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Abstract: This study illustrates that the average daily water consumption of citizens did not exceed 115 liter/day. A 17% 
decrease in water consumption in comparison to 1415h. A periodic chemical analysis was also undertaken (over the last 
three years) in the MOMRA 1*, Tahliyah and ICE laboratories to determine the purity of the water in their tanks. No 
biological or organic impurities were found . However in comparison, the public water networks and tanks that were 
tested contained chronic organic biologic impurities. This was considered due to the use of the impure clay and heavy 
materials used to line the tanks. These materials caused sediment and sludge to build up and as a consequence block and 
close the network tubes from working effectively and efficiently, causing an economical and health problem for the 
citizens and the municipality. The study illustrates that 92% weight of sediment and sludge has a united reaction 
susceptibility with HCL (3M) acid. This in turn means a build-up of CaCo3. far exceeding the 2 micron molecule 

diameter normally encountered, This created a bigger qualitative surface on the inside of the tanks and pipelines. The 
chemical structures were also analysed using x-ray florescence spectrometry for non-organic complex molecules formed 
in the large vacumn voids. These structues may cause the growth of focci of a micro- biological nature and thus deminish 
the effects of the chlorine in the water and could cause a health problem. In conclusion, our study reafirrns the need to 
provide proper and adequate water treatment facilities in the Jizan area to provide the people with cleaner and saferr 
water. 
Keywords: Saudi Arabia, Jizan, water, suspended, materials, chemical analysis, cations, anions, heavy metals, health. 
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~I.;J J1h.L.lI jWI ~JJ~'il C::" 01~~~Iji ~1.r"J (SN) 

....,...JS:.JI 

.~~~ d j ~i 0-- ..ISbJlJ .l:.lI ~ d.....IJJ 2.4 

("1~4 0~l...Ll1 0-",,-,1 ~bJ ul4W1 ~ ~WI .l:11 ~~ 3.4 

4000 ~l J.w:.:i d..:..>-:' Hettich EBA III d.SJlA ~~ 

~~J ~ L£..I.AJ ul4WI .~ ,-,",I~ ~ ~1.r"J ,4J/oJJJ 

.(Robert,1997) 

j~("I~L,. ..,....IJ.r-1-J ~~I...,......sI.>-'-lI""""""IJJ 4.4 

4- ~II~ .I..p.-l ~..:...:>- X-ray diffraction PW 1710/00 

d..:~ 1 ~..u.ll o.,.;JIJ J.:..;.jJ1 o)jJ 4- ~.,J~ 4...WI ~.;.tl 

.~J -d..:~1 40.....-..1 1 

, 0..I.A~1 ~I 0JWI ~L£..I.A~..>-<1 '~.r" d.....IJJ .I"p'-i ~ (5) 

.«5) JJ~I) oL....:.)1 I ~~~I ~I..,,:JI u..;iJ 

~.9i 

:ol:11 Jp. ~ lA ~\:UJI ~ 

J..LLA 

o.LI~1 

•Jyi.l1 

t-"/~ 

o.LI~'i1 

~~I 

~/lt 

o.LI~'i1 

~~I 

t-,,/lt 

4...-L...... 

~..ul 

Jt&. 

..h......,::... 

J..>..<:. 

0l5:....JI 

a.....; 

("WI 

<!~1 

135 

115 

270000 

517107 

9000 

17236.8 

184 

1500 

66370 

150000 

1415 

1424 

~..rl 

01j 4- d..:..u,. .A1415 

01j4- d..:..u,. .AI 424 

J)G.. .....iJL......:..i 0W ...-Jly- ~L...... uJlj..l! ~..ul 0i JJ~I0:!:! 

~>'.J L...y. 17% t!1.J:' Jyi.l1 o.LI~4~l.U o.LIl...<.A,0iJ dj-L..... ~ 

70% ~0Ij4-~..I.A 0-- 4...J..;.J.1 4...-WI tL....::.I ~l clJ~ 4-~1 

.IJi j.:j..o:JJ ·0l5:....J4 4.Jyllu.14WI ~..1.4ll 44)11 4...-WI 0-­

0Ij4-~..u.l:-a ~~ L£J4- ~~ ~..uI4- .l:11 0J~J~I 

~) 01? U~~ clJ.J.SJ~..1.4ll ~.;JI &j~1 Jo~Jw)1 

01j4- ~..I.A4-~.,k..l:-a01?J C(" 10500) a.........,.~.)oUI ~4-

iJ::Ab ...,.Jl.....9~ &J~I '~J ( (,,38.5 ) tlZh C(" 1200) ~ 

d..:~1 t¥i W .~..u14-.l:11 o.LI~l0-- ~U.l1 ~~I oJ...uiJ1 

..,..~I .l:-a.!..~ ~l ~Jy ~IJ (j"~~I ,-;-,--::,t.;~ <r.=J..G JI~4 
.~I.,11 "-=...:,J d..:k.. clJ~JJ: ~J ,-;-,--::,t.;te ~~I ul~ 

~I ~\.:4l1 uL1..:.I.,11 ~ L£~I ~I J..rbJ1 u~1 ..:...:>­

:~ ~ l&,;JlJ~1 

........,1.,1I~J ~I 


JbJ.I 

EDTAIJ~("1~40.>:!W4 1996/641 tJ(" ~I...,.......JI 

~J~I,-,",~'il~~ 1996/641 tJ(" ("~lS.JI 

~J~I,-,",~'il~~ _1996/641 ("y.~ItJ(" 

1989/ 116 t J (" T.D.S~I.;JI ~J ~..,,:JI ~~ 

(" 0 105 - 0 103 oJP- ~JJ ..LU:. 


