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Abstract:The study aimed at investigating the spatial variations in the quality and the chemical 
composition of the groundwater used in irrigation in AI-Hassa Oasis located in the Eastern Province 
of the Kingdom of Saudi Arabia. The main findings of the study indicated that there is a spatial 
variability in the salinity levels, as reflected by the values of electrical conductivity (EC), the major 
cations (Na+, Ca2+, Mg2+ & K+) and anions (Cl-, cot, HCO)- & SO/), and the values of the sodium 
adsorption ratio (SAR) and exchangeable sodium percentage (ESP). The results also showed an 
increasing trend from the southwest and west regions to the north and northeast borders of the Oasis. 
This direction is well matched with the general direction of groundwater flow in the Oasis. These 
spatial variations in the groundwater hydrochemical properties may be attributed to the increases for 
salts dissolved during the passage of the groundwater through the aquifers , increasing salinity due to 
extensive abstraction of the groundwater and/or due to the direct and indirect recharge occurring to 
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the Neocene aquifer that supplies the irrigation water in the Oasis. In addition, the results indicated 
that the classification of the irrigation groundwater is high (C3) to very high (C4) salinity and 
low (S 1) to medium (S2) sodicity hazard, with an overall average class of C4-S2. This suggests 
that the irrigation groundwater in AI-Hassa Oasis is subjected to a process of quality degradatio. 
Keywords: Groundwater, Salinity, Cations, Anions, Sodium Adsorption, Quality Degradation, 
Spatial Variations, Al-Hassa Oasis, Saudi Arabia. 
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<G..~ 1~ L,5 ~'-.9:'J ~IJjJl jlhiJll.J.A, ( JL;. ~ js:..:;J1 
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V"~I ~J ~tw w~1 '~ w ~I ~ 
l.>-" i~ .L.....,..~I hl.J:> ~.}I "~4- (pH) ~jJ~1 
<hu,~C" 7.90 j 6.7SLJ:,> La pH ~~jl~~ .v...i~1 . 
~J ~ 4- ~1 v...i~1 1:U..!5~ .O.22± 7.43 tl:> f"~ 
~I J)G... l.>-" hlj-11 4- ~.}I "l,.J. ~jJ~1 V"~I 

. (1 Jj~) %2.92 tl:> ~.:.ul 4:o~~1 JAW d ,co:'" J 1 

~jJ~1 V"~I ~J ~ 4- v...i~1 1:U 0F..j. 

I : l\ hi· tI - \..h, I ~ L..i ls:... Ie W I 0......:. I .. - ' r..r- J..r y (j t.:r"- - U' .. '''~''':!J~ 

~~ ~jJ~1 V"~I ~J ~ ~tw ~ W" .. (6 ~) 

4....a~1 ~ ~ Ol~ .L.....,..~I hlj 4- ~.}I,,~ 0 1 

f"WI Jl.h.iJ1 ~ tz ~1 ~ w ,~~WI d ,;"'0:'" .....j 

.. wb~1 F tIJ~':l1 ~LL.... ~1 j ~~I "l,.J.I F 

.~~I~lj4-,:?.}I"~~YJd..-':!~I~I"iAoUF. 
~ d...:,b ,~IJjJl ~Iyl jlh, 4- ~~I ~jjj ~~~ 

J..)~I f"y-..)ydlj (SAR) f"y-..)ydl ~b"..)! ~~ 

wI.;-:-t:J1 FY- -S.:.JI 5 ~ 4- <t:i~L.:;..., ~ W" ,( ESP) 

~Iyl ~I.;-bl 0-" u\..)\..)jj ul"JJ1 ~I U:3lA. 4- ;;j).~1 

..)y.-j C" ~~I ~WI ~~I ~! ~.;-iJ1 ~~Ij~~I. 
.. ·~tI IWI~·LtI -b.....u·I\LL..u........:,d....JWI"'.~!I .
~.r-' '-:?"' ~ j ':r - -.. - \-=- ~ 

~lyl4-,,4-l..I ~YJ~I U:3lA.t!jj'J ~I liAo~~ 

~L~ ,:?.:.JI .)-"~I ,(EC) ~~I J.:..aj'J1 ~ t!jjj cb.i C" 

jL..JI liAo ~;.:~ ~Iyl 4- ~~I ,:?.}I ,,~ ~y j.JA>....G ul 

w~~':l11 ~ cillj f"'~ ~WI ~l ;;j~?J1 ;;jj~ C" 

.( temporal variations) 0-"jJl C" ~4-~1 

(SAR)4.:!'~' ~ I~) (EC) .u.~, 

~,..)~,~). (%)~')'~ *~, ~, ,,)~,~), (%) ~r)'.,...s..:; ~, 

~ 61.87 SI ~~ 65.47 C3 1180.80 .s~13.04 . 

