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Water in Jizan City and Surrounding Villages 
Chemical Analysis and the Study of Possible Effects 

of the Water on Public Health 

Iman Mostafa Al-Bakri, Esam Salem Break 

Abstract: Jizan Region suffers from a shortage of water 
that is reflected negatively on the citizen's health as a 
direct result of usage of filtered water and wells. The 
study has illustrated economical difficulties as a result of 
buying bottled drinking water. The chemical analysis 
results illustrate that the region's water is suitable given 
its main components (calcium - magnesium - sulphates
chlorides) in terms of non-bottled drinking water (701
2(00), except for the existence of some organic 
substances (which have a plant origin) and a tiny amount 
of sand. We have applied the relationships of the ionic 
balance based on a reasonable assumption for our studies, 
and calculated the error range percentage of these 
assumptions. The value error range which has been 
estimated is about 1.26%. It was noticed that the drinking 
water which is used, and where we have analyzed some of 
its main elements, plus counting the amount of its sodium 
content, has an amount of total dissolved salts (T.D.S) in 
the minimum or less than the minimum (100 
milligramlliter) . These results could have a negative 
effect on the citizen's health, with the increasing 
probability of salt deficiency in their bodies. In addition 
the higher temperatures and moisture content in the area 
obviously increases the sweat factor. We have calculated 
mathematically the range of the ionic balance and T.D.S 
of 12 samples of bottled water from different sources. 
When comparing them to percentages written on the 
bottles, it was noticed that the percentage of the different 
averages between cations and anions is between (0
27.54%). The percentages stated and those we calculated 
are at odds and thus a cause for concern. This has lead us 
to the conclusion that the apparatus used in standardizing 
need to be calibrated periodically if accurate figures are to 
be determined. It was further noticed from the results of 
the blood analyses of 101 samples that 16% (17% males 
and 12.7% females) from the group, whose ages are 
between 17-40 years, suffered from a lack of calcium in 
their blood, whereas 52% from that group suffered from 
calcium excess. Those marked as normal (32%), are 
between 2-2.6 milimolellitre. 

Keywords: Saudi Arabia, Jizan, water, elements, chemical 
analysis, cations, anions. 
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Ull...l1" .WI 4---J1 .4J1 ~.MJI u~ 
(S,>iJ1 ~ ~I • .J.a (S..w.:i 'i ~ ,,,,.;-!Jl 

.(6 - 5~) .%3.07 

~-J ~... ~~I 

0"; 3.57 ± 9.63 0"; 2.69 ± 7 J~~""" 

U:WI JI~l 

"r..H/.A>l"1O.9 1± 20.15 "r..H/.A>l" 7.71 ± 14.57 .!\)4.l...I~".... 

h-~I .~ u-- U:WI 

"r..H /.A>l" 1 ± 2.18 "r..H/.A>l" 0.66 ± 2.08 J~I .!\)4.l...1 ~".... 

..,,:-,";'- .4--'" 

~J4i·40 ~.t.4 ~·40 

~-J4-J4 .)l:.. 

% 67.15 % 32.85 

~.~ J4i."Ii...!~.~ 

%12.64 %87.36 

%40.86 
%56.07 
%3.07 

.)l:.. .40 

~4-J4 

~·40 

~....t.+-'I 

t.~I.4aJ1 

..,-:..:. i"1~1 

%42.86 % 57.14 

~.~ 

%28.57 

i...!->4I1 .~ 

%71.43 

~~I.4.J1 

&J.l4 

%13.6 
%71.4 

%15 

i...!.>.4.~..,.~ 

~.~..,.~ 

~.~..,.~ 

~.l.o<~ 

~.l.o<~ 

~.l.o<~...) 

~.l.o,,~ 

~.l.o,,~...) 

will~ 

will~ 

.;J.LWI~ 

.;J.LWI ~ 

UI.l.JI ~ iJt...:W1 ,}S~I v">1J"~1 

4ly. <!J4-- ':'4~1 

~J:...i 

.~I""'jA 
I'u....J1 4.!.1.!.A 

~~I 
.:,l.l.yoJl 

.:,Lo..~I ........,.... 

ul~..11 - ..,.LoJI ~I 

~....,.:)I ':'4~'i1- J4-~1 

http:c:r--12.64
http:c:r--%71.43
http:b~I.,.J1
http:1.,'I.14
http:4J:.La.J4
http:V-UI.l.JI
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1 

80 

57.14 

..; w ~...)4-w U"L-JI ;;4....11" ~.u,J1 ~ ;;4.-~ (2) ~ W~...)4-" U"L-JI ;;4...11" ~.u,J1 ~;;4.- ~ (1) ~ 

......a.,~1 . ~.J.AlI"; 

100 1
87.31 

80 

o 

40 

20 

o 

71.43 

D~ 
D~

D~ 
o~

56.07 .~-,i~ 
• J.J ..Ji 4.u,. 

71.4 



.:,..0 Uh:..J1 04-0 ui~,J .~I o.:u. (S,J~ ~.;&. ,..:..~i .u ~I 

t-1.;~I.l.S~,J 'b~l~ " ! .. b ~I oy...J1 tl",....i 

,Uh:..J1 .) ~) ..:..W!..:i,J ..:..LL~,J ,j.I1". ,J~,J .)! 4~~1 
~\l1 ..,.. ,oL:-J1 o.:u. u~ dl.:J (1992 ,~I.;.>ll ~L..JI ~.JAJI) 

.:,..0 4-tl! ~.;-:wl oL:-J1 ~ ,;ill ..:..U"LJI ~ ,.!.y:w ~~ 

<;s.;4--JI) ..:..I • i',; .11 04-0) ,~I.;u....~I ol.:-o t-'" ,~i 

.!.~ .;,JL-.o ~i .:,..o,J .J.,WI <;S.; .) ~~I oL:-J1 ) ,~LJI 

.;Li .:,..0 ~~I ~~I ..:..~ ~I .....i~I.;~i ,0L:-J1 o.:u. 

