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ABSTRACT 

Total iron (Fe) and fluoride (F) in drinking water collected from Raj~angala University of 

Technology Phra Nakhon by using spectrophotometry method were detennined. During November 

2007 and March 2008, 30 drinking water samples were collected in 5 areas; Tewes, Chotiwet, Bangkok 

Commercial, Chumporn Khet Udom Sale and North Bangkok. By spectrophotometric method, Fe and 

F contained in samples were finally measured at 510 om and 570 om, respectively. 

The result found that. for November sampling, total Fe and F were in the range from 0.024

0.137 J.1gFe/mL and 0.005-0.302 J.1gF-/mL, respectively. For March 2008 sampling, total Fe and F were 

in the range of 0.060-0.158 J.1gFeImL and ND-o.286 J.1gF-/mL, respectively. It was found that, total Fe 

and F concentrations in all drinking water samples were not over maximum acceptable concentration 

(0.3 J.1g1mL for Fe and 1.5 J.1g1mL for F). The percentage of recovery was in the range from 94.3-100.6 

and 79.9-101.7 for Fe and F, respectively. Measuring method precision. the standard deviation of 

these methods was 0.011 (n=l1) and 0.012 (n=l1), and the percentage of relative standard deviation, 

%RSD, was 3.0 and 6.6 for Fe and F. respectively. 

Only Fe and F detennination in drinking water samples in this research, there are parameters 

to estimate the quality ofdrinking water such as physical, biological and chemical properties. 



mttthtlA.n~ UlA.ttt ,. ,.,,.~ 

~ut~ll~ t-t~u~~lt.pt}U!~nLt-~l L~n~ .. 
u{fh~n.unmt¥on~~Gu~ ~lt-~LV~l G~"mt¥ortLt~~l~nL!A.ur.4.t-Gl\::Ull ~ nG~nDtmGn.Gn. 

~ut~Il' t-tUuB1L.LmU~tnLNt' LlA.n~ L,t-L~m.tUllfl::Ull"::Lt~ltGrtt-GtUl"::LtUlhGIA. uUlnl~lA.l 1=' " ~ • p 0r f1>b' "It 0 .~ ~~ Ii" .,.,p f" '"" 

::Ull;~J,?LULU IA.~ ::m~ mijI1Gn.Gn. [~~'l I!L~ :ull n£LuJ,?u! ~ mL rt:: tlll1t-uL ~ O!~ nL t-nh,gI1,t\,g 

ntA.~l~ t~n::tM.u~t-rtJt.Lt~Ul nl~lA.m~WIA.~L"rtLnlM~::UllU!~n£LLUJ,?mijI1Gn.Gn.U!~ 

yw::r,nru,r,UljljU 1--..-.. 



"'111-&1 

1Jflfi~fh)fll1j1' flV fl 

1Jflfi~dml11j1D~flq1j 

n~9imnnh::fllff fl 

ff1~,j~ltJ 

ff1~,j~~1~1~ 
, 

unn lunli1 

1.1 fl111Jlilfi~LLil::~1J1i1~'.n1i'v ., , 
.,4 0 4 

1.2 fJW ff1J1J~'IJ6.:1\J1~1J 2· 

1.3 1~qtJ~::ff.:ltl'fll~1~v 7
 

1.4 'IJ61JL'IJ~fll~1~V 7
 ., 
1.5 ;r\J~6\Jfll~1~V 7
 

1.6 tJ~:: 1V')1u~tl1~ln:: '~i'1J 8
 

., 
2.1 fll~N~~,h1J;1flfl 9
 

d
2.2 I'll ilfl 13
 

2.3 '"\l66'~~ 14
 

2.4 flq1j~'H;611\J1f1111Jfi~~,.n\Jfll~1~V 18
 .. 
Qw<ICI<ICI " 

2.5 .:I1\J1'1VflLflV1'IJ6.:1 19
 
.......... .......
,


~unn 3 "Uit1fl1nl~tl 

3.1 ltJLL1J1Jfll~1~V 22
 

3.2 tJ~::')11mlm::mi1Ji16d1~ 22
 .... ... ... 
3.3 Lm6~1J6LLil::ff1~lfl1J 24
 

...... 
3.4 11ifll~fl~il6.:1 24
 

" • 0 Q ~ 
3.5 fll~'H1f1111JQfl~6.:1LLil:: LL1J\JV1'IJ6~fll~1Lm1::'H 33
 

, 
unn 4Nafll1~i'tl 

34
 
... ~ 

4.2 Nilfll~ 11fl~1::'H 35
 



" I D4.3 N"fl1'S111f1111J\'lfl~O.:l U"::U1J'WVl 

'U,,~ 5 D'ltJUa::6,fhhuJ,.,a 

5.1 ff1'llN"U,,::oih.hlVN" 

5.2 "'UOlff'WOU'W:: 

1Jnw1l.ifl'S1J 

fl1f1N'W1fl fl 

fl1f1N'W1fl 'U 

fllflN'W1fl fI 

fllflN'W1fl.:l 

40 

43
 

43
 

44
 

46
 

49
 

51
 

53
 



~	 ~ 

ftl1HYI 2.1 lmrJ1Jliitl'Util1JlflOj!lU\h'Unflf1'U6.:l...nhtl.:llU~h.:lC']	 11 
,	 .~ 

ftl1Hfi 3.1 OjiUUll:::~AL~'U~16th.:l\h~1Jmtl'U1J..n1't1t11~tIL't1f11U lllVH'lf1J.:lflll 

yn::um 22 

.. 0 • .1 ~ · \l111HYl4.1 HZ1mOj't11flnn1J1AOj!lU'U6.:ll'tfZ1fl 34 

\l111H~ 4.2 HZ1fllnhml~1J1AOjJ1U'U6.:l~U66'Oj~ 35 

.c1 tid" ... ..Q\l111HYI 4.3 HZ1mOj11tnl::'t1l'tfZ1n U'Jj'1~lA6U1'tqfl'~fllrJU	 36 
t 

ftl1Hfi 4.4 HafllOj11ml::..1~\l66'OjA"U~1.:l1~6U1'tqfl'ifl1t1U	 37 ..· ..	 . ... ...~ ~, 

ftl1HYl4.5 HZ1fllnlml::11l'tfZ1fl U'Jj'1.:l1A6U1JUlfl1J 38 

~ .. ~_.I 1~' ...t ...ftl1HYl4.6 HZ1fllnltlOjl::11nU66 HI U'Jj'1.:l1A6U1JUlfl1J	 39 ..·	 ".. ~ ftl1HYI 4.7 HZ1fllnntl111JQflfl6.:l'U6.:lfl1Oj11flOjl::11	 41 

41 

42 



I 

'U'YI'YI"" 1 
o 

tJrtUl 

II	 • II" , " 

th~1Jl1 itl1hl..lilflfll11J1Vn,nha':;m~ 'lJ~lff~lfl~ihJ'YI'i V;hrl'UL~V 1~fl U(1:;'lJ ~lff~lfla'l~ Lflii 
,	 II. II. " II 

;hrl'U6'U~~lv~{Jq'Um'n th~1J thuilflfliiloNti'U ti1'Ull1qjLrI'Uth~l1Jr;h~'U ~lflU1hh iilfl(1{J~ 
• II II II	 II 

~n'U 'YI'i vii1{Jma'ii ~:;'lJ:;'lJ'U(1~1'UUl1 rl~thLl1 rllU'A~lV1Jlfl mHi~U'l'ULiV'U vdi1JUl1 rl~thu~1'lJrlvv 
: .. I: Q I 0 ,,:: Q' od ,,,d ~ At Q

'Ul1a'lfl~fl l1~vm~'lJ(1{Jv'U1La'V~lfl1H~1'U~1~ C') (1~''lJ ~:;'YI11l1'Ul'U'ULfl~La'V ~L~1'U'U ~~fl1~1Jm~ 

, : JI'" ... 1 ," I: 1 1 ,;, 1 ..1fl1UfJ1Jm'~~Ul'UL'{J'U11~{J H~l'U fl(1Ul1(1~'Ul ~mU'nl:; 'UV'Ulfl~U1J0'l1J'tI''U'Umv l1ty'U'U lltyl11 

"'" SO,":" : "'"1 , I ~ 1.. I:	 ... I IL~{J~Ul1(1~'U1Lfl~L""V 'YI1 11'Ul~1JU(1:;'U1U~ flfl 1JL'nV~'n{J ~:;nJ'wllty111 l1tyL'nn:;'l1J'tI''Ul1'U1U'U'U 

'''' ~: .1 ... : .: .1 :.: ... '" , I ",""'d, "" '" ,:.d"0	 ~ 
v{J1J1Jm~''J'Ul1Jlfl'U'UU(1:;1J'Ul''~1Jlfl'U'U'Ul'Y1~'lS~U1U~ 1JQfl11ifl~:; l1(1fl(1U 'lJV~Ul1 (1~'Ul'Y1' 'tI'L1J'U 
tI. tI	 • tI " 

th~1Jthu;lflfl'~ l11flii,n'U'YI'i ViiLrI'UL~{J 1~fl'lJ:;'lJ'U' 'Uth~~:;LrI'U 6'U ~n lv~{Jq'Um'n L'nn:; 
, "	 " . " . 

,n'U'YI; ViiLrI'Ul~{J 1~fll1(11V'tl'ij~a'11J1U1U'n;fl~:; ~lm.j,'Uth'A 1~ fliicilV'YI{J~r,h'Uth~mrl'U 1~flii 

LriV1tiU':;UU"1~L~'U{J1l11~ L,s'U VH1191fl1~fl ''YI~VV~ ij~ ;A~,a'U'YI;V~LrI'Ua'lm~'U{J~ 1~fl~:;{Jd 
, ... ,..... 0 '" ... , I " d	 I:.1.1 "'.11 .	 'UfJ~Hn~:; 11~{J1la'a'11:;'U{J~fl'Uihv L1JV1Jm~m'll~'U{J~La'V 1JQfl~{J~fl~:;1J:;1J'UL'Ul 1J 'UUl1(1~'Ul 

"'"1 ,~.,: : -,,,. .. ct.1 ... , " : A "0 .. I Q id J
U~ flfl " ~~'U'U 'Ul'Y1 'tI'~1Jl1'{JU' flfl fl1'~:;1Jm~fl1 l1'Ula':;m~1J~lfl'~lm'tl'V'(1'U'YI~V u(1:;th 

" 1a'1m fl~fl1~iimnl1(11V,n'U'YI; vO{J'U ~~~:; 'lJ rl{Jv(1~~Lmrl~th~l1J1i ~ ~1J'tI'1;' 
".	 .
thL~'Uil,. i'vii thfity''UmHhH;191U(1:;~lL~'U{JvHv~dil1i'uil~mv'U{Jfl~lmi1'Uff1'U 

"	 .
'lJ~:;fl{Ju'U{J~il~mvu~1 ~lJ~,s1v''Um~fl1UfJ1JfJWl1tJij'U{J~;1~mvvflA1v 9l11J'lJfl~fl'UL'lA{J~m~~1J 
: ... 1 JI... Q''': ... ~: .1 A 1 ~ ... 1 
'Ul1J~:;1J1W 6-8 Ufl1 l1~{J 1.5-2 (1~~~{J1'U 'Ul~1Jfl1~L1J'U'Ula':;{J1~1Jnfl'''lm'tl'{J~flLm:;a'~L~{J1J'U 

"	 , • II" 
~1~C') l11flil~mv'~i'iJ~liiija'1~;;1I{J1~O{J',fLn~1~fliiL~'U6'U~~lV~ {Jq'Um'n,j~' 'U~:;V:;ff'ULm:; 

,	 ", . 
':;V:;Vl1 a'1~;;)JUHfi10{J'flLn~l~fl1J:;L~~ U(1:; l'flrlV~h~C')iimfluom,i'fl1l1 ''Ull~,u'U~l~1Jii'~ 

" " . ". ..."i'Ufl111JijV1J1JlflflvUl'lJ~:;'lJl ul.h'Ulfliv~mv~ Ul~1JU~~''U1~'lS~U1U~(1:;'tI'ij~ija'1JU~U~fl~1~ti'U 

,I • ., •	 Q4 Q 4 : .. 1 _I • d a QlQ ~ ~Q	 • '.1
'U'U {J~ flUUl1(1~ H(1~ U(1:; fl"1J11i m~ H(1~ fl (1 l1flV'Ul1J~ :;1J1Ul~ Ul1 (1 ~ fl1J a'1J U~L1J'U 1J~l1JLflW en 

" ", " ,
1Jl~'Jl'UU1U;lflfl Ul~Ul1rl~~')jLrI'U''lJ~11JLflWc:wl1Jl~'Jl'U~1'';''ULfli{J~MV~U(1:;~1~1JU''''U1~ 

.d " ,~'" ... " .d" d, ,,~.l ... '.. ~ 
Ul~Vl1 {J ,,~um"~'YI:;L1JV'U{J1l11~Qfl~ {J~~11Jfltll11J1VUHVl1 {Jfl 1J "'U'U'YI:;L1JV'U{J1l11~ ~~L1J'U . .	 " 
l1trlii'U{J~~Hn~ii'll:;I{J~ijn~mu~~WU(1:;fl111Ji'UN~'tI'{Ju''Um~Hn~U(1:;i'~~1l1 U1V ~11J,j~A{J~ij 

• II •	 , tI 

l1\'bvn'tl'm,iifl{Jv~n'Ila'{JUfJwm'nU1~1J' flLrI'U''lJ~l1JLflWc:wltlll1'U ~ L;;{J',f~Uilflfl'AuilflflU1 

~1J~a'::{Jl~ t1a{J~titl Ua::J~a'11J1Hl 'oNL~'U.a{J\!a-i'UJ1'Udll1i'umn;ftl'Ul1J191~!1'UJ1~1J',f~~~'U 



2 

:.Ii .:6 ~"cl "' .. 1 " ci QI

1J1A'IJ1U,.tl~U1~1JC]f~llJU'YI rJtl1J 'I1J l'tfU lJ'I ::fl1ft'm::'YI'I 'Nft11J1'IOUY"U1J1J'YI 64 ('Yf.ft'. 2524) U~::U1J1J 

d .. ... ..... ~ 4 .1 
'YI 135 (,tft'. 2534) C]f~t'hUfH1Uflw::m'I1Jfl1'Itlnn'IU~::rJ1 (tlrJ.) rJ~f1tlllJU1J1~'I!1Ul'YftllJ'I::fltl1Jfl1'I 

.1 ... 
,.tl'UU'YI::L1J DUtlnn'I 

~ ~. 
1Ufl1'Ifl11JfJ1J1J1~'IJ1Ulh~1J1Jn ~"1~'YI1~th17fl~1U flw::m 'I1Jfl1'I Vn11'I u~:: rJ11~~~ 1l1'111 . . ~ 

~1J1J'I'I'''1~L~Utl1'H1'Ifl~1Jfl11JtJ1JLU'Yf1:: L-nV1l1'fl1'I fl~~iifJwfl1'Yf1J1A'I!1U 1Ufl1'I~~ 1'I ~~1Ufl~~ 
" ... "... '4... '!"I. I 4 .. 4.1 ... 0'" 1~'"
~tl~1Jfl1'I,.tltl~qJ1~lLL~::~V~1Jfl1'Ift~ fl~~f1WcrI llJ~'I 1 'il1Lm1::'H l'Yftl"U'YI::L1J tJU ~1'I 1Jtl1'1111 U~:: tl1J 

II. " I 

fl1'Iti1'11U~tJWfI1'Yf1J1~'I i1U;JU~1,.tl~1111J ilflfl1UfI1'tfU:: 1J 'I 'I ~n11~ftii'YI 1·n~ rJiitJ1 ::fl1ft'm ::'YI11~ 
~ ~ , 

ft11inWtf,.'r1~ 2 u,j'1J ~'tfi1fl11JfJ1J1J1A1J1U111~1JU,j~l~Ufl11fl11JtJ1JtJWft1J,j'~'YI1~fl1rJfI1'Yf (~ifmf> 
~ ~ . 

tJWft1JUi'YI1~'~;11'Y1tJ1U~::fJW ft1J,j~'YI1~Lflii (fI1flflU1fl fl) ~~17u1Ufl11 'iI::fla~111~1J1l1'L~U 1tJ 

d 0 511 "J '0' .Q.:l " cI QI0

A11J'YI1J1A1 J 1U fl1 '11 U ~ 'il1LlJU 'iI::~tl~,.u tlgfl1Jm:: 1J 1U fl11 fl~~'YIQflAtl~ 1Jfl1'.i fl11JtJ1J tf"VU11J rJYJfl 
JI " II II t. ., 

;JUAtlU ii1::1J1Jfl11~1L~tlLm::ti1i~ft11tJULiltlutltln'il1n111;lL~u1AQR1J;lQflltl~L'I11J1::ft1J ~~UU 
. II." t 

'I1ftflLflweyj'1ifl1'In~1ufl11fl~~ ,.,itl GMP \l~LrlU-nU!1Uti1tiqJ;l'il::'thv1l1'111~1JiifJwfI1'Yf tJ~tl~tirJ 

... ""1 .. J 1 1"... ... 0 : 41 .1 4 1"...th"'11J~1J1 f1fl C]f~,.w::um::'YI11~ft11inWtf" 'YIrJ ~1Jfl11'i1~'YI1 GMP ti1'1111JU11J1 f1fl,.U L'Yftl ,., 
JI " • • 

GflaA1111Ji1flfl 'r1~;l L.r1.u1rJ11 ~~1UU~::11iL.r1.u1rJ11~~1U '''lrtuuU1'Y1H1Ufl11tJ ~,j'~ l-ntl1l1'ft11J11 fI 
~ . 

fl11JtJ1Jm::1J1Ufl11 fli;~1111Jilflfl1ufI1'tfu::1Jn ,11 ~ ftii'YI1~tlth~iitJ1::ifYli fI1'Yf 

4: ... ' 4 "': "'~"'.I ,d" .. ...' tN ...
A11JtJn~u1FJufltl11ft::tl1~1J1tf'YI1iUU'iI::1Jft~L'iltllJUtlgmnUtlVC]f~tl1'i11J UHi19J unft 'I11tl 

A d... '1 1 "'.1 ,~ 4:.' ,A 1 : 1~'"rr11tlU C'J Y11Jtlg U1J11rJ1fl1ft',.tl~ ~flL'iltllJUtlgi'11V l1JtlU1fiU~n~"u,.u ~n U1FJU'iI:: i'111Jfl111J 

.. , ca. ct~.. ct~ ..:. .. ~.l ct A QI 1 · 
rrfltJ1flLUtln1n ll'.i'1i19J"tl~tlUYl1V'~U'YI1rJ ~~tl~'iIUrr~rrntJ1ntlUCO) L'Yf1J,.Utln L1Jtl1JU 'I1~fl1U 
" ~,,~ .1 
,"uRu~,::iitl~mfl" tl~RU~~ 1tJ~1rJ 'r111,;'Ln~fl111J;U 1U111 Utlmnmlufl111JrrntJm" tl~111Ln~,.u 

II II " • 

"flfl11m::,h'Utl"1J~llrf~ii tl1ii fl1'ItJatlv1111ft1mnMmj111t;1fl~tl" fl1'Iii~ii ~,.tl~L'I1~tl1"u~::C]f1fl 
• • II II • 

d'A{~,,'tJ IW1Jfl111JrrfltJmtlfltf1V Lijtl111FhRUC.ii1JFhu~~1tJ1uRU .huoiu"tl~1~Q~H C'J tl~fI1Yf;l 
" : d 1~ 1 .......

1l'U1U~6fJtlg UU1fl'il::Qnn'Itl~Ltl1"J ~rJfl1'Imtl~~11J1i'I'I1J'tf1A."rr11JUfl"'iI~Bacteria U~:: 

particulate matters 6u C'J 1~tlntf1fJ tlth"1'I~~fJW ft1J,j'~'YIHlfliitl1n::ltJgtluUtJ~"HUUtJ'I~11J-iuRu 

ua::u;1i191~uuC.ii1J~" 1tJ ~"tl1,iifl'1'I~Lrtufill'l1 i tlrJ1~1L L1J~"tJU tldtf1v~1~ . ~ ~ 

Source of water supply 1~rJ'r111tJl'til.lmj111 t;1fl~tl" ij" rr'I:: l;1ulu 111FbRU~11J1in1J'tf1~ 

,::A'tl"ii Impurities tld;"u~FJu~fl~"1J1J~1~ntJi1J1wu~::'tfii~,.tl" Impurities 'uJ'14Utlg01J Location . .~ 

;luu',.,a,hu, fl11 1,.,~'Utl,,111 (Water shed) U'I1rl"Ln~;lrrntJ'Ifl (Source ofpollution) ~~tl~'iIl.1fl1'I~tln . ~ 

fl1'Utl"UUI6" (Self purification) if"Lt6tJU (Impurities) 1UlhFhRUUU"66fl1tf 3 'tfij~ 
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. ~ 

1. ii~U~1\HUltlhnh (Suspended Impurities) '~UrlV~ll1fl~V~~\J~\J1fl~H '1 Mineral 

4 ::... ~ 0 , !I... 1 ... ~" ,_f!0

matter, organic matter, algae, protozoa Uft:: bacteria C)1~~11JYWII'\Jfl'YI'YI1 l11flfl ~f1Uft::'II'\Jfl'YI 1J'YI1 't1 

... 1 I ... 