.i..h..w~ 38.13 S2 I~~~ 34.53 C4 7372.80 .s~'7.64 

.i..h..w~ S2 I~~~ C4 2487.88 .b.......u9-'l'4.31 

z /' 
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c:u. u .. ~ .~'. T .Y C 
- ' - SAR m. · ,,~ , ·u. 4'" u" '· " UP....... ~ .r. , t .. ., .. . H ~,~,-t!f'I " '. 4 • • II
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- c::J59 ·6.2 c:::J7l -7 .3 c=J3.6 .4.0 c:::J51 ·5.5 
6.3 ·6.6 7.4 ·7.7 c=J4. I .4.5 c=:J5 6 ·6 -

c::J3.6 ·39 7.8 ·8. 1 
c=J4 6.S 6.1 ·6.5 -c::J4.0 ·4.3 _ 82 -8.7 
c:::::::J 3 I _ 6 6 .7

1.5 o 2.5 KM c=J44 -4.7 _ 8.8 ·89 1.5 2.5 KM 
c::J48-5.0 c::J5. I.54 c:::::::J 3 2 -3. 5 7.1 .7.5 _c:_C=-••_ -=:~=--
c=J3.2 -3 .5 c=J,.5 ·5.8 

.d..:..l~1 ~.r--ll d.S:.k..JI ,.~)11 ~lj~d..:}ii.)'lI1 ~yl ,,4-0 ESP j SAR ~~~~I wlil)t.;..'lI1.5 ~ 
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UI.:.JI L)lA~1 j..fijj ;;.)~jJ 'd..A.:-bJ 1 c~ ~ c~t1 c~ 

w~~Jl/J';~1 ~I ~c411 ~1j.1:u....1 ~ 
..b~IJ d..A.:-bJ1 c~ cl:J. ;;~~t1 ~J ;;~l:ll ,,-:!.i.U.l1 

.~I~I ~ c~ aLGJI 1Sy....~1 d.~.bJ1 c~ C" ~~ 

~ ~y-JI cl:J.I u1~ JJ~I J~".lll JJ') j~ 
-.1\ 1.- ..i.U "Lli...,.,' wi - .. 1.<'1\ w~ .L..~~ .•. :1\

l:r"" ~ ~ u-" j-LA~ c:::--- ~~ - ~ 

~L......:;Jlj ~~I ~I~I ')J..l.:>. ~l ".ll~J ~I.,JI ~~ ~ 

~y-JI U~~I I~ ..;",~ .(1990 ' ~J) d...;B~1 

~ '-"..lb t?JI ~~I J~ w~ J)l;.. cl:J.1 c~ 
~IJ lf~1 ~I ~IJ ~I ~I 0-" ~J 

~I ~.)I ~I 0-" lfyt:; ~J 'lf~l:JoJl ~I 

J~)U ~l,> L..l .(1999 '.;AlbJl ~1974 ,~I) 

c~ w~~ ~.?1 ~I wL......IJ...J1 ..::...b ...>..d ,~WI 
,~I) - . Lu..:,1 ~ I .'\'" ~I·I\ ~ d...4....bJ1 c~ . - ~~ - '-(;-' . 'Y _ . 