0j.,Jlu~~ 


<.:!~I(j"~I~~ 
 1989/ 116 tJ(" pH 

JJl..:J.IU:!.>..:-ljiYJJ~I~~ 1989/116 tJ(" ~I~I 

~.)-:!JI ,-,",~'i l ~~ 1994/379 t J (" c.u~1 

~~1.....iJl:hl4 

d.;:..<J1 ~~.)o 1996/642 tJ(" d.;:..<JI 

..I,!..t#ll~~~ 1996/642 tJ(" d..l,!~1 

~I .l:-a ~ ,~ 0JL..... J.p.-J J~l0-- ~I ~ (3) 

4- ~l:<j u::J.I ~I ~I ~i ~~IJ ,uL.I~IJ 4... WI 

,4.JlSi ,~j1.,::...) .UI ~ d.....IJ..uJ ~ J.p.-J (1424 ,~~I) 

&) ~~ ~ ,~..uI4- ~I jSl..r\1 ~ji (".MJJ ' (~~ 

w..l>i:( 1397 ,41~o)JD 4-~1 ~~4.l:-au¥ 

~ 01? 0-- L£?~IJ ( I ~I) ~..uI..h.....J ~ 01? 0-- u.i>i 

0-- ~J? ~ ~1'4-- 0-- 0~J . (2 ~I) .lL:J.1..,...>9 

..,....IJ.;JI 0--~~~J W . ~..;Z ~ 4 ...-JI~ ,():UI~I 
•• • I 1

.i>1 t!1Y'0--u.i>I..l!~IJ .~I ,-;-,--::,~I JI..l..=i,-:,~~ 

,d...R-.,Jy~IJ d..,?~1 J=jl.;uJ1 .I..p.-l ~ .~I .l:-a u¥ 

.!..yc......,> ~) 4- ~IJ ("~ j..>j.<J1 --'-!-"- .L1L....lI ~..L...4.:> 

. (4JJ~I) (~LlIJ~1 J)j-ll 

~I o.*--~I ("1~4 ...-JL;JI JJ~4 l&,;Jl J~I ..J-'""lL...J1 c..lb. 

:~I 

Dionex) 

Flame 

j~11"""'1 
-;----,;------,-­

I.e.P ( Inductive couple piazma) 

Co, Ni, Cd, Pb, Ba 

Li, AI, Cr, Mn, Fe, 
(Parken - Elmer) 

I.e. (Ion chromatography) 

Na, K , Li hotometer (Je:..:.n:..:.w-,a;LY':"") ___ 
EC and TDS IDS meter (HACH) 

Oven method (Heraeu:::s::.;:)____ 

pH pH meter (Accumat) _____ 
Hardness, Ca, Mg Titration method 

HC03, C03 (EDTA, E. Black T, 

H 2S04, HCI) 

Coli forms Most probable numbers 

(MPN) method 

http:d.....IJ
http:JJl..:J.IU
http:o.LI~l0--~U.l1
http:I...,......sI
http:J1h.L.lI


.4y~IJ ('.,w.J .>:!j.o..ll~..ill.ll ~..lA,> c....~i (":"~YJ"~) u1j 4-..:..l.L:.oJ 4y~IJ~~I ~G.:JI fo.~~G:. :(4) Jj~ \ 
""l ..r 

filrI~~ .>fAA dlJall ~~~ 
~ 

~~.,l..tH i,~ 
~ .. ~\Ba Pb Cd Zo Cu Ni Co Fe Mn Cr AI Li ~ wi,,", 

~ J 
t.j:)~ 

052 0.008 0.0024 5.4 2.4 0.032 0.009 12.3 0.8 0.037 0.83 t.j';-:' 1219/1423 10/7/1423 

0 .67 0.026 0.0035 5.9 4.6 0.053 0.0095 13.3 0.85 0.0134 0.64 ~ 
.$ - 1219/1423 lOnt1423 

q 
z 

0.046 ND. 0.164 0.028 ND N.D. 0.77 0.081 ND. 0.0098 0.0062 - 1219/1423 10/7/1423 

0.047 ND. ND. O.oI5 ND. ND. 0.8 0.084 ND. 0.0097 0.008 N.D. - 1219/1423 lOnt1423 

54.5 34 ND. 560.3 375 N.D . 3 2169 196.4 56.3 - 1219/1423 lOnt1423 

9321 3 N.D. 1050 1865 N .D . N.D. 2454 305.3 105.4 - 1219/1423 10{1/1423 

~~ •.;...a ~o.;...a 
(filrlfo) dl-,~ (filrlfo) dl.»'''-ilE . c. TD.s 

pH 
(asCac~) (asCa~) 

Mslcm fiI rip Na+ K+ Ca++ Ms++ HC~' cr 50.-

filrlp fiI rlfo 
1310 7.8 838.4 298.3 440.4 105 357 155.412 40.25 364 190.4 185 

1412 7.6 903.7 325 441.02 102.5 3 .82 133.827 38.65 397 196.9 ISO 

1356 7.6 867.84 326 463.024 96.25 2.69 128.92 52.85 398 177.5 175 

1400 7.8 896 328 4835 109.75 3.83 123.9 38.625 400 213 175 

- -

~ ~!~ ~ 

J 7' J 

9nt1423 
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9nt1423 -! 
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9nt1423 
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"' ~ 
9{1/14'1:J 1-
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'~J~. 
~-N """).. 

0.4 36 
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.0~f'1 ~~~\ 0..lW\ ~;;i :(5) J.3~ 

0.lJU.o~ 
...-JI..,1~~~ .~)%~ J..>"'I\ ~~~ jf>j>.:!D.J.:.- J..>",/I ~ ..,i ~ U1J,;.., rA\ 

