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& WS (2008, WHO 2011, IRS 1996, DWQSA 2012,
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V1) 0sSs Al A Ll (5) (7-8.3) O ol lomsand s lally alall o Lall Zaills Jlal) Gl %100 sy (2) Jsanl
[22] Lils Sal) ol e 81 ladll oLl (impyug)l ingsnedl o8 ils e o) Jleaidl] dlia b aall
(IRS, 1996) La)al) Aiualsall ta Lpnuril) AiliasSspiagl) clptiall Lially Liall gl ¢y A3GaN (1) Jsaad

ol o de i =i | (IRS,1996) | ., .. de 5 i3] <= | (IRS, 1996)
el B s | s g | | as | [14]
Al 7.12 8.20 Aal 3.04 11
e 7.98 8 K* (st 025 | 042
PH gsme i [ 6.68 7.5 68-85 ppm | zsieedae | 037 | 212 5
&b 7 7.9 & 7.31 16.5
Aa 1000 6660 s 100 | 1290.3
e 21.40 45 (of} e 2.5 9.3
DS Tora e [ 5040 460 1000 ppm | zsie s | 3 130 250
b 1650 10780 b 138 | 1850.2
s 118.5 648 i 652 | 2899
ca* e 1.14 2.96 - SO, e 456 | 534 250
Ppm [ z5ee e 4.82 82.18 Ppm | zsiedae [ 0.5 441
b 44324 | 1522 b 1958 [ 7608
13 37.74 158.4 s 40 112
£ e
Mg* JACSY 0.32 0.67 50 HCO3 ALY 4 4 |
Ppm | zsie e | 0.64 35.25 Ppm | zore | 7 31
) 128.304 | 345.06 B 30.5 130
s 173 1623 s 42 79.2
Na* e 6.28 14.54 200 NO;5™ e 2 3.4 50
Ppm || zsiee lne | 833 182.42 Pom | zome e | 2 6.2
b 25148 | 2056 b 23.6 113