, ~~~IJ J.=>....JI ,1997 'uy,11 ~1983 u~ ~ 1974 

~ <..!..l~".lll ~ ,(AL-Mahmoud, 1987 J 2005 

cl:J.I 0-" ;;~I w~1 ~~ ~y-JI cl:J.I c~ ~.;ll 

..l..l..lJ .(1990 ' ~J ) w~1 Jbli...,., ~#.l,> ~ ~I 

..bL,u) djj)k .)Y.-J ~l (2005) ~~~IJ J.=>....JI JL..:.1 

~l1975 0-" ;;~I ~ ([2= 0.61) %51S~ ~ ~~l 

~ ~y..., ;;.)~jj ~y-JI cl:J.llS~ ~Lu..:,1 ~ 1991 

';;~J~ ~djj)WI c~~ul 0-"F.)I~J .~I.,JI 
c~ ~ u1 J~".lll ~ ~~I ~ ~k ~1 wI~ ~1 ".ll[ 

w".llJJ..A ~10-" jAl.¥-;;~ wI~b j>.1...cJ ~ djj)W1 

k5 .~I·I\ ~ ~ '. :L,i.,.i:L..a - - -.1\ JI.I_ . I\J 'Y _ ~J • • ~~ ~ 

c~ IS~ ~Lu..:,1 uls (1987) AI-Mahmoud ~Jl 

~..rill ~1..rb~1 Lr .)I.)..J.:! "L....:..~I ~IJ~~~I ~ 
,4.;"'';~i..4 d..foL,> 4 1 ~ t?JI d...;B~1 ~1..rb~1 c~l,> 

d....:.-IJ l.>-" d...;B~1 w~1 ~ c41 1 ~.J->' ,,~ ~ w 
. ~ L),L,~I ~Ijj ~~ ;;.)~j ~l:Jl,>J "L....:..)'I 

... :I\4..4..b . - 1\(1983 )' ~ L..:.l..l..l..l ~~ . ~~l7"0 U J J 

c~ lAJ~ ;;~~ "-:!.i.U l...A>..l.:>.I,~ ~l ~I.,JI ~ 

;;~l:u>~,,-:!.i.UISy....~IJ'~Y~~ll.::p.J3J\.h...~1 
~Y J~..G ~llf.)YJ 4.:.Jllf.)1 c~ ":-'~ ~ ~lj 