(1997 

~~~-(~-'11) r-llI .fo ~~.) (http:992000/992821) ylilI ~~~'jl 
J,.\c. -,wi ~fo.JA1> 0lf0 

(http:866000/866092) 
0.01 -~~ -<i.iJ.) Y+>l'i1-UfiJ') 4..:J ..,i (~.» 

(8 :22,~~'" 0)14 "-'-'11 wt ...I"'-'-' _.L..<,'jl 
(1997,~)J.,)A.o 

~u.....:...,~d;ly.....;.,I~ 
_wL...,jJ-"JI U.o ..>!£. ~ ..,1 Ji..>J 

~-'fo- ~- ..Uot. Jij>-(l997,~) 0.005 
~., '>plH..:•••~ l...li.., ~...w.>.~~~j> I~ ..l.. ~..,lc.~.P-oU.o~ .)~ 

(WHO, I 998,v2:42) 
(101 :1985,~) 0fJ~ 

(101 :1985.~) ferritin 

~.)~_~~w.c.'il~~-~ft~ 
0.003 

.~ JS,b.), (44Omg/day) lP..!l;jlI ulAl..~p. •.>L....j <i.>)J 
,:;,;..,~ ~ -4) ~ rJfi.. 

(I996:..,.u..J) c.,~ ..lliI4 fo -~ 4...b.., ~ 
yl......i..'jl

(WHO,I996:385 ) 
(1997,~) 

(1997,~),wI~.)~ 0.005 
~ ).;-I"~"..!i.).,"-.i.) ..,1wL..)j.i ~~ ,..>b ~- BI2 ~ufi. 

(8 :22.~,j>'i1 4J.-l...., (l997~) 

(l997,~..h..) ~u......J~ W4Iy.....;.,I 0.005 
~~.;o-J ~)>E LA p.;.1 .s~ wu.,...;tli., .:..Lu...;ntJ ~t..... 

(Gordon, 1996) (1997.~)~ 

1941 0l#J "j~~ 400 U.o~y~ .~c!...,ty,...j ~l.llfo..,1~ 
..;~ ~~ J;:Dl-~ j\p,J J;:Dl 

0.005 
-J~~-""";.).,.lo.,l!(28mgllitre) ~ jf.j>t~ - (102 :1985,~~-'11 

(7 :22,~) ~~y.....;.,I-~.) _w".-ll ...... .) -:!D ~ u:.IJ;,)I..,1 ~<i.JJ~ 

(WHO, 1996:280) (8 :22~) ~ 

~~ftt.l~~ 
.t,....l .>F y~ .~ 
{I984.ul.O.....I."..I) 

~~ J>..'iI~ 
ppm~C.,......-) ppm 

I 0.1 

1.5 

2 
0.05 

(WHO.I998, 
v2:282) 

15 5 

0.02 0.005 

WHO,1996 

0.5 0.05 

~~ J..l'fo ~b. 
(WHO, I 996) ~ 

10-50mg1day 

1.5-3mg/day 

15-22mg/day 

~~ 

7.1-35.7mg1day 

4,..,I.>l~~ 
~~~ 

IZ~~ 

.>-»-1 
~ 

~ 

~ 

.!bji 

~fi) 

~ 

jfo.1o 

7' 

'­

l 
-[ 

,[ 
'1.. 

:~ 
g[­

(8 :22,~)C~.,~.) ~.,(~\ia.,UfiJ.) UlU>.,~I) ~~I":".,......,I! <i'>)'! 

(WHO,1996: 138) "-FI....> AJI -
dil.)!~~ 

(WHO,I998vl:ll) 
0.2.>~~ 

(WRc,I997) 

5 -20mg/day 

I 

"~I 
i 

.U)I.)] (0.2-0.5 g) ~~P.<i,>)J- (8 :22,r+') ylilI W\i.l ~.;J...;.I- UI.;l.'i1 JU-~~.>'"- J$J .) .....jilI 
(Reeves,1986) <s.).,ill w.,..J (02 ­ 5 g) ~P. y,...j., 

..l.. 
(1984 ul.O.....I.,..) I 

(WHO,1996:942) 0.7 
U.o <iJo.R> ~~ 
<i~.I~~ ..v.I 

~.)i-lI~ - ~)1L,-.>II .fo -JLa.,...-l ;..,JI ~ -~'il .~ -.)-:-II v..IL.lI-J$J ~ _.lW ~ 
(9 : 22~) 