~ 

0 '" 0 

~ 

Q4 Q 

. 
t1f1fl ~fl (Pathogenic and Non-pathogenic bacteria) Suspended matters ll1ft1\J'YI1 l1\J11Jt'I' f1ft\JUft::,\J 

1rlvi~~~,1'~~1~V1J\Jll1rl1if91 f191::f1V\J \JV\J n\J1A . ~ 

2. ii~ft::ft1t1\h (Dissolved impurities) 1~lLrl Llna'~h~ '1 L'tf\J Oxygen, Nitrogen, Hydrogen 

Sulphide, Ammonia, Carbondioxide, Methane, Chloride, Nitrite, Nitrate 1rl\J~\J 

3. a'1~flVftftVtI~'\JJ1 (Colloidal impurities) 1AurlV~ll1fl~L~f1~llfl~V~ Silica Uft::~\J 

6\J'YI1t1191q~l\h&ijVtI (Organic matter), Organic acid ~~Vd'\J11.1~v~ Colloid ~hj91f191::f1V\J 

(Colloidal or Pseudo solution) 

" • , ~ II 

fJWt'I'1Jllii~v~\hUtlf1'A9111J1.I~::lfl'YI~!)~ii~fifh'H'~\Ja'f11.1~f1 1AA~~V 11.1il fiv 
~Q ~ ~Q ~ 

1. fJWt'l'1J1J91'Y11~mtlfl1'Wl1~V'YI1~11a'f1t'1' (Physical Quality) 

2. fJWa'1J,j~'YI1~lflij (Chemical Quality) 

3. fJWt'I'1J,j~'YI1~'ft;11'Y1t11 (Microbiological Quality) . ~ 

4. fJWt'I'1J,j~'YI1~n1J~\J91i'~a (Radiological Quality) '\Jfiil~::f1rl11 
~ 

4.1 fJWt'I'1J,j~'YI1~mtlfl1'W (Physical Quality}fJWt'I'1J,j~'YI1~mtlfl1'W\h 

l11J1t1n~ ftf1llW::fl111Ja'f11.1~f1'\JJ1~ 1.I~lf1D,,r1~\J~1t1911 ,,rr~t'I' l1iv',rfl1Jf1~\J'~ftf1llw::ll1lhif . ~ ~ 

1~url it fl111J;\J ~t'I'lLft::f1a\JfJWl1~1j ~::d'~1fl91'~~1t11.1~::a'1'Y1d'1JFia',r~ 5 fJWt'I'1Jml~v.nhUft::a'11l1,! 
." . - " 

fil'h1H'111ijfJWa'1Jlliil1.lfttl\JU1.1 ft~ 11.I'Y11~~1\J mtlll1'WijVgl1ft1t11.1 ~ ::m~ A~il 
~ ~ ~ 

f1) fl111J;\J (Turbidity) fl111J;\J~v~111,r\J1nfl~1f1'\J111ijt'l'l~ 

'W1f1 Suspended matters ~~'~Url'W1f1 Clay, Plankton, Finely divided organic matters l1iv!'t1f1 Micro 

~.., J" QI ,,'!II" 4Q :
organisms C)1~11JVUt'I'~t'I'V~f1~::'YI1Jt'I'l~'W1f1\J1~1~::1flfll1ml1~V~Ut'I'~Vtl1~ 1J1lJ\J~::11Jtl1Jl1~VUt'I'~\J\J 

V1~~::gf1~\J'~1,r'YI::"1N1\J'1.I'~ ;~Yi1 1,r1JV~1~\JJ1tf\J;\J 
~ . ~ 4 

~) a (Color) a~V~1111nfl~1f16\J'YI1va'1~fift::ft1t1vdl\J111C)1~ 

1J1~1f1,"'II'~l1j11nvtlA1t1 \JVf1~1f1tf\Jij'~V1~lnfl~1f1a~V~a'1~6\J'YI1vg\J '1 f1n1nflitV1~\llU\Jmil\J 2 . ~ ~ 

'W1f1fiV (I) 'W1f1 Dissolved impurities ~1~'1 fivdl\J111 (2) 'W1f1 Suspended matter Yi11,ra~v~111 
• II II • II 

11.lfttl\J'1.I ,;~t'I'V~'W1f1ihnfl~1f1 (decomposing vegetation) fiV~1J\J,"\J~\J . .
 ~ 

fl) f1a\J (Odor) f1a\J~V~1111nfl~1f1'W1f1 Micro organisms 

. cI. '1 : 0 • • "Q oII!_ A 1 J~: ., 4CI· 
~1~'1 'YI1Jvg \J\J1 'YI1m~t1Vtl Organic matters 'YI1'l1lf1flm~1\J111JVtl C)1~ \Jm~\J\n\J11J\J1J Dissolved 

Oxygen '~liiitl~'Wv ~::Yi l',r1nflf1~\J~\J \JVf1 ~lf1iff1~\J~V~J1ij'~ijt'l'11l1,!1J1~ 1f1m~~J1tf\Jij'W1f1 

Blue-green algae 'W1f1 gases ~rlv 'H'lnflf1~\J 1';\J 181fl~ltl\Jcift '-n~ 'W1f1 Industrial waste Vd~1t1lLft:: 
QI ... .1.. 'Jra'l~lfl1J \Jm~ treat \J1 '2 ...' :t1~V1~lf1fl~\Jl\JV~~lf1m~ 
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: • d tI .1... 
.:J) H1 (Tastes) nY"V.:JUl L'JfU Lfl1J Lmtl11111U 11ft:::"1JU1J 

• tI tItI tItI ..I 
ft'lLl1~1J1Vlfla.:Jfiv 'tJih'JiuU1UUij Dissolved salt VdLrluilU1U1Jlfl. U1UU ft'l~·rurlUflHll1!VPll.:JtJU 

tI tI tI tI 

Vd~1t1. U1Uij Iron compound Vd~1t1. 11ft:::U1Uij Excessive chemical treatment 
tI 

QlQ 4 WQ 0 " cI 

4.2 fJWft'1J1.J~Y11.:JLfl1J (Chemical Quality) fJWft'1J1.J~"V.:JU1Y11.:J"lULfl1J 
.1' tI tI .4 • tI tI 

LnPl"UL,jV.:JVlflU1UUft:::ftltJLV111i1il~ '1 HCJf.:JijfJWft'1J,j;Y11.:JLflijYhhti'ty '1 'IlV.:Julijti'.:Ji1fiv 
tI tI 

fl) f1111Jm:::~H'IlV.:JUl (Hardness) f1111Jm:::~1.:J'IlV.:JUluti.:J 

vvmrlu 2 'JfiiPl fiv (1) f1111Jm:::~1.:Ji1ml1 (Temporary Hardness) J'l'rnfl;i'ijfl111Jfl~:::~1.:J~ijft'lLl1~ 
tI tI 

Vlflft'1~'n1fl Carbonate 11ft::: Bicarbonate "V.:J Calcium 11ft:: Magnesium 1U1.J1.:Jfli'.:JL~lLitlflUlm:::p.l.:J 
tI 

'JfiiPlu-hLlIu'n1fl Carbonate Hardness (2) f1111Jm:::~1.:Jm1~ (Permanent Hardness or non-carbonate 
tI • 

" Q cI Q .... oIlCIc:I'
Hardness) f1111Jm:::Pll.:J'JfUPlULflPlVlfl'W1fl sulfate 11ft::: chlonde 'IlV.:J Calcl~m 11ft::: MagnesIUm Y11Jvg 

tI tI 

1UUl ~fl1:lW:::"V.:JUlm:::~H (Description ofwater) 

(Hardness-mgll as Calcium carbonate or ppm) 
... I 

50 ppm L~t1fl11 Soft water 

II50-100 ppm Moderately soft 1o:&'~1J'1
 

100-150 ppm II Slightly hard
 

150-250 ppm II Moderately hard
 

, I '''4250-300 ppm n Hard water 1Jfl1~ 'JfPl1J
 

300 ppm " Very hard or Excessively hard
 
tI 

,,) f1111JLrlumPlLrlUPll.:J'IlV.:JUl (pH Value ofWater) O'l11ti.:J 
tI tI 

'JfiiPl'llv.:Jul1PltlV1fftl pH 'IlV.:JU1Uft'1 L~lV:::uti.:JVVfl '~LrlU 3 tJ~:::LflYl flV 
_ tI tI 

- Acid Water: Ul'W1flU V:::ij Hydrogen ion concentration q.:J 

•• : I : J" ,: c1 .,.Q ," 1 " .. ~ • 

f1V1J pH ~.:JU~ 6-1 Ul'W1flU'PlUflU1FJUYI~flft.:J1Jlt1.:J1.J~I1Wtlll1~VlJ.:Jl1tyl CJ1.:JV:::LlJUmPlVVU '1 L'W~l::: 
tI tI 

~11Jilll1!V~.:Jl1tYl~flV:::ij'W1fl Organic acid Vg1Jlfl 11ft:::UVflVlflUU f1111JLrlumPl"V.:JU1V;V1J1Vlfl-h 
tit! tI,,,, 

U1UU '~i'1.J Waste VlfllH.:J1U~~ft'111m~1J 'W1flUlyiLriumPlUft'11Jntlft:::ftlt1~:::ti111!VflVUfl;fl'~ 
, , ," . " 

Uft:::V1V-nl11fLnPlnuft:: f1111J;U tlULijV.:JVlflm~nhLnVtI" V.:J'W1fl N'flYiijvd1UUlYiLriUmRU 
tI tI 

• 0 eI.cI , • 

- Alkahne Water: Ul'n1flUV:::1J'Vi1fl Hydrogen Ion vgq.:J f1V 
tI tI 

c:I " 0 c:I., eI • 4 _I
1J pH Vg~::111H 8.5-14 Ul'Vi1flU1Jfl1JLflftV'IlV.:J Sodium Carbonate l1~V Free carbon dioxide ft::ftlt1IJU 

.~ 4'" ... :..1 ~ ,,:..1... ~~ d ... " 1 d4 0 1" d ~ ..I 0

Vg'l1t1 L1JVLYltl1.Jfl1.JU1Y1LlJUmPl11ft1 U1Y11Jt)Y11iLlJUPll.:Jfl1JUVtl1Jlfl Y11:lflflV Y11 l1L11ftmlJUft'U1J Y11 

" ,,: I

111111JVU1~mVu 
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," , " 
t.li1l1tu~tH Oxygen ;li1::rmJt:ldhnhff~1r1'U~1,bVfi1~f1 Pollution 9i1~ C'J ;lijt:ld''U,hlf1Vfl1'10fl 

. . .I 0' tJ Or· B. , : ,tJOxidation ~'Ufl1 11i1f1'Yi1fl gamc matter Ui1:: actena 'U'U1i1~ fI 
.. 4,d ,,: d 

~) Toxic substances flt:lYi1flff1'Lflllfli1::i11Vt:lg 'U'U1 'H 
, II' " ., 

ff1111U"'h 'll'fl'Ul1it:ltY~ri';ltJilf1fl1h,r'U1~1't.l1r1'U tl'U~11Vt:l~h~~lVUHO~Un;1f1'~ ff111111;'U' ~un 

Lead, Selenium, Arsenic, Chromium, Cyanide, Cadmium, Barium, Fluoride, Nitrate 

~) Substances affecting palatability fit:l'Yi1flff111flij~Lrlt:lt:ld''U 
: ~ " 'A: 0 " Q ~ t::Q cI

'U1U111\l::'l1fl1111'U1tJ1 lf1fl~ t:l~'U1i1f1i1~ 1'Vi1 1::~::f111111flfl'ff aUi1::fli1'U~'UUfl'U1'U'U ~ ff1'lflll 
II 

1111;'U'~Un Iron, Manganese, Copper, Ziner, Calcium, Magnesium, Sulfate, Chloride, Aluminium, 

Phenolic. Compounds. Alkyl benzene sulphonate ~1t:l~h~ ~t:l~ff11LflijtJ1~t:lV1~ (Toxic substances Ui1:: 

Substance affecting palatability) 1W 
.:. .:. tJ ,_1, , . " ,d 

- fl::fl1 (lead) f1::fl1f11~1 11 'U'l~fl1V~::ff::ffllt:l~ 'U'Hfl1V 
! • II " II " 

n'lij,,::n1LO'U 0.05 lIfl/~f1' ''U,hU'Ufl111~fl'~,j1,r'U1aV 
II 

- ''U1fl'fl (Nitrate) ''U1fl'fl,h'll'10fll'fl~11;jV1tH;'''Ufl1'fl 
• • II 

(Infant Cyanosis l1it:l bluebaby disease) t.li1l1tu~t:l~ ''U1fl'f1;l1l1flfl11t.1fl;J t:l1~1r1'ULflit:l~Ufffl~11,j1 

J'U, ~i'tJfl1111ffflt.l, fl1l1 \llfl~f1 tYfl1'l1i t:lfl\l \l1'::11it:lff11v'Ufli 6~n111;it:lVUl11 
II , 

- fli1t:lh" (Chloride) ,jUi1't.lirflijfli1t:l""t.I'Ut:ld~1f1 lf1f1 
.... : .... : tJ •• 2 , .. , .... 

lflflll1\llfl'U1f1::1i1lfli1t:l11'f)'U11fffl\llfltJ1'UL't:l'U 11,t:llH~1'U \nm1l1tu~t:l~fli1t:l 'f1q~fl11t.1flfl t:l1\l 

Ell ... ..1,:: o.t! .4 : d'2
l1J'Ulfl'tHtJ~'lt11'U1'U'UQflfl1""ffflt.l'fll'Ut:l~\llfl'U11fflfl,flfl tt 

- ~\'It:lt:lh" (Fluoride) l'UtJHUM~t:l1n::ij~\'It:lt:lh"t:ldU~1 

. ,'UJ1fl1111nll'lt1~ ~~UtJ111rl'UHi1~''Ufl1,i1t:l~n'U 1,fll't'U r-j u9i~1111fllO'U't.I (1I1flfl11 1.5 lIfl/~fl') 
t:l1\l,hlll'lOfihfl~\'It:lt:ll,c;U~t:l~~'U (Fluorosis) 

• II • 

- ll1gfl (Iron) fl1';lijll1gflt:ld''U,j1UtJ11lrl'U;lU1i'~lflV\l 
o ":lICIcI: ."",, cI o,,!it Q., 4 f/ 0: Of QI

lYin::f11'11'U111U'U1fl1i1Ui1:f11'"lRt:l~nffflt.l'fl t:lflfl~f11 '"l1J'UflntJflflfltJlmt:l~'tJ~mu 1fI Ui1::V~f11 

'll'1ff~t:l~lfl~t:l~~lIlt.l~V'U 'tJ~1f1 
II • 

4.3 fJtuffll,j~f11~'i1;11f1m(Microbiological Quality) ,j1;l'';tJilfitl 

" .. I Q 4 f/.d • , tJ .. 1 ' ,,,.. ~, II , 

\l::flt:l~1J'lfl'\llfl'i1'UfI'f1f1"l 111flfl ,tl Ui1::flt:l 111flflfffl1Yifl 1I'U1~1'lt'U Bacteria. Protozoa. Algae. 
II 

Fungi. Virus. Wonns ,a'U,,;ti'tJ1~9i1t:l1\l1l1\llflfl\l\l1,::~o~~ibvQ::U'U~~~llrl'U~t:l~111f11~i1t:l~n'Uij 
" " , II • 

'll'fl\l\ll':: l1it:l,j '11U1tl1fl't.I'h1ll',j1tJ11f1tlffflt.l'flUi1::l-nt:ltl1111 hit.l,:lIUI ,j1;l'';tJnfltl\l::.tt:l~ 
II II 

'~i'tJfl1't.Ii'tJt.ll~fJtl1fl1"lltl::';'l;t:ll, tllffVflt:l'Uu11\l::ij1l1fl'fl1,i1t:l~n'Uij' ll',j1ffflt.l,flU111~fl111 1,tl 

.,; .... .. ""... .l 1 .,; " :'2 ' .. , !I!'II .. .. ..,.., ~" f1lflfl\llfl,i1'UfI'Vl1't:ll'ltt:l ,f1f1t:lg 'U'U1 "Ufl t:l1111flfll,tl ~ &f1~t:lVfI htltJfI 1,tlfltJt:lfllfftJ llJUfl'U 

1 ..d.... : • J ..!:II ., 4 ,

'tlfllflfll'Ut:l~\llfl'U1llJ'Ufl1fli1Hfl11'fl'Ulnl'Vfln1l11 "Water borne diseases" t.I'1I1tu~t:l~ Micro 
. ,:: ...., • .,;. d ." :.1., .",..1

orgamsms 'U'U1'U'U1It:lg lIfl~f111'U'Ut:l'U 1JI~'::1I1fl111t:l'U6V'U'U~'UfltJ Factors f1~fl6 t.I'U 
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" fl) Source of water ,';\J \hFb~\J ,jflihJi1J1W'UV~ micro 

• : t'lQ : 
organisms \l~fl'll\J1'Vl~\JUft::\J1FJ\J 

.:14 . . tJ,.l, .,
'U) Nutrition fl1~Yl1J mIcro orgamsms 1Jlfl\JVlJ lJV1J'U\JVgfl'U 

" " tli1J1WVl't"~'\J\h\l'\J "1 ~'llJ 
~ a 4' .dolClQ Q • 

fl) Temperature 'lJ'UVfl factors 11\J~'VI1JVYl1i,.ftVlVfl'll1J1Jlfl 

\lVlJ'UV~ Microbes ,'!i\J "'lfl Bacteria "'lfl~''li\y'\JfJW11fJii\l~LilJfl'h Thermophilic Bacteria, 

fJw11fJiitll\Jflftl~ iilJfl'h Mesophilic bacteria Uft::tI1~ttfij~')j'v'U~W11I.lii~l "1 iilJfl'h Psychophilic 

bacteria '~\J.,f\J 

~) Lighting "'lflUfI'~ Ultra Violet Ray ~ijvd'\JufI'~u~~ . " . 
fl'11J1U1YilftlfJ Bacteria ,~ miufI'~U~~~91'~\JVlh~v~ dl11i''U1ttfoWttf11iV '~\11,nlJ'lti'U photosynthetic 

system 

" 
'l) Salt mnVUiAH"1 ~lijvd1Jlfl"1 '\J'l31'l::',r Bacteria t1H 

W~11~~Lt/i\lltI1~ttfij~~'J1V'UVd'\JJ'1~m1Jlw'Uv~mnVLivt/1~(Halophilic Bacteria) 

" 
~) Dissolved Oxygen U1d'lij Oxygen ft::ftllJVd1J1fl "1 U~'l 

" . 
"'lfl Micro organism t/::LtIi\y'~~1J1fl l~lJL~"l::'W'lfl Aerobic bacteria n1Jfi~1ttfoWttfV\J 

' 

"1 ~'llJ d'1 

" ." 
Oxygen ft::ft1fJU1U'Vll1J1fl11iV ',jija~ij;1R '\JUltI::R1lJ111J~U9i61t/ij'W'lfl Anaerobic Bacteria LtIity 

.. I • 

L'W8lJVlJ Organic matters 

ttf) Pressure ~ijfl'll1JfT\J'UnfJlfl1ff 'W'lfl Micro Organisms t/:: 

... "11 '11 .. • ,,,.... • 
Lntyt:lg 9lfl'tJ1lJURll11J Pressure ~~ Lttf\J RYI::Lft11~t:I1J111f1'llYl~ftfl "1 'W'lfl Micro Organism Lttf\J 

" . . 
Bacteria 'WtJ'hijL;;lJ~ 2 - 3 'J1ij~LYhU\J;jfl'l1J1~Clij;1P1t:1d'~91flfll~YI~ftV~'WtJ'hVifl'l11JfT\J 2,000 

atmosphere '::11~~ activities lIlt:l~ Bacteria ~fl'll1JfT\J~lfl'h 6,000 atmosphere t/::ii~ ',jfl'l1J11Cl,j1,48 

.d d .., o. ..;, , ..''l"l 1!'<I
YlL'W1::Lt:l1 ") l~ Ylfl'll1J~\J 6,000 atmosphere t/::fI'l1J11ClYl1ft1lJ Bactena YI 1J1J spore ~ L\JL'lft1 14 

i'll1J~ ~fl11JJfT\J 12,000 atmosphere t::fI'l1JUClfi1ft1lJ Bacteria ~ij spore '~\JL1ft1 14 -i'l11J Uft::fll1 

tI.d tI ..,..., .. .., " 0 " '11 •
L ftlJ\JU ft~ft111J~\J8lJ1~YI\JYlYI\J ~t::Yl1 

, 
11 Bacteria R1lJ tHllJ 

o" aa. w" 
CJr) Agitation and vibration \J1Y11J gentle agitation \J\J \I:: 

" . 
'111Jl::fI'1Jdl11i't1fl11Lt1iqjL;)tJlR'Uv~ Bacteria UA'\JU1;jij Vigorous agitation and Vibration . . . 

OJ) Sound or supersonic wave fln\JLalJ~;jijfl111Jn 289,000 

~ 0 , " ... tid tI ~ 11 ...1Cycles/sec \J\Jt/::Yll 11Lfl~fll1L ftlJ\JU ft~YI~Yl1~9l1\J Chemical and Physical VlJ1~1Jlfl1JllJ CJr~ 

Bacteria tJ1~ttfij~ LrlV '~i''UflS\JLfflJ~ fl'll1Ja~~ '1 fT~flrll1Li1\J1::lJ::l1ftl\Jl\J"Vt/::fi1',r Cell lIlV~ 

Bacteria UlJflfl'ftllJt:lt:lfl 
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. " 
ty) Electricity l~m~'YtlZodl.:Jfj.:Jn,zllfflYHh,r'U'1iffl1Jl,mIZ 

'ill Bacteria ,.n~rJ~Hu9ilrl'U".n~rJ'm.:JO'01J flO lY~mzuff~H ~Zyhhflfi~ Electrolysis ~.:JYhhflfi~ 

ffl'~Lrl'Uffl,i\juti Bacteria L';'Ulfi~ flnO'i'U ~ln Chloride L~'Ui'U lY~mzllffffnU ~z ..;'hfflOl'tf1JiitJ.:J 

yhhf Bacteria ~lrJ 1'Um,~n,zUfflYn1iyht1'U~nrJ~0 Bacterial protoplasm 1'tf1io'Unu~Yht1'UlJlnrJ 

~O protoplasm 'U0.:JnIJl1~'UtJ.:J~'U1Jl,i'U~L'Ytnz11mzuff""I;j-,'1iffl1Jl,mh'U Cell 'lJ0.:J Bacteria 'tJ'~ 
.. • : CI • Q ..J '1

'tf'OL'YtnZ11 Bacteria 'U'U1J Negative electric change O~llnZ~ZLn~ Electro pharoses 'U'U L1JOOg 'U 

Electric field 
ClQ Q •

tl) Atomic energy 1JOfl1i'YtnIJlO protoplasm 'lJ0.:J Bacteria 
• .cI .,.,.del I ., rI: J CI' Q~ Q 

1')j''Ul~rJ1n'UnU'n1J1JI0 Protoplasm 'U0.:Jff~1')j''U1I.:J'U'U1JlllnZL'YtrJ.:JlllJlflOl'tf1J1JflLO~~lnNuclear fission 

'el , .. do,,,
U~L'YtrJ.:J0rJ1.:JL~rJ1n~Z'nlnlrJbacteria ~'tf1J~ 

., _I I.QU

13 lft~~1Za~ftnl1l9n 

.. ... ; .1'" d •.I' ;";"'1 :.A 1 ....... 1 1 ...
1. 1'W01LflnZ'tf'tfllJ'1J10l'U0.:Jl'tfnnunZl1~00 '~fl1J 'U'Ul~1J 'UL'U~1J'tfl1fltnnmflfl 'U ntl 

" " .
'l')j'1J.:Jfln'W'~'UfI' ';.:JUUUU"''U1~i'J~ffuflunzo.:J,h~1J'U0.:J1J'tfl1flmnrJ 

.. _~ cs., : .. Q d , rI : .. rI 
2. l'WOLlJ' tlU LfltlU' Z~UfJQUll'Yt'Ul~1J'U0.:JtJ'1J10l1'tfnnun~~ ~ 00 '~'UO.:J'Ul~1J~l1JLOOl'Yl 
o " ..... 

