareclaimed
waters have been used limited period and no more
adversehedthimpacts.
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