..l.. 
(1984 Wli-aI.,..) 0.05 

(WHO,1996:942) 0.01 

~ \......u..:;1..A.>.. <s .. . , .. 
~ 

~.) 

~~~ - (Gordoil,I996) .I~,-.>II Wl>..fi ~.,~..I.i...;.,t\.ijj.)] <i'>)'!- (8 :22.~) .lplI.,~.,"-.i.) ~,-J-:a.:I 
(WHO, 1996: 199) (0.35 -3.5 g) ~~ 

'----- ­

..l.. (1984 , Wli-aI.,..) 0.0 I 
(WHO,I996:942) 0.003 

~~ 

( 11181 Kg/day) 

-­

..~ 
-­



J~0-" ,4.t~1 ¥,:?~IJj..J1 ~i ,~I~b,..~I.:;.:,-=..*i (3) 

,~I.:;.:,! Jo.,.to..> Jo'~ ~ u,J-R'i w ,~bll .~ ~t.. 

,d.-AWI ~1.4-0 ('I~! 0-" Si-,-! 'rl.:;.:,t'4 ~.4-0 ('1~lj 

.«('1981/220~J) 4.tJ~I""""l,,4J1 ~I~~\..b...~ 

..ill.l1~ ....... ~';I~I..,r.-.,J-",~lj~~I~I~I.:;.:,c...L:.! 

:d!;:;i!\j ('y..li j.J~1 ~ 

, ,~"'''lij , ('~~Ij ' ('jfiJl ~ tLu) 0-" d,jIj>J1 .4-0 ';L.3 (1) 

Jj.J.>JI ~ «4) Jj~ ',)..l<,j) .~".:;Jlj ,(.)"G.....LJlj '.J..:.J.>Jlj 

~j o4,.ll y~I .t..l4.tJ~I ........ l,,4J1 -=..I..i..:.lj-ll ~ <I.,> r"......J1 

. (1984/409) il,uJ.1 

.4-0 ~.:..,13 .l,?j.)! ,~~Ij ..,r.-.,J-",~I ~I ~ (2) 

t-4:!01j>J10 i l..i.....k I~~ '~~j4y-'"'~ (1) 0 1.,;.....;J1 

~..... d~4...i..:!..u.IJ......y~y~I··-,!..,..:'·Jlj'FI~~~ 

o~dJ~lj -=..k~ 0-" ~ ~..l.iJ1 Jj\..i.ll ~L.3j'~ 

~ dJ~t'1 .:.u. 0 i ~I 0-" ~i ~ ,4,0,.,::.11 J)G..:,I ~ 

~ -=..~ ':'j...\.>. .)! ji '01j>JI ..,.I! .t..l l ~~ 4L.. -=..~i 
~ ~Ij dJl..:J1 .t"..,. .t..ll.~ Jo~I ':'j...\.>. c}l:i.I4j ' 0 1j>JI 

~,;Jol,u0-" ~lp.i &1,;:.: L.j '0~1 ~0-"~J~4~"":' 
L." ,~I d..Ab.;J.1 ':'~j ,4,. ~ ':"j...\.>..)! ,:?J,j: ~ ,~,.,::.I4 

4.4Jk .I".... ••:!,..~.•.!\ ~ji ~I JIj-l4A':'fo. ,.t..ll..ill~~ 

~Ij (2) 01j>J1 .t..l ..,r.-.,J-",~I ~I ~I.:;.:, L.i ,~I~ ji 

'..,r.-.,J-",~I .:.."tJI 0-" ~)l..., .)! ~ (4) j (3) d.-AWI 

..b.. ~ ..ill.J.Sj (2)j (1) JJw..LJ1 J'?'j 0i ':I!. «4) Jj-"!- ,,).l,,..;i) 

. ,:?~.:..~ J'p'j J.S',j: (3) ~I 

;uL,.J1 d.1:ZJI 0JW1 y......i 0 i .)! ,~I .4-0 J.b.:i ~I.:;.:, ~ (3) 

r"......J1 Jj.J.>J1 ~~ «4) Jj-"!- ,...,hii) (4) Jj~4 ~Ij 

~i ~G.. ) ~ 4k c..lLfll ~ 0i ':I! ,0l,uJ.1 ~.W 4,. 

,...,hii) (5)Jj~l0:.':>j. (~I ~J,?.,JI ;;JJI.;0JWI0-"~ 

~ OJl:!j J6. ~'J~j 0\....jt'1 ~~i " ....... «5) Jj~ 

,~Ij '.H..rl1j '~..rll ~-=..L..~I ~c.,p..,~ -'--">. ~ 

i-,,!- 4W1 ~I ..ill.J.S ~~j .0~SiI ~j ,~I )....-Ij 

~~l+.>r~IJj~I~ (3)~I.4--~('.,..:-.d.ru 

0 i (5) Jj~I 0:.':> L.Sj .~~ oJJl.i.JI 0JW1 ~i iY.' ~,:?~Ij 

.::.\,uS .)-,!A..Lij ,~I Ul:ij ,(,..JI ~ tLu) .)! ,:?J,j: <I.,> ~I 

..I.,,-.J I ('..J I 

,.:.."..t:JI J~ o.......,t .l~I J.J...,.j ,('~':II r..r~ I~ 0! 

0'=- .t..ll ..illL...-. .)! ~'4 (,Y-AJls:J4 .:.."tJI ui J.S'y ':'~~Ij ~G..j 

..ill.J.Sj , ~L.;JI 0:!..u:JI -="~j ,~ <..!ljjlJ ~I J....iJ1 cY-Yo 

.(Kopp,1968) ~..l.iJ1 ~I y.:,>1.;~1 JS'tJ ~ 
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.4-00-" d .•-:..J 4.,J.>:"$:".1Ij ~~I J=l~I ~I.:;.:, ~IJJ c...L:.! (1) 

:~ L. « 1)Jj-"!- ,...,hii) -=..I.;Ij>Jlj ~I 

(,j:!j-,!.•.•.J.ij ('~l$:..1Ij T.D.S. JIl>-" d.~ '4lI.~,:?y:. (i) 

4,. r"......J1 Jj.J.>J1 ~~ ..I.,!IJ" l.';.Jij ~I .>........lIj ..I.,!IJ"lSJlj 

. (2000/701 ~J) ;;4,.l1 ~ .t..lI.::.l..i..:.ljA &j 

.:..."..w Gl...,p.i...>+h->-.3 W 0--j...o,:?~':"~ .L:-J.i .~~l...,j (y) 

'..,r.-.,J"", 

-=..':16. ,:?i ~lll -=..Iy..... .:..)l'i.J1 " ....... ~ J=l~1 ~I.:;.:, ~ ~ (i) 

J,oWI 0-" o~y..'ulj ;uL,.J1 ~I .t..l ..,r.-.,J"", ji ':?~ ':".,13 

.-=..kJ~lj 