!l990 '~J) a.;;",L...... wL......IJ .) ~ k5J .~y..., tL.;:;)J 

~~~~JJ~ J~I ~Y- (1999 '.;AlbJl 

~ 1\ lsi .·. I:~I 1\ -- ~I\ wLubJI . ..:1\ .r (" ~~ l7" 0 C:"-' ~ . J ~~ 

,,~I ~ wk~J J~ .)Y.-J ~ ~IJ d.....~IJ 

~)~JI ~~I JL:.:Wl ~l ~~l ,~I.,JI 0-" ~..rill 

J~".lll I~ If.)Y.,J .~I.,JI ~~ ":-'~ u~1 ~ ~ 

~y-Jlw~lc~c~-bhJrj.A~~l~JJ~1 

~J. LJG..t.1 I .. ... I." .UL........&JII.cl..:i.....o~~ _ _ _ '-(;-' ~J-.1\~~ _ 

~ t?J1) ~.)I ("1 ~ 0-" cl:J.I ":-'~ (1990 ) ~J 

- ~)Jrh 
PH /ppm 

c:::J71 · 7.1 r=J 7.4 -7.5 

1~ a SKM c:::J72 -7 .3 7.6 -7. 7 

c:::J68 -7.0 _ 78-7.9 

~~jI~J':i1 lSyl o~ pH ~~~~I w\.:g).l:;>.':i1.6 ~ 
- - - . ,J_,-,..:>-SII 4>.1" 

d...u.IJ...J1 c~ ~ ~ ~I ~l:<...iJ1 wJL..:.i 

~ If.)1 ~I~~ d.....~1 ~y-JI cl:J.I ~y u1 ~l 
~ ~ls:..ll ~)~ ~ ;;jJl,> wl9~l,> ~ "L....:..~I ~IJ 
~ d....JSJ1 ~.I!\ - <L1h::J.1 I .cl..:i.....o ~ a.....:,l>, , ~I·I\ 

- :r' ~ '-(;-'.. 'Y 

~IJ wlj~~IJ wlj~KlI 0-" L4ilj~J (EC) ~ 
~ls:..ll wl9~".ll1 c~ j~ .(ESP J SAR) ~ ~I 

~1..rb~1 0-" ~J ;;J~ wl...i..dl c~ ~ ...I·i;; ~ 
~~IJ ~~I ~1..rb~1 ~l ~..rill ~~IJ ~~I 
...I,!.J...Ll1 JL..:.1 ..l..l..lJ .~iyJ ~IJj.l1 jlb.LJI 0-" d...;B~1 

J ~2000 , ~..J.IJ ~I ~ 1990 '~J) ~l:J1 0-" 

Italconsult, 1969; HARC, 1974, 1975, 1976, 1979; 

BRGM, 1977; Tayeb, 1983; AL-Mahmoud, 1987) 

~y..., wlj~ ~ tL.;:;) -h.U ~ c~".lll I~ ~ ~l 

("WI c~".lll C" ~ If.:.J1 J , ~I.,Jl,> ~y-JI cl:J.1 

~ ~~I ~ ~ ~jJ~1 ~y-JI cl:J.1 ul:.r:-J 

~ls:..ll wl9~".ll1 ~ 0.;AlbJl c~ j~l ~.,J .~I.,JI 

;;~ ~l ~I.,JI ~ ~y-JI cl:J.I c~ a.;;~1 wlj§ll ~ 

u~.? ~L;:;1 a..;;1.:.JI L)lA~1 ~ ;;.)~j ~i ,w".ll~1 
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'":-'~ .....a...,.J:!Jj'5.0I0A ~J=~IPl,> u~~1 r~ 
,~ dUl d...a..o~ d.,?UI wL.IJ.01 y,jA.>::..lA ,J,p..01 

~~ ,Y,y1' ~ ~~1 ,~WI~..l~ Jj'5.0IJ 

0~1 ~1~L........,~J~I.?Jl,> 1.....lJ-3j.J~~1 ~JL..:; 

.Jts:..:;,~l1 ~J ..ll~~ ~ 

:1972-1965 J>lL.... ~ (1974) ~L;JI ~ ,~I 

,~l:!y.ll ,,'l:-ll J 4.:.1J jJl o)")J .~IJjJl J d.,?UI ~1 

·d.:..l~1~.;-oJ I ill.J.l 

~.;-oJ1 ..l~ ~1~1F' (.A 1399) -4> ,-->-",~I 

wlJ~ .[-i ~1 : ~..,...:JI d;;bioU d.:..l~1 

.d.:..l~1 ~.;-oJ1 ill.J.1 ,~l:!y.ll ,d...>WI 

~ -r'JjJ' ~yl (2002) ~I¥~~I 

'~l:!y.ll 'y';"2 Q >!It;tlb...c. .~~~ : ~L......".~11 hlJ 

·d.:..l~ I ~.;-oJ I ill.J.l 

¥J ,~~~I '4.:'~ ~-M ,~~I 

~JCJI ..b.A..ll d.......IJ..l (2005) ~~I ~~~I 

~ .~L......".~11 hlJ t=:'~ ,,~ O..ly'" ~ wI~ 
.225-211 :(2) 10 ~0j ~~ I~!; ~f:<;"YI 

t'-"sJ1Jbl d.......1J ..l (2002) t~~t~ ,~»I 
~L......".~'1 hl.J:> ~IJ~lI d ..... I...GU.....I ~ ';1~1 

wL....y...t.l ~ J ...1..0.:' ~ J~':il w~ rl...GU.....l,> 

J ~1~1 r.Jk C""l.j-:' ,~L.... dJL.J .~I~1 

~I d...a..o4- ,l:W1wL.IJ.01 4.:JS ' d..b..l..4l1 ~IJ~l1 

. (0 J~~) 0:!~ I lli4.A ,d..A La 1 'LT.'.;-oJ I 

t=JG 0A w~ (1989) -4>i 4iJ1¥ :~~I 
LA)J..li ~ ~ ~L......".~f\ ~ o..l.:Ui w':i~ :~L......".~1I 

,~I ,t=jsJI J~ 0...l:!~1 ~yl ).01 ' ~JCJI 

·d.:..l~ I ~.;-oJ I ill.J.1 

d.......IJ..l :~L......".~" (1999) ~ -4>i 4iJ1¥ ,~lbrl 
ill.J.1 	 ,~L......".~" ,~J.>JI ~I t;tlb...c. .~Ip' 

.d.:..l~1 ~.;-oJ1 

~~I¥ ,~..aIJ (.r"I,jA 4iJ1¥ '("r1J,ootl 

~L......".~11 hlJ ~ ~y.ll ~L.... ~j. f-'jAj (2000) ~ 
t..£i.J11 ~~ ~I <i..L;el/ .~IJjJl <GL....I...GU.....IJ 

.102-87 :(1) 1 d.,a.,.,!,.,,'!; ~LY/ ry.J..J1 :~ 

(2002),-1,.)M ,-4>i ~ J I,.)M,- ,~I 't t ,~jSJl 
~ ~WI ~ ~L......".~l,> ~~IJ ~y.ll f)~ JJ..l 

d.1\JJ .~..,...:JI0::-"~1 r..lL;.. ~J~ ~L......".~I hlJ 

~WII.!.lJ:jJ ,~~I~~l (w~~~j..fi';; tL;:;Jl,> 

t=j~ J.:.4, ~ 4~1 w~~':il ~ ~ ~ ~ 

..LO.lJ ,I~ .hlyl Jlb:. ~~I h"ul t=j~J w~~1 

Tayeb, ~2002 ,~I ~ 1974 ,~I) UJy..1 u~l,>...ISi 

~ ..b~':il I~ oJ...b- (1983; AI-Mahmoud, 1987 

~LJI ~i ~-3 .hlyl ~ ~yJl w~1 ,,~ ,,~ 

hlyl ~~yJl w~I,,~ ~..b.J.;.J1 ~ oJ...b-~ 

~}I.;u ~lu~1 ~,,~ o)..r>- w4-J ..l tL;:;) J~ 0A 

d.:..l~I~o)..r>-w4-J..l~~IJ 'ro4SJ r 03S~ L.... 

~lw~I,,~~..b~':iII~~..l~.(1990'~J) 