.:,I..~ .)! ..:..L.ih.J1 ~ l+>i ':i!,~ Ufi.; ui ~ ,;il1,J ,0L:-J1 

.1,_" w..... . -""'1..:..':iL:.. oW. L.L....i . ~I.....->' - .~ - ~.; 

.I~ .:,..0 b';-~I ...".; ~ .,..pl <;S,JL.......:i.i':i1 .~I ..."L....... t' .2 

~",...JI .\........->'1 ~ I,JL.:.:;...! ~~I .::.:.~ ,o~ VA 1.)1 ~I",JI 

tb-~ :~ b';- \I ~I ~,JLJI ~I ui ,((2) J.,~I) .) 

~I 04-0,J ,...".All ;;WI ..."..Al l 04-0 ~~ ,,JI~~I ,J.;&. .) 

.)I~ .)! ~ J.....:i .u ,~I ~I~>'I 04-0 <;s";':":',J ,~ 
J3.,.,J,J ..,-~ ':i ~.)I 1.:u.,J ,~I/<;s,J~ JL.....; 10800 - 900 

~ .u ~.)I I.:u. ui ,t...1.;.1l I ..:..-*"i w: . Uh:..J1 .) .:,I..I",...JI 

,J.;&. .h...~ u \I dl.J,J ,l..~ ).L.....; 729 .)I~ .)! ~ ~.JAJ~ 
t l...Li.;! ~ .,..~ ....A...~I .) ~ j.Ji ,~.JAJI .) 0.)"""'"'11 ,JI.;--ii 

,...i...)1 u~ .:,..0 ~~I 4-:J1 ~y ,~,JLJI .~~I .w.....:.,J ~I 

~ .) o';:"~ .;~'il o~. I'I~I .)! ,0~1 .;-\11 ~l..i..,J 
. Uh:..J~ ~L..JI ~I ~ 4Lo ~ L.. 1.:u.,J .b4->J I ..:..~ 

..; .4--11~IJ ~ 4-'L:J1J 0.,.. YI ~ ~JlJI .4L'J1 .."t..- :( 2 ) JJ..,.. 

~I 

.......~I .......J ~..w .i.JLa.J1 ......J 


o.,..i/~~ 10 7 ''''' '11 ~I~i ~.l' J....~ 
3
r/JL~ 5 5 ~~. ~I~I .~ ~.I-.~ 


~Y-/.H 115 115 .~ - .!l~I.I-.~ 


~IJ ~~ "~('I~I 


-*,/JL~ 172 120 o.,..)u ~I UK;JI .I-.~ 


"~('I~I.~" 


.H/JL~ 0.1 0.1 ~.~.H 1~.I-.~ 


(,y-/.H 2.5 2.5 .~ .~" .!l~1 .I-.~ 


'<!~ , t->lo )~ 


-*,/JL~ 75 52 ~I UK;JI.I-.~ 


.~ .~· o.,..)u 


.H/Jl.t.J .~" .H 1~ .I-.~ 
"o~ ~.;!. 

(,y-/.H 2.18 2.08 .bo1)1 ~I .!l~I.I-.~ 


-*,/JL~ 654 436 o.,..')lj ~I UK;JI.I-.~ 


"o~,":,,~o~" 


(,y-/.H 4.6S 4.58 .~ .~" .!l~I.I-.~ 


(.<!~ , t->lo ,..,,~) ~ 


-*,/JL~ 140 96 o.,..·)lj ~I UK;JI .I-.~ 


-...<!~ 't->lo , ..,,~ ~ .~. 


-*,/J~ 901 608 ~I UK;JI .I-.~ 


(o~ ""~J ~J~('I~I .~<!~ o.,..i <JL,.) 


-*,/J~ 312 216 ~I UK;JI .1-."':;'

(~ ""~J ~ ('I~I .~ <!~ o.,..i <JL,.) 
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14.57)...".All oL:-JI.:,..o ~.JAJI.) o.;-~I d~I.h...":;'" ~ 

0.66 ± 2.08) .J.>.I.,JI,J.;-ill d~I.b.....~ (~~/~ 7.71 

.~I ~WI ~ dlj ...jjfo- ~ ((1) 'J.,~ .):.:.~ (I'Y-/~ 

~I~ ..:..4~1 ui ~ ,~.>-.JI..:..L...I.;ill b,J..,..u~,J 
~.Y-/~ 2.4,J (2003 ,.....i';:") (I'.Y-/-» 2- 1.5) (,JI~ .h...~1 

~ .~~I t-" ~ t...a...)lS,J (1421 ,~I) .) ,J.),J L.. ..,-.... 

(~.Y-/~ 10.91 ± 20.15) ..."..;;.JI 04-0.:,..0 o.;-~I d~I.h...":;'" 

.(~'y-/~ I ± 2.18) ~I",JI,J~ d~I.h...~ 

J.;hJ1 ~ ,J~':i~ oL:-J1 ..:..L.:..:-oJ ~~ ~~ ~I~! t' .2 

:4.I~1~1 

u..~ ,~..,.....)~~.•1I,J ,~y..-JLS.JI,J ,WI.1l1 b,JL....il1 .:,..0 JS ~~ 1.2 

Diamine tetra acetic acid ~I~~ ,~I b.>-:!L...s..J1 

~~ 4lSJ1 ......,wl ..."L....... t' ~,J ,(EDTA) Ethylen 

.(199 !.~) .) ~I u.....;hll J-A,J HCOr JS!. ~ 
,~ u...J.. J-A,J 4......:..iJ1 ..:..I..iLo I'I~~ ,~I~I ~ ~~ 2.2 