Jj.J.>J1 0-" J!i ~lp.i u,s::; ~I~I r).L.~1 ~ 0i ~l:;.jJ1 J.S'y (y) 

,-""J~I .J.>JI 0-" ~~~ u,s::; -=..':IWI ~4 ~j ,4,. r"......J1 

.<1.,> r"......J1 

: «3)Jj...\.>. ,...,hii) -1~1I 'b,.. 'lL.L., 'I.c. L...,(3). ~-t" ~.~. 

~('~~lS~I.t..l10i ,..<1>1421 ('W~I ~l:;.jJI-=..*i (i) 

.:..~ ~I~ ,-=..~I ~j~~ JljA,l4..::."..Lo ,~I 

.4-0 ~j &I~ r)l.o~I0-"'W ~~I "ji.:>.ll 0 ij '..,r.-.,J"", 

.4-0 ~~~lS ,d..Ab.;J.1 ~~bll 0 i ~ J..I.,! W ,~I 

.~Irl.:;.:,!~~1 

d.-A~I .t..l10i •..<1>1423 -1422 "",W ~I ~l:;.jJI-=..J.S'i (y) 

J.A,! ~j (2000/409) -=..1..i..:.1~ ~\..b... ~i ~I rl.:;.:,! ~ 

'..,r.-.,J"", ji ,:?~':".,13 ,:?i .t..l4 ~ 

~L,.~I'l..:.l~0-"d7'i;i tl~l:W.JI0:.':>~I".. (1) 

d~ ,:?Jj..J1 ~10-"~I ~l:;.jJ1 0:.':>j (1424 :':?MI) 

..ill~j ,d,-:!J>';.Jlj 4.t..u.,.J1 0~1 ;;).),.1 ~l:i.Il -=..I~I ~ ;uL,.J1 

~.,..wj (2000/701 ~J) d...i....ol~ ~".J..A d..:.>G0-" 

,,:?~ I 

'~J~4 dJj-4..iJ.1 ~I.~~I J.:..ll=::..J1 ~l::;.j-=...J.5i (2) 

~ .:..~ dJ6. ,:?i 0i ~ UA..rt: I:.u.j ,~.,J"", .t..l l .:.u. d.-A)l..., 

29:010.,J1 ';..w-.?) u:Jolj-l1 ~ 4L.. -=..~ij ,.t..ll.:.u. ~-=..* 

L.S .-=..I.;Ij>Jlj Fli 0-" ~JG.. y~~ ..:...jlS (..<1>1422 ~I 

r)l.o~ 1 ~ 0-" ~~ ,:?y:. .t..l l .:.u. 0 i ,~l:;.jJ1 -=..J.S'ij 

. ( 1424 :':?MI) ~I.:;.:,j ~ I:.u.j T.D.S.d.k...LI.l 

http:T.D.S.d.k...LI
http:dJj-4..iJ
http:ji.:>.ll
http:oJJl.i.JI
http:4,0,.,::.11
http:d~4...i..:!..u.IJ


113 

~~j .WIYlj u,lllr==:;~ j~lj '..I.:!~I ul~I.!..oj~ ~ .(3) ..I.:!..wsj)~1 ~ ~y...ljyl J~'}' ~~I ~I u! 

j~ ~I-", .............. Ijyl ~ ..I...........Si ~j .y... IjyI ~4.....:l~ (~L-....s:.JI) r~Ls:.J1 .:...~-",p ~ ui ~!~.Y .~I ~Iy 

.(3 ~I) 4W1 ~I ~.:u.Diffraction PW 1710/00 X-ray 

100 
1

[0/0] 

64 

36 

16 

4.0 

0 .0 -1-----, 

\ 

o 10 20 30 40 50 60 70 C"2 

JFIO I !I'. I I II! ill II II II I il I , 1111 I 

50586 Calcite I I : I I III III III I II 
120292 Kalcinite II I 111 1 1111 I III I 11111 I " 
200928 Aphthitalite I I I il l II I I I II II II I I III II I 

370466 Leuco phosphite I I " I 1111 I II II I 111111 i 111111 111111111111111111111111111111111111111111111111III 1111111111 1111 1111111 II 


331161 Quartz I I I II I I II 1/ I I I I III 

291490 Kaolinite I I Ii I I I I I I I I 


Diffraction PW 1710/00 X-ray j~~L..I-", .............. IJYI ~:(3)~' 


<.»:'1 ~.,ll ~~I""";;~I ~~ : [alk]. [Ca++] LAi ~w yL...,.. ~ .J.4! .~..;; ~ dj ~l:J.1 wi u-- ~j 
~ ui J.:,~ ~ .;;=l.4J1 ~Ls:.J .:...~-",.41 ~ij 'r~Ls:.J1 .>'"'l.i...J1 ~~~I J=]I..:..:JI ~\.:;j ~ .)~'}'l,. ~l$1l~I 

J=]I..:..:JI ;U\S ~~ I.:u.j 9-6 ~ J4-l1~ rjl~ •Jo.........."J I pH .~i) ~Ij .:...~Ij.>J1 ~l:J. ~~I ~~I ~ ~I...ul ~yl 


.(5)Jj~ .~i (.(4)Jj~1 

yL...,..(Lloyd, and Heathcote, 1985)~L~!~~ 

• )Ca4 r~WI .:...L.;,~'1 ~L....u.JI .:...)LAL..a...... yL.....:.. ~ :~l$1l~I~w 

~.)...,.....~ rl~l,. • )C032- .:...~-",p.llj' yHC03.. .:...~-",.41j SID = Log [Ca2+] + Log [alk,] - Log { (H+). "( Co32­

:(Encyclopedia, (1998), (Davies, 1976) + 2K2. YHCo3-} + A + B 

Log Y= -0.5 Z2.[--JIlI(1 +--JJ.l)- 0.3J.l] (1-4 a..bWI) 

:~ 

A = Log )Ca2+ + Log yHC03- + Log )C032 ..J.l= 0.5 LCiZi = 2.5* 10.5 *T.D.S. = 1.6* 10-5* k 

B = Log K2 - Log Kc 


:~ l...$ ~ui~-' ~'11 ;;jS J.l ~ 
c.,.\:i) Kc j (~-",p.ll ~ ';'WI 0:!b.J1 c.,.\:i) K2 yL...,.. ~ 

:~ 
:~~I ~)l.JI u-- CaC03 ..,..s~ ~l,.j:.ul 

.~I ~'JI~";; Ci Log K2 = -107.8871 .. 0.032528T + 5151.79IT 