~~~~I '. t! 	 .•. :t!u.b,,~J ~..~~(J'.~:r.-'"' .•. 

...b~':il 1~":"'J...b-USL....i ~ 
·~I ~. '''1-'1 

1....i!.)'U>o [ 
\.::;...;:;....1 ·c. ~ - I.'~ \..4A 

~ 4i~ ~L......".~I hlJ ~ ~yJl ~y.ll "l:-l d.,?~1 
,":-,~...:)U I.!.lJ~J ,hlyl ~ ~IJjJl J\.h..iJ1 ~ ~jy 

Ji ~..l~ ~IY-" ,ljJl,> IJJ~ ~ ~I ,,,~i oJ~.:u1 
ylCJl,>J , d.,?~1 ud>~1 ,,~ ...l:!~ ~ ,~ 

~~~1 J~..cJ1 ~ I.!.lJjSJ hlyl ~~y.ll,,~ ~j. 

"l:-ld.,?~ludi~I,,~~w~~':iI,,~j~J'~ 

~y.... ..h.....y.... ~ tL;:;) ~ d...>lc ~ ~yJl ~y.ll 

~y.... wlb.....,~ ~J~ wljA o~ ~~ ~I ~I 

,~I) ~4JI 0A ~I d..b.....1.J:> ~~ ~I 
:1990 ' ~J ~2002 ,~I ~1983 ,uw..:. ~1974 

2005 ,';~~I J J,p..01 ~ 2000 ,~..u.1 J ~I 

Italconsult, 1969; HARe, 1974, 1975, 1976, 1979; J 

BRGM, 1977; Tayeb, 1983; AL-Mahmoud, 1987) 

~y.l l ,,~ ~ ~Ii.ll L)lA~1 j.:S.;; ~ o..ll:!jJl "~~J 
~ 

; 

o..l?,- d.,?L.... ;;)..l~ t~l ~i ~l ~L......".~I hl.J:> 

JSWI ~1 ...b-i ~~I d.,.,;:J1 F JSL:.... 0A J.>Jl,> 

Jenkins, 1976; EI-Prince, 1982;) hlyl ~ ~IJjJl 

AI-Barrak, 1986; Abo-Rady, 1987; Al-Barrak and Al

~1~ ~,Ii.lJ .Badawi, 1988; AI-Barrak, 1990) 

0::-"b J~':il ~ .:.G..~I oJJ~ hlyl ~ -r'JjJl tlb.aJl,> 

,,~ ~ o..GljJl L)lA~1 ".J...4.l ~Lal ~I w4-~':i1 
~~I ~WI oJ~ ~ ;L.;,. LA...l:!~ ~ ~IJ ~y.ll 
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