.(1996,~) 

.,i~1 --4-b-l 1U"~ LL...;-b I'I~H , ..:..~fl.1 ~~ 3.2 

J.S..;;. ~~~~ dlj,J ,Colorimeter-Model 6051 

.h...,J-!,J ·~..,.....;411 ~~ J.,lo...o ~I~H '~J-'...;4J1 ,,:,,~...rP 

' (S~~I ~~...;4J1 (:R...i ~~~, HCl u--~ 
~..,:.L.:. 490 u.;.u 4",.. J"b oW.,J ...:..l.i...",.;JI,J ..:..L.:.,J-!~LS 

.(Fresenius W, 1987) 

J~Whatman ~.;L.. pH J.),J I'I~H ,.h...~1 pH ~~ 4.2 

·4.;,J 0.5 u.J..! 8 - 6 .:,..0 

.;.c. ,J~>,~ ,uL:.:.... ~~,J ,~I ,JI",...JI ~ ~~ 5.2 

. ..,....,...,WI,J <;s",.1il1 ~",JI .) ..:..~..r.J~ 0~L......l1 u...J.. 

,~U;..JI ~~ ,Uh:..J~ ~LL ,-",,"I.roi .;L.:..:.:.I 'u~':i1~).1 

~ ·uu...r.JI,J ,<;s",Kl1 J.!;..i.J1,J ,4.I~1 <;s.;4--JI..:..~~I,J 'b~l,J 

~ ~L.:JI ~~I,J ,~I ~~I,J .J.,+~.lI,J ..."~I,,,.-LLb.J 

.,iL..3 Uh:..J1 .) (S~ dt.:.... wi,J w: . .::.L.:..iJ1 ~~ ~~I ...,.....t:. 

..:..~~I,J ,~.;ll ..:..~~':iI,J ,ul~.1lI,J ,';~",JI ~I ,-",,"I.roi .:,..0 

~y ~.;&. ~ Ji..u,J ...:..L.:..iJ1 ~~ uL.:.....~I U"""':',J ,J.hll 

,~I ..:..)l.S;..J1 ~i .:,..0 o~t,J ,...".All ~L.......II 4i'J1 oL:-J1 

J.-i ui 'u~ ':il -*"i j! . <;S,JI~I,J ~..)I .;loW I .) ~""""':"',J 
J.-~ ....;l.l.. ,,-,,,,"I.ro~I .:,..0 ~ .;L.:..:.:.! .:,..0 (S~ Jii t"'"' ,~.JAJI 
~I 04-0 ~U,J~ (S~I J.-i .:,..0 6~~ u ~ dl.J,J ,(S~I 

~ Y.L t~ oL:-J1 o.:u. u~ l...a.k , ~I,J ..."..;;.JI .) .;~~I,J 
(~...;'" ~I~I <;s.;4-) U"~>,I .:,..0 u.:........ ,~.u ~L.:.i 
~I ,-=---\II ..:..I~ ...,,~I ~~ .!.~ .) ~~I,J 
. (Murray, R 1990) .lA....~I,J .;.,..,JI wu....J--! ~~~I .)! u.),J.J..! 

.:,I..1..,....1J 0 L:-J I I'.a:; , ...i...) I,J ~.JAJ I ,U=-i L.b:J I )lS .),J ....LL b.JJ-"'-! 

..:..L.ih.J1 ~~ ~.;",JS ~ d l...a.k ,~ ",i ~lA.... <;si U,J,J 

,JI",..,JI J....l~ ~ u i ':it .":"~,J~I ~ ~L...:.L.JI,J ,L....,....;...JI 



<!L->! ~'-- I" l-c , ~I~ ,).-O,!! 

(1423/~) 4KJ1 ~ u->-.?-i"rJ1 ~~I" ~~I ~~I~ ~l.....:. :(3) JJ~ 
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oj.!L......l1 u,...).. 

EDTA 

EDTA 

4-!L...,. 

EDTA 

4-!L...,. 

4-!L...,. 

AgN03 

.....i....bJ1 ~ _ 0"_ 

oJ~1 64-J1 (S.l.>o.[ 

. .:,l..j4- ,!JI" ..; 

372 

266 

106 

140.8 

5.76 

134 

921 

530 

J~i 
(3~) 

412 

260 

152 

88 

48 

185 

170 

190 

J~i 
(2~) 

423 

280 

143 

96 

44 

175 

168 

185 

J~i ~64.-

(I~) (~...) 
---  -_._- _ .  -

480 395 

299 255 

181 140 

100 98 

54.7 36 

222 171 

177 180 

200 190 

4KJ164.

456 

264 

192 

104 

47 

239 

163 

221 

~~I 

(S~I 

(as CaC03) ~I o"L..i.II 

(as CaC03) WI"]lo"L..i.II 

(as CaC03) ~>-JI o"L..i.II 

H/tl-o Ca++ 

H/tl-o Mg++ 

H/tl-o HC03

H/tl-o Ct 

H/tl-o S04-

.......,.AJI 

1.0035 1.0035 1.0036 1.0036 1.004 

.::.w......~1 

.::.w......~1 

~IU,~I 

~IU,~I 

0.208 

*4.72 

0.2 

~y- 'J 

0.17 

~y-'J 

0.1 

~y-'J 

0.15 

~y-'J 

J'p'"", 

J'p'"", 

0.32 

~y-'J 

J'p'"", 

J'p'"", 

H / tl-o ~ .b..." 