1Jlft'!1'U'Ul~1J'U0.:JmZfl'1.:Jff11il'Olq'U 
• II JI , .... ~" .... 1 ... ~.... 0 .... 1" ~ I3. L'WOLlJ'U'U02Jn'Yt'U!l'U 'Um'ft~ftl1JLH1'Z1.:JfJOlm?!'Ul~1J 'tfLlJ'U1Jl~'!1'UL'tf1J1Zllnm, 

Ui1ftfl'U0.:JUnftn\jl'tfio~f1nln, 

1.4 'UOtJl'Uftn11l9n 

" .
~'1''tfl']i1JltuL'tfgnun~~Qoo' ,~1'U,h~1J l~rJ1i1'l'LtJn 1fl,1~l~l1Jfl'i 1'Ul'U~1J'tfl1'nrJ1nrJ 

CI : r Q tI Q rI ... 
lflfl1'U1ntln')j'1J.:Jfln'Yt,z'UfI1 'n.:J 9 flOl~ '~UnflOlZ1ff1m'1Jfflff~' f1OlZ1flrJ1fflffft'Un~Lflfl1'U 1nrJ 

..:. ~ 11"'; ;
fltuzflftffl'tfm'1Jff.:Jflounzoonuuuu~')I''U f1OlZL'nfl 'U ntlfl'tfm'1Jfflff~' f1OlZffmil~tlm'1Jfflff'" 

rI Q ... 1 rI .. Q 

unzm,otlnuuu f1tuZfllfflffft'fl~ffl'tfm'1Jf1OlZffnlJfflff~'UnZflOlZU''tfl'1iln~ 

• 
1.5 i'Ufltn4n11l9n 

oIIQ4d 0 Q .. ., .::I. d S' 

11im'~lL'U'Um'1~tI UnZffm'Ufl'nlm'fl~nO.:J/LOU'U02Jn 

" 1.4.1 UUUnn1~rJ LrI'Um'1~tlUUU Laboratory Experimental Research l~tlihlrJnZLOrJ~~.:Jij 

" I) 01' fi 1'tf 'U ~ ffftl'Ytilty'tf 1 l~tI;t~" 0l1D.:Jfl111J V1Lri 'U 1 'U 01'1~tI n1J';.:J 

1hz1t1')j',r~'Ai'u 
. . " 

2) '1U'11J"'02JnYilntl1nUm'1~rJffUfl''U'Ii'UftO'Um,1LfI'lZMfll.:JLflii 
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II I • II 

3) d1n\lVf'U;l~16fh.:JLVf6fhH'U~'~L~1J~16fh.:J1'Uu~n::fli'.:J 
.:: d '" I d _ 

4) 'U'ULfl1J~16V1.:J1~VLn1J~11J11i1J1~1J1'U 
~ ~ 

5) .u'U~6'U1Lfl11::,f~1mjH'nHLflij~1VL'nflijfl'rlHffLtJn 1'n1fflnill~vij.u'U~6'U 
.:: ~ Q ~l"1 d 

'Hn1V'U'U~6'Ull]f.:J61i1J1V L1 L'U1J'n'n 3 

6) 4'UA6'U1Lfl11::,f,j'61Jn'nHffi)~ Llj'U nn1Lfl11::l1'fl111Jfln1~Lflg6'U fl111J 
" 

'J1 104" .,4 .QQ ~ 

\lnA6.:J U'n'UV1'H 1616vn::mmn1JfI'U'U6.:JL'nfl'Ufl1LfI11::'H 

7) m1tJ1::Lij'UNnm11~V 11V.:J1'U/LNVu...d .:J1'U1~V 
II . II , 

1.4.2 .u'U~6'Uun::11i1'Um11~v m1L~1J,j'61Jn m1tl1'H'U~-rl'U;l tJ1::'lf101 ~16fh.:J <1nClJ 

111J111J,j'62Jn d1n\l~'U~'U6.:Jmi1J~16fh.:J tl1'H'U~'~L~1J~16fh.:J m1L~1J~16fh.:Ju1J1Jm1~1Ji16fh.:J 
~ 

U1J1J~lV (Simple random) un::m1~1J~16VHU1J1Jij1::1J1J(Systematic) ~1'U1'U 2 f1i'.:J1'U,r1.:JL~6'U 
., : • &t .. QI I .,.Q 0'01 I : 0 ... 

1i'U11f11J 2550 un::L~6'U1J'U1fl1J 2551 m1L~1V1JA16V1.:JUn::mn~/mnLfI'1::'H~16V1.:J'U1~lL'U'Um, 

~11J11i1J1~'J1'U'n1.:JL'nflijmYLtJn 1'n'1~L1J'n11~v61ffvm,i~m1~~n~'Uuff.:J'U6.:Jff"~ff'U 1\lL;lV1J01J 

nn~1J1~'!1'U 

.:: - Q "1! QQ,l JI'" JI
1.4.3 'U'U~6'IJUn::11im,''Umnlfl11::'H'U62Jn 1~Vfffl~""'U!1'U1'lf1~m'01::\llV'U6.:J'U62Jn 

, JI • 
~un 

1) -nff'v (Range) . 
2) fl1lijV.:JL1J'lJ1J1~'!1'IJ(Standard Deviation)
 

3) fl1fl111JUtJ,tJ'1'IJ (Variance)
 

4) ffi)~~1~'n~ff61Jff1J~~!1'IJL~V101Jfl111JU~n~1.:J'::'H':h.:Jfl1LU~V'U6.:J
n~1JL~V1 

'~url t-test one-Group 

-Ill.. , , ~ 
1.6 1J1:: tl'lf'UYlft1Rll'l:: R1t1 

~ .
 
1. m1J1W'U6.:JL1tgnun::~U66 "tl'lJ1hA1J1'IJL'U~1J'H11'nV1nVL'nfll'U lnV'l'lf1J.:Jfln.... '::'lJfI'i 

~ ~ .
 
tl.:JLL1J1J1J"''U1Ril~ffij'nun::ti.:J1h~1J'U6.:J1J'H11'nV1nv 

• II II • 

2. tJ'::Lij'IJ f1111JLaV.:J,j 6q'Um.... un::tl'U~' 1v'U6.:Jm,tJ'Uliltl'UL'Hgnun::~ U66, ,~1 'U1l1A1J 

~ :4 
~11JA11JLflWcrl1J1A'!1'IJ'lJ1~1J 



,...
 
tJYI'JI 2 

II II • 

m'Nn~ultJ~lfltl'Ufll'1fU:tJ",t1~ffii'YI\l:~(J.:JihJl~'J1U;r.:JL~(J.:Jtl111Jff:(Jl~LLa:fJwfll'r4 

-. - 1J191'!lUU1~1J ~.:J,rU\l.:J '~ijn~Lf1wcri'~.:Ji1 
• II ...... "" 

2.1.1 ffCl1U'YI9I.:JLLa:mtll'Na91 
• II • 

ii~.:J~1mtll'Lm:tJ~nW 'n~Lfiv.:J~(J.:J(Jg, Uiinf1Jl:ff1J '~lil',\'Lfi~m, 
tI ". • 

lIuLiI(JU fltJU ltJ~lfltliiNn~ 'tf ~ tlt~l'~ ffl1J1UI'tf ~ m~v.:J' ~~~tJ.:Jij1Jl91'm,il (J.:JflUmm, Nn~~(J.:Jij 
.,: ~ ., I"" ~ 

N1H'YI.:J 4 'l'tlU m'\l~mm'tJV1.:JUtJV\l:91tJ.:J1I,:n(JtJ"1V 

". II II II1. ,\'(J.:J~~~.:JLtl'tJ.:JijtJ fJlImwlli'tJ'lWIll'r4Ul ~(J.:Jij-nUal~L6V.:J'tiijUl 

" ... "" d 11 " .. .: d " .. : ... .: ..I

2. 'tf tJ.:J'tf, tJtJ,nwLf1tJlll'lfU:ntJU111.:J 91 tJ.:J1J'r4U 'YILL'tf.:J 1J'lfU'tf, (Jvn'r4U 1J 

II II II 

3. ,\'tJ.:J'tf~tJtJ~nW~1.:JLLa:rU1L';tJlll'lfU:tJ'" ij-nUal~&6V.:J '~ijUl;r.:J 
II •
 

c::I 0 Q" o"'''.aS' ~
 
ua:1J'YI1.:J':tJ1VU11J':tJtJ\l~IIVnlll'lfu:ma.:J'tJaHua:'YIaHU111 

II 

4. ,\'tJ.:JtJ", ij1Jl91,m,iltJ.:JflUm,lIu&i1tJumiHijll,:ff'YIifll'r4 ij 

"d _st., fI ,'5ft .q.,.,.q 4" .. .I cIGo' 4
'YIHL~ltJtJn'YIffl1J lUIlJ tJ.:Jn1J ff~1 U1Ja.:J 1J&lJU'YI1.:J&~UN1U lIv.:JtJ,nw 'tf, tJ'tf tJ.:J(JU '1 1J"~U al~&tlV.:J 

, lei : ., cI : c::I ttl 4 t .. 0 ."., •

1J1JU1~.:J&m:1J'YIH':tJ1VU11J 1~:LLa:/'tf'tJII'YIUtJ"''lf.:J'YI1tl111Jff:m~.:J1V LLa:'tf(J.:JtJn'~.:Jnal1 

".. 'I" .1""""'" "" 91tJ.:J1Jm, L'If&m:lJ~tJ9I.:J1U\lH 

" ... "" d "" .... " .. :... .: ...... d
5. 'tf tJ.:J'tf, tJtJ,nWLf1tJNa9lflWerJ 1J'If1J'tf, tJvn'r4U ,tJ.:J,tJ 1J':tJtJm,Lf1tJ 

Nn9ltlWcrJ L-AtJ' tJ~l'tf\llV lu anllW:Nn9lntJUlh'lI~l'tf\lltJntJU 
II II 

6. mtll'Nn9lUltJnfltl~tJ.:Jl~dl'tfi'tJNn~m'tflUrh,rULLa:ij':tJtJllff~ 

ff11.:J ':tJtJnUthtJ&'YItllmfl'~~ ijm,n(Jff!Hl1'Utl.:J ~ltJUnm,,jl1.:Ji'nll1Ua:liltl111Jff:m~ijm, 
• tI II • 

uVniitJgtllfftJ ,\'tJ.:JU1,\'tJ.:J tf11JtJtJmrJU tY~ rbu '~lI:lI1JfltJtJ~nwNn~ ~U 1~ IIa:-nuiitJ~ &1WfiH'l 

~tJ.:J'r4(JLyttJ.:JfitJm,lIn,j~.:Jlu'~tJth.:Jff::~1mLa:lIatJ~tltJ 
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.. ... .... _I ~ ... 
2.1.21flHI~1J6 lfl16~~01 U~::f.JlJ01Wm1FnWl 

N1'tf,rl'U6~1fl~ 6~ 'tfi 6f.J1.I01or~ ft1J Nff1~ rJA1~ om!1tIilflm;1~1 01'fft'l~ 
" 

'lin6l\fln~ffii1Ju~::'lilfl'U,h, ffl1Jl10'tilfl111Jff::m~u~::fill1;;6 '~~lrJ i6~ij~1'U 1'U1'f61~rJ~Uft:: 

6fh~,r6rJ~6~1.I1::06t1~1rJ 
,	 " 

1.	 lfl16~'tfi6f.J1.I01orm11.1i'tJfJWfl11'f\1l
 
A ... _I ~:l'


2. lm6~'tf16f.JlJ01Wnl~fI1'lf'U::t1111 

3.	 lfl~6~'tf16f.J1.I01orm1t1"1
 
A ... _I ~ ~ 4


4. lfl16~'tf16f.JlJ01Wm1lJ~N'U0 

5. lK::'tfi6uli'Utln1 ~1'tf1Jl::ff1Jlh'tfi't1'U'Ul~t1111~Al~O'U 
"	 . . 

6. limf~1111fl'Uli61'f~lffAO PVC 'tf16 1'fft'lv'Ui1iifJWfI11'f,r~li1rJ1Jti'U 

'U60~10iiJ~~6~ijm1A11~ff6t11.11::ii'nifl1Yfm1'til~1'U'U6~f.J1.In1or6fh~ff~11ff1J6lYi6l\f . .	 " 
ij''Ul~'hJ~iifffl11'fm1'til~1'Ui1l1fN~ii6d iim1'tilfl111Jff::m~u~::fill1;;66fh~1~rJ~1'f6 ti6'UU~::'tf-a~ 

" 
2.1.3 U'tfrl~111 

" .	 . 
111i11111J1N~A~6~~;'~~lfIU'tfrl~ 1ff lmo u~::ii~1.I6o~ 'tf16ii1J1A1m1 

"" "" 
i16~ O'U 'lil\fln~m11.1'Uli16'U Otlll'tfrl~111 ~N~A~6~1~t1A16fh~11n lOU'tf rl ~111' 1.1 A1 1~11fl1 1::" 

t	 " " • ,

fJwff1JUii'nl~lflii mrJfI11'f U~::'~'U'n16ffih&ff1J6 6fh~,r6rJiI~:: 1 fli'~ U~::/'tf16 'Jofli'~~iimll1.lnrJ'U 
,: "1"!1I" ~.. ~ I: !11" 1"1U'tf~~'Ul 11'f6 'lfllJ'U'U6\1~lOrJ10tlmll1.l~rJ'Uu1.l~~fJWfl11'f'U6~U'tf~~'U1 U~;;lIJ'U'U6\1~ 'If 'Um1 

" 
1.Ii't11.11~fJWfI11'f111 -	 ...2.1.4 0111J11m1N~A 

. "" 
l~ rJi1'1.1 ~::U,j~l fI'U 2 'Ii'UPl6'Ufl6'1i'UA6'Um1 016~1.1 1::06t1~1rJm1 

016~~1rJffl1~&ij'Ui1016~'lfii~9h~'l 'tf16l~1i Reverse Osmosis (R.O.) U~::,f'UA6'Um1,jl~lrJ 

1461~'U'n;6 1.I1::06t1~1rJ m1l~Uff~tl~A11'1161~P1'tfi6l~1::tIt1 161Clf'U 
...... 

2.1.5 m1fl1t1fJ1JfJWfI11'f1J1A1!1'U 

" Q" d., I fI: ~ .Q .:I• Q	 4ft 
~N~P1P16~10tlA16rJHff ~ A1 1~1Lfl 11::'tf'n~'n H~ l'U1 ~ 'U 'n1 rJ 1fl1JU~:: 

" .
YHimfLfI'U1.I1::~1 1~m~1'fl::'nl~~1'U1~'U'n16A11~ff6t16~H,r6rJiI~:: 2 fli'~ L-n6A11~ff6t1'h 

.. ..,	 .14 .:i 0 

N~AflWIfI1JfJWfll1'f1J1P11J1U"11J'n°tl'tf1JlrJm'tf'U" 

.. "11 ........

2.1.61Jfl~lmU~::1I'U~0\lW::~ IltlPl~lU 

" 
~1.I6-U;~1'Ul'UtI;11WN~P1~6~u9i~mrJff::m~i~lgtlff'U'li'nl1gtl'lilfi 

lfl~6~1.11::~t1 ~1~U61Hff::m~'JOflf~ti6'Ul~1J1.I6Uii~1'U ii'tf1J10 alfl~1J Al'1;'rJUOtli'~N1J al0'ULn6'U 

" " .. ~.. ~ ... .. ~ .1" 1!1I ....I

Nli1~1.Il0 16~1'nlfl'U~:: 1 tll1'f6lJ6~0'Um11.1'UllJ6'U~~l'UN~AflWIfI 'U60~10'UA6~ '1JllJ'U11flA~A6 
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~ ~ . 
111ulosm;'i''UntHl 111uihnAuNav'Uf)l~riu 1~LnA01ostJ'ULiJu'UOS 111'r1~ ',j1J~1f1f1Ul111OS ua::\11J1J11~ 

'UW::tJnllii~l'U Ln'U91'U 
.1 .. .. ~ 1" "~,_ I ~ 0 ..,QI

mOS'UUU\.j~1~'UU'YI::L1JtJUNa9lflWIfIo1os ,,~aln 91U~L1JU 1J~111111~OSJ1U'YI0111U~ 11a~mos 

4 o..cs d " • .Q 4f~ :
mOSNa9lUa::~111U ltJ ~::1I01OS91 OS1~tTUmn1J9I1UtJl~1I11Lfln::11 L1JU OS:: tJ:: OS 111'Y1~01OS tJos ::01fl'Na01OS 

~OS1~1Lm 1::H'YI1~ 8u1I1a,,'U 'tf1U111t)jn1u1UL~U~ ~n'U 'YI~ 6111n ~"TA f11111N~L~ U~ ~nu 'YI~ 6 flUNn91 

Ul1111 '~1J~tl'YIi LnU1'YI~ g~~lfJn U91trlij-n\lUU'os~Lnu~::ijfl1111NAflufh1JutJ1::01fl'NA1Il~OSJ1U 
, II II. II II 

1'Y1~;~~;,n11 L~tJ~~mAuu1u;ruuosn;ru-ntTU~;~~lLilufI;ifilA 1'Y1~ ua::tJi'm,h,ju 'Uw::i1ij01os 

tJi'1JLtJgtJU1::1J1Jfl11JfJ1J111~ lAtJaA~lu1u61111OSfl11JfJ1IL~'Vn:: ,,r,rutJa~l,h~~lLnU LA1Jij 39 '!filA 
II • , , 

afU11~UL,"tJ~ 17 "ilA U~\h~1IV~LnU61111OSfl11JfJ1IL~'Vn::ud 1UL1u~'Uu~mOSfl11JfJ1I01OSNn9l-nA 'ii\'~1 

GMP (Good Manufacturing Practice) LoG'11111fL,rU01OS9ln'tTUtJumU~Nn91 O1ostJos::OUfJWfI1'W 

,::iU~L~1J~1Uth~1I 191n~UU1J U91V,n;, ,~, ii\'L~1I~ L'W11::ij~U~109tii\'1~ 1JfIa1m LLa::~1JtJOS::1I lW 

tT~,fu d'1~Nn9l~::,f1tJ~~f111 ,f1tJ~1Jnflfl f11osijmostJos::oufJWfI1'W Uth~,rUtJ~"TA 1f GMP 1Il,f1tJ 

fl11Jf311mOSNn91 Lf1U1~,tu1''111 iiufl'l~Nn91 'ii\'1I191OSJ1U 
~ . 

\h~1I1utJOS::L'YIff''YItJ ijm1fh11U9t1l1~1J1U ~ln11altJ11\htJ~lU L,fU t111U. m1lU'Ul,j'tJ .,a1 

19tn fltJ. VA9Il11 WHO 1ftil111"1J1U'UU~-n\lUU'nl'Lyho1J 1.5 ppm t111U. U\.j1a1J\1~tl9t 1~Lyh01J 1 

ppm L~U~til1J1911Jl'U'UU~-n\lUUh9t1uJ'1 ;~ijfl1111u"n~1~O'UtT~1U~111~~ 2.1 

, ~ 

Rl11~;1 2.1 LmtJm-ntJ1Jth1l1911J1U~ l1Jnflfl'UU~11"j 1tJ~lU,h~'1 

"8\1a ",hurR WHO 8U.iI alI8.il2521 ., Iiin1UYl1"U 1511 
.. 
,hunnft 

1~,,~UY1 

iJ2531 

iJ 2527 \11536 1534 
Imwan 

th"~R 

V~qR 

Imwan 

81jlaul'" 

V~qR 

I mwan .. .. 
m"~R11 

'''U1::alI 

I mwan 

8'iTau'" 

V~qR 

fll1JJlrJ~n"I-.h~ 6.s-a.S - 6.s-a.S 6.5-8.5 9.2 7.0-8.5 6.5-9.2 6.5-8.5 

a Pt-Co 15 15 20 5 1.5 5 50 15 

fll11l;1.I d ..
'e1.lYlQ 5 5 5.0 5 20 5 20 10 

; 
tfUa::~l1rm<ll"1I" 1InJo'" 1,000 1,000 500 500 1,500 750 1,500 1,000 
.I ...
11'''1'I8.1n m, 

1::'''0 
fl1111n1::,\'1<11 1In/o", 500 - 100 - - 300 

0.5 

500 300 .. 
'''fln 1In/o", 0.3 0.3 0.3 0.5 1.0 1.0 0.5 

lw<IIolOn 110/0'" 0.1 0.1 0.05 0.3 0.5 0.5 0.5 0.3 

118<11""<11 110/0'" 1.0 1.0 1.0 1.0 1.5 1.0 1.5 1.0 
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ft-lln::il lln/ft9l1" 5.0 3 5 5.0 15.0 5 15.0 5.0 . 
'" 91::n1 lln/ft9l1" 0.05 0.01 0.05 0.05 - 0 0.05 0.05 

1fl1" l{jfJll lln/a9l1" 0.05 0.05 0.05 0.05 - - - 0.05 .. 
IIflfllll fJll lln/ft9l1" 0.005 0.003 0.005 0.01 - 0 0.01 0.005 

tr11"'M\I lln/ft9l1" 0.05 0.01 0.05 0.05 . 0 0.05 0.05 

1,J,6Y1 lln/ft9l1" 0.001 0.001 0.002 0.001 - 0 0.001 0.001 

oiftl?!91 lln/ft9l1" 400 250 250 200 250 200 250 400 

tlft6hR' lln/ftfl1" 250 250 250 250 600 200 600 250 

t'Ul9l1"YI lln/ft9l1" 10 50 4.0 45 45 45 45 10 

?!Q66t1"R' lln/ft9l1" 1.5· 1.5· 1.5 0.7 1.0 I 1.5 1.0 

flfttli'U6tr1":: 

91n"'1-II 

l~ll;;l~lll 

100 llft. 

0.2

0.5" 

- . - - - - 0.2-0.5 

utJiiiifJ 1,J,::UlYI 

ltla?!6!ll 

l~ll;;l~lll 

100 llft. 

0 0 <2.2 <2.2 - <2.2 - 10 

utJfliil;O 1,J,::UlYI 

Ylfift1fla?!6i'll 

lln/ft9l1" 0 0 - - - - . 0 

.. 
UtJl1"fJ1J llfllft9l1" - 0.7 1 1.0 - - - -
~'U6ft llflla9l1" - - 0.001 - - - . -...... 
IIftl'UOll llfllft9l1" 0.01 0.01 om - - 0 om 0.01 .. 
l-11'U lln/ii9!1" - - 0.05 . - - - -.... 
8 Qlll'UOll llflla9l1" 0.2 0.2 0.2 - - - - -..
16 tJ 18tr llfllft9l1" . - 0.2 - - - - -
(Alkylbenzcne 

Sulfonate) 

tllfJ1t'UR' llfllfl9l1" 0.1 0.07 0.1 0.2 . 0 0.2 0.1 .. .. 
'UOlnft llflla9l1" - 0.02 - - 1.0 - - -
WHO = Guideline for Drinking Water Quality, (WHO 1984, 1993) Recommendations. 

: "''T - 1 ..~.. tI60... lJ1911"!1'U'U1m ulfl 'Utllw::m1"1Y11Jfltr'UYi 911ll 1"::01ffn1"::Yln-lltr11inwq" (".ff.2534) 66n9l1ll "1"tJ. 