cpd) olal Badinall Apallal) Lulidl) cilialsall abi sy (2) Jsia

[21]DWQSA | [20]WHO [ [19]CANADA | [18]EU | [17]EPA | [16]INDIA | [15]DEP ailadl)
2012 2011 2008 2012 2012 2012 2012
8.5-6.5 8.5-6.5 8.5-6.5 9.5-6.5 | 8.5-6.5 8.5-6.5 8.5-6.5 PH
500 600 500 500 500 500 TDS
83 300-100 75 Ca™ ppm
15 30 Mg* ppm
98 500 200 TH ppm
160 200 200 200 60-30 160 Na* ppm
5 K" ppm
250 300-200 250 250 250 250 250 Cl ppm
250 250 <500 250 250-500 200 250 SO4” ppm
37 40 200 HCO3 ppm
10 50 45 50 10 45 10 NO3™ ppm
0.1 0.005 0.1 0.1 0.1 Ag ppm
0.2 0.2-0.1 0.1 0.2 0.2-0.05 0.03 0.2 Al ppm
0.05 0.002-0.001 0.01 0.01 0.01 0.01 0.01 As ppm
2 0.7 <l 2 0.7 2 Ba ppm
0.5 0.5 1 0.005 0.5 B ppm
0.005 0.003 0.005 0.005 0.005 0.003 0.005 Cd ppm
1 2 1 2 1 0.05 1 Cu ppm
0.3 0.3 <0.3 0.2 0.3 0.5 0.3 Fe ppm
0.015 0.01 0.01 0.025 0.015 0.05 0.015 Pb ppm
0.05 0.04 0.01 0.01 0.05 0.01 0.05 Se ppm
0.1 0.07 0.02 0.1 0.02 0.1 Ni ppm
0.05 0.004 0.005 0.05 0.1 0.05 Mn ppm
5 5 <5 5 5 5 Znppm
0.002 0.006 0.01 0.002 0.001 0.002 Hg ppm
0.0021 Sn ppm
0.004 0.012 0.004 0.004 Be ppm
0.003 0.003 U ppm
0.007 0.07 Mo ppm
0.004 0.002 0.004 Sm ppm
0.01 0.001 0.01 0.01 0.001 Br ppm
0.05 0.05 0.05 Cr ppm
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gl el el L (1623 ppm =173 ppm) o b o385
-(2065 ppm —251.48 ppm) ¢ L 23815
(K*™) Potassium 10N agslisad) ¢ sl
celaadll alall) Ll zilas 8 asanslipll s bl il iy
e a8 0385 o (1) dsan 8 WS (zapeddl Sladl
DEP 2012, India 2012, EU ) 4.l clecalsall 43 7 sansall
2012, Canada 2008, WHO 2011, IRS 1996, DWQSA
oS gl ) %100 Ay (2) Jsaall b LS (2012
shaally sl el A5 (3.04 ppm —11 ppm) L&l Ll
gl aalll el & W (2,12 ppm=0.25 ppm) zs5eal
(16 ppm-ppm5.24) sm e o)< 5
Chloride lon (CI) a8l s
58S ob (1) Jsas 8 LS apslhl s i) gl iy
G zsasd al Gen ad gged el ladl el
DEP 2012, India 2012, EU 2012,) 4wl clialsall
Canada 2008, WHO 2011, IRS 1996, DWQSA 2012,
Giagli 3 %100 iy (2) Jsall b LS (FKAA 2012
Jsiie O Al o lall dualls W) (130 ppm—2.5ppm) o315
a8 Jsle g5 Qaplly dajlls 2aaslly danysl) ildasa b
Ll (1290 ppm=100 ppm) o b e3:Sl5 anglis 3 Al
-(1850.2 ppm—138 ppm) G L 03815 Ciaghi aal)ll oLl
Sulfate (SO,7) wilis s
o (1) dsas (B LS i€l ol 585 ob Jall il s
Lusldl) Slacalsall J8 (e 4 zsamall 2l e 4 ol e L)
DEP 2012, India 2012, EU 2012, Canada 2008, )
(WHO 2011, IRS 1996, DWQSA 2012, FKAA 2012
—5.34 ppm) oS5 <ilSy %100 i (2) Jsanll 3 LS
o Aisliia 0305 CulS a8 el el Lol LT (4.56 ppm
deasdl (Gl laae b Algie cilS ) gal ) daas
oxShi Cingli ) Albisay Joll Gllasa (& Alsiia gty Jansally
Lo oxSI5 zo)5 aalll e W) LT (441 ppm—0.5 ppm) ¢ L
-(1958 ppm-7608.5 ppm)
Bicarbonate (HCO3)wlis i<l
ol (1) Jsas (B LS clipylSall gpl 585 dillas il iy
amll gen A (e dadl (Jad) sl zil paes
India 2012, DWQSA ) il clieasall Ui (30 42 zsassal
3 %100 iy (2) Jsaad) b LS (2012, WHO 2011
=4 ppm) op goieal laally ad) el 8 038l il
Lanilly 43 zsansall 2l lan 2 LAl Ll 8 LT ((31ppm
& (DWQSA 2012, WHO 2011) Zwldll cilialsall
PPM) o Lo oxShi i Y Albsey dejsll s
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Total dissolved sold(TDS) 4l sgall £ gana

Sl (1) 6 Jsaall G LS 20 21 alpall Jlasll il iy
Apulill liialsall Lpally 43 7 sansall 2al) e 28 Y alall ¢ L)
DEP 2012, India 2012, EU 2012, Canada 2008, )
(WHO 2011, IRS 1996, DWQS 2012, FKAA 2012
Lo alal) clad) 8 Comglis 3 %100 dpiys (2) Jseadl b LS
sllly Aol oLl daly i (6660 ppm ~1000 ppm) ¢
100 Aansiys Apusldl) Dldialsall o 185 Lgild g jaall ol
«(218 ppm=20 ppm) (e sl sl s LI(TDS) o s
.(1650 ppm ~10780 ppm) s Lo Cinslsid aall e Ll Ll
Calcium lon (Ca*?) agsallsh ¢ s

Ob (1) ) Jsaad) (B LS a gl ol 585 s il iy
Glialgall J8 (0 43 zsamall bl 2l Golas aladl clall 585
DEP 2012, India 2012, EU 2012,) Zuwldl sl
Canada 2008, WHO 2011, IRS 1996, DWQSA 2012,
OS5y L Al Aane 3 (2) sl b LS (FKAA 2012
oS5 gl 3 @A) AV Gllaadl 3 Glaalsdl Gaa
il sl Al W (1584 ppm_53.1 ppm) o
3 Aguldll Glialsall Gaa o %100 L O z5aall ol
Ll Wl o(1.14ppm —82.18ppm) i L 038l gl
ppm —443.24 ppm) om L o)Sli Gaglid aabll oLl
.(822.36