.~'JI~Zi 

+ 38.92561 Log T - 563713.9/ T2 
(ppm) d.k...i.ll r)LA'J1 ~ T.D.S. Log Kc= -171.9065 .. 0 .077993 T + 2839.319/ T 

.(microsiemens / cm ) ~..)-!AA d.eThl.i.J1 + 71.595 Log T 

http:d.eThl.i.J1
http:l,.j:.ul
http:r~Ls:.J1
http:r~Ls:.J1
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.J:-.,al ("~~I ..1.J..# [L:u!, ~I ~.i:J .("~~I .;:"L.H~ t-" 

d.~~I~.d.":'I~I~.~L.4-~I.;:,,~.,.lI~J 

..;:"L.....IJ.uL,. JJJ L.J~~II.J.AJ .~I:W~~I 

.(1410 .~yl) 

JY.'J"k,.~ • .;:"l.!,.y.-yl,. ~I uJWI.;:,,~ ~~L:u~IJ.J.,I (5) 

~i~~~J • d • .i1j.>JI 4- o..u.L.!.J.1 ~llPWI~ 

J~.,.lIJ .;ub.J.1 d.-:->..,......rJI4- J~~I~ (".H-.d~..J1 .l...i..:u......L,. 

.(3) 4J1..b.4-~\..:. ~~J .ulj.>J1 ~L:.-4-~~~ 

("-*"J~l,. ':'~I ui liA ...ISYJ (4) 4J1 ..b. 4- JY.'Y ~J 

4-~I ~~~"k,.~ .c..Lfl ~WI ~J .~y.:..,.ti 

4 14-~I uJWI ~i.SF-~1 ~I~l,. ;";'J~ .d.-t...~1 

d..i.o:!~ ~~~.,.ll ~JY.'Jt-" (2) 414-~JY.'J (".J.£.J (1) 

'~Jb. 4,I.:.~1 u\,. ~Y- W .~l"ll ~ 

.~I .U"'l.o....<Jl .dij..ll '..1:!..u.JI) lP~ :u.u.,.ll ~I~I ul 

t-" • .;:"LIj.>J1 4- ~WI ~J • d.",..,....y I 4- (<..)"> L.:.y I • ("Y-J4J I 

o~l~ .~l"lld..;,....I~ l&!(~1 JJ..u.JIU"'~crIl ~~l.Wi 

d.4WI~~ui~~l..L...LS...uJ.j...Abl<r~A.:!..I.I~~ 

.~WI ~~I ~JJJ.~1 ~I~I ~ld~J.~~1 

JJ.J.,I ("~ .~~l,. ~l L~i ..l! ~IJ .~I <:r-~I FI ~1.:<Jl,.J 
.~~l,. ~lJWJ.IJ ~I ~l:U.J1 ~...IS}i \... liAJ .uJWI.;w.:; OJ\... 

~~I ~iA .~F' .l1ii 4.e.i..uJ.1 JI~I0A~~~~ W 

d!.!.' b 1\ ~l...:-ll F4-jl~!,1 JJJ...i ~~I.;:"L.....IJ.u1 t-" 

d'':'>:1~1 jlj.:i..ol ..:.lJlZ ~1.;:"L...IJ"u1 ';:"J..u.:i ~ (1968 Jenne) 

(James,1972) ~I OJUI - .UI ~ ~~I ~ ~ 4.e.i..uJ.1 

pH J ~!.?"'J 8.5 J 6.5~\... pH J4---~ d .... IJ..u1 .;:"..IA:u:.1 ~J 

c....,p.. .<u............ ~~j.WI.;:"Ly-~1 h:...1ui .;:,,~i ..l!J ~I ~l"ll 

~UJ~ J:>L,;. r-"-= jl~>U~~I ..u.J1u--- 50% u'l 

J.Oj 0~ J)\.;.. ..!l.J~ ':'-l=:! •~~I ~ 4-J (Tritremmel, 1966) 

~J ~~0A""'J~ \... ("Y:!F-'il ~14-~J .o..l.>IJ~J~ 

jI.;..:;....~ ..I.>~i UiJ .jI~!,1 L>--o~J"u1 ~~~ 

..1:!~ .~ .:.~ ~I d..:l4...J1J •.;:,,\..:.L... F. J)\.;.. OJ\..:. ~ 

~i ~sJI 0A .WJ wl.,.ll ~I JI~I \...i .(Murray, 1973) 

.~I yll 'A,> ~.,s:... od.41.•....Ll ~I .;:,,\...WI ~~Y 

.~l,.;""'~1 JI~I~~ 

0A .F.- -,.......~ ~ .~)t,. ~Ji 4- .UI ~~ ~J W' 

~~ W' .("~I ~)l,J1 '\..:.Yl UIJ~ ~ 4.4JWI JI~I 

d41....1.1 JY.'J crI! ..!l.J~ 4-..,..,.....J1 J.J-'-'J '~YJ ~J ~l"ll ~I>! 

. ( 1410 .~yl) l&i\...1....... 4- ~I.,...:,J ~IJ..u1 t~Y 

0A JJ.&.! 1...:.~Y o~1 J~i .....;J:;;.J. oJJl.i.J1 dj.1.4.l1 ~~ 

:)l;;.... U'" loU..Jl ~ i.S..LA JJ..>. .:.~~I ~J '':'''''''-t-.JlJ .;:"L...IJ.,UI 

UJ:!i ~Ly' ~l"lI4-A ..I.> crI! ~~~ <\.ii crI! (Andrew, 1976) 

0A ~I ~ 0AJ • (Cu2+) UJ:!i d.;loL:...i 0A Jl..G:! W •.;:"Ly-~I 

.~I ~L:u t-" ~ liAJ .U"'l.o....<Jl .;:"Ly'~ <L..A ~ c....,p.. . ~ 

.d':'Ij.>J1 ~4-- ¥IJ.,..JJ .~~ ~J"u d':'J-:'~1 ~y..J-,.......IJ.rlu 

~~ .d..i~1 ~ .~~l,. ~I J..lLA ~ c..:..JI~ 

i..b.. ui (Langmir, 1971) ~J ( 1.39 - 1.16 ) ~ ~Y 

!.?'" ~I J..W ~~I ~I UiJ .0..l.>IJ 0.1 ~I J..W ..,..~I 

~ J.)J \... t-" ("~ \... ~ .~~~ .;:"I~ ~l"ll ui crI! A;.­
crI! ~J}i .~~I ~I.;:"I~ ..,..~I ~L:.- u\,. (1418 .,?L.",..!-Jl) 

.(Ca C03) ("~~I .;:"Ly'~ ()l..i Lob. .()l..~1 ~~ 

L ~I '-' '~I _t... '~~I d.41.•..1.1 -L...:,:;jl l..!.:;..jl· I (2) . (" . """ c-- <..r- • - ~ J J u, 