6,..,11" ".ff.2522 

trlJ6. =ll1911"!1'UNa9lnW'Y1~91tr1'Hm1"llJ1tJnllfl 911lltl1"::01ffn1"::Yln-ll~f1tr1'Mn1"1"ll (".ff.2521) 66n9l1ll "1"tJ• .. .. ~ 

ll1911"!l\INft9lIlW"'~91tr,..,m1"ll ".ff.25 I I .. . .. 
mllYli',,6= ll1911"!1'U111tJ1tllftiilfu;1Ilfl 911lltl1"::n1ffn1"::Yln-ll~91tr1'Hm1"ll (".".252 J) 88n9l1ll "m.111tJ1f11ft 

".".2520 

lOW'Y1f2Wtll"J1tJ1lnft''UWtJYI .s lOW'Y1f2wm"J1tJ11Ilfl''UWtJYI "8-11flw::mnmntJ1'H11"1ftH01' ifl'~jjJ1 
tr::61f1''UWtJYli11"1''81W1in1" m::Yln-llll'H1f1'YlO 2531 
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If
2.2 l')Iao (Iron) 

2.2.1 rr1J,j~,t1 't1'\Jtl~I't1gfl 

1il~l't1gfl (Fe) jjfl111Jffl,j't'\It\Jtlijmvllfljjl\J11~01V't1alV~Ufl l't1gfl1\J1vulltJtlg 

t\JI~fll~tlflUfl~1flt,Li~\Jri1\Jtl1::fltllJ'\Jtl~i11J1flfi\J (Hemoglobin) ua::li1\Jri1\Jtl1::fltllJ'\Jtl~ Enzyme 

I 1 oJ d 't tI ..l 0 QI ... .k ~ • tI
~1~ '1 flVfll'Hafl\)::111Jtlg \Jrrl1 1::fltllJflrrlflt'\lfltl Porphyrin U~:: Heme c)s~lu\Jrr1\J 1::fltllJ'\Jtl~ 

• • II 

1tl1;l\Jii';1't1,rliiffl,j't'\I't1altl~Ufln1Jil~i11J1flafi\J1\Jl~ofl '1J10lflafi\J (Myoglobin) 1\Jfl-A'11JI;Jtl 

1m:: Enzyme Cytochrome p - 450 I'Hgfl6~li1\Jri1\Jtl1::flOlJ'\Jtl~ Enzyme ~\J'1 6fl1'1i\J Catalase 

peroxidase ~~';1..,,rl~'\J\Jtiltl,,,1tlUaflltlgV\Jtltlflcil\)\Jt\J1H01tl ';11,fjj;1P1tld'.l' 1il~l..,gflt \J 
• II 

It1U1J1Jiili1\JOU\JfIi 61'1'11 \)::1i1\JoWll~tl11~01tl fT~u\J11~ 01tl;~ jj"1J1\J011 oWlfl'1l1\J011~fliU1J ,,\Jtil tl 

ua::l~lJ 1'1':: rr1JI'Hgflltl1, -rt.n\J11~01tl t\J rrtl11::t1fl~ 11~01V\)::i'flllltl11;rr1Jt2a'\Jtl~1i1~1't1 gfllt:l1'l' 
tlth~Ji'\Jfl~ u~t\JlJl~mwt:l1\)\)::jj1:hli'tl~l~'1 ~yh t ,flilfltl11::Y41tl~'t11tllil\J'~ 

t111Jl0U..,gfltldt\Jfl\JJ\JUflfl~1~';\J 3 -5 fli'1J ~\Jtld,;l.1 t:I1~ IY4ff '\J\Jlfl tl11::0111tl~\J1011 
~ d~' •• d. ~I 

q"tl1Y4 t1,::1Jl011tlVa:: 70 "tl~I'Haflfl~'t11Jfl tlgt\Jmtlflfltlt\Jl1JfllatlflUfl~ lflV1u\Jrr1\Jtl1::fltllJ'\Jtl~ 

1811J1flaii\J~~';1..,,rl~Y41tltlfl.I\)\J't1t.n\J011"'lvt\)t\J1CJ1aa t\JJ11~tlflfitlY4alrr1Jl (Plasma) ~\)::jj 
did " tI ...... d" t tI ..1 ~4'" •• QI d

1il~1't1aflO~lafl\JtlVfltl 1::1J1W 3 1Jaam1J mamtltla:: 26 \)::lfllJ \Jl '\Jtl~ll1tl11f1\J (Ferritin) 't11tl 

1811J.lfltl1\J1fltJ"1J 2111Jua::''\Jm::~fl l~tl '1'ffl't1i'lJrr!Hff1811J1flafi\J'\Jtl~l~fll~tlflUfl~t\Jtll1J 
II • 

«tl~01,tf l't1gfl!tltla:: 3 tlgt\Jfld'11JI;jtll..,gfl\)::Ii1\Jtl~,ftl1::fltllJ'\J6~rrl1iilitlfl11 '1J1tl1flaii\J 

(Myoglobin) ff1\J ~l't1~tltlg t \JJldtltl..,altl~Ufl~jjtlg t \JLaraa l..,gfl~Y4lJ t \Jl~tlflli1\Jl't1gfl t \J rrtl1Y4 

I oJ... I ~~... oJ I d ,:...k,.....,:...k
1l\Jrr~fl11Vfl11f1n\Jrrl~tl11\J(Transferrin) fI\)::rr~l't1afl\)lfl1\JtlWtl't1\J~ t1tl~tlfll\JtlltJtl"'\J~ 

I ~... QI 0 tI t QI d ... ttl ...
n~01tl1J~)W1JaflllW::\)11Y41::..,altl 1::011 \J011'fllllrr1Jt2alltl~1il~l't1aflfltl \Jtl11:: flPl 

11~01tl\)::qtlllfftll't1gfl1fltlO11atlfl"'~fl'\Jtl~lC)Saatltlfl\)lfl11~01tl 1fltlfll~~\)\)11:: iJrrffl1::ua::l..,~tl fitl 

1\J..,d~'1 Ulfftl't1,11 1 - 1.5 ijanni'1J li1\J011qt'\llffV~\J-i\J!1\J\Jtlmr\J1H01tlrrl1Jl1mhl..,gfl1Jl 

tntWfl Ijjtll~fllatlfll1fl~"'1Jflt:l1~120 1\J ~\)::Uflfl"1';laltla~ 1811J1flafi\J~jj1il~l't1gfltlrJJ\J~\):: 
't • O't1 t did 'l"I~O .k ..tltlfl1Jltlg \Jm::urrlatlflua::UflfllalfJ \J011rr::rr1JI'Hafl n~01tl\)::lfllJ -~ Ltt\)1\J1\J't1\J~1Y4tl 

o 't1t.J!'ll ..i I " d.l " ~ ~ .r II I QI\Jl "JJ 1\J~1~fln~01tlPltl~01tJ1't1afl1Jlfl"\J 1~\J 1::V::flltllltl~011f\~fl11tl \Jtlfl\)lfl\J1H01tltl~ 

..:. ., d ,~~ ~... d .I 1 : "'1 t oJ
ffl1J1U'l1Y41J01'~fl.1Jl..,an ,,,ntl1l11flflO11'\Jlfll't1afl'\J\J fltl1Jlft1!1\JfJWtl1Y4\Jl1J1 tlfl \Jtl1~\J::fI 

II 

i1flffiifl't\'nl"'\JfllflWct1~~U 

lflW~tl~1a1Jq~qfl 0.3 ijanfli'1J~tli;P11 (t11::01ffm::fl11~rrl1il1wq'\J ~,j1J~ 61 Y4.ff. 2524) 

lflW~tl~1a1Jq~qfl 1.0 ijaafli'1J~tli;fl1 (1J1P11!1\JNaflftW~~f1rrl..,m11J Y4.ff. 2521) 

V~ '~jj011nl"'\Jfl (WHO, 2003) 
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2.3 yf'88"~ (Fluoride) 

2.3.1 fflJ,j;,t1'tJ~6~~U66hA 

~U66 'Hl (F) L~'U'6tl6'U~6nl~~~6tli'UffllJ1Hl'W1.J6d,t1'tJ''U1i~~lJ'lflA 
• .1 , ~ .!"I'" ... ..l ~.I .1· 1 .1 •.1 OJ!~'" " 
11~66 H'I'W1.JlJlfl LlJ'U6'UA1.J fI 13 ~tl~6~f1lJ~::fl61.J~6~LlJ~6fl afl fflnJ~::fl61.J11~66l~AlJtlg 'U 
..., 11 :....... ~ .. , "'1 . IQ d" ~,. I
ffAff1'U 16tm:: 0.065% 1~H.J'Ullf'Ufl~6~LtJ~6fl1~flA~'U'U'il~fl1'il'W1.J~U66 ~A 'UlJ~lJ1WL~fl'U6Vfl1 lJ 

• " J/ J/ , 

,'Ua~U1An6lJ';~''U-M'U ~'U \hFbA'U Ul1.J1Al~ ~~6tlh~m::'illm'l11~a~U1An6lJ~1v11i~H~o'Um~ 
JI 

lnAtJiimVl~ 6~tJL~l'~ L~ 'U ~'U Llf~lhtity~6~m~~ ~m:: 'illV~ 6~~U66 , ~A'L,rl~i'U 1.J~ ~ Vlmff~1lJit~ 
JI JI JI 

m~~A'Wl~U6tl' ~A'illflft'1JA'UU~::Ul1~W~lJ' 'U f11~fl~1.JO'U~~6tl' ~Afl~1.J~fj'U~'U U~::Ul~ 1vm~ 
JI 

nlJi10'U01.J~'U~::66~ N'Uua::l1lJ6fl fl1~m::'illV~1~6~~Utltl hA"l'UUl (hydrosphere) ~1Vm~'If::nl~ 
JI JI JI JI 

~ 6~Ul,h'U,"'U A'U U~:: fflvui ~~ ~Ul1.J1Al~U~::U1FbA'Ul~ 1ffllJl~ O"1.J ffl~~ U66 , ~ A''Uft'IfNfl , ~AV 
., ~ ~Q : ... ~,~ .r

fll1~A.1.Jffl~~U6 tl h A 'illfl'W'UA'UU~::'U llf ~6~AO]flJ'illfl fll.~Utltl· ~A' 'U 61fllff'U 6fl 'illfl'U 

fJ"ffl"m~lJ1.JH'lfUAL~'UUlf a~ lhtiqJ~';l'11'~U66 '~Afl~::'illV''U ii~u 1An'6lJ~ 1V L,f'U fJ"ffllfm~lJ 
tlUihumJ Llfgflflnl flnlf~tllJffl~ ~6ffL~" fl1~';lmA~tlff~6ifl fln';lU01 L'11n~fl U~::6J l~'UA'U 

, ~ #I Q 4..l... I Q'JIIl Q : , I ~ '.1
~U66 ~ALlJ'U1il~'If'UAlf'U~f1lJ6g"llJ1i~~lJ'lfl"U~::'W1.J '" &'UA'U 'U1U~::"llJUlf~~mfl1~ lJ 

''UtJ~::lflff' f1V'W1.JlJlfl' 'U L~"1l1f11lfU tlU~::1l1f1"::1'U"fl~ tl~tJ ~::lflff i'~lf 1A~ H~ 1'U1l1fl LlfUtl~'W1.J 

~U6tl hA1Y'Ul;V~~lV m.i 86~ff6'U ii,.~'U ~;,tJl~ 'W::Lm L~'U~'U ri1'U1l1fl,,::1'U"fl'W1.JlJlfl~mqJ'il'U1Ji 

n'lf1Ji l~'U"'U , 'U1i~~lJ'lfl;}~U66 hA'il:: '~6d''UItJ~6nlfJ6ff~::di6~'illflL~'U1il~~iifh6Lgfl1,,~ 
_ ..l..l " .1 •.1 , ~4 ~, Q "'I ... 

l'Ufl1911fl (Electronegativity) \1~f11ffl fl1~f1tlg 'UIlJ~6~l1Utl6 ~A.~l1J'U tl66'Utlff~::lf~6nlJfl'Uff6~ 

~ •.I'" 4 ... #lid 0'''#1 .l..l .....
6::9I6lJfl~lVllJ'Ul1U66~'U(F2) '11~lJff01'U::llJ'Ufl1O]ffll lfllJ'U6::"6lJl1~tl lJL~Q~f1~lflLff(\VHn'W M 

"., "'I , .. " , , ~ ~ ..l... 1 ~ ~ 
"6~'11Jfl1.Jffl~tJ~::fl61.Jlf~6m1ilfJtl'U'1 6~ 'UItJ~tl~U~1il~ ~~66 'flLlJ'Uffl~f1lJtJ~:: V'If'UlfaltJ"'l'U 
~ Q~'" ~ ~ ~ 
f1~f11~fJ"ffllfm~lJ f11~flnlfl\l"~ fI1~1f1tJlff1ff"~ Lflff'lfm~lJU~::flnU'WfltJ tJ~:: 1v'If'UfI1~fl1~u'WflV 

• .1 ,~. #I ' .1 0'" ~ " d ~ " " ...
~6~l1Utltl ~flfl61lJU ff1'U 1J~:: fl61.J~ tl~m'ill'W1fllff"tJ~6tJA U~::m9l1'UlJ::l~ ~ LlJ'U" 'U 'Uf11~f1 'U "m~ lJ 

JI JI JI 

'f~U66hA''Ufll1-l16~o'Ui1\J~ 1flVNfflJ''UUltJl111'UtJlfl1'il~U~::Vlai1'U nlJ,;~tJl1~AU~::tJ1Ul 
" ".. "., tI •• 

~U661~A "i6NfflJ''UU1'UlJlfitlUl~lJ1ft6,-nu,"'UYiYiii~Utltl'Ufl'UU1~lJ,"il m~i'1.J~U6tl'~A1~1~ 

il~mu1flv,,~~ri1'U'lfqj1fltJfl1~~lJJ'llfi6fl'Ufl1111~~ii~U661~A ri1'Ufll~t'U~'lluo m;lflv'1I161 

.'1 ..l... , ~..I. ..l ~ A, "'I "'I" Q ... ~ ,

~'U~::66~f1lJ~Utl6 ~fll1161J'U lf~6m~ff::fflJflL'U6W6'1ftl~tJlflfl6ft\J lf~6 'UUN'Ufln1.J,a'UfI~tJ ff1'U 

... "'I ..l... , ~ Yo " 1 "'I..." "'I #I'Q

fl1~~1.JU1"~6ffl1f1lJ~U66 ~flL"J1qn~fl1tJ ~Wfl1~fl'U f11lf~tlUfll"llf~tlfll~6flllJ'U tJ1fltJ 

1"QtJ~::ff~ft1'Ufl1~i'fl\ll ~~,'Umwif ~1lJ,f~m~~ i'1.J ffl~'W1fltJ,.hulJ~~lf i6tJlfh i'flfJ"Ift'lfL'l11' 'U 

, 1 ''''I' 'd .I " , , 1 0'1 ..1 , ~ ~..l Q " ..I
n~fl1U flU'~ lIlf~6 lJfl"llJ N~f1lflfl"\J"6n~mv lJ 'lfN~1I1flffn""~66 ~fl AtJ"Hl1U66 ~flllJ'U 

. - 1ilfJiiij,i~Na~u~:: N~laV,jtl1f"1l1'W d'liitJilJ1WU'6tJ' 'UUIfa~u n::Y1tJil6 ~ O'U 61m~Y1'U ~ 1flV - .
lJl"~Jl'UfJUU11'WU11.Jnflfl ''U1l1'1f'U::iiilflffUfI 

1fltuerltl~ l~lJ\1~1ffl I.S ~~ftfli'lJ,jtlft"~ (tJ~::fl1ffm::f1n~ffl111~tu1f" U,j1.J~ 61 'W.ff. 2524) 
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ltlwcr1'6~ 11llJ\(-3tyA 1.0 ijll;tli'lJ~6;'t1 (lJ1"1J1UN;,.tlWcr1'~,.t'l'1'Htl11lJ 'rut 2521) 

fi1lJ1,.1J1U 1.5 ijll;tli'lJ~6;"1 (WHO, 2003) 

2.3.2 111::1v'lnr1J6-3~~66 11~ 

lJ~l!IV111r~tl~\l66 h~1J1U1Ut1'i12oo iI ~~66 h~L~Ut'l'11111::tl6'U~1~~1tl 

~\l66;U't't1Jlu1i11lJ'l11~,t1'11 ,r-31uJ'1 -Au~u 61t11ft' -n'l1 Ull::d',.{ 1~ijt111131t'l'11~~66h~lJ11f 
.1 1 ~ 1 ~ ... ~ ..1 'I ~ ~ ~ ~ " 1IlJ1:: V'l1UlJ1tllJ1V U1-3t111U't't'YlV 'YlU"U't't'YlVUll::~,.t'l'1'Htl11lJ Tl\l66 L1Al1JULl11i1~'YllJ~l!Irl"6-3m1 U 

11;lJ1wLgtlU'6V 11~ijtl11lJ\f1tlOJlJ1tl ~\l66 h~1~Utbu111::tl6'U~ff1tlOJ1J6-3tl1::tlt1l11l::~U 'lhrut'l';lJ 

t'l'r1-3t11::~t1lm::~uhfu~-311H lu'YlHnu,.tl11lJijt1111'l1'Vl\l66h~i1tHtiu l1tl~U~lJ1U1Ut1'h 50 iI 
"	 .. 

n-31U11111tJ'Ut11, flUUll::1flU't't l::;ltJU,j1~U 1Av;l~\l661,~tJHtbu ~::;j111fim V1titJ11tl1l1'iVlJ1AV 

111~vu N~tl6-3tl11,::tl6'U'H-ntl1J6-31fl~ 6tJ~U '8A'6tl'i6111, 'Yl't1111~U~~66{6::11 1, 'Yl~~-31t'l'ilVHi 6t11' 

tiAtl'6U1J6~t11A11gtl;iA(Lactic) ;j11l1'~1~UU~-311' -3 ;j11l1't'l'fl1't'tt11A~tJ;l1W~1~U~-3ij~~6t) h~ 

llAU'6Vft~ ;j11l1'lflAt11't'l'r1-311;1i1~tl-ntJflUlJ1 Ull::;j11l1'T1uijfl11lJ~1U'Yl1U l'fl~u~'~ d'1;Hmv'~ 

i'tJ~~66' ,A'1u11;lJ1W't't6l1flJ1::6rh~t'l'~11t'l'lJ6~::t'l'1lJ1nl'lhv 1l1',j1T1u11~~l1tl; -3 llAO't'11'fl~U ~,~ 
.. 11	 ... I ... ... 1 "'I~ 1! 
tl~ 16Vll:: 60 -	 65 111l::V-3'l11VllA6't"t11'LtlA ,tlt11::~tl't't1U1J6~~fJ-361~ L"6tl"1V 

it~l1J1'h~~66'nflflu1i1~~~11flu1AV't'ttJlfluff1U1'Hq;1U t11::~ t1l11l::1fla6tJ~U 'lbv;j11l1' 

d • 1"!':'I I .1 •.1 1 ~ 1.Jl ... 1 .1...... ~1! _'I'"
tl'::~t1l11J-311Hlm::'Yl1 lfl1U'YlU't6t11'~lJltl"U11~66 'A61~'l11VlJ6-3tlU ,tllJ''YlU't,,1V Ull::lJ6~tlU 

" l'fltl,::~tl't't1U ~~66 "~'t'ttJ1U1i"lJ'l11;i lU1111J6-311fl1l1'iVlJfl1l6 hA' ii6g1u-n'l1'Jtl'l1UA U''t{131 
" . 

111l:: ~U 6nl;ilJll-3lu131~lJlu1111J6-31')niivlJ~~66hA' (Sodium fluoride) lUff1U~1-3'11J6-311lt1l~U 

111l1U1UlJ111~111~fl6-31flU~tlt1lilV-3tiu'hd'1''''11lJ1tl'1 ~::1~UOU"'1V;j11l1'lflA hfl~~66 h'Jit'l' ~-3ii 
... !':'I!,. ... .....1 , ~"'.I I.1 '1! 4fttlllW::1J6-361t11'l1Ul1JU1A'1lt1A1JU "llJ6tlUl1~66 'Al1J1 lJlJ1tltl11 2-8 ppm 

2.3.3	 fl11lJlflU~1l1J6-3~~hR 
... ... 4 •.1 , ~... ~ ...... 1 A... 1 1"..1 'I ~ 

t11'ltlA't'tlllU6n1tll1~66 'A lJt11'"tllll1~V Ul'6-36U't'1V Ut11, 'l111~66 L'A 

I ... '1!: ...... ... ~...: .1.1. I ... " " , ~ 4
't'ttJ11 61~lt1A ,,'Yl-3'l1UA1UVtJ't'tllUl1ll::1'6H 'Yl~U1JU6gtltJfl11lJl1JlJ1JU"6~~~66 'Alm::'::V::111l1'Yl 

'~;tJ 1AVlU't't1::~i11VtJH"v~ij11fimV111~6~~66 h~ 

2.3.3.1 t11'lflAoWll11tJtJ16vtJ't't-nu lflA'1tlt11,i'lJ11'::'Yl1U~~66' ,~1 U1J;lJ1WlJltl 
.,.,	 II.,. 

111l::1Ufli'-31iiv161~~1Vt11Hi-31~ fl11lJl,r11~NA 'H;6~1Vfl11lJ't't-n~lN1l6 U6tl~1tl,rU 61~lflAntJ~tlflllfi 
d 1.Jl111 1...1.Jl I ... .....1 , ~ I I ....... .Jlil. 1 .1'1! " I


'1V1'l11UlJll-3tJ1-3'l1UA.-3lJl1~6f) 1fINt'l'lJ6glJ1tl Ull:: 'I LlJ\ltl11i lJtl't~::'t'ttJ~ 1VlJ'::lfl'YlU I'tU6V11't 

I , d...	 ... ...1 ... " 'I 1!. I '''''''', ... 4 •.1 '''~'' 6VH 'tlA ~1tlt'l'tl't fttllJFJntJ'1lJ nlJ'1tl{)11lJFJM11tltl11lJ't1V6Ul1J6n1tll1~66'Al1JU'tUL'H'J 

lJ1tltl'h 600 '1V 61t11'~1l~lflA;fUlilJ~1tl61t11,J'11l1V''Hll ;j11l1'lflAtl11lJNA11tl~1J6-3'::tJtJ'YlHl~U 
... A '.Jl .. .1 _t! _t! ... '.1 ~"1 "Jfil'" •61'H1' lJ61t11'tlllU 11 611~VU lJ1A116~ 116~lAU Ut11'lJJlJ't'tV1tJ11l1tJ6~'tUtl1' 'H~ 1VtlUUlJ'H'f) 
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, , , ... • '1 ... ~ " ~. ,~'" ..1 , ~ .I • '" 'U\'I::')f'ltltJll'llfnfll'U1'l::nJ'U1a'.:I H'Yttl1Ul1'll'Yt{l-a1.:l'YI{l.:l u1n.:lflltl ",'Ul1'a{l{l HI1J1fl'U'U{ll\l'YI1 l1 
" ",

fll111Jli1{1 '~ijuH lnAfnfll'lfl~ .:Ii'l'U{I.:Ifll111Jli1{1 ifl llH~'Ula{lA~h 11'l'\'Il11Jll1l'l'l U1'l::{ll\llnA '~'lltl 
,. " 

111'l::~ltl''U 2-4 i'll1J.:I 'U'U1Ailn'U1ll1'lyh'M'~ltl,h::1J1WSO ij1'lafli'1J~{J1hl11!fli'l 1 nl1'lfli'1J 

2.3.3.2 fll' lnA~ll11UUlf{li'.:I lnA \'I1flfll,n'U~g{l{l h~1 'U tJ;1J1W1J1fl~Apj (lfl'U 

4 '" " ••1 , ~ 4 " d .....I' ~ ~ , d, " 'U1'U C') l1'{I\lU~{I.:Il1\1{1{1 'Al1'{I{lg 'tJ'tI1J')f\J'YIUn\1{1{1 'A\1.:1~11J1i"1J')f1~
Q \llflfll'nfl'}/lflq1Jfl'U'YI A 

" ... " 
i'u~~{I{I , 'A"''U111A1J''U tJ;1J1WU~fl~l.:lfl'UtJ nflnN1'l A.:Iij 

" 
- ~~{I{I hA'fl'll1Jl.a1J..1'U 1 tY'l'U l'U111l11'U tY'l'U ..11'M'lnA~A~l.:l'UntJ'U 

~ SIll , ::11' .114 I 

- ~g{l{l "Afl'll1Jl'U1J'U'U 1.4-2 a''l'Ul'U'U1'~1'Ua''l'U 'YI1'l1lMI1{1tlA1.:lff 
" . 

ll1a{l.:lO.:la111~11'l illfla {lU~'U , 'U mi1Jfl'U \l1'U 'l'U11'{ltl 

- ~~{I{I hA'fl'l11Jl..11J..1'U1J1flfl'h 2 tY'l'U''UJil(l'U tY'l'U fh1M'lnA tAaJ1 

4 ~ ~ ... " , , ...
lfl1'l{lUl1'UllJ'Ua'l'U1JUl'l:: 1Jl'tlU 

" tJ 

- ~~{I{I',A'fl'll1Jl..11J.a'Ui.:lU~ 10 tY'l'U''U111l(1'UtY'l'U ';l'M'lnAN1'l~{lfl 
~ , ,II • II ~ A,

'::~flll1'l::'U{I fl'::~fl a''l'U tJ 1'l1tl\'l::l1'U1Ll1'l:: l1 tllU m::~flflA.:I{I ')f'l.:l ,::tl::qA 'YI1tl'YI1, l1 fl -al1Jl'U{I{I {I'Ull{l 

ll1~{ltJ~ltlld{lfnl11' ijfll'ltJ~tl'UlltJ1'l.:l~m::~flU'Ul1a.:lU1'l::fl1'lltllrl'Ufl'U,"fll"tt iifl'Ytu''Uijibtln,tt 

i'u~~{I{I',A'1J1fllrl'U'::tl::L'11'l1'U1'U 

"': d~, ~. "Q d Q 4
A~'U'U\'I::ll1'U'''''ll ~~{I{lhA'YI1ll1lflAlA'U'YI{lfl~\1{1{1 hClfa' (Dental fluorosis) l1'{lon'U~flm:: 

11'" Q' '" d... d,,, 4 '" d Q.l,~ ,
l11fl ,,'U1J1fllfl'U tJ U1'l::'ltl'YI1Jfl'l11Jla'tl~fl{l'U'U1~\1~fl{l 'ltllAflon'U~flm::a'11J1'tuflA'U'U '" l'U')f'l~fnq 

• ~ 4 .,: , " •.1 ,~, d.. ~ .:. ci" ., ., ~ ,'4 .,
' 'A 'UlAfl\'l~llJ'Ua'~'YI~{I~'::1JA'::'l~llJ'U{ltlHtl~12lA{I'U\'I'Um::'YI'l 32lA{I'U A~'U'Ufll' 'Jj'11~{I{I '::AU 
., tI • " 

~~{I{I hA'illl11J1::a'1J1rl'Ufitl{l1Ji'Ufl{l 0.05-0.07 ijl'lafli'1J~ (l111l11!fli'l 1 nl flfl'1Jfl{l1'U ''Uilij 

4 '" ••1 , ~ ,,, ... ~ ,...: d... Q , ~ 
l11J1tJfI~fll"Ul1~{I{I 'A \'I1fltJfllll11'l.:l Ll1J \'I::1JflUftf11l1'YtU 'llfll'A1J'U 1'n1JtJ'1J1W~~{I{I 'A 1.0 . ".
ij1'lafli'1J~{ln~, \'I::a'l1JUfl,btlla';1Ja'!Hfl'll1Jll~~UH'U{I~on'U llflfll'~1J111ilijtJ;1J1tu~~{I{I"~2-4 

ij1'lnfli'1J~tla~,1rl'Ul'11'l1'U1'U C') \'1::';1'M'lnA hfl~'U~flm::''U1~fl'A ~~{I{I hA'tY'l'U'l1qj~1J1illV'1tti'u 
: .4 ., ,~"" , .. d :.. ... ,

\'I1fl{Jll11' U1'l::'U1A 1J U1'l::tl~{ll\l ,,'u N1'U 'YIHtJ{lA 'U fl' W'YIU,
Clilnw'U'U1J~~ {I{I''U l1, {I N~~'U'U{I~ 

~~{I{I h~~~fl':: \lltl{lg' 'U{Jlfllf11';'U U;l'lW~ij1H~l'U~~a'll1 fl"1Jflq~ll1gfl (I::~ij1ijtl1J ~::tt'l 
... , , ",_ I ' , .r , , .", . .. ..