H/tl-o ~.b..." 
..I,!.;.JI 

I'..,;...J~I 

~IU,~I J'p'"", J'p'"", 

...... 1423 J.,~I t-:"!J 2 *' ~I t-'-.JL:; L..i ...... 1423 ~ II t-'-.J~ ~I l;.i r" * 

~.~I~ ~~>'I.::.'JlA.:i...:...! JW'--!.J .~.riJI.J 

wi Ul....:.! .~I j~1 .::.~ I.)....O!J ,c:')l.YI ~ -=->' 
0-0 ;;A ~~~I 04-J~ rA~';;~ U"L.:JI ~ 
e;-i! ~ U'"-!)WI ~i~ ~ILA.»;G ..,.:.~ .)! .~I 

~ ~~I U...!-!L....,JI 0-0 ~ Jh:i I'.u..l ~.~ 

.( 1997 • ..,-WI~I) .( 1996 '~.)-,+,) .4-! U'"-!)WI 

~~ .<.?~ ~ .::.Ij .4....~ .lly .lY.'".J ..1-I~1 .::..;+l>i 4.3 

.Ub..JI.::.¥1 

~i ,04-J~ i~ ~L:. ~.) .::.l.i1A... .lY.'".J ,..1-I~1 ,-",~! 5.3 

EBA III ~.)~ 4....~ ilii.. U:....I.J-! L1-i.lill.J ~.;;.I~ 4-ill> 
,jL ~L:. 1:a.J . ~.l/;'..>.J.l 10000.)! J.Ai ~.>-! ' Hettich 

4JlA......,i ~ Cfi ~I~! I'.!L.J .Ub:....lJ 4:u...;AJ1 ~.;;.II ~ 
.4--->-.JY ~o~ 

64-- ~" ,.:,Ij~ ~-l.o 04--~~~ J..h=. ~I~! f'"' 6.3 
_.-._1:"1 ..>.:oJl.$Uill ~ I~I-"I- 1--"......4....K.III'~ '.J .l:! _ yo<> <..r- '""+'.J-'-"".. u::-:- 

·I'Y....>4Jl.J 

;;.,.~I 4b-:>JI ol.!-o tl.,..:.i ~ ..4Jl..o.....:i.JI ~u.:. .::.~i .4 

~,~, ~ ;;~Ij ~.).l .)! ;;~ 04-J' ..:a wi ,~.w~ 
.((4) J.J~I) ~ ~y ->-" w: ~I o.JL....lll 

~ .4-! ~I c.s~1 .:,~ 0-0 ~.J .~.wl JLAi ~i~ 
~~.J ...,.:.1.)Ai.)~ .l:.4-0-i dlj,jL ..,.:;>,-,--, ,,:-,.;-.J' ~~I .. 4-

.~, 04-- ~....>~ .!...,J.:i U~ ~ .~..;...:.... 

~ 0-0 ~~I o4-JI ~ ~~I ..1-1~' ~l:U .::..;+l>i .3 

i.....4i ,((3) J..,~I) Uh:...JI .)~i ~ ..4--.J ,,)j~ ~-l.o ~~ 
.~I~ o).l!j.!-l.o 0-0 .l)..,JI ~I~~I.::.~I~ 

o~~1 .. 4-JI J..h=. ~l:U.J ,.....& 1397/4/30 t-'....>l:i ~ /426 ~.) 

~ ~....>4--l'--! ~ .ro-lI.J •.:,lj4-.! d-:•.¥J ~..;;.II ~ ~ 

:~ ~ ~L:.. ~) .::.L:.I:A 

04-J ~.ly..-ll ~4il1 .::.Li..w:.lyll 04-J' o:a ~Lh.o I'.!L 1.3 

.(2000/409) oWl ,:-,.;-.JI 

.";~I ~.r'~ 0-0 4.~ Uh.J1 .::.~I ,-!l.!..:i 2.3 

(I' 30- 25) ~~~~~ 04-- .lY.'".J dlj ....4W.J 

.(1423 ,~) 4..,J~1 ~I ~.)!J 

'I'~t.s:) .~L..YI.)-">l..:u...J1 wi ,L....) ..4JL...:......iJ1 .::..>-+-l>i 3.3 

.::.4Jl.$...>'I~.J ~~i ,;oJ1.J (..u....>..,J$ ,.::.L:u~ 'I'Y~ 

.::.Li..w:.ly ~ t-i' ,':"j4-! ~ .::.~ ~.;;.II ~ ~ ~l:i..JI 

~ .i~ o~ 04-J1 o:a wi.J (2000/701) ;;WI ~ 04-J1 

.(1997 • ..,-WI ~I) ~/l'lfo300..j ~I 4-:i.Jw ~l.$ 

~)I 04-J1 ~Iy ~G .)! Cf.l";'; ,;;~I o4-JI .:,~ L....k 

http:c:')l.YI
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4W.~ 4W.~ 4W.~ 	 4W.~ J.:!..I~I 

(5) (4) (3) (2) (I) ~I 

EDTA 44.9 32 20 40.3 60 37.5 ~lo"L...:iJ1 

(as CaC03) 

EDTA 26.9 21 15 25 33.8 22 	 WI.J.l1 o"L...:iJ1 

(as CaC03) 

18 11 5 15 26 .2 15.5 ~:,.JI oJL...ll1 

(as CaC03) 

EDTA 11.3 9 4.8 12.6 17 9.5 Ca++ 

4 2.28 1.92 2.1 4.2 3.3 Mg++ 

~/~ 

22 13.42 6.1 18.3 32 18.91 

20 20.5 22 27 43 20 Cl

~/~ 

35 27 .6 24 25 23 	 28 

17.36 16.84 18.85 17.85 23.34 16.7 Na+ 

109.66 89.64 77.7 102.86 142.54 97.44 T.D.S. 