•~~ (".J.£.J .~~I J.;-hJl,.l&:Jljl ~ LUJ.;.4.0 (".J.£.J .~I 

~~ ~WI ;",...,....,1 ~J..u~.;.. 'i!"" \... .• ,:,.,.l.i.J1 o.,;JI';-;;l:y 'il 

[~j.;:,,\...I.......~J.;..J,.j ,o~Jl...,>id~ LA).b~i UiJ od....WI 

t-" ~ liAJ (1999 .~j:j) u,k 5 0A J!i!.?"'~! .~L~I 

F ~I ~WI ~ ui (~~IJ .~I .;:"L...IJ..u1 

J!I J~i .;:"IJ~ .;:,,~ .~I ~WI 4- 4.J~1 ~l.;..U1 

.(COX, 1971) UJ.H 20A 

4,0~ ~ 0A ~) ~~~ d~ ~I -,.......IJYI ul (3) 

~l"lI~~Li0IJ~~.~I~~<..)">I";;:;LA~J(~1 

~ ~1.....,.!J10-<'';:''~ ~ .yU..JL,. ~.;:"t..,......~ ~J).A 

4-.;:"WI~1 ~~ ~Jj.J .~I~ '~J .~ ,oJ~1 .;:,,~ 

.(4) J$:...!.ll) ~L')U("I.:<JI J1..l....o.i'il crI! ~L,..iJ1 

X-ray Diffraction j~ d...bL....,.,. .........-IJ.rJI J..=..L>..:i~i (4) 

:JY.'J...ISy- ~.:uIJ (3) ~l,. F~I J.:...bJ.1 PW 1710/00 

Calcite CaC03 

Kalcinite KHC03 2 

Aphthitalite K3Na(S04)2 3 

Leuco Phosphite KFe2(P04) 2 (OH). 2H20 4 

Quartz Si02 5 

Kaolinite AI203·2Si02·2H20 6 

~1~~.;:"I~.0...L4......0~'i';:"~?J~J~I~ 

yll oA,> ~ ui ~ d.:--I....... d":'l~ l&i~F.- ~~ .~ 

~WI ~I UiJ W' .o~1 .)I~I pi 0A ~L-.J 4..u1 .~~I 

.~l,. ("~I ~I ~l4:J b J~ od....WI ~ .~lSJ.J 

http:1~~.;:"I~.0...L4
http:J.:...bJ
http:y..J-,.......IJ
http:dj.1.4.l1
http:oJJl.i.J1
http:4.e.i..uJ
http:I.;:"L.....IJ
http:4.e.i..uJ
http:u.u.,.ll
http:L.J~~II.J.AJ
http:L.....IJ.uL
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.~\..j u-o ....WI ~I 4:k.J ...,..~I.~ u-o a...JWI ~1y.1 aJljl (1) 

..s";"~I~liJl· ···'1\~L~ I<~. .a.;- .. (jA t:!..a- . .. .... U" '-'J~ c-J 

~ ...,..~1 .~ 4 ~y~1 .;:,l:;"lll ~W Y-'"'L;.. Jt..l.! ~~l (2) 

~1 ~1y.1 t-" Jd.;:.,> ,)~Iui ..IS').j ~L.:..,.~IJ ~':I'J .,)~I 

.41.b1..... ~y.~ J.)J..:A ~1".. u.,s::; ~l a,.~,;.. .~"lll .U4 .~~y.1 

.(1418 .~I) 

u-o .~l> .~I a..4..~4 .;:,~1 ~~ ) ............':1'1 t~ (3) 

c!l~ ui l..L..k l~l LoG.J •...,;.,1:..J.l1 - ulj~ u-o L.4JL...Jl ~\..j 

pH~..I.1AS.~1.,,,,"""""~""4Ja~~~I~l~~~ 
J+.l~ c!lL.i..A UiJ l....W' .~1 ~~IJ )u.... ~.J-Il 

u-o ~J~1 ~I .;:,kL....J1 J:>l> .s~ ui ~~W.*-:' 

~~l .(Environmental Prot. Agency, 1969) ~I :.G-i 

~I ~~I LoG.J '~Y. .s~ui ~~~1 v<u,> ui ~l 

.Lkl.~4-0 ~ .~"J~I ~k..:i.JIJ ~I ~Iy.l ~ 

·J=k::J4 ~.;i ~ ~~ <.f~ ~'11 JJWI rl~IJ ~l:<..LJ1 

.;:,~I~ ,<.fjS...... ~L.:..,.i~ ~~lJ~I..1,!A~&o~~ (4) 

••~I u-o d ..'=' :.G-1J ~I .~ 4.....1,)..I.! ('~ ,4.4h.a14 ~I 

·~WJ ~y-*, .;:,l:;~ <.fi u-o t.,::...)l... uL....w:,.i ,,)4'11 u-o ~..I.! 

..b.».."k,~';:'¥:.G-i J .,)4"'1 ~ a"jj ~~iJ 

•.;:,\..jI.»J1 ~ U-OJ .~ .UI ...I.J-,.J" ~ ~I .syiJl U-OJ .J4.i.l1 

4 	 • .JA~I ~Iu~~ '4lWI ..,........;JI ~ ~..L>J ~ ..ill~J 

.~Lal 4:~~':I'1 JJWI ~~l~ .;:,\..jI.»J1 .~ 

~.~...,..~ ~.')J~.."k j.:S~ .~Iy.1 u:,. ~yl t!,) (5) 

J..~~ d....l..>y.l ~~~J~l> ~l...4Jlulj4 ~ .......... 

a"l:!yl ~~ ~iJ ·~4 4--1~1 ('J.J:. ..ill.:.sJ '1j"~"11 
p'-t..ll ('lylJ . ~ ~1~"IIJ ~I ~...J~ .~ 4SLJ.:.j .."k 

...•. 1\ ~~ I. ._ ... J.J:. .WI 1·~I_.1.,,1I ~I . ~ v-- ~..>'-' (' J .. ~,);,- ,......- u . 

...,..~ a.....JL., ~~ ••~ ~J ~I.....A d.6.... .\..!.jl (6) 

JWI ~ L.S •...,..~I .~ 4:~"......I1 ~l,,4l1 d .....Iy.1J ;u,.1.6J 

.as:w.lu...I.A v<u,> 4 

t-'...J~ ~ ~Iyl d .......Iy.1J ;u,.u...... ~.~~ "j" ;j (7) 

.:.u.u.,s::;ui .ld...... t-" ,4.4h.a14.syiJIJ ~..u.1 J..~ ..ill~J •• ~I 

.~ .~J ,~I ~~I ~u-o.."ki .~I 

-GJL...:...J .~i ~~ j-4L Ij"~~~I~L,. ('..I..ll.i 