'YI{I~UA.:I11J{ln~flltll11tl \'I1'U1 1Ja''l'UNa'1Jll11'll'U\'I::ll'Yt,m::\lltl tJtl~a''l'U~HC') 'U{I~n~flltl Clfn::1J 

N1'l1';'U1~tl'lfiufll,i'UtJ'::'n1'U 

" 
tY'l'Ufll'~A~1J'U{I~~~{I{I hA'L.a1~; HflltllAtlFh'U'YIHfhH1!~t1'U'Ytu 'A1l'{ltl1J1fl Ufl {llt 

lrl'U'tJ'Ald{lfbl11!~'AU1JFTa'flU~~{I{I;'tJl1;{I'SlA'l\'I'U~ ~{I{IhA';hl11!n::'l111LrI'U 'fhAUU'flU1'l:: 
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~ ... • 4 .of" 1 .1"'" 1 '" I -1 ... .1"'" 4 1~'"
.::llJ'Utlu~ntllUUHtl11fl.::tlflC)f1J1'V1 1I1J~1J1W~\1tltl ~f1 'Un.:Jtlltl.::'VUtltJ1J~1J1Wfl tl~tJ UfI:: 

~'., A AI ~ • ,~ .. , .d .. ,I

tllq .::'fttJ~Utltl1 ~f1 Utl1t11::UfI::1Utlltltlfl1n.:Jtlltl U~fl'fttJ1J1tlfltl Um::~tl11f1::\i1U U1Ufl111f1tln.:J 
JI 

tlltl.::,jtJtltltlfl1.:JiluU11::1~Uff1U' Ufl::U1f11t11~U ~lU1U,r tltl '1.111qj Ul.:Jff1'U .::,jtJtltltlfl1.:J~n1~:: 
4" ~ 4 • ... .. ••1 1 ~.I • 1~ ... I""'.of

11f11fl1Jtl1tll,h tlU 11~ tl'VW::tltltltllfl.:Jtlltl .::Qty1Utll1\1tltl ~f1 l1Jfl1.:J111.:Jtl tl1J1tlUfI:: tll.1J1J~1J1W (l.:J 

... .I" ..1 ..,,: ..I1~'" 
ltltltJfl~.:J11U.:J'Vtl.:Jl1gtltlL~f1fl.:J111Jflfl tntJ 

.. '" ~ ... ".I 4' I 4 ~ ... ,
1nlj)::'fttJ~\1tltl L~A Utl1111~1I~::1flfl1UtlU~1C)f.:J'fttJ1J1tlfll1f1 UU1Ufl1lJUm::~tl1fl~tl.:J 1.1 

., J... .4 .4 d ., ,~ l' , ... ... 1" ,
U~11Jfln::'fttJ1J1tlflm::~tl fl~tJ ltlflfl11f1::11U.:J1J1tltl111Utl 'V U1J UfI::YitJ UYi'l1Ntl1lf1::NfI 1J~1.:J '1 

• JI 

1';1.1 ~lit.:J Hmj.:Jm::1fitl1J m::11~;,lIft Htl1'V1J ltJ'l11 Utl1l1i1f1 tliU tla'1t1 .,fI., U~tl1111~ff1U'11qjii 
JI 

ff1ulIntltltJ'Vtl.:J~gtltl1~f11li\l.:J1J1tlUtl A.:JUUtll~ 1~i'tJ~\1tltl '~~loU'l~; 1.:Jtlltlff1U'11tY 1~.ltltll~ 
• tJ ." IIJI" " 

~1JU1 ~\1tltl h~l1~u 1tltltlulI~::'fltJfi'fttJ1~'Uu11a.:Ju11i~~1J'lf1~ U1~tl U1tJ1f11f1 un1tluliu1ft11i1~ 
II . JI ,I' 

11;tl\hFJu lUm1J1W1J1ml'tltlU~tlfi1.:JflUtltltl111 ~l1JUfl1Yi fl1.:J 1i~ W1fltl1'V tl.:JU11 a.:J\h11; tltJi nwfiu1 
, II" !I., I 

111f1Fhu utlmntluv.:J11.1 u111~::111 UfI::U1~1JtJ~~''V1f1fiii~111U 1t1ft11J~ tl.:J~fl1f1 lIi1J1w~\1 tltlh~fi 
" II. • 

111111::U1J1UU1ft111i'tJ tJi1flfl 111J1t1D.:JlIi1J1W~ \1 tltl1~~,1.1 U l~1JfiYi tll111J1::11.1 tll~ 1J tl.:J flU \i1 1.1 fj1t\'A 

~11f1 ufI::lIf1tlflfttl 
JI JI 

lj)lflUfl11::\i1Ufttlm::li'.:J1Ull~fl111J'tlllfl::fl111J 11.111~.:J ft11J1J1ft~ J 11.1 ~ft U111m ~ 1JU1ft111i'tJ 

tJi1flfl (1Jtltl.257 1a1J 1-2521) fl111UfI1~iilli1J1W~\1tltl h~q.:Jl1f1 1t\'1li1nU 1.0 iifl~tli'1Jfitl~~~ ~.:J~ 
.., ,J! ,,~ • .. ~ ., cI , .. 1 "4 1 ,:. 1 ...

'S::f1tJfl111J1'U1J'VUtl.:Jtlfl11(ltl1lJU'S::tltJlIl111J1::U1J Uft1Utl.:J.1tl~Utltl ~f1fl'fttJ Ull11f1.:JU1~1.:J'l \1:: 1J1J 

I :~ 1'" .:. 1 ... • 1"J{ ""'1 1 .: .. 1" ... l' "'" ".. 1n 1J1JflftU Uft:: 1J1J'SU fl1 11~tJ'S flfl 1JflntJ11u1UU1J~Utltl 'Sfl11'Stl 1J lIj1J1W1J1tlUtltll'fttl.:J 'S 

• 1~'" .." .. 1 .. 4 .: 41""1 " •.1 1 ~1 .,.. 4 ....• Ufl1n:: "'StJtll~~n.11fln::11l1Hlfl1J UmWflYitJ11U1fl 'lftJ'S flfl1Jl1Utltl HI U1J~1J1Wflq.:JltlU 
JI JI 

ltlWcr11J1~'SJ1U~ tl.:Jfi1tll'SUtfl'V1f1fJtll'SflfllIi1J1W~\ltltl 1'S~~1t1tll'Sm tl.:JU1Fhu ~::tJtJ m tl.:JU1'l1UfI 
1/. • • tlJI • 

RO 11;tl'S::tJtJmtl.:J\hfiiiu1'Smtl.:JWtlUflmllfttlU1tltltlulI'S::'fltJ l";tl1,fu1uuiilli1J1W~\ltltlh~ii 

1111J1::UlIntlUU11J1l"tJilflfl 



18 

..... .. I .....~n

2.4 nq'Y(I,neU,.rUlRYlI" ".ml1~rJ 

" II II ,

un::ih~tl~!)m10flO;!)U~1!lrh{lm'HOflm10flO;!)U lUUl L';UL"go1UUl fifbL"gO~::ij 
, d 2+ d .d.4 : .cIA.cI tI~' ,
!)!)!)UL"tlO (Fe ) ~10m1ft::ftltl'U!){IL"ftO L1J!)1JU11J1Lm::Ylfn~::1Jm1Utlm tltlU !)!)!)U1::"11{1 

• w 

'!)!)!)U'U!){IL"gOUft:: '!)!)flU'U!){1'81f11L~U (H+) 1~tlfifl'"tl1::0fJ1.JL;S{l~!)u'U!){I1ft":: , fJfl1 !)O't]fft'u~ 

fi!) fl'\11J l';U'Ufl{lmgofiflfl'\11Jihi'1911tlUfI{I'Ufl{l Fe{OH)3 m10flO;flU ~'::LOfl~U'~mh{l1UUHlu';1{1 

Qd: " .. , 14 .. cI tJ 1 ..:I 4 : 0 1" d .... 
~W" IJ1JYlUlfl~ Ufl'tllU::'Ufl{ll" ft1 t]f{l'il:: 1J1JNft01::YlU"1!)1JUfltl1Jl0 U01WYlU1QOYll "LtlU~f1 

.. d.... ... o'''1! tI"* ~ ~, d 0 AI........ .... 1 ~I 1
~Utl{lU'U{I~Il1 1flYll "l!)U1Jl0~UL fttlUfl'tllU::llJUmt]f !)!)flUl"ftOYlllJnmtll0U fl!) 111UUU Yl1 

flU (o-phenanthroline) 'il::'~lrlUfl'11t11::0fl1.J1;S{l~flUUfl{l ~litl0111l1g0~uuulY11flU ~{Ifl'1Jm1 

-N N


3t.1~ 2.2 UA11flHfl'!l{1'Ufl{l 1,1O-phenanthroline
 

II • II • 
6,h K, 'U!){It1Bmtlluijfil1,hou 2.5xI0 fi 25°C 1um1Y1f1ftfl{lu'il::,hm1fl1ufJ1J pH il 

lh::1J1W 3.5 lf1tl1.gn'11ft::ftltl!)::cilAfI,j~L~!)! l~fl~fl{lOumHlflA::O!)U'U!){ILn~!)1.J1{1'JS\1f1'U!){I'l1go 
w 

L';U Ln~!)-n!)Al-nA 1Umn;,1,f'Oflfl'U'Y{l4!)UOUfh&'UulY11flU ~::A'!){I';lm1i~1CJ1l"gO,j{l"1JfI1U 

fl'uft::ftltl1,f,r1Ull1g0 (II) Lfrtlfi!)u lf1tl1n81f11fl11uu (Hydroquinone) "i!)'8f11!)OCWftlijU'81f11 

flft!)hft' (Hydroxylamine hydrochloride) fr'Ufl{lfl'111;S{l~!)U1::l11Hll1g0 (II) OU~UUUlY11flU'il:: 

lfl'tltl1'~U1U l1tro1um111fl"::l1m1J1Wfl'11lf1tlnfl"t.lo1Yl11-n191L1JYli'il::~!){I';lm1 lfitluoUm1';1 

Onn1J1A1J1U (Standard calibration curve) 

..... ~.. ".1" ~ - , .. 1 ~ 
11 SPADNS &lJUm11Lfl11::l1lJ11J1W"1tl1Dm1Y1H Spectrophotometry fltlH"U{I f1tl!)1ntl 

m1,ofltlBmtl"::"11{1-nQ!)fl'1ft'ou Zirconyl acid-SPADNS reagent '~fl'utl1::0!)Ul;S{lcf!)u'U!){1
"!It ~, ,...... .. tI.. , .. ~ .I !!

Zirconyl fluoride C)f{lLlJUn'11Y1 1J1Jfl'Uft::'1Jfl 11J1W-nQ!)!) 1f1'Yt1J1Jl0'UUrl1'f1-3'U!)-3 Zirconyl acid-
I W 

SPADNS reagent 'il::vnHft-39111Jlhttu 1im1u,i1u1i Reverse Spectrophotometry aUfl-3tU!)-3 

.. .ct cI.cI.cI'. 
SPADNS fl!) fl'''!) -3 fl' 11 'fl1J Yll 1 tl 0 11 SodlUm-2-{parasulfophenylazo)-dihydroxy-3,6-napthalene 

disulfonate ~-3t1o;j~::!)glU 1t1tU!)-3U~-3Uft::tr11J11tlft::ft1tlJ1'~ '~fl'11ft::ft1tlfrUfl-31u ld!)';lt1Bmtil 

OUfl'11tl::ft1tl zirconyl chloride 1UU1l11::mfl SPADNS ~::';ll11!l~Li1UftUOUft'l~liuou 'flfl!)UtU!){1 

. .. ~ tI .. .J! ~ ...s ~.I.. tI ... , ...
ZU'Conium Lnfl&lJUfl'11 1::OflUl'tr-3"1flUn1JllUfI{I,,,1J'UU 'U!)-3 'il10fl'11 1::OflU1Jfl1m1tlflOftUUU-3 
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.I ,..... _.I 1 ~ 1- I _.I 1 ~ ".,., ~ ...
(Molar absorptivity) 1J1n'U'U U91L1JtlL9I1JnUtltl Hla.:l 1J nUtltl nHI::L'UU1.Jn1.J zirconium U'Yl'U'Yla 

un'U~'r'h',f~1,a::a1fJjjiY\l1.:1a.:l i.:lunmm 

Zr-SPADNS + 6F- ------+) ZrF62- + SPADNS 

... " 
~U~.:IL'U1J 1,jJJa 

OH OH 

HO,s{ }N=N~ 
H03S ~ S03H 

3U~ 2.3lJ9111flH~!1.:1'Utl.:l SPADNS 

, ,.. ., ...... " 
2.5 ~lUl..rmantll"f)~ 

" . 
1,.n1'a6 t)'U 'Ylf~tl1J ua::f1w:: (2541) 1~'ri1m1d111\lm1J1W~Utltl1 1~'Uu'Ha.:l,h~1J'Utl~ 

i~'H1tl'Utl'Uurl'U LY1tl'H 1ui1J1W~Utltl 11~~JJtld\l;~ ''Uu'Ha.:lJ'1~1J'Utl.:lif'U ~dh'H1J1fJ ltlfJL~1.Ji1tldH 
" . . 

\l1nu'Ha.:l,h~1J1.h::Ltl'Yl9il~~ \l1fl'rJfl'H~U'1'U ''U 20 ti1UltlUa:: 3 O~ti1Ltltl 'Utl~ i~'H1tl'Utl'UUrl'U 111J 

" 'ri~'H1Jtl 1,574 i16lh~u1\'1';1m19111\l1Lfln::HltlfJ1i Fluoride Selective Electrode Nam,d1n\l 

,,1.J'h Ui1J1W~Utltlh~L~gO0.14 ~h'U''Ua'1'Uff1'U (ppm) 
". . 

~W11J1~ ,ifJ111,!Qa (2549) 1~91n\l~tl1.JfJwm...nh~1Jil'f1.JiltlflmfJ''U1J'H11'YllJ1afJ 

'Htlm1~11'YlfJ '~url J'1~1J'1nn.:l'U11'U'U1tl1.J11~ 20 n911 J'1~1J~N1'ULfI!tl~'ri1J'lLg'U ua::J'l~1J\llfl 
.. . :A "d ,: • ., .. :Jtcl,.i.: 

Lt11tl~'Yl1'U1tl1JU1.J1.JL'Yl1L'HfJfJ1.J"1.J11'U1tl1J\l1ntl.:l'U11'U'U1tl1.J111 20 a9l1 ua::'U1tl1J'YlN1'ULfl1tl~'Yl1'U1 

" Lg'Ujj~n'U 'Yl; 6'ri~'H 1Jtl LO'U 1J1911!1'U'Utl.:l rhirfH1'U1J191111'U Nn9ltlWcr1~91~1'H fl111J (~1Jtl.) i1'U1'U 7 

" ua:: 13 i1tllh~ '1fli1tllh~'ri.:l'H1Jtl 20 i1tllh~ fiflL~'U!tlfJa:: 35.00 ua:: 65.00 9111Jlhi1.J u9itl1f1111J 

~ ,Q d , ~ ''t J I: • .Ii o:.i 
&1J'Ufl1tl-tlH U11J1Wman ua::t11f1111Jfl1::9'1Htlg L'UlflWcrl1J1911J1'U ~1'U'U1tl1J\llmt11tl~'Yl1'U1tl1J 

.U1.J1.J&"'1L'HVfJ1.J"1.J'hjjtl1ft111Jfl1::~1~LO'U1J1911J1'Ui1'U1'U 8 i1tlVH fltlL~'UftlfJa:: 40.00 UPitl1t1111J 

" L;'J'Ufl1tl-fh~ m1J1WL'Hgnua::i1'U1'U~n'U'Yl;6'ri~'H1Jfltld''ULnWcr11J1911J1'U 
" . 

W'tl'q/tl1 ''H1Jq'YliuQa (2542) '~'ri1m11Lfln::HfJWtl1",h~1Jtl1fJ''U1J'H11'YlfJ,.nfJ'Htlm1~1 
" . .

hw ltlfJti1Ji1tlVH,h~1J1.J11~'U1tlil11i1'H,hfJmfJ''U1J'H11'YlfJ1afJUa::1.JiL1w'fla''1'U1'U111J 28 
II , " , . 

~1tlV1.:1 ua::u1~1J,'U,ftl~ifl'Utl~"Ufl~1'U 53 ~1tlVH "1.J11 U11.J111'U1flilN1'U1J1911J1'UjjLYffJ~ 4 

. " 
i1tlV1~ ff1'U ilL'H atlLfl'U1J1911J1'U' 'U"lnijL91 tlf~ 1~'1 l'lf'U U;1J1Wl'Hgfl, ~n'U 'rl;6'ri~'H1Jtl, ua::t1111J 

m::t\'1~lO'U1J1911J1'U 24. 7 ua:: 2 i1tlV1.:1 9l11Jlhi1.J 

" " ..
1'UR iflH ua::q1fffl~ 1111U'U~tl (2546) '~'ri1mHI11\lUtl1.JUi1J1W~Utltl h~''UU1tl1Jt\'1fJ 

'fl9111'U6t1nrH~UL6~ ltUJm11iifltJ~mlJl1::l1il~a~1~Ufl~'tHnl1tJl::m)lJUnl.llllU1Jf)::aGJIlil.l 
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W\'If)f);\n,JZltltJ9i'1;f1~ t111J10njZlf)f)1 nf~ijf)d''U 9i'1f)01.:a '10~ZlmHI ~ l'Uf)tJ~lfJth.:aJ'1~LfltJ'10 

, :..;... ~ ~ , " " 1 ~..; 1,,~ .:, " 
Ul1Z1.:a'U1'r11J~Uf)f) h ~tI'UL1Jf)'U 'ntJI1flI11JL~1J~'U~f).:a~Uf)f) Hl'rl~~I'Uf)tJ ~~lrJ'f~~n,'U l1UZI 

~ .. ",-,,_.1 1!"111· ... d ........ d 1 
Uf)~fll1f).:aotJHZlm~~n'fff)tJUJf) "JJnUf)f) ~~ Lf)f)f)'UCJ1lZl0'rlnf)LZlO 'rI~~ 

JI JI • 

'rI'U.:ai'U,r UZI::ff1J'I11rJ (2538) 1~111m~ffOll1fJW1l1'n\huZI::U1U~.:afi'.n'UlH.:a1'U~a~fJ1l11~ 
• do" I 1.4 d .4 Q ,., , • " 

'rI::LZlU'lfU~.:a'1'U 11..1 162 ~1f)V1.:a~::l111.:aL~f)lJL1Jl:I1VlJO.:aL~f)1J'nqff,mrJ'U'n .ff.2536 'ntJI1~If)rJ1.:a'U1 

" ." 
24.7 % UZI::~If)01.:aU1LL~.:a 64 % 1li1~1J1~~J1'U~f).:aUl1fl1'n~ htl LUf).:a'10~1'UI'UUtJflfi(irJ'ri.:al11J~9if) 

, " " .
ijZlaa~~iJ.:a011LnWeti'ilfhl1'U~'Uf)0'1mrlJV.:a'ntJm~tllJLnf)1J"f).:aLLtJflfiL;vilLtllJ~'lfi]tI"1fttJ1Z1f)1l111 

" " UZl::L';6l~flfJ1l11~Lri'U~l:I 12.3 % Lm:: 42.0 % '10~I6th.:aU1~Zlm~ffOll1LLU~.:a11fll~ijmnJ;tJtll.:a 
JI 

L\'IflUflmnhL';f)1~rJ'~flZlf);'UUZI::tI~f)'U1~mnrJ''Uh.:a.:a1'U 
tI." " 

l..Iq1JZI Lm::tI1l1~i1 (2540) m~ffOl:l1LmrJtJLiirJtJfJW1l1'nU1A1Ju1'fuZl::U1LL~.:a''Uh.:a(;rJ'U 
JI •• 

;!tJ1Z1Lm::L60'l1'U''U0l.:a L\'I'n1Jl11'U m'ri.:a"'U1~' l1\)jUZI::Lgoilij m~fff)'U' 'U '::~tJ,j 1i rJ1JffOll1~f)1J ~1J 