~/~ 

.;:..L;y-~I ~ .J..li (j~ .~I.).JI ~ ..4-J1 .) ~ l..:.1~! 
'ry.-lLS: .('y-.)~) •.;:..L;.",u~ : ~I.:JI c::)L.~ ~l.:i.J1 ~L....~I 

~ ~~ ~~ .~I~ •.;:..l.:L..~) ·.;:..L;~t, ' (r"""~ 
~" . 7.5 - 7 ~ t-i' .;:..~ .l..-.,ll pH ~ .(.;:..L;"oou¥' U"L...i 

.~..»J~.)~ ~~ .ill,j" 1= c::'}l..~I .. ~ 4llUli U-.!\J wi 

~L....:.. ..4-J1 ..~ T.D.S. (,y-.).,-JI ~ u-- ~ ~~ ~ 
:JY-~I w'~1 y~ U--J ..»Jl...:...lI~ ....w...J'~ 

(Lloyd, JW, 1985) 

L ( Wa / Ma)* ea - L ( We / Me)* ec = 0 

(1 .1 . i..J~L.....JI) 

";"~I":'iJJW/rl~)uy-~lwiJ~ M, W:~ 

.~.,;JI ~ (J~/r'~) 
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4J Jy-~I u)l.,:.,11 ~i..:; ~ .illj,J .~I ~I.l ....;;.:;...JI ~.lA.&l1 

f~ ~I 01..w ~! If.l~ ~ ·r.J.I1 t-" ~..>"",J ~Ij:i..! .wi 

.~I ..4-J1 ..-4-! ~ ;?II .4-L...~I 0.lLa..J1 u-- "':',J~ u-

..4-- U-o~ ~ 0i w: ·J..W..II ",i Jr:aJI ";"..). UL ~I u-- t~ 

.~I..,...~,J .-=..",J.:i..U ~jL~ JjL.:.....J1 ~~I 

L.. Ij! ~L;..,J .....Wl ~I~ ~)iy. ~ .~I..),J '~,J 
.~I,J.J-" ~I.L.. ~~! L..4=-i w~ Ju~1 ui lWL 

.~~i 

~i u-- ...4--~.;u 12'; ";~I ~~I .....1.J.l~",i.5 

u-- 01jL;-. ~olA ~! • .uI",JI,J .Ub.:...J~ i.J~1 .WI .. 4-J1 tlyi 

~ 0i ••.J+O-li ...j~ ~ .l..),J LJ W,J,J .~I u-- O.l~ t-ilyo 

..:.~I",..JI t-" " • .l~" ....,J~I ru.J~I ~,J ~lb... .. 4-J1 .. .:u. 

oj:!li:i... ~,J (2000/409) .WI ,,",.;;..II .. 4-J ~.l~1 4-~1 

..:.L.:.4+J1 .((5) J.J~I) ~..H .~~..?~I ~..ii-! 

~~I ~I .; ~.;u 13 u-- ,,",.;;..II .. 4-- ..:.I~ ~ ~I 

.~.l~1 

~ ~,J~I..>-""L.:...a..l.I J~~I 0)",..:;J1 .j..i.:..:; ($.)...0 ~1.J.l .::.Ai 

rl~H JI,,",,~I'; .~I..:.lS:.;u.J.l.WI .. 4-JI..:.I~...j~ 

(Lloyd, JW, 1985): ~~I ~.l\.a..J1 

I: Cations ... I: Anions 

I: Cations + I: Anions 

(6 .1i...J~L.....J1) 

:~':il ..:.~~I "::':'lS:,J 

ui ~ %27.54 ... %0 ~ Jy-~I 0).,:..11 i..b. ~ t,Jl~ 1.5 

t-" ~4-'~ .~ '-""',J~I,J ~I ~WI ~Iy %0 

ru.J~ ~~~~~ %27.54 ~~ L..i .~I ~I""; 

.~I ~I""; t-" ~~ ....,JolA 

~I ,,",~.~ U--,J (5 .1) ~.lLa..JI~,J T.D.S. ""'~ ~ 2.5 

....,J~I T.D.S. ,J ~~I T.D.S. ~ J..,.iJ1 .J.......,:..J ~I 

:",..':il ~~l..J1 •..,.iiJ~ t+W1 ~L.....)I .jh:...J1 ~ 

'~lrlfo 180-109 ~ L:.,J~I T.D.S. ~t,Jl~ 1.2.5 

0i ~ '~lrlfo 193 - 89 ~ ~L......."JI t,Jl~ ~ 
4-~1 Uw.1",..J1 ~,J 4-1 t",......J1 ~I~ ..:.lS:..r!-J1 ~ 

'~lrlfo 500 - 100 ~ .~I,J (2000/409) ~.l~1 

·~lrlfo 89 ~~ .Ub.:...JI..:.lS:.;u u-- .~I,J .L:ili...~ 

.j..i.:..:; . t-I.J.>.l~ 4:u-J1 ..:.LS..r!-J1 Lr> .b..i...t .~I,J u~ ui,J 

.(AWWA) ..:.~fo 

%1O.13-~ T.D.S.J~~~I~lt,Jl~ 2.2.5 

~I~r.w~:", ~WI ~I 0i ~ .% 15.11,J 

.l~ ;?II ~I.:JI t~~1 ~ ui ~! (Lloyd, J.W,1985) 

u-- Jii ~L;.:. ~! J....y- .~ .;u4-J1~I u..~ ~ 
~,J ~I .wi C02 j\.L j:!l...b.:i ~ ~t-,JI ~l:i:J1 

: ~.lLa..J1 

2HC03'" ~ C03"'''' + H20 + CO2 

Ca++ + 2HC03- ~ CaC03,L + H20 + C02i 

.lWL>'~ •..:.W.I~>'I .. .:u. UL ~l:J1 i..b;J1 ~ ""'~ ~ • 
,,",.;;..II .. 4-- .; u~ly t",......J1 ..:.L.:.y-)u ~I ~I .l,J~ ~ 
'i ~I .. .:u. ui F .(2000/409) ~.l~I6...i...:.I",..JI~,J .WI 