Magnesium lon (Mg*?) assiiall ¢ s

ob (1) f saall 3 LS ppmiaall s dillal) il cuiy
gyasall aall Gaa (5585 Easeall aally Al o lall (80358
DEP 2012, India 2012, EU ) bl cilicalsall uwilly 4
2012, Canada 2008, WHO 2011, IRS 1996, DWQSA
3 %100 iy «(2) Jsall b LS (2012, FKAA 2012
Y alall e Ll L ¢(35.25 ppm —0.32 ppm) o o381 gl
Y %100 Lasiyy laalsall s3] 43 Zsamall 2l e &by
Lally W ¢(37.79 ppm —158.4 ppm) i Lo o385 gl
pPM —159.92 ppm) om L oxShi Gl aabll oLl
.(267.18

Sodium lon (Na™) assall s

ob (1) & Joaadl 3 LS apageall o Jalaill il iy
Clialyall gaa (2 zoieal Jadly Jaddl ol (& o3S)5
India 2012, EU 2012, Canada 2008, WHO ) 4.ulal
(182.42 ppm-6.28 ppm) o L o3Sli cngli ) (2011
DEP 2012, IRS 1996,) wlicalsall il ilyie s
sl Ll ¢(2) Jsaadl & LS (DWQSA 2012, EPA2012
DEP ) 4l claalsall Jd (10 Jsiie s %100 4ils il
<aglis (2012, IRS 1996, DWQSA 2012, EPA2012
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ppM) o o3Sli sl 3 (WHO 2011, Canada 2008
PPM) o Lo o3Sl5 cansli aall Wl W (794 ppm-—42
(113 ppm-23.6
8,080 _aalial)
A3 A e gendll jualill (e (yficsae jualiall oda Jadi
Fe- Pb-) Jdaliy alall sl ) sy ) clad) 8 Wi
Gl el b lgsly Jo gl jealislls (Al- Cd- Ni- Sn
Ca- Mn- Zn- Ba- B- As- Ag-) dedis il sbadll ) dus
raliall 028 aaen (Sl ¢(Se- Hg- Be- U- Mo- Br- Sm- Cr
DEP ) 4wl cliialsall 40l gy zsamall ds0all Gaia o
2012, India 2012, EU 2012, Canada 2008, WHO
dually (2) dsaall 4 WS (2011, IRS 1996, DWQS 2012,
zsieall sl e lly sl ¢ Lall
GAY 358 pualial)
bl clialsal gsie e GBS &) Al jealisll Jedis
s IS5 1) (3) Jsan (A Aauamgally Lsall JBY) (e a2l
Al el Y b ad) oLl 8 W3Sl sl sl Gaend )
Cs- Nb - Nd- P- Pr- Pt- Sh- Co- Ce- Te- W- Y- ) Jadis
Al el ) L sl sl b J5 ) jealially (Zr- La
Yb- Tm- Pd- Ru- Sc- Ta- Tb- Ti- Er- Eu- Ga- Hf-)
Ho-Bi - Ge- Li- Rb- Re- Rh- Si - V- Th- Sr- Gd- Dy-
-(Au- In- Lu-
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On L WS Cagli aalll Wl W (118 ppm=22.875
-(130 ppm-30.5 ppm)

Total Hardness (TH) 4usl) §pual)

sl S o (1) dsss (B LS A Bpuall Judaill il iy
India 2012; WHO ) Zpuldll cilicalsell Gaua o ladl)
%100 dmiss (2) Jsadl & WS (2011; DWQSA 2012
sl W ¢(10.1 ppm —4.16 ppm) ox WiSls aglis
Lpuldl) ddialsall %100 Loy A siie 03815 il =5 jaal) ol
DWQSA ) licalsall il il 5 (WHO2011)
Gl Cua by Joll Gllas 8 (2012, India 2012
slall dpailly W) ¢(349.97 ppm —14.67 ppm) ox Lo oxSl5
%100 Apwsiys Apulidll Clivalsall uailly Asia e gd )
Wl Wl ¢(1933 ppm — 513.96 ppm) cule o381 Cangliis
-(4332.046ppm — 1850ppm) (s Lo o3l Cangl i aal )
Nitrates lon (NO3) <Al s