~11J11J 30 h .:a I; Vl..Itlf)'UUZI::l1 a.:aon h1'fl111JfL~f).:atI" 1fttJHIf)1l111~;\Ufhrm; rJlJfllu-;,:: 

~tI~::nf)tJm~f11JfJ1l11~UZI::m~ff.:alUi1Jm~'f'f~'rI~fff)tJ (test kit) 1'U1HL;t1Uli46t1~::lijU~ZlltlutJtJ 

~, f'l1J011 Aft"11JU ZI::lth~ ::1.:atI~aollw::fJ1l111 Li46ff.:alffi1Jm~tI~1fttJ1Z1f)1l11~ flltl'U1 ~ .:aL; tI'U 

" " .
m~ftnll1tl11UU~.:au9i0~Otl1fl1J 2536 g.:a92Z11fl1J 2536 ~Zlm~ffOll1'ntJ11fJWfll'nU1~1Jtlf)'UUZI::l1fl.:a 

, _'1 t't '" .. , ,"" .. 1 '... , .. 
m~ l1fll11JC 6UlHHtI"1IltJ1Z1fJ1l111 1Jl"11J1~~J1U~f)tlZI:: 22.7 Lm:: 23.0 CJ1.:a 1Jllfl111JU~0~1.:a0'U 

, ..... .. " :" , 1 ..... :: " ....1 , ..;d...601.:alluod1flq,U"'ntJ11fJWfll'nU1ft1J U ~ .:aL~ tlU~!tJ1tl'rl.:a~'U1~ l1q,Utl::lZlO1JfJWfll'n~~'U ".J~W::'rI 

: " ... :: ,d ... ~ :"..... ... .1
fJWfl1'nU1~1J' U1~ .:aL~ t1Ulf)fl'tfU'rI.:a~1J1~' 'H OJUZI::LZln1JfJW1l1'W~6VZI.:afJWfll'n'U1 1'111Jm~tI~tJtll.:a~~'U 

~ ,., !II:' :d: . ., " 
'1m~1J '1Jl~11J1~~J1U r f)rJtl:: 8.1 L1JU '~1J1"~ J 1\.1 'rI.:a'H 1J~ U1UfJW1l1'n'U1U~.:a'rl.:a0f)'UUZI::l1Z1.:am~ 1l1 

" " fl111Jflliu"n9i1.:aflUflf) 'li'~1J1"~!11Jrf)rJZI:: 97.6 1m:: 97.4 "11Jlhft'tJ Uf)mnoilfJWfl1'nU1U~.:a'liij 
" "" JI

fl111JU~09iHfl'U';.:a1utI~::lfl'rlUZI::~U1~1~.:aL;rJ'UUZI::6.:a'ntJ11U1u~.:aijm,tI\JLn6'U'1m~tilflavlf){1J 

tI.. .." " 
~1J1WiJ.:a~11J'rI.:a"n~Ym E.co/i ~IV 

Q .,., ~ ~ 1~ Q J : 4 1 
lUtl1J'tftl ''U'rI~UtJ'UUZl::tI~::l1ff 1iH1J'I11~ (2541) ~~~1'1Lfln::l1fJWfl1'n'U1ft1J 'U 

" . 
fl01'UftOll1 d'.:atl~0~1Jff1~q,ftOll1 thl1lf)lijf).:aUZl::fffl1UlJ~1'11tlnl'rl"'U,,;lftrJL~tJ~16rl1.:aU1~1J'10 

ffOl'UftOll1UZI::ffOlU'U ~11J 7 U11.:a ~::l1'h.:aL~6'Ui'U11fl1J 2541 g.:a 1~f)'UQ1J1l1M'U,r 2542 1~li1m~ 
JI 

1Lfl~1::,.rfJWfll'nU1"11JLnWerl~f).:af).:aftm~6'U1~rJlZlo flf) 'rI1.:amtlfllW 'rI1.:alflij UZI::'rI1.:aUtJfl;li,V n1J 
'" II • 

15 iyilfJW1l1WU1U«IU1~Zlm~~'1,1Lm1::,.rLmtltJL;lrJtJfltJ1J1~~J1'UfJWfl1WU1~1J~6.:af).:aftOn 
" .

f)'U1~rJ lao (WHO) ~ZlfllHln'1Lfl~1::"''ntJ11U1~1J1Hi,vlJ lflflO~::I;lV1J1'r1tJ1flrJf)d11JlnWerl 
II, • It. tI 

1J1~~J1'U ff1'U U1~1J1'Uffm'Uflt1111iio 6 U11.:a9h0111J1"~J1'U 1~rJ~H'I1ilu.:a;"1n111J1~~J1'Uiji.:ail 
" . " 

h.:a('rJ'U'W\la1'r1rJ1flrJ iji'l1ilfJWfl1WU1;l'li'~1J1"~J1'U 7 ~H'I1ijfJW1l1'nU1 fio fl111JltllJO~~-fh.:a, 

flI11J;lJ,U1J.:lfllilff, ~::tt1, lfla"f){1JutJflilL;t1UZI::~flZllfla~f)11JutJflfiL;t1 h.:a(;t1'U~.:a~1Z11'r1rJ1 
" r " •

ij~11'11il~Wfll'nU1;l11i1~1J1~~J1'U 5 ~~~'lfilfJwm'nU1 fif) if, U1J.:amilff, ~::tll, lflarlf)11J 
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, 
" . 

Ullflih1v ua::ibl'a lflii~()f1JUllflih~v h.:JL~VUlfln~1J1'nVl ijfl~nSUfJWfIl'rf,h-n'~'~1J1~~!lU 
CI : .. CI ~ 1 Q..... ~ 1 "=I ~ 4CI 4 ..

3 fl'n'lSU fJWfIl'rfUl fl() U1J.:Jn1Ufl', ~::n1, flall()11JUllfl'nL1V HL1VU'rf~::Ul~lVW 1Jfl~~'lSU 

II • " • 

fJwfIl'rf,h -nllj't\'1J1~1!lU5 fl'n'lSUfJWfIl'rf,h fl() fl111Jm::t\'H, U1J.:Jn1Ufl', ~::n1, lflii~()f1J 
" . 

Ullfl-niivua::iM'a lflii~()f1JUllfl-nL~Vfl'm,jU~l'1SJi{]L'n'rffl'~~ ijfl~~'lSUfJWfIl'rf,h-n'~'~1Jl~~J1U 
.:I : .4 CI CI Q ~ .:ICI CI., Q ~ CI.cI ., 

4 fl~~'lSU fJWfIl'rfU 1 fl() fl', U1J.:Jn1Ufl', lfla'rl()~1JUllfl'nn vua::Tlfla1fla~()~1JUllfl'nL~ v fl'mllU 

" . " 
n'lStl{]L'n'rffl'~~ 2 ijfl'n'lSUfJtlUll'rf,h-n'~'~1Jl~~J1U 2 fl~1'1SUfJWfIl'rf,h fl() lflii~tJf1JUllfl-nL~V 

~1"'1"'.J~ QQua::llfla fla.,,()11JUllfl't1L~V 



...•
 
1Jflfl3 

JI 

O1,1i'tlihrJ'U01,1i'rJl;~1.l~,j~01'(Operational research) U1J1Jfl1n1flntl~L;~1.l~,j~fl1' 
t' • I • II 

(Experimental study) lflrJl~1J9i1tlth~,h~1J\llmfl;tl~mtl~ii~~9i~ll1tll'U1J~n1'f1tl1atll't1fll'Ulnih1'Y 
JI , •	 JI • 

1J~fln,n::'Um Un::U1~1J1J" '''1flii11~ .1ltU1tlll1tll'U1Jlt11T1tl1atl o1'~'1\l1Lfl'1::l1U1~1J1It'''1ANn 
JI JI 

Qn9Ttl~ u~'Uih.11rJ'U~tl~t;'ii~iT~'Ii''U9ltl'U~1~C'j~~il 

JI 

2.	 O1,i'n\lltJwm,",h9i1tlth~ 

Q" ". Q.4 ..Ii '"'. Q ".I" .....
3. nn11fl'1::ltTlfla'tl1J\l::9ltl~lntln11iTl1lt1J1::a'1J·'11lt'1JU9ln::01'11fl'1::WIf~9ltl~fl1'U~(I~ 

fl111JQn~ tl~ uJi'U t'hlln::;jfl fl111J a'l1J1' (I"tl~1i01'11fl n::l111lt11Jl::a'1JO'1Ja n\lw::9i1tlth~ It;tl , Ji 
... • _I" •.Jl.A'll"'''~ '2'"' · .. "... "~ 

1fl'tl~1Jtlf21JmWlln::a'l'lfl1JTI 'IJ l'U01'11fln::lt"tl~lt11J1::a'3JUn:: .,n1J01'~Untltl1~fl ~11fl'1::lt"tl~ 

ct .,., ~ ...., .".IQ.tl:d.. ~. ~ 

1Jfl111J'::1Jfl'::1~un::"n\ll(1~tJwnn\lW::"tl~9l1tltl1~lln::1ti01'11fl'1::lttltl1~Qn"tl~lln::'61Jfltl1J 

" 4~"'''.teI ., ~ .,4. O1"lV~l'U Nn 9ltl~ntl~1\.1 NnO1'i11m1::lt9l1tltl1~ Qn9ltl~lln::1J'U V·'11flty9l11Jm::1J1'U01' 

tI..	 "II 
,",::'Umlln::U1~1J1J"'''1flii1H.1ltU1Vll1vl'U1Jlt11T1V1atln1J';~ii'U30 9i1tl6H lflv9i1tl6H 

cld ..,...
1.l'::'Y1mTlL01J9l11JflW::9l1~C'jfl~9ln1~T13.1 

. ... 
TI "'''if 

, .. .. 
U"D~T1&nU ftOf:: 

1 TeOl 1'~tl1111' 
~ 

tl1fl1' 3 'Y'U 5 
~ 

tl1fl1' 2 'Y'U 5 
~ 

tl1fl1' 2 'Y'U 3 
~ 

tl1fl1' 3 'Jl''U 3 

flW::f29la'll1m'1Ja~T1tllln::tltlm11J1J 

u'YIi'U2 Te02 

3 Te03 

4 Te04 

5 Te05 
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, " . 
fll1H;l3.1 ~11ffUaZ1till~1.J~·;Jt)ri1~,h~1UntJhnJ111111V1~fJlllfllUlan~l~1J~fla't'nzufl~(fio) 

.... 
n '" 1111:1' 

. 
I ..... 

U11QUUOtJ 

O1fl1~ I (1/1) 
# 

O1m~ I (112) 

lHtn'H1~ 
... ... 

01fl1~1.J~'H1'1l,n9 

ftWZ 

flWZl.J;'H1~1l~ fl9Ua::ffa1lff1ff911 

~ 

flWZfl~ff1ff9l~fJ9lff111 fl111J 

flW::lllfllu lanaOff111J1a~U 

flWZlllfllu lanfl'Hfln1Jff1ff91fua:: 

flW::ffmi191fl1~1Jff1ff9l1uaZm1 

OOfllll.Jl.J 

... ~ 

flW::1"1fl111Jftlff911 

... ~ 1 1 ..flWZ1"tJ1"lf1'91mftZl"fl U fttJ 

. . . 
,j1A1J1.J"'''1til;)·;n~~1'HUtJmtJ'u 

1J·.n111tJ1~tJlllfllulavn'lS1J~fla'W1: 

Ufl1 

6 BLOI 

7 BL02 

8 BL03 

9 BL04 

10 ITOI 'H01l~:'JI1J 

11 IT 02 'H01l1:'JI1J 

'H 6111::'JI1J 

: 
'01fl1~ 5 ~u 4 

: 
01fl11 5 'tl'U 5 

: 
01m1 4W 3 

'HU'l1fo.un~til 
: 

01m1 6 'b"U 2 

: 
O1fl11 6 'fU 4 

~ il:01fl1101iff1W 90 'tl'U 2 

12 IT 03 

13 HAOI 

14 HA02 

IS HA03 

16 HA04 

17 HAOS 

18 HA06 

19 EnOl 

20 En 02 01fl1101iff1W' 90 il iu 4 

21 En 03 'HU'101fl11flfl~1~1'1l 

22 En 04 11 ~:01fl111OUfl 1Z1'l'~fl 'lSU 3 

23 EnOS 01fl11 11~011111 . ... ... 
ff1U fl~ 1UflW l.Jtil 

01fll1fffl~n~'1'11iu 3 

24 Sci 01 

25 Sci 02 

26 Sci 03 O1fl11fffl~1~1't1 fu 4 (n~,f11gU) 

27 Sci 04 01fll"ffO~1~1'1liu 5 

28 RM 
:,.

Ultil1J1.J11,"1til1J",'W. 

29 CR 
:4 

Ul911J1.J11,"1til 

,fl~1Jl.Jn'''1til30 NE 
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'" 4 ...3.3 lfl18~SJ8ua:Q'11'lflSJ 

..,j.. .1 0'
3.3.1 1m0-31l01U'l:~1JmW(Apparatus) 

1) UV-Visible spectrophomtometer, UV-1700, Shimudzu, Japan 

2) Filter paper, Whatman NoAO 

3) Oven, BinderFD1l5, Germany 

4) Analytical balance, AND HM-200, Japan 

3.3.2 rrnLflij (Reagents) 

I) Sodium fluoride (NaP), AR grade, AJAX. Finechem, Australia 

2) Sulfanilic acid azochromotrop (CIII4N:zNa:PIIS3)' AR grade, Sigma-Aldrich, 

USA 

3) Zirconyl chloride octahydrate (CI20Zr·SH20), AR grade, FLUKA, Switzerland 

4) Hydroxylamine hydrochloride (NH20H·HCI), AR grade, AJAX. Fi.&,echem, 

Australia 

5) Ammonium acetate (CH3COONH,J, AR grade, AJAX. Finechem, Australia 

6) 1,lo-Phenanthroline (CI2H.N2), AR grade, AJAX Finechem, Australia 

7) Hydrochloric acid 37% (HCI), AR grade, BDH, England 

8) Acetic acid (~COOH), AR grade. BDH. England 

9) Ammonia solution 300A! (NH3)' AR grade, Panreac, Spain 

10) Iron(DI) nitrate (Fe(N03)3)' AAS SpectrosoL, APS, Finechem, Australia 

II) Nitric acid 700A! (HN03), AR grade, BDH, England 

.. ~ I 

3.4.1 fl11lfltJfl18UH 

.. .. • ~ • .oR.oR 0'.1 I...... ..,
mcs 1fl1Jfl10Ul-11" O-llfllU -IIa-30~fl 1ICS:: 001Jfl H'l C)f~1l PH' fl o rrfll'W fl10fJHUa: . - .

i10til-11ji&~1J1l1ff11lnalfJui1u'YIu,,0~i10til-nj~Hllfl'~ li10~'1mn 'til'l'11lnav:11fl11:,.fi10Ul~ 
,~:: ~ ~ ,".... .... ~ .. ,~., . ~ ~"...., ~ 
"'YI~Hllfl '~"tH 'tr111fll' Qllfl1001-11'Y11H1l1:rrll 1110 tl fl10fJl-11'Y11111l1: l'l'1l Urt1 v: fl 0-111101'1JU'YIO 

11fJa:10fJfl,,0~.rOJJa,,0~i10rh~ lWWflua:;0,,0~i10d1-11 rrmu~ua:l1al~l~1Ji10rh-ll fll1i'mn 

fJWfll'WJ'li10Ul-3 'Ufll111fl'1:,.fi10fh-llJ'1fl1101:~1t1u;j~'~i'1Ji10rh~u~litO~'10ij11fJfll1~1 
0~11fln:,.f1I10'-II'tiff11111aih '~t1U'rJ0nfJfllCS '-II~O-llij1ifllll~1Ji' mnfJwfll'Wi10rh~ 1,fog1U 

..I.... .1 ,,~ II II""'" ... ~ ... ~.I~ • •
l'l'fll'W'YIfl llfl111l11JafJUU1Jt'I-IIUOO'YItIfl ff1U lHqJV: 1"111fll1U"lfJU'YI 4 0~ff11'l1al'l1fJrrUt'I:"0~flOfJ 
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"11 II. 

~ ::1~ '1i1,rl~ 'U U1U~ ~'U flmnmr'U 6~ii11i m ~ l~U i'01:11 fJW1l1YfA1 fl V1~U 1111'H 1J1:: ff1J tTl'H i'UUAn:: 
~~ tI 

l1(1mn111fl~1::'H 

II. JI, tit 

a~Ul~1J'Hl'fl~Ul1~'U 11~~~~-n1' 1.11'U1J'Hl1Yl (I1~mYlfl1 'U1n~~ l')S1J~flnYf ~::'Um ii'Hnl(1')Sii~ 
, II. II " 

l1U9IOAHO'UflflO '1.1uHlni~~~~~l1UAn::i'U'Ufl~f)1fl1~L~(I'U 1J1~lni~~~~~onHu«~ un::1~(It'h'U 
, JI ,JI • 

1'Hqj,::ii111Hf)1'Hl~ ~1flVH{'~Ul~1J'H;fl~U1L~'U~~Uff~~~1.1113.1 - 3.6 

_I'; ., 0" ...eJ .tQ

3'Ufl3.2 m'Ul~1JYf'UYl1')S9I11')S (HA 04) 
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.:1 .. ~ J31.1" 3.3 1~ .:j01'tfl~'YfUl1&1fl~ (ITO1) 

• II • 

11.1ii 3.41H01'tfl~it\Jii'Yfw'lffJm~'Yf~::\JfI~ (BL03) 



27 

.. .. 0" ~ ~ '_1" ....11UTl3.5 lflUI.:Jf1'HI.:JU111\J1fJ1fll,nn1:J1T11 lJ 'W\J'YI'W,::\Jfl1l111HJ (En 03) 

_I" .. 0" .. .. .. 
1lJTl3.61fl'6~m6~\Jl,"\JlfJ1fll' 1 "UTlYtw..tJn"~'W'::\Jfl' (BL02) 

.1" !II ... ., .X ld .... ,,, • .,~ .. .,4 .. 
llJ'YI 3.1-3.6 11J\J1YttJ~A16tJl.:J~\Jl1tJ\J'YI1.J,m,,"lln\Jnnmnllt'l::1Jm'l1nnJ6~1J,"11T1tJltWO)f~1J'"t'lltJ 

• .... ., ".1" 0 t ~.. . d d , ~,I '1!"
1l,"~'YI1Jmnl.:J{l~~tJ::11'6~lJn1W'Yl1fl111Jrr::fJ1t'lYt\J ~1.J'l1W\J\J"1tJ ,"'61.Jl~1l,"~mPl1J 11"1tJ~tJ:: 

.. .1 4 !II • .,11 .. ,~
ltnln1::flnl Q~Ytt'llrrAn fl111.JUnlJ,n 0)f~6nl1J\Jll'"t'I~llYt'1')f6 'fl1.Jl~')f1Jt'l " 



28
 

...	 ...
3.4.2 fl111ft1UlIU111AlI 

1)	 U1H'::tlltJlJl~~J1Ul'tf~m~lJ~U 100 mgIL (10
6 

IlgIL) 

.g~tl1~L'tf~tltl!1X't1i'tfUtl 0.1000 tli'lJ lril\Jijmtl6f"Ul~ 100 tltI/iflJ . .. 
19i1Jm~'81~~fltl6!tl (50% v/v) 10 tltI.CJflJ. utl::l9ilJm~'u~!m~lJ~U 4 tltI.CJflJ. ,hhJ~ul\Jth~,h 

f6U'Utl1~1'tf~tltl::tllV'tflJ~ ~ltJU1~tI::tlltJ~'~tI~ 'U"1~tJ!lJl~~"Ul~ 1 tlU.~lJ. Uti::,,, Ih1'tJ!lJlfl~ 

mtl;j~U6tltJ!lJlfl~A1tJm~'81~~fltl6!m~lJ~U 1.0 llJtI/tlu.~lJ. 

2) 0.1% (w/v) 1,10-Phenanthroline .. . 
tI::tllV 1,IO-Phenanthroline (CI2HaN2) 0.1 tli'lJ lUUltl~U 100 tltI.CJflJ. 

'tf V~m~1tlS61~lJ~U tI~ 1tJ \lum::i~ 1~Ul~tI::tllV 1U 

3) 1O%(w/v) Hydroxylamine hydrochloride 
.. . 

tI::tllfJ Hydroxylamine hydrochloride ~OH·HCI) 10 tli'lJ'UUltl~U 

100 tltI.W. 

4) Ammonium acetate buffer .. . 
tI::tlltJ Ammonium acetate (CH3COONHJ 250 tli'lJ'UUltl~UI00 atl. .. . 

CJflJ. 19i1J Acetic acid 700 tltI.CJflJ. 19i1JUltl~U\lUmtl 1000 aU.CJflJ. 
44 ,,~ 

5) m~6::CJfflm"lJ"U 37% (w/v)
 

6) Zirconyl chloride - SPADNS reagent
 .. . 
6.1) Reagent A : tI::tllV SPADNS 0.958±o.0100 tli'lJ lUUlil~U\l\Jfl~t1 500 

tltI.CJflJ. (UllJl~~lntlH't\'Ul\J 1 tI ~11ntl1~lfltJ'~'M'filtl 

llU~) 

6.2) Reagent B : tI::tllV Zirconyl chloride octahydrate O.l33±o.0050 tli'lJ1U .. . 
Ultl~U\lUmtl 25 tltI.CJflJ. 19i1J cone HCI 350 tltI.CJflJ. U~1 

.. . 
tJi'UtJilJl~~~1VUlm;U'Umtl 500 tltl.CJflJ . ..
 

NUlJU1~tI::tllV';~U6~ (Reagent A+ Reagent B) 1~1~1vnu (UllJl~~ 

lntl,-nf'l~ulU 2 t1) 

7) Stock fluoride solution (100 IlgF'/mL) . . 
tI::tllfJ anhydrous sodium fluoride (NaP) ;jH1Utl1~6t1YifJW'tflJij 110 °C 

•	 JI • 

6{h~U'6fJ 2 i11lJ~ 0.2210 tli'lJ'UUltl~U\lUfl~t1 1000 tltI.CJflJ. 

8) Standard fluoride solution (10 IlgF"/mL) 
.. . 

ibtJfl Stock fluoride solution lJl 100 tltI.CJflJ. U~11i6\l1~~1tJUltl~U'U 

mtl 1000 tltI.CJflJ. 
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9)	 Reference solution 

1;}1J SPADNS 10 ft'IJ.'l11J. ft~l'UJlfl""'U 100 ft'IJ.'l11J.1.Ii''lJ1\fLrI'Uflnl1~v 

m1L9i1Jff11ft::ft1Vl'tHn~ HCI (conc HCI 7 ft'IJ.'l11J. 1'UJ1fl""'U\l'Uf11'IJ 10 ft'IJ.'l11J.) tY111i''lJ1.Ii''lJfJ'Ud 

(Zero set) "tHlfl~O~ UV-Visible spectrophotometer (L~i;V1J111,j'1fl1'U) 

10) Sodium arsenite solution 
II • 

ft::ft1V NaAs02 5.0 fli'1J LL~1L'6\n~~·Jtnhm;'U\l'Uf11'IJ 1000 ft'IJ.'l11J • 

....., 
3.4.3 "Il'"ft8,"fl11"'i'lfU)~ 

o -l ..., '" Q ~_IQ ~ 
3.4.3.1 m1'Yl1flnn1J1A1J1'Un1111'IJm111fln::111J11J1Wll1ftfl 

1)	 ih1.lAff11ft::ft1V1J1f11J1'UL11gflfl111JL,11J,1'U 10 J,LgFelmL1.Ii1J1f11 0, 

0.5, 1.0, 2.0, 3.0, 4.0, 5.0 11ft:: 7.0 ft'IJ.'l11J. 1rift~1'U"1~1~1.Ii1Jlf11 

"Il'U1~ 50 ft'IJ.W. ~1'U1'U 8 1'IJ ~l1Jih~'IJ ("Il1~~ 1 LrI'U11'IJft~fl') 
Q ,	 Q I44 14

2)	 lfl1JfI'11ft::ft1V 8'~10fl'l1ft11J'U11ft::LL01J 1Jl'UV1JO::'l11fl~OV1~ft:: 1.0 

ft'IJ.W. ft~'1.ILL~ft::"1~ 
II	 • 

3) 19i1J,hflft'Uft~'1.ILL~ft::"1~ 10 ft'IJ.'l11J. 
II	 • 

4)	 1;}1JfI'11ft::ft1V~U'U'U1'Yl1a'U 5 ft'IJ.'l11J. 11~11~1J,hm;'Uft~ '1.I\l'Uf11'IJ 

;;i11.1iU1f11 l"rh1\fl,r1ti'U11~1i~i~, ~1.11 ::1J1W 10 'U1n\l:: ,~a"llO~ 
Q J/ 4 d ~I' 1 4 

fl'11a::ft1Vl')f~'l10'UfI'LL~~"O~111ftfll111'U'U 'Yl1ft'U 

o	 ,_,'" .. 4 
.. 