.%1.26($~ 

=i....L...:.....~I~1 
%100 (4-L..~I.;,L:.~)u..,...LW1 ~I- .;,L:.~~I Y\.S:J..,...LW1 ~I) 

.;,L:.~~I Y\.S:J..,...LW1 ~I 

(2 .1 . i...J~L.....JI) 

u-- t..~1 ~I ~,J '0Y-i ~ M , e ~ ,-"",y:. • 
:~ (I .1) ~.l~1 .; If..),J.l.l1 J.J~I ..:.46-0 

WS04--/48 +WCI-I3S.S+WHC03-/61 -WNa+m-wea++/20-WMg++112 = 0 

(3 .1 . i...J~L.....JI) 

WN/ = (WS04--/48tWCI-I3S,S+WHCo3-/61-Wea++/2O-WMg++112) / 23 

(4 .1 : i...J~L.....JI) 

T.D.S. (mglL) = I:Wa + I:Wc 

.; o~1 ~I 04--~ (5 . I),J (4 .1) ~.lLa..J1 ~~ 

",..':il ~ u1jL;-. UJ.w. 

.l1",..J1~! Ub.:...J1'; rl~'il Wl..!;. ~I 04-0.Jl.£..;.j! 1.4 

~I ~ U--,J d ~ .0W>'1 ~ ~~I ~.lA.&l1 
~I.:JI t~~I u--~~..:.~ -=..)U .!IL.:....a .Uh..J1 ..:.~ 

~WI ~.l~1 ..:.~I",..JI ~,J .4-1 t",......J1 .l,J~1 u-- Jii 

4".J.I1 .l,J~ ,,",~i ,.,:il...!-lI,J .(2000/409) .WI ,,",.;;..II .. ~ 

.. 4-J1 Jl.....Li ~ ..:...=..jijl -u,J .((4) J.J~ .J.;Ui) 4-1 t",......J1 

If~ If~1 rl~)I..l 04-J1 ..,......:.i wi AWWA ~....)A~I 
.~/r.~lS: ..:.L.:.y.fi .~~ rlfoI50-75.)S~ ~ 

~/ry~ ..:.L.:..J-!~ .~~ rlfo 40 UL .).J~ 'i ~,J 

04-J ~1j.l1 ~I ~! ~I L:.:&..! ~,J .( I 997 • ..,-W1 ~I) 

60 - 20 ~ ":"'=",JI.;:> ,.,_:i_lI,J 01j4 UJ....:...... .; ~I 

.((4) .J.J~ .J.;U~ '~/rlfo 

~L;..,J .~I.:JI ~.lA.&l1 .l1",....J.J 04-J1 .J~! wi . -=..~~I .lSy 2.4 

~,J~I,J ~.J.II ,-"",IJ-"i ~ ~ ufi' -u 'r~WI ..:.L.:..J-!~ 
UL 4l:J1 ..:.~",JI ~ ui,J • (Gardner, M,1976)t.. ...,J-dl 

4-a~ ~ ;?II .jl..L:...J1 ~ .).J-i' o.lA.&l1 0Ll....)'""-! ~~>'I 

J.l.Lo ~~ u)i..c..!IL.:....a 0i,J' (Jacob, S, 1971) o~1 

.(2003 . .....i.~) rl..J.u..Jl ~ '-""'J-",J ,,,",.;;..II .L.. .; .).J....J",.aJ1 

-u Ub.:...J1 ~ ~",J,J~I .....I.J.J.II 0l-£ ..ill.:J Yw''iL.. 

~......H~I) ~)~I 4.J.l,J ~",..b..r11 ~ t l..i.:;.J~ LA~ ..:..;-+-J.i.i 

~I",..JI ($.J.I Jr:aJ1 4.J.l ~.lL......J J~~,J (1415 .~I.Jj.l1 ....Wl 

w: .u.....:...J1 t~)u ~I 01..w ~.lL......J u-- I.:u. t-" ~I.A! L..,J 

.l1",..J1 ~ ~! If.lY ui .4J,JL:u ~ i~ ~~I 04-J1 u-- t-i",...:. 

http:I.J.J.II
http:Ub.:...JI..:.lS
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~JJ T.D.S. "..,JI r,t'~ r~lS r~L;y' r~JJ'" .,,;,.4
~~I ..P i~ 

7.28 	 120 50 3.52 0.80 14 41 26.84 5.71 10.6 1.47 17.11 

125 16.7 0.85 32 21 7 8.4 0.5 22.4 

125- 5.5 0.85 29 43 35 3.7 12 1.9 28 


7.4 	 130 6.5 0.75 29 42 36 2.1 12 0.6 34 ($") ~I 
7.2 	 150 65 3 0.7 33 27 35 o 4 19 2 18 LA... t..,;S...II~ 

5 	 0.80 30 20 30 o 4 13 0.80 20 1.1f-II t..,;S...II~ 

7.5 	 116 5 0.75 30 12 40 0.02 0.5 2.4 0.8 24.6 lfA,J1 t..,;S...I1 ~ 

7.2 	 180 6 0.8 15 38 45 5 18 1.5 78 ul~ ul~ 

7.3 	 170 78 6 0.7 27 12 98 o 8 18 2.5 21 ~ ~ 
7.2 	 130 36 3.96 0.65 35 22 40 0.01 3.4 8.8 2.0 28.01 t'!~ 

If> I"J 1 
7.5 	 130 61 1.2 0.65 35 26 40 0.02 4.9 16.5 3.5 18.5 If>l,, 

.....1"..11 
702 109 20 2.9 0.7 18 12 38 0.97 6.4 0.18 

7.3 120 28 4 0.75 15 18 75 0.01 4.5 8 2.5 

0.3±7.5 160 5.3 0.2 5.3 4.3 185 17 36 0.65 

35 

1.7 

ul.:,1..;

'1'\.""uJ . 