.~11:.u.4~~~~L.....J 

..... WI .~I ~ u-o .jL;::.;...1 .,k,..~ ~ 'Ij"b; .."k <.fy-:, ~~ 

~I ~l ~ .;:,L...I,)..u1 u~ ..ill.:.s .'4l~ Y-'"'IJyl ~~ u1., 
.~~I ~I u,lL... c!l~i .."k lJ"'L.,yl ~ d...U.j..lIJ ;;~WI 

u1~..ill.:u .(Davie, 1976)1j"L:.....i.J1 ~l:<..LJ ;"r;w ~l::U ';:'..l....o,) ~J 

~ ~l ~"....J lJ"'L.,YI ~l::U.."k '1j"L:.....i.J1 ~b..LI ~Lal ~~ 
.~l:<..LJ1 

..I.!':I' ......i.::.l.;.Wl.:.u.u-o~I.~~~u1 ~ .('..LZ W 

:~ U ..ill~J JjLaI ~l.~1 JJ...>J ~~ 

4 ~~ .~Ijj ....L... ~ u~1.....A .."k .;:,l.;.W1 .:.u. <.f~ (1) 

L.I.)-Ai ~J •...,..~ .L..~.lII"I~1 Jl> 4 ·uL.,.j"l1 ~ 

~~u-o~1 ~~~~ul......:>"II~ui~ ••~ 
.~I 4 ~1y.1 .:.u. .~4j t-" ~J ,~.;1 i,)~ ui Ji d!i"lll u-o 

~I~ ~lb J..I.AA u-o ~1 ~Ijj J..I.AA ~ .d.:i"lll 

~J .~I ~~ '4l~ .;:,~ ~j.:Sjj ~ .~ 

u1~l4S~l .(1421 ,~I) ulb~1 ~.;-b-i u-o ~I......~I 

.ul......:>"1 I ~4~1 ~I~I ~I d~ d.4WI.:.u. rs-Ijj 

..J-& ~J ('..u14;;~lu~Wl j!y...l ~l <.f~).j ~ 

La1 i..;bAA 'l:.~ u.,s::; ~~ .~14.;:,l.;.W1.:.u. rs-Ijj Jl> 4 (2) 

~'-"" 4 .d...U.jA .;:,4l+J1~ ~l:'J4J ~J ~I.,.....;J 
-' 

d~~L,. d~WI~<.f~ ':I' ...u ,~I J..>.I~ 4-o-S1~ 

.¥d...5I.;:J.lyAoJl J.....j'~ .u-oyl,)J.)At-"~ ~J .a..~1 

4 as:w.1 ....~ 4 ~I ~jJ ~ ....L...i ,)~..ul ,)~i ~J 

~Iui ~l '(...Ao1419~ .~jAll ~I) J,lL... ~ .\.;J 

4,j+l1 <.f,)4J.l ~1"""""';l~ ulj~ 4....1..b...L.. 4~1 J...!..W JJ~I 

. ~,)l&4J1 • ~Id~ ,~I <.f,)4J. d...U.jll.;:,4l&J)U1 ~J 

.... WI .~I ~ u-o .~I ('1..G.:;......4 ~ ':I' l...U~ ('..LZ w (3) 

JWl ~ ..ill~J .~IJi ...,..~~ ulj~ ~...I.A 4 4Jl> W\.;JI 

.•)lc.1 ~y.1 ...,..4••:)U .... WI .~I 4 ~l.....A ..b. t~ 

4 ;;,)~liJl j-IoOl...i..o.Jl u-o •.J-& .;:,~ j!y...l ~u~..ill.:u ~~l 

~IJ ~WI ~I ~IJ L. ~J .blJ ~i .~.;:J.I ~1y.1 

4Y-'"'1~1'~~~~J'..l..:!~I~~Iy.I..L5~ 

J..u..iJlui ..IS').j ;u,.WI d ..... I,)..uIUiJ LoG. .~y~1 J..L...J~I 

.,)~liJl ~..L...LI.I j-IoOL.i...J1 ~~~i .;:,V.....J.I.;.si~y~1 

.(Wood, 1974) .;:,t,.........~14 .~.P.'y.1 


u-o ~ ,i.J-& 1:~~l ~y.c. ~ .~14 d.4W,1 .:.u. ~~J ul 

('~.~ 4:-'411 ~ ..... 1..:. d.,p-\..j u-o L..;lJ •..hd ~I d.,p-liJl 

":-'-HL..;')lrd..1...:!~J .~1y.1 ~l ":-'-HL..;~I ..r>:- J..~ d.-40..~.r-> 

-,...h..J1 ~ ~\..j 1:~L. ~y.c. .,...:;,;;: .0k Iy.1 .."kJ ·.;:,\..4.W4 .~J.J......J.I 

.;:,':I'L.....i.Jl..S .~4.UI ~!r~<?-ll ~j....i..ll.;:,IJ~·:>Ut-'~1 

.~I .*.iJ .~I.;:,\..jL;.;....J .;:,4)1..~..!lJ ~L.y~1 

http:I.;:,\..jL
http:j....i..ll
http:I'L.....i.Jl
http:a.....JL
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~....-JI ~ I..J.I 

~~I~u~I...,..,.......~-.rb (1397)~I~'JI.! 


..... 1397/4/30 ~).:; <->",/426 ~J~ . <r.".,J.,..~IJ 

.y~1 .~ ~l&.LJ1 ~WI .(1418) ,~I... ........~IJ '0~ ,~I 

.24-19 :(44) 11 ~IJi".,w1 

~ ...... ~y~I'~';~I~.,tL!I.(2004)r~~~J0L."o!'<i~1 
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.91-53 :62 .~...,..LI .• l.pJ1 ~ .(1421) .~L..,...-... ,~I 

.L:.o ~L... .(1410) .a.. V-! ~I~!,~I ,...-... 4lJ1~ '~...-JI 
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.,..;..ul ~ ,2 J.. ~1.J..4.J1 ~L.JI ~ .(1996).r--e ..uLi- ,~...tl 

.;;jAWI. 

t,l~1 ~J ·Ji:J1 Jo'~1 :0Ij~ ~ ...... Jo'~ .(1415) 01j4- ~..u..,. 

.330<->",232 
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. ~I.,..JI ~~ Jw..i ~ d"l...! ~ .( 1422) ~~I '.J.:!~ 

.1422 /~IJ:' 29 
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