sl b (1) Jsan G WS il sl dilaall il ey
di e 4 zsemdll aall Cad o zodad) adlly el
DEP 2012, India 2012, EU 2012,) 4ulall clialsdll
Canada 2008, WHO 2011, IRS 1996, DWQSA 2012,
23815 CuilSy %100 dasiss (2) Jsadl 3 WS (FKAA 2012
Usiia ye b ol el 3815 W(6.2 ppm=2 ppm)
DEP ,.DWQSA 2012, FKAA 2012) Slicalsall dually
India 2012, EU 2012,) clialgall duilly Agiay (2012
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25 —24 -23] | aall U9 Al cliualgal) Walalas ) 8,580 jalial) mdags (3) Jssa

A Al il aial)
ol e Aaglia e g By Gla s casss yeaial) 13g] puill i yai ) e (Pt) Platinum
S5 2SI e i a5 elaal g Banall Sl 5 Cpuiaad) 5 3 paial) 5 ()l g (V) Vanadium
Ay sl il il (el die alaed) Gl pos iy (Ul 5 alan) 8 4y 335 o3 (Th) Thorium

Ol o 8 A S ) Amm e 38 ST ol AL 438 e

(Sr) Strontium

AV AU e ST adaall JSiell 8 aS) 5 Aiaidie duau Lgd 4l

(Zr) Zirconium

BT die ) 8 o)) ey 3B cannl) 8 4aS) i vie a0 e jlha O

(Y) Yttrium

Alpens e Gl 2 ol 5 oadsn Hsad Gl

(Th) Terbium

oaly) ind sl an of Jas gl anad) 20k gy (aslen 4l pal

(Yb) Ytterbium

Al el g s el 3 4] o iy

(W) Tungsten

85 S (il a5 (gatiba sl Jaaliall el s Alall Caleai Lesa (ial gl 830 Canna A sl LSkaad) 5 IGLll 3101 yia )
Ay phad el S gas ) a5 Lae e liall Qi e iy

(Si) Silicon

BN )] oy 48T 5 Y] e 8 AaS) 5 vie a0 e ha O

(Sc) Scandium

andls alall 35 5a sy 28 1a el (i el g alall 4 gl ) ae A g Je iy s ) Jans sl
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Evaluation of Efficiency of Groundwater Desalination Plants in Different

Hydrogeological Conditions in Salahaddin Governorate/ Iraq

Manahil A. Mahmood Al-Bayati', Sabbar A. Saleh', Waleed M. Al-Abdraba’
'Department of Geology, College of Science , University of Tikrit , Tikrit, Iraq
Department of Environmental Engineering , College of Engineering , University of Tikrit , Tikrit , Iraq

Abstract:

Five groundwater desalination plants elected in the province of Salahuddin, these plants are Rimth, AlRaml,
Albo Hamed, Albo Rahil, and Mcelila which supplied from Al-Naamah, Zgiton, Baiji-Tikrit, West Samarra, and
West Makhoul hydrogeological basins respectively.

Hydrogeological, hydraulic and hydrochemical characteristics of the five sub- basins were reviewed, it is found
that the selection of the locations of these stations did not depend on certain criteria, especially the
hydrochemical parameters which are the principal in the desalination. So, there are a lot of wells in these sub-
basins, have best quality than the supply wells of the stations under study.

17samples were collected for selected desalination stations, three or four samples for each station included raw
water (well water), desalinated water, mixed desalinated water, and rejected water, the field and laboratory tests
were conducted on the different types of sampled water, the concentrations of more than seventy element were
measured, included major anions and cations, minor and trace elements, the results were compared with local
and international standards for drinking water. it is found that the raw water unsuitable for human use, the
desalinated and mixed desalinated water are within the allowable limits of these standard, but these standards
ignored most of the trace elements which were not discussed in the documents that annexed with these standard,
and did not specify the permitted upper limits, despite the that some of these elements increases in the
desalinated water in comparison with the raw water, light has been focused to the negative effects of these
elements on public health.

The efficiency of desalination evaluated for these stations depending on the qualitative standards, then, the
qualitative criteria were adopted for quantitative evaluation, and show that the stations with high efficiency, its
efficiency in removing dissolved solids (TDS) ranged between (81.31% - 98.18%), regarding to quantitative
desalination efficiency, the percentage of desalinated water to the raw ranged between (29% -70.37%).

Key words: desalination, groundwater, TDS, Reverse 0smosis
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