~1i...,.....:J1 T.D.S. T.D.S ~1i...,.....:J1 t~ t~ 

J.,lll J......,,:;..J u'-'~~I u'-'~IJ~IJ......,,:;..J y.,~ 

T.D.S.% W/t;L) %J".~I W/J.,.-L) W/J.,.-L) 

%00.435 121.05 120 %0.00 1.787 1.787 

%06.450 109.85 125 %8.52 1.767 1.490 

%11.950 158.95 125 %5.34 2.420 2.174 ~I 

% 11.200 162.95 130 %3.36 2.426 2.269 ~I 

~%02.845 141.70 150 %0.79 2.151 2.117 

t..,;S...I1 

123.60 %0.076 1.876 1.873 ~ 


t..,;S...I1 


%0.022 116.05 116 %19.83 1.871 1251 If>I,,J1 ~ 


t..,;S...I1 

%6.73 1573 180 %10.33 2.091 2.572 u~ ul~' 1 . 

%6.38 193.2 170 %3.908 2.75C 2.544 

(u~lfA,) 
%5.045 143.82 130 %4.907 2.198 1.992 If>I,,J1 t'!~ 
%5.88 146.25 130 % 2.508 2.236 2.127 J~ .....1"..11 If>l,, 

%10.13 88.95 109 %27.54 1.463 0.831 ~.~ 01.:,1..;

":,,Y-:JI 

%15.115 162.75 120 %5.116 2.131 2.361 .j'~1 01.:,1..;

255.45 	 %0.9 3.367 3.307 ~L.o.... .:&<e;.:. 
J!....> 

..... 1423/J.,~1~42~~I.I~!t-'...J~L..i ..... 1423/~/11 t-'...J~~I~!I"' 
.(~I.:.,... LA:'I.r ~) t"~1 tll.".. "i ~.~~~ ~...J~ .J..J. UL l.f-a...-.Jy ~ ~I .~I 4-< ~~) 
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L.I..).l.I1 ~ ~J..ll ry'.J~1 ~ ~Lw,.>,1 ~ ~ 3.6 

.~I ~I~ ~4lI,J .%3.7 r.»"'t...~I,J .% 1.85 

..; r~~1 ¥ wi U:!+i .~I ~~I ~u. ~~ ~ 
~ ~..)l....Li ~ ~I,J .~I.rll ~ <J..o % 16.1 ~ (S.l.I r.l.ll 

<J..o %52 ~,J WIJ.,..l.. 1.2 - 0.2) ~ ~,JI~ (t:.... 40-17) 

~:a Jl..o,J ·W/J.,...a..L.9.l - 4.2) ~ ~,JI..,..:; ~~I~ 

~ J......) u....1,J-! ;; 0 0; i· ~ L.I..).J J! ~~ .li ~l:i.:J1 

.~I.:..~WI~:a ~l:i..J 

t L...:...,i L.I..).J ",),J~ J! 'u~~I .:,......:. UJ..:..JI u~ ..)L!.i .7 

.)lb.o~I ~~ ~ ..,...;!JI ~~..; ~ ~I,J ,,"~+JI,J ul:!.J..,J1 u~ 

.:..I~~ ~La..JI..,i .U..,..LJI u~.J..,J1 ~4.0,J •.!l..)-! ..; ~.?-JI 

.4-0y~l..,i ~,J~I..,i t..-J~LJI 

~ 4u...Jii J+i .UJ..:..JI..)~I ~4-J ~u....,J ~~ ~LZ..:.! .1 

.~I"...JI 

.J...!'!",J o,),J~ ~ .J:¢d~JI,J .~I J..u.... ~ ~I.rll .J,!.1!..:i .2 
1.:._" '..11 O.J wl·1 1 ·l1.J1 '. .L............S:. ., • i 

1,.1-+-" e:..- ~ . .r'V- .r~ '" - ~~ 
.UJ..:..JI.:..l.",,~~ ~."lh.JI.:..u....I"...JI,J ~ l.....t .u.......Jii 

.:..L:...I.;:.:i1 ~ oWl ..,...;!JI ~~ ..; .)Sll ~I ¥ ~ .3 

150-75))~ C,JI.;l3,J ~.J~I .:..u....I"...J1 .ill,jS,J • AWWA 

40 U&- .J..I...).! ~ l.....t,J ,Wlr~lS. .:..L:.,J-!.;S ~~lS.... rl.;llo 

·WIr""~ .:..L:.,J-!.;S ~~lS.... rl.;llo 

.:..u.....I"...J1 ~,J ~l..!-JI J..i:. ~...)~ ..,...k ~u"JI..I.,!.J..!.:i .4 

.~L.WI 

'<:,S,),J.l.I1 ~I,J ...w,.J1 o,),J~ ~ ~I"...JI ~ .,r..,J1 ~..) .5 

.~I ~lA....l1 ~,J JjL:..J~ ..... ~I .:..L:.I.:r>J.I 

d.~1 .:,......:. .~I .,j~1 t.,....;.~ ~ ~U~I .J,!.1!..:i .6 

~I,J ~~I .:..l.4bJ1 J! .:..U.".LJI ..,..~ ~ ~ .~lS....J1 

.......JliJI J~ ~ l:.,Jy...... ~ 
. 4-oL.L:..:J1 ~I .,j~1 .:..~ ~LZ..:.!..; tl.>->'I .7 