.. 1 J/ ... 
. 

5)	 'Ul 1J1~fl11~~flft'UUfI'~'Ylfl111JV11f1ft'U510 'U1 'U11Jfl1~1Vlf110~ 

fl'11.lfl1.,., l~lAijlflof lfiV'lJti'IJ blank ,j'UiiflNftm1'Yl~ftO~ 

6) ,j1Nft~1~,~,1.Il;;V'U fln"'1J1Pl1 J1'U l~Vl;jv'U1 ::11':h~f1111Jl,r1J,r'U 

"Ilo~111gm11Jti'l.Jfhm1~~flii'UUff~~1~ ,~ 

.. .._~ d 
3.4.3.2 mnlfl11::lhJ11J1Wll1ftfl 

" 
1)	 ih1.lfl,j1A10rh~1riM1'U"1~1~1.Ii1J1A1"'U1~ 50 ft'IJ.'l11J. 3 "1~~ft:: 

10 ft'IJ.II1I. 
II	 • 

• 4. QI 4 

2) "'lm1"'~ftO~1111JO'U"Il'U"O'U2-6 (f10'U'Yl 3.5.3.1) 

3) ti1'U1W1111.1i1J1W"IlO~111gfl1~Vlfiv'lJti'IJm1"'1J1"'Jl'U 



0 

30 

3.4.3.3 O1nhml,bJl~'Jl\Jffl11i''Ut11,11t1'1:..rtJi2J1W'''\166 hA' 

1)	 ihtJ~ Standard fluoride solution (10 J.lgF·/mL) tJi2Jl~' 0, 0.2, 0.5, 

1.0, 2.0, 3.0, 5.0 UfI: 7.0 fI'U.CJ12J. 1rifl~'U"1A1AtJi2J1~"'\J1A 50 

fI'U.CJ12J. ~lU1U 8 1'U ("lA~ 11rlUU'UfI~fi") 

2)	 l~2JfI"l'fI:fllt1 Zirconyl chloride - SPADNS reagent 10.0 fI'U.CJ12J. 
II II 

UfI: NfI"2J h1'l.o'10U (,:,jA':1~m,tJu11]6U) 1912J,ho~u fI~' tJU,jfl: 

"lA~um'U;jAtJ12Jl~' ..	 . 
o	 '.1'" ...... ... 1 " ...3)	 \Jl 1J1Am'~AOflUUfI"~'t1t1112Jtll1t1f1U570 Ul UUJPI'A1t11t1H)~ 

fl"1tJO 1't111"'1~ij1~6! (tJi''UU\J6''f)~1t1~6~1A~1t1 Reference 

solution) 

4)	 ,jlNfI~1A,~, tJ1;jtl\J011"'2Jl~'flU lAtJl;;tJU ':11 lHt1112J1.o'2J.o'U 

"f)~"'\1f)6 ',A'0'Ufhm1~AOnUUfI"~~1A'~ 

... "'t1... ..1 '"'3.4.3.4 O1'11t1":11 'i2J1Wl1~66 'iA 
II 

1)	 ihtJ~,jl~16lh~lrifl~1u"1A1Atl12J1A"'U1A 50 fltJ.CJ12J. 3 "lA'1f1: 

25 fI'U.CJ12J. 
II	 0 

o 4 w .:I 

2) 't11t11'i't1Afl6~l112J6\J"\J~6U2-4 (~f)U't1 3.5.3.3) 

3) filU1W111m2J1W"6~111g0lAtI1;;t1tJO'U0""'2Jl~1!lU 

mgF'/L =: (AlB) x (C/O) 

..\ 
12J6	 A = J.lg F' ~thu'~~10ml"'2J1A'i!lU 

B = tJi2Jl~'''O~rrl'ifl:fllt1 (mL) 

CID = dilution factor 

3.4.4 Standard addition methods 

3.4.4.1 O1111ml:..rtJ11J1W111gm11Jlu~16Vl~Jl~1J 
II 

1) ihtJA,jl~16lh~lrifl~lu"lA1A1I12J1A1"U1A 50 fI'U.CJf1J. ~lU1U 7 

"1A'1 fI: 10 fI'U.CJ11J. 

2) ihll~fI"l'ifl::fllt11Jl~'i!lU111g0t1112J1.o'1J.o'U 10 J.lglmL t1i2Jl~'i 0.5, 
o	 0 

.:1	 .:I .:I t 

1.0, 1.5, 2.0 UfI:: 2.5 fI'U.CJ11J. fI~ 1U"lA't1 3-7 ("1A't1 1 UfI:: 2 2JU~ 

fl"1'i~16lh~ 2Jl«O~lji1JfI"l'ifl::fllt11Jl~1J1UfI~' tJ) 
II	 0 

3) ';lm''t1Afl6~111jj6\J';U~6\J2-6 (916U;; 3.5.3.1) 
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" . 
3.4.4.2 m'S11f1'S1::l1''11i1l1Wvf\l66h;tt.I~16~1,nh~1I 

" 1) ih'11~,h~16~1~ 'ffft~ 't.I~1ft1Pl'11;1Jl~'S~t.llft 50 ftlJ.CJl'1I. ~ht.l1t.1 7 

~1ft'lft:: 25 1ltJ,cb'1I. 

2) ih'11~ standard fluoride solution 10 JlgF'/mL '11;1Il~'S 0.5, l.O, 2.0, . . 
, <11:1 4 .II1I::I.' QI •

3.0 un:: 4.0 1l1J.Clf1l. 1l~ t.I'II1ftVl 3-7 ('111ft'YI 1 U1l:: 2 1IU~1l'1'S~16fJ1~ 

1J116'U9iJJ1l'1'S1l::ftllJJJ1~'S!1t.11l~ '1J) 
" . 

3) 'tilm'S'YIftn6~n1ij6t.1'1it.l916t.1 2-4 (9'l6t.1ii 3.5.3.3) 

4) tilt.11w'tn'11i1l1W'1I If1'Sfii'1I~6~vf~66'H'~U"'~;~ (~l9iJJ1l~''11) 

un::'JJIf1'St1i'JJ~6~vf~66'n'~~'S1~'n1J 
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~ ~ Q dt1 4:3 "3.7 "U910Un1111fl11::,."j,1Jlf.lU'tH'lfl111J 

. .. 
3t1ii 3.8 i\Jfl6\Jf11'~11fl'ntMtJi1Jltu~~OO "~ 
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" , • "'" J3.5 m''ttlflllS1gnflMIID: lIS1urn"8~mnlfl'1:" 

3.5.1 m'SMlfl111JQn~(l-IJ(Accuracy)" 
o ~ II ell ~l I " ., ..

Y11m'S"n'lllfl111JQn~(l-IJl\I(l-IJmnlfl'S1:M~WM lfll'S(ltJll:m'S nll1JflU (% 

d , .., ., , :.1 1 . ...	 cI
recovery) l\I(l-IJmllfl1H':~~(){1 HI U911(ltJHUlc;l1J c;ltJU11J11911Jnl'S1l:ll1tJ1J191'S!lUl\I(l-IJ1MllnUll:: 

, .. ,.,,:;. "0'_ fI:	 o'~oell

~~(l(l	 Hlll-IJ Uc;l1(ltJ1-1JU1A1J U1l1Ul 1J11fl'S1:M9111Jl\IUc;l(lUm'S11fl'S1:M Un1fllU1tlHl1nn1Jm'S 

(A-B)
%recovery= -c xlOO 

4 ... d , tid Q ., .cI 
L1J(l	 A = 1J'S1J1Wl\l(l-IJ1Manua:~~(l(l 'SAYll911J'S11Jn1J'Ylc;l'S19'W1J 

B = m1J1W'U(l~1Mgnua:~~(l(lh~~c;l'S1nm'U()1""'S 
.~ d ••1 , ....l ... 

C = lJ'S1J1W'U(l~LMafl1La:11~(l(l 'SAYlLc;l1J 

3.5.2 m'S'SltJ~11Jfl111JU1iuih(Precision) 
II • 

';lm'Sffn'lllfl111JU1iuf'hl\l(l-IJm'S1Lfl'S1:..r1c;ltJUl911(lVl~,hA1J 1 ~1(lVl-1J1Jl';lm'S 
Q	 ,,: :: Q tI ~ 0 I cI 
1Lfl'S1::MllJfl 11 flH fll1J'UUc;l(lUmnLfl11:M 91nUUfllU1WMlf11m'S11JtJ-IJL1JU1J1~'S!lU(Standard 

Deviation, SO) ua:ftWa::fl111JLrltJ-IJL1.J1J1J1c;l'S!11Jn1JiYlI (Percentage of Relative Standard 

Deviation, %RSO) 

s = " ;....... _
...... 1 

N-l 

%RSD=(; )Xl00 

.
,	 .. 
SO	 = fllfl111JL1.JtJ-IJL1J1J1J191'S!11J 

•	 II 

= 1Ji1J1Wii-iA'~91n~1(lfh~u~n:fli'~ 
. ,"'" ... X	 = lJ'S1J1W,~atJ 

o	 : .dQ tI 
N	 = 911J1UflHYl1Ifl'S1::M 



....•
Unn4 

4.1 fl11cr1Hfl11~1I1V1191'U (Calibration curve) 
tltI,	 fI, 

m~1i'Vtli'~ih,"tllrJ\Jfl1111tl~1:: Ml~~tJi1J lW" fl~L't1 gmL1l::~\1flfl1~~, \J~1fl~H~ 1~1J 1flV 
tI 

lfltlUtlg1-1fflii1l"ntJfllf1~hnfll1JfI; ~~,j\Jt\Jfl1~f1fl1lfl~~::~tl~fl1~lfl;V1Jml~1Jlfl~Jl\J"tl~U~1l:: 
... 44 ~ ... ... .... ~" ~ ~ ... , ...I 

f1WCf~'::11J\Jtl111Jn'1J"\J1ifll1J\Jlff\Jfl~~~::'t111~tl111Jl'1l1J'1I\J"fl~n'1~1Jlfl~Jl\JfllJtllfl1~tlflfl1l\JUn'~ 

Cone. Absorbance Linear equation 

(J1gFelmL) at 510 nm 

0.100 0.019 

0.200 

0.400 

0.045 

0.094 

y = 0.212x + 0.003 

l= 0.998 

0.600 0.130 

0.800 0.176 

1.000 0.217 

1.400 0.297 
-

0.35 
y =0.212x + 0.003 

RZ =0.9980.3 

0.25 

~ 0.2 
« 

0.15 

0.1 

0.05 

o 
0.00	 0.50 1.00 1.50 

IJ8Fe/rnl 
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Conc. 

(JlgF-/mL) 

Absorbance 

at 570 om 

Linear equation 

0.100 - 0.027 

Y= -0.189x - 0.011 

r2 = 0.998 

0.200 - 0.045 

0.400 - 0.094 

0.600 - 0.125 

0.800 - 0.164 

1.000 - 0.200 

1.400 - 0.274 

o .-----,----,-----,--....,-----,----,---,..----, 1 
0.4 0.6 0.8 1 1.2 1.4 1.6 

-0.05 +---"'I~-----------------

=-o.189x - 0.011 -0.1 +- ..z.::~-----------L..--=.=:.:.:....==-=-_ 

RZ =0.998 

-0.15 +---------~~----------

-0.2 +-----:--------------":;~-------

-0.25 +----------------.::~----

-0.3 -'---------------------

". . . ","
i1f)rhnh~1Jiil~mnfllflio,:uno·:nhii~fl~.:ImV''U1J't111'rJrJ1am'rJfll'UlnVl1~1J.:Ifln1't'S:II... " " 

'UfI'Sun:u1ttll1.J'S'S'~1fln11.:1~1't1111Vmv''U1J't111'rJV1av'S11Jfi~ii'U 30 i10rh.:l lflm~1.J''U 2 ,f1.:1L1n1 

.. '''.tQ :.cl • .cI : ... .,: ~Q 

f10'l1.:11ttf)'U'''}fI',mv'U 2550 (f1H'rJ 1) un:afl6'U1J'U1f11J 2551 (f1H'rJ 2) fl.:l'U'UNnfl1'S1f111:'t1~O.:l 

d ..J 1 ~ , ... d
l't1nnun:",Uf)tl 'Sfl':l1V.:l1'U~11J'I1.:1l1n1'rJlf11J 

Q ; ...1 1!"1'" Q:4 .cldNnfll'S1Ifll1:'t1I't1nnUn:11'Q06 'Sfll'U~1.:1lflO'U·.U}fI"fl1V'U (f1H'rJ 1) Ufffl.:lA1'SH'rJ 4.3 un: 

4.41't1.J'h tR1I1WI't1gntlgl'U,f1.:1 0.024-0.137 ~gFelmL un:~~6tl1n{tlglwti1.:1 0.005-0.302 ~gF-/mL 

~.:I1.Ii1J1W"tl~I't1g nun:~ ~tlO 1'Stl'UJ1~1J11iln'Ufi11J1A'SJ1'U~V61Ji'tJ'~ 
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"" ~ , ..".....:.1 ..Jd
HamnLfl'n::""L1H'flLLa::,"~OO HI 'U'Jf1.:jlAO'U1J'Ulfl1J (fl'Hrl 2) Ufl'A.:jAl'IH'n 4.5 ua:: 4.6 

vnJ'h tJ~1Jl0U,..,gflOd''U~·H 0.060-0.158 J.lgFe/mL ua::,"~oohA'od''U~1.:j ND-o.286 J.lgF·/mL~.:j 
~ I"" d , , "" • ~.... :.4 , I '111JnJ1Ol"O.:jL11aflUa::,"~Oo 'IA 'U'U1A1J 1JLfl'Ufll1J1A'Ijl'U'ntlO1JUJ ft 

No. Code Abs. at 510 om Cone. (J.lgFelmL) 

1 TeOl 0.019 0.075 

2 Te02 0.015 0.057 

3 Te03 0.010 0.033 

4 Te04 0.009 0.0~8 

5 Te05 0.015 0.057 

6 BLOI 0.017 0.066 

7 BL02 0.019 0.075 

8 BL03 0.020 0.080 

9 BL04 0.018 0.071 

10 ITOI 0.018 0.071 

11 IT 02 0.016 0.061 

12 IT 03 0.016 0.061 

13 HAOI 0.021 0.085 

14 HA02 0.020 0.080 

15 HA03 0.030 0.127 

16 HA04 0.032 0.137 

17 HA05 0.031 0.132 

18 HA06 0.026 0.108 

19 EnOl 0.026 0.108 

20 En 02 0.025 0.104 

21 En 03 0.028 0.118 

22 En 04 0.030 0.127 

23 En 05 0.024 0.099 

24 Sci 01 0.026 0.108 

25 Sci 02 0.028 0.118 



37 

. " .e:t. .. ., d" . 41!11 Q W Q


VI',HYl4.3 (VlV) N~mnLtln::"'L't,.nn ''U'tfl.:lL~V'UViqff~mV'U (flH'YI 1), n=3
 

No. Code Abs. at 510 nm Cone. ()lgFe/mL) 

26 Sci 03 0.029 0.123 

27 Sci 04 0.025 0.104 

28 RM 0.009 0.028 

29 CR 0.008 0.024 

30 NE 0.008 0.024 

No. Code Abs. at 570 nm Cone. ()lgF-/rnL) 
I 

1 TeOl -0.037 0.138 

2 Te02 -0.042 0.164 

3 Te03 -0.049 0.201 

4 Te04 -0.050 0.206 

5 Te05 -0.049 0.201 

6 BLOI -0.061 0.265 

7 BL02 -0.042 0.164 

8 BL03 -0.058 0.249 

9 BL04 -0.028 0.090 

10 IT 01 -0.045 0.180 

11 IT 02 -0.057 0.243 

12 IT 03 -0.051 0.212 

13 HAOI -0.015 0.021 

14 HA02 -0.014 0.016 

15 HA03 -0.021 0.053 

16 HA04 -0.026 0.079 

17 HA05 -0.012 0.005 

18 HA06 -0.037 0.138 

19 EnOl -0.060 0.259 

20 En 02 -0.052 0.217 
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No. Code Abs. at 570 nm Cone. (pgF-/mL) 

21 En 03 -0.042 0.164 

22 En 04 -0.049 0.201 

23 En 05 -0.054 0.228 

24 Sci 01 -0.055 0.233 

25 Sci 02 -0.065 0.286 

26 Sci 03 -0.068 0.302 

27 Sci 04 -0.067 0.296 

28 RM -0.015 0.021 

29 CR -0.019 0.042 

30 NE -0.016 0.026 

4 Q ~ d 1 · 4 Q ~d
ftl11UI 4.5 H~m~11fln::'I11·tHm 1J'lf1~lfltlU1J1Jlfl1J (flH'YI 2), n=3 

No. Code Abs. at 510 nm Cone. (J1gFelmL) 

1 Te 01 0.016 0.098 

2 Te02 0.015 0.093 

3 Te03 0.011 0.074 

4 Te04 0.011 0.074 

5 Te05 0.014 0.088 

6 BLOI 0.016 0.098 

7 BL02 0.019 0.112 

8 BL03 0.020 0.116 

9 BL04 0.018 0.107 

10 IT 01 0.018 0.107 

11 IT 02 0.016 0.098 

12 IT 03 0.016 0.098 

13 HAOI 0.015 0.093 

14 HA02 0.012 0.079 

15 HA03 0.015 0.093 
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, II ,..... 4Clio ~d, c:I GlcI 

A111U14.5 (Atl) N~fl1~'Jlfl'jl::'HnHln 1..I"'J~LAf)1..I1J1..Ilfl1J (flHYI 2), n=3 

No. Code Abs. at 510 nm Cone. {J.&gFelmL) 

16 HA04 0.013 0.084 

17 HA05 0.016 0.098 

18 HA06 0.018 0.107 

19 EnOl 0.023 0.130 

20 En 02 0.022 0.126 

21 En 03 0.026 0.144 

22 En 04 0.025 0.140 

23 En 05 0.022 0.12,6 

24 Sci 01 0.021 0.121 

25 Sci 02 0.029 0.158 

26 Sci 03 0.024 0.135 

27 Sci 04 0.023 0.130 

28 RM 0.009 0.065 

29 CR 0.008 0.060 

30 NE 0.008 0.060 

No. Code Abs. at 570 nm Cone. {J.&gF-'mL) 

1 TeOI -0.056 0.211 

2 Te02 -0.054 0.201 

3 Te03 -0.044 0.151 

4 Te04 -0.059 0.226 

5 Te05 -0.058 0.221 

6 BLOI -0.062 0.241 

7 BL02 -0.043 0.146 

8 BL03 -0.052 0.191 

9 BL04 -0.046 0.161 

10 IT 01 -0.044 0.151 
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•	 11 • 
... oQ -'...1 , .., I • cl ., 4 

Pl11Hl1 4.6 (~fJ) Nnm'111tln::11l1~fJfJ '1~ 'U'lr1.:Jl~fJ\nJ'Ultl2J(flH\'1 2), n=3 

No. Code Abs. at 570 nm Cone. (p,gF-'mL) 

11 IT 02 -0.058 0.221 

12 IT 03 -0.046 0.161 

13 HAOI -0.039 0.126 

14 HA02 -0.045 0.156 

15 HA03 -0.066 0.261 

16 HA04 -0.051 0.186 

17 HA05 -0.035 0.106 

18 HA06 -0.037 0.116 

19 EnOl -0.062 0.241 

20 En 02 -0.055 0.206 

21 En 03 -0.044 0.151 

22 En 04 -0.045 0.156 

23 EnOS -0.052 0.191 

24 Sci 01 -0.068 0.271 

25 Sci 02 -0.069 0.276 

26 Sci 03 -0.071 0.286 

27 Sci 04 -0.063 0.246 

28 RM -0.011 NO 

29 CR -0.019 0.025 

30 NE -0.016 0.010 

"	 , .4.3 Nam1'ttltl'111Jvnfl8-311a:1l1J'IUI1 

" .....4.3.1	 Nnm'1111fl112Jg09lfJ.:J"'fJ.:Jou11tln:11 

, U 01'1flO'l!llfl112JgO~fJ.:J"'fJ.:J01'111tl'11:::"'1~V111fi1r fJ vn::: 01 '1 onl.Jflu (% 

.. , .., .. , :.. ."..	 1 
recovery) "'fJ-3l11nfllln::~~fJfJ ,~ U9I1fJV1.:JUltl2J V1U1U 4 A1fJV1.:JflfJ HA4, SI, P3, un: E3 tltJ 

• ...	 .., .. ,.. • :.. ~ 0 ..,1.1'"
'U12J11Pl2J fr1'1 n:n1tJ2J1~'! l'U"'fJ.:Jl11nfllln:::~~fJfJ 'tln.:J 'Ufl1fJVHU 1~2J ll"CI1U1 11fl n::11f112J 
t Q .. Q ., QI .. • Q ., d , .... , 
"'UflfJ'Ufll'111fl'11:11 Nnm,1 ltln:::11 llfr~.:J~.:Jfl1n.:J\'1 4.7 141.J11fll'11fln::11111nflun::~~fJfJ , tl2Jfll 

tJ .... " •	 0 .. 

'1fJVn:::m'1flnl.JflUfJ~ 'U'lr1.:J 94.3-100.6 un:: 79.9-101.7 ~l2Jnl~l.J 



41 

Sample Fe F-

No. A B C % A B C % 

(JLglmL) (JLglmL) (JLglmL) recovery (J1g1rnL) (JLglrnL) (JLglrnL) recovery 

H4 0.15 0.151 0.005 97.3 0.10 0.019 0.1 86.8 

0.45 0.109 0.005 100.6 0.50 0.019 0.5 97.8 

SI 0.15 0.146 0.00 97.5 0.10 0.01 0.1 79.9 

0.45 0.453 0.00 100.6 0.50 0.01 0.5 97.5 

P3 0.15 0.142 0.00 94.3 0.10 0.016 0.1 100.4 

0.45 0.448 0.00 99.6 0.50 0.Q16 0.5 89.9 

E3 0.15 0.146 0.00 97.5 0.10 0.02 0.1 101.7 

0.45 0.434 0.00 96.4 0.50 0.02 0.5 85.9 . 

I 0 q fI 

4.3.2 Nl1fl1n"tl111JU1J\JV1~V~fl1'1Iml::'M 
oJ • 

'\Jfl1'ffflllltl111JU~\JV1~V~fl1'1Iml::111f1rJ\i1~1Vth~\h~1J 1 ~1Vth~ (H4) 1Jl 
o Q Q fI : 0 ,~fi: :: 

'Yl1f11nLtln::WJSl 11 tlH ~11J~\J~V\Jfln1Ltl"::'M'lfl\J\Jtl1\J1W'Mltllf11'L1.W~I1J\J1Jl~'Jl\J 

(Standard Deviation, SO) 1I11::!VrJl1::tl111JL~rJ~L1.J\J1Jl~'Jl\Jff1JiYl1r(Percentage of Relative Standard 
. . . . 

• Q fI ., 4 10III::I'" 4 

DeViation, %RSO) Nl1fl1'1Itl'1::'MIIUfl~f1~~1'1~'Y14.6 'Yi1.J111Jtll'VrJl1::tl111JL1.JrJ~L1.J\J1Jl~'Jl\J~V~ 

I'Mgfllll1::~\1VV'nl·lyhti1.J 0.011 1111:: 0.012 ~l1Jtht'l1.J (n=II) ul1:ijth!vrJl1:tl111JI~rJ~L1.J~1Jl~'Jl\J 

ff1Ji'YI1f~v~l'MgflLm:~~vv'nfIYhti1.J3.0 1111:: 6.6 ~l1Jtht'l1.J UUfI~t'l~~l'l~~ 4.8 Ul1: 4.9 

. 
... • 0 .. ~ d 

fll1HTI 4.8 Nnfl1''Mltl111JU1J\JV1~V~fl1'1Itl'1::'MI'Ml1fl 

No. Fe 

Abs. ~ (flglmL) ~-X) ~_X)Z 

1 0.094 0.429 0.006 0.00004 

2 0.095 0.434 0.005 0.00002 

3 0.090 0.410 -0.019 0.00035 

4 0.091 0.415 -0.014 0.00019 
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5 0.096 0.439 0.010 0.00009 

6 0.089 0.406 -0.023 0.00054 

7 0.091 0.415 -0.014 0.00019 

8 0.092 0.420 -0.009 0.00008 

9 0.095 0.434 0.005 0.00002 

10 0.094 0.429 0.000 0.00000 

11 0.093 0.425 -0.004 0.00002 

X= 0.423 

SO =0.011 

%RSO=3.0 

. 
.. , 0 Q -'...1 1 tI

ft111U14.9 Naf11'l111fl111JU1J'UtJ1'IJV.:jf11'l1lfl·n:~"'n~VV'l~ 

No. F' 

Abs. ~ (flglmL) (~-X) ~_X)l 

1 -0.023 0.180 -0.0067 0.00005 

2 -0.028 0.206 0.0197 0.00039 

3 -0.020 0.164 -0.0226 0.00051 

4 -0.024 0.185 -0.0014 0.00000 

5 -0.026 0.196 0.0091 0.00008 

6 -0.027 0.201 0.0144 0.00021 

7 -0.026 0.196 0.0091 0.00008 

8 -0.022 0.175 -0.0120 0.00014 

9 -0.024 0.185 -0.0014 0.00000 

10 -0.023 0.180 -0.0067 0.00005 

11 -0.024 0.185 -0.0014 0.00000 

-
X = 0.187 

SD=0.012 

%RSD=6.6 



•
Ufl'n 

cI 
5 

... ~ ... d ''''':<Ii..id' ...... 11""mnLml::'tIt.lnJ1WL'tI~m11JU~::w~00Hl UU1A1J'nLO'Utl1fJ U1J'tIn'nfJl~fJl'nfl U ~fJ11'lf 
" . " .

1J~fI~Yn::ufI' lAfJl'nfluflg1-1ihfi~a'Lt.lfl1'n1 1w1AL1J'n'i ~1oth~111~1J\lmn'U 2 ';1~L1~lflOfli'~Yi 1 

';1~L~OU"tlffimfJu 2550 u~::flf~~ 2 LdoL~OUijUlf11J 2551 1AfJ'tilm1Ln'UU~~::i4'u~i~iu 5 i4'u~ 

flOL'nn"f "W'lffJfll1"'::Um 11J",L"f1,t2A1Jffflt"'::UmL'tlaOU~::1'lf;iL1'lf 111J~lU1U~10fh~ 30 

~10fh~ lAfJ9T10fh~t.l1::'lflfl1~tn'Ufll1JflW::~1~C'J ~~;)111~~ 3.1 

'.lnm,llfln::,.rl'tl gflU~::W~OO1Hl" U';1~L~OU "tlffifllfJU (fli'
" 
~Yi
.

1) t.li1J1Wl'tlgflod'U';1~ 
•.1 1 ~ " , "4... ~ d0.024-0.137 J.1gFelmL U~::l1~OO 1AOg U'lf1~ 0.005-0.302 J.1gF /mL 9f~ U~::H~m11lfln::'tIl'tl~ml~:: 

" .
W~00h~'U"1~l~OUijUlf11J (fli'~Yi 2) ,,'U'h t.li1J1Wl'tlgflod'u';1~0.060-0.158 J.1gFelmL U~:: 

• II , " . 

W~0011~od'u';1~ ND-0.286 J.1gF"/mL \llflH~m11i'fJYi"'Ua'lt.11~'h111~1J~10fh~';~'tI1JAijt.li1J1W 

"O~L'tIgflU~::W ~OO 11~' UJ'l~1J 1lilnUfll1Jlf11 J1U~fJ01Ji''U1~ lAfJfll1Jlf11J1U"0~l'tlgflU~:: 
" .

w~00hAlUU1~1J1liLnU 0.3 J.1gFelmL U~:: 1.5 J.1gF"/mL Al1J~l~'U 
" 

fll!'OfJft::m1flfl'UflU (% recovery) ,,0~m11lfln::,.rtJi1JlwL'tIgml~::W~00 h~'U~1oth~,h 

~1JOd'U';1~ 94.3-100.6 U~:: 79.9-101.7 f111J~1~'U U~::fllfllllrlfJ~l'UU1Jlf11J1U (Standard Deviation, 
• ., ow alS' .:l .. .,t!

SO) l'nlfl'U 0.011 U~:: 0.012 f111J~lA'U (n=l1) U~::1JflnOfJ~::fl111Jl'UfJ~l'UU1Jlf11J1Ua'1J"'n1 

(Percentage of Relative Standard Deviation, %RSO) "O~l'tlgflU~::W~OO h~lfhn'U 3.0 U~:: 6.6 

f111J~1~'U 

5.2 'Il8L1n.t8U'U:: 

" . " 
\llflH~ fll 1li''U,,'U'ht.li1J1W''0~l'tl gflU~::W~ 00'1~'U Ul~1J~1oth~,;~'tI1JA 1lilnUfh 

1Jl;)1J1U~fJ01Ji''U1~ U~1Jlf11J1UJ'1~1JV~ij~,,;jguC'J 6m';U'nl~mfJtl1"U~::'nH1iiu'n'i6 'tIiO'nH 

. "" " 
lflijnv~ij~,,;j6U 6fl ~~'LTu'U~luli'fJ;jlfJul~fJ~m1t.11::LijUfJWtl1"Ul'u~,,;j"O~l'tlgflU~::W~oo11~ 

" <Ii " " 
lfhiru lfl10~mO~Ulf11nhfl111Ja'::01Af}fh~lfJut.l1::~1';~'uri1u,,0~1Amo~a'lfJ,ifJ ntJfl un:: 

1AfJl~"1::'Uinwt11fJ1tJ'Uli4tJll"tJU1,jfJ~fi"tJ~'LTflffmnu~::1Jflnlm"tJ~1J'tIl1'nfJlnfJ 
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•	 II , I 

2.	 Ufll'.i'.iW t1.:1ti~m::fJ'f1 LL'f1::1i''l1 l~6.:1ff-;Pl'.i::fJ~t 2540. tl11J1WyJ~66 h"'UU1~1JU'.i'.i~"1A;j 
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cal	 tI QI 'GI.,Q	 r 
'YIUU't't'YIVfflflPl'.i 1J'I111'Y1Vl'f1V,.6UUflU. ~.:I'I11f1"6UUflU. 
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, Q Q tI tI :d 

'Uf)'I.Iun'l.l. tl'.i::11J1'l1fll'.ifl'.i1J1'Y1VlfflflPl'.ifll'.iLL't't'YIV flH'YI 9. fll.:1&'t1't't"1. 

5.	 1'U~ i'fl11 U'f1::fl'.iflflA'1\li11'Ufltl. 2546. nl1ftllilD'f)ul'tgf)811~''I.I~l8rh.:l~11~t1,,y1~ft1lilD'f)U 
~"..t ........ 11"" ,:~I

l'tgf)f)11f1D'1H'U'I.I&f).:I. fll'.i'l.h::11J1'lflfll'.i1'Y1VlfflflPl'.iU'f1::1'Y1fl 'U 'f1VU'I1.:1'l.h::l'Y1ff 'YIV flH'YI 29. 

,.6'Uun'U. 
tJ • 

6.	 '2'l111Jlfl ~1 V1'.il'"i fJ'f1. 2549. "'.ilV.:Il'Ufl1'.iPl'.i1~ff6UfJW.fl1't'tUl~1J mw tlfl'll11J'I111'Y1Vl~V 

'I16fll'.ifl'11'Y1V". l11D'11 lInfl, 26 (2): 71-83. 
tJ • 

7.	 Yt'l1tY6'.i 1'111J~'YIifffJ'f1. 2542. "fll'.i11tl'.il::,(fJW.fl1't'tUl~1J.fl1V'i 'U1J'I111'Y1 Vl-nV'I16fl1'.ifl'1 hw". 

l11D'11 lIflfl. 19 (3): 7-21. 
tJ	 • 

8.	 i'l111'f16 ~'U'YI'.i1i91'.i. 2543. "ffm'Ufll'.iWfJWtl1't'tU1UnflflU'f1::fl111JlaV.:I~".fl1't't".l111Wlfl11 

D'Uil1Wq'U. 9(4): 441-449.. 
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fllflNU1fl fl 

(till'Ul) 

th::fllf'ln1::Y11l.umi11wq'\l 

~ 
ilUYI 61 ('n.f'I.2529) . .. . 

4 0 ..... " ~I ... 
118~ 'U1U11I'1f'1l'UI'I1'lf'U::U111Y1lJilD''UYI 

VlffVOl1.J1V~11lfll11l'1.J1l1~n1 5 Uft::1l1~n 6 (1) (2) lift:: (6) m1-3'W~::~1')fU\y~Vl\11~ 
II 

YUr.2522 i'!llu~i-hm~m::'YIn-3ff11i1~WiX'U tltlm.h::mfl'1~ A-3~tl1tJi1 

'\Itl" 1 'so\1vnmn... . . " , , 
1. tJ~:::mfl'm::Y1~1-3ff11i1~WtI'U UUU-r120 ('W.fl'.2522) LiV-3 t11\11.JPllhUiltlfl Uft::LfliV-3~ll . 

~ 0 4 .. ,...... ... 
LUUVl\11~f1lUflllLUff1::Uft::m\11.JPlflWtllff lntl1l1~~J11.J L-3tl1.J 'U 11im1ffft~ Uft:: 

....... ...
 
Ulnn ft-311.J'YI 13 nUVlV1.J 'W.fl'.2522 

2. 1h::mfYm::'YI'n-3ff11il~WtI'IJ U,j'U~ 50 (ff.fY.2523) L~V-3 Ufll'IJL~llL~lltJ'S::mfYm::'YI'n-3 . . 
ff11i1HlliX'IJ U,j'1J-r120 (ff.fY.2522) ft-311.J-r118 ijU1f11l 2523 

II • 

068 2 ',\'u11J;1tlfl1Utll'lflJ::1J'S'S '-r1i1P1ffii'YI L~1.JVl\11'Sfl11JtJllLUff1::: 
II II
 

" , " 0 ...,. _ " ... 4 ... • ,_ J...
 
'\183 lfU11J'S UJfI~V~llflWtllff \1'SV1l1~'SJ11.J P1-3~V lJU 

1. fJWffllllil'YIl-3~~mf 

• ff ~tl-3 'liLn1.J 20 81LGJ11.J~iin 

• n~1.J ~V-3 'liijn~1.J lI~'li'S11lU-3n~1.Jflftvi1.J 

• f1111l;1.J A'V-3'liLn1.J 5.0 c;nmffLnft 

• fl1f1111lLtl1.JmPl-Pll-3 ~V-3tld'S::,.,.il-3 6.5 U-3 8.5 
...... ... 

2.. fJWffll1J~'YI1-3Lflll 
II II 

• m1l1Wff1'S";-3\1llPl (Total Solid) 'liLn1.J 500.0 ijfti;ni'll fiVUTUiltlfl I ft~~ 
II 

• f1111lm::~H";-3\1llPl lPlVfi11.J1WL~ULLflftL;Vllfl1f1JtlL1.J~ 'liL01.J 100.0 ijftftni'll 
II 

fiVU1tJntlfl I i;fl~ 
II 

• ff1'S\1lJ 'liL01.J 0.05 ijfti;ni'll fitlUTUntlfl I ft~~ 
II 

• LLtJLiVll 'liLn1.J 1.0 ijftftni'll AmhtJ~ltlfl 1 fl~~ 
II 

• UflPlLijVll 'liLn1.J 0.01 ijfti;ni'll fiVU1Uiltlfl I n~'S 
II 

• f1fttl ''SA" lPlVfi11.J1WL~1.JflftVi1.J 'liL01.J 250.0 ijftftni'll AVUltJiltlfl I n~'S 
II 

• lfl'SLijVll 'liL01.J 0.05 ijftnni'll fiVU1tJiltlfl I n~'S 
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" • 't10~mH '~&nU 1.0 ij~i;ni'1J ~!l1h'Unfltl 1 i;~~ 

" • n1~n '~&nU 0.5 ij~i;ni'1J ~O,jl'Unfltl 1 i;~~ 
. " 

• ~:01 '~&nU 0.1 ij~i;ni'1J ~O,jl'U~lfltl 1 i;~~ 

" • u1J~mihr '~&nU 0.05 ij~i;ni'1J ~t},jl'Unfltl 1 i;~~ 

" • t.I~O't1 '~&nU 0.002 ij~i;ni'1J ~t},jl'U~lfltl 1 i;~~ 
" • 'U&~~'t11~tltilU1W&f1U iu1m&\lu ',j&nU 4.0 ij~i;ni'1J ~t},jl'Unfltl 1 i;~~ 

" • ~Ut}~ '~&nU 0.001 ij~i;ni'1J ~t},jl'Unfltl 1 i;~~ 

" • Cin&utl1J '~&nU 0.01 ij~~ni'1J ~t},jl'Unfltl 1 i;~~ 
"• &~U ',j&nU 0.05 ij~~ni'1J ~O,jl'Unfltl 1 n~~ 

" • ci~&~~ '~&nU 250.0 ij~i;ni'1J ~o,jl'U~lfltl 1 n~~ 

" • d'~n:n '~&nU 5.0 ij~i;ni'1J ~t}\11'Unfltl 1 i;~~ 
" • -W~t}t} 'nl1~tltilu1W&~U-w~t}t}1lJ ,,j&nU 1.5 ij~nni'1J ~t},jl'Unfltl 1 i;~~ 

QlQcl ., .. .a.~ 

3. fJWff1J'U~&ntl1n'U'~U't1'tl 

" • ~'1\l,,'U,jm~1't1'u~ 1tln-wt}11J 1l'Otln-il 2.2 ~t},jl'Ui1fltl 100 ij~nni'1J l~tl1i &g1J 
4 d 
" &t}U (Most Probable Number) 

• ~'1\l',j,,'U,jm~1w~ 6.1tl'~ 

• '1iij,i;U't11tl~lil1,f&n~ htl . " . 
f84 fll'tl'u:n1f'U",,jl'Uilfltl 1,ftlfi1M~11JtI,:mfl'm:'t1'1~ffl1il'Wq"-il~1tl&;0~ fllW:'Un, 

" 4.... d • 1 ..... 't1':~I
U~:\l:~O~1J~nlJtu:Otll~l1U~Otl1~ ~ ~~~o U~1tl 

511 d " 4.1 ... ~ '" 1.J! ,,~......... 1

1. &1JUfll'tI'\J:'U'~''t1~O~1J"l11'O,nlJ~ &1J0 'J1.J"'\l:~t}~lJ~NUn l1~ONun ~tl'o'U 

I •• 4 ., .. 

':1111~"111't},nn'U"1~11't}fll'll'U:'U'" 

2. &r1Ufll'tl'U:~t1'lNUn c;~'~1';fll'tl'U:'U~~'~11J (1) ... . . . .
 
... 4~ ... ... • 4~ ... " 4 .... 4...:"1 1.J! 0 1"'" 4
ff~'t1lJ~NUn 11~Off1U't1lJ~NUn "t}~fllW:U~" ~11J (1) U~: (2) ~O~1J~nlJW:'t1&1Jt}llJ~ 'J 't1l l1ff~'t1 

. " ~ ... ... I 4i1 .. ... .... ~'t1
lJ~NUn 11~Off1U't1 ~Nun lnOfll'tl'U:'Un,uu&ntl 

" :"'1 1"·'.......... .1 ,,, '" '18 5 mmff~~u~1n"0~Ul'U' fltl lflJnU~~11JlJ':mfl'm:'t1n~ffl1il'Wq" 11~1tl"t}~ U~1n 

.... .:, I ... ... 1 .3 .... .1 4 0.... d 1" tItI,:mflU'U'UU 1Jm:'t1'Um:&'t1OUO~ 1.Jrlltlty m~"u't1:&'UtlU~1''U61111' C)1~t}on 11~11J ,:mfl 
• • It' • • 

m:'t1'1~ffl1il'wq" u,j'Un 20 (".fl.2522) &;O~ til11U~,jl'U~lfltl U~:&f1;O~~1J &r1U01111'f11'UfJ1J 

&U"1: U~:til11U~fJtufll" lfi01Jl~'!1U &10U'" 1im~Nn~ U~:U~1n Miu~ 13 OUtl1tlU ".fl.2522 

d '''.!''I ..:. ... 1 tI .... d d.... 4C)1~ ~UtJ L"&"1J&~1J ~tl ,:mflm:'t1n~ffl1il~Wq" U1.J1.J't1 20 (".ff.2522) ~~1U't1 18 1JUltl1J ".ff. 

1"J!d'~"" 1 .3.... .1 .. 0.... tI .... •2523 U~: 11~'t1 ,n'U 'Urlltltym'''U't1:&1.JtlU ~1'1.J61111~ ~11J ,:mflm:'t111~ffl1il'Wq" ~~nnl1 
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0.... 111 0 .. , "... ... " .1 ..... " 1 11'" .. .. ,
lJ1~ll\J\Jm'jUfl '\l~lnJ61111'j l1lJnVfl::l6V~un~o~ ~llJlJ'j::mff~'U'U\J mv \Jlnlfl''lJ1\J \J'lJ1l91 

. " ., 4_1	 41"'" ..
1\JfllJ~::mff\J 'r'U~f1'lJ 

" " lI'j::mff~~'lJij 111'cN~~fi'lJ ~~u9ii\JO~'ln1\J1I'j::mff'\Jn'rn'\ll'1jl'lJmntrl\J~\J111 

.	 . 
(ti'~\llnn'rnn1'1jl'lJn1l1IrilJ 98 91o\Jfi 157 fl~1\J-n 24 n\JU1VU 2524 

, .:I	 •• tJ , 

U..,D.:I'rIU1:	 1I'j::mflm::f1n~fl'11i1'jWtf'\l ~~'lJfi 61 ('rut 2524) li'o,nh'Unllfl1\Jm'ru::;iiJ~fl'ij'n 

91oWU,;''lU'jl'rn'\ll\jl'Un1l1 UlU 98 9l0\J~ 157 (~~'lJoWlflll) fl~i\J~ 24 n\JV1V\J 2524 cb~ 
•	 •• II' 

1~UIi1'\lloWUI~Ul~v 1I'j::mflm::f1'j1~fl'11i1'jW"I'\l~~'lJ;i135 ('rut 2534) Ii'O~ \11 

'lJ~lflf11\Jm'r\J::'lJ'j'j,~iI~ffij'n (~~'lJ~ 2) l:I~1\J~ 26 Qum';\J1i' 'Vf.ff. 2534 91,"lJ,;'1\J 

,.,,r~ffO'n'rn\l\ll'4l'lJn1l1lrilJ 108 9l0\J~ 61 M1\J~ 2l1J1I1U\J 2534 



fllflN'U1fl " 

(amn) 

'I.h::fllftfl1::'n1'1.:1D'11i11Q.!q'U 
...... 

~11'n 135 (fi.ft.2534) 
, .. ., 

<!S ."""'1 ~I "" ..., ....a18.:1 Ul111I.f1flIUm'VU::11111J'nURD'U'n (~1111'n 2) 

I " II 

l"t1;lLi~lumn"1JflTmOl"L;;1JL~1J oU't:lfil'IiU"L;0.:1 fJWI11't't 11;01J1~~ J1U,.O.:l1htJi1ftfl1U 

l11'JSU::tJH,~i1"fI'iifl Olfftl61Un~11Jfl111J 'U1Jl~n 5 lLa::1Jl~n 6 (1) (2) lLa:; (6) m';.:1 
. 

't't~::n'JSUt1l~0l1111 't't.fl'.2522 i'J1JU~;11m1m::fl~1.:1f1'11l11Wtl,. OOn1J1::mfl"1'~.:I~o hJi3 

-
"(~) ILfl"Liitl1J 'liLnu 0.005 ~at;ni'1J ~01htJi1ftfl 1 a~~" 

11'0 2 lll'tlmt;flfl111J lu (OJ) ua:: (\11) ,.0.:1 (2) luoU'o 3 m';.:I1l~::mfl'm::fln.:lfl'11l1~Wtl,. 

'" .d A :"'1 1 .d... ",.d '" 1"Y.UtJtJfl 61 ('t't.fl'.2524) L1fH UltJ1 ftfl UI11'JSU::tJ~~'flil"fI'Ufl a.:l1Ufl 7 flUtlltlU 't't.fl'.2524ILa:: 11 'IJ 

-" lJUlLflU"Ofl111J~0. '.IQ
-"(OJ) '"hnu 0.3 iiat;ni'1J 9iolhtJilftfl 1 t;~~ 

. 
(\11) ~::fl1 'li&nu 0.05 ~at;fli'1J ~01htJilftfl 1 t;m" 

. 
oU'o 3 lll'a;;1Jfl111J9i0'lliM1u (fl) (11) lLa:: (U) ,.0.:1 (2) 1\J'U'0 3 m';.:I1l1::mfl'm::fln.:l 

• • II •• 

fl'11l1~Wtl,. uutJ;l 61 ('t't.fl'.1524) &;0.:1 umnftfllUI11'JSu::tJn';ltl"fI'iifl a.:l1u;l 7 flUtlltlU't't.,y. 

-
"(fl) O::Uii&Utl1J 'lianu 0.2 ~at;fli'1J 9iOUltJnftfl 1 t;~~ 

-(11) LfJUafJfI' (AlkylbenzeneSulfonate) 'lianu 0.2 iiat;fli'1J 9i01htJilftfl 1 t;~~ 

-
(U) 'Clftll'u;'lianu 0.1 ~at;fli'1J 9ioultJilftfll t;~~" 

2524 
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4 ~ .., ~ .. d ~ Q .., GI • .., ci _I J" 'JJ