.UJ..:..JI JI...I-"'-i ~.JA .~II.a <J..o \l""L...~I .,j.J+l1 wi l.....t 

•..)~>'I ~ o~1 •.:..L:.~~I UlS. L.I..)~ ~.J.4l1 .:...oU ill 

.:...oU L...S .4-'..,.,...:.... <J..o .JSb,J ~I"...JI .:..l..l.o..:..~ •.J4- ~,J 

~ o~.b.;. ~t..,J d.:!.!-1.JI..i.J~ ~1.:..4-;.J1 ~~ 

.:..~I u.,L..u u ~ .ill,j,J ·ul.)4 ..; .:..l.4ll ~~I~ ..I...:!~ 
~ ..; d",JS.JI,J .:.~~I jSl..)A,J .~~I .:..l_b.L...JI,J 4-ofi.:.J1 

..)Ai .JA .~..).J~ ~ <J..o ..,...;!JI ~~ ..... )l... uLwJ ~ ~,J 
.~ .,j,J).:J1 ~~ ~I..)~ .J.:...~,J ~ 

o..:.,Jt...........l ~i .J~..)-AL U"~ J.....).:JI ~~r~ 

.~II.a c4=a! ";~4-0 ~ ~L....,J 

. T.D.S. ~ <J..o u.,.JL.. 4i1~ ~ F~ ~I~ ~ 3.2.5 

u).,,:tll J.i.:....:i.:! rll,j! .t.,....;."...J1 ..,-!L....:JI ~,j~1 ~ .J~>,~ 

~I.",i t:" ~,J.wl rU..)~1 ~ rl,J .~I.:..4S~ Jy'~1 
• % 1.26.)1...1-"'- Jy. ~I J.;i.ll.b.....~ ......"..;.... ~~I 

(Lloyd,JW.,1985) u~ L.k .(2.1)U.JlA....l1 <J..o ..,..~I,J 
.%5 <J..o Jji ~ wi ~ \..J....:;.JI wi .JSY

..,..,L.JI <J..o o~I..,J1 IF' .J..!~ ~i .:....ii..:>. ~I d:.~1 4.2.5 

.......;S.JI K.,J 

.4-t~i ,l.:o..i ~ .li •.:..lS..;!J1 ~.~.l.I1 ~ ~l:i.:J1 u! 5.2.5 

o..):!u.... o~~ o..):!lA....l1 ..; r+"1~1 J! .UliJI ~i ..; ~~ 
~LL ~ uL.............: .L...).J.J o.,)-:!L.a..... J! ~~ .J...i .o~4-0 

o..):!~ O.J.4 ~ .J~ ~ JJ.. ~ .ill,j,J .~l:i.:J 

~I ~-J L....s: .4-1 ~I 4 1,J .o~~I ~-4J L...).J.JJI 

..; o~~I ~I..)A ~ .~ L...»-" ..;) .~.J~I .:..u....I"...J~ 

.:.~I,J .:..L...I..).l.I1 jS..)A ..; o..):!lA....lI,J ~~ ~..,JI ~I 

Ui....J1 .~~4J1,J ~I~#I~ u.,t...........l~ .~I 

~I r.J.i.,-J .(l..S...!4) .),J.J.l1 u.,U:i...lJ ~~4J1 UL.s:..,J~ 

.(4-JWI ISO, 1IS , OIML F ~,J ..:;L..,l.O. 

t:" .oWI ~4-J1 ~~ wi ..,..,I~H,J .~ L.. J! UL...:.! 
l:i..J1 Jl....L W b~ .~~ u.. . L. -- •.:..uL......J1 I. L ~ . r- - - ~~ u,,

~ J! l....u..:.. <:,S.JY- ~ .~I ~~ L:.jLO ~4-J1 .)-'...)i.",i .!l.>'-! 

J~ ~~I ~) .:..I~I ~ ~I t..~1 o.JLJI <J..o ~~ 
....ii - L.. • ·LJI.J......·II· ..-.1 ····11 l!.:U1 .(UV~I...>-':! ,J...r J" ~ -..):!A."....... ..)!J - . . 


~I,J ~ .ill,j ..,....t.,J ......WI 4...:.........J1 ~~fo <J..o .ill,j U&

.~LJI~~ 

(S.l.I,J ,uJ..I~ 101 ~lA....l1 ~I ~~I d:."" .J.l&. t-4 .6 

..; u~ly ..,..,,J~I ~I ~I t:" ~..)l:i.J~ ~l:i.:J1 ~ 

:....."1 U:!+i ~I (S.l.I o~l,J (6)J.J~~ ~.:.~+~1I,J uW>'1 ~ 

J..b..:i.ll .>'"'~ Male Female 
Ca 2.0 ~ 2.6 mmol/L 2.0 ~ 2.6 mmol/L 

Na 133 ~ 152 mmollL 133 ~ 152 mmol/L 

K 3.5 ~ 5.6 mmol/L 3.2 ~ 5.6 mmol/L 


40 -IT ~ ~..)l....Li C,JI.;:u ~I.rll <J..o %68.3·~ u! 1.6 

.:.L:.>'I,J %59.4 ~~.:JI ~ Ji.u (..,..4!J1 ~) "L..~ 
.%40.6 

u.,,:.~,.!oL:.! %21.4,J ..)§.,j %17<:,S~~L...JI~.,.;:.Jlu!2.6 

<J..o J~ ~.,y:;J1 ~.a <J..o %52,J ·r.l.l~ r~~1 ~ <J..o 

~ .i.J4-Z ~ .~I .J,J.......JI ..; ~ <J..o L..i,J .~.JL....i 
.%32 

http:4-ofi.:.J1
http:S,),J.l.I1
http:UJ..:..JI
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.61 - 53 :62 U~I .;;Lr>JI ~ (1421) ~I.i ~ .~I 

,62 U~I .~I ..,..,;:.. UL ...k-4~ (1421) ~~ ~ .~I 
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.20 

L...':'" 'rWI .~\'I ,_iH . .J.o", rk (1999) ~I..H! .;~ .ul.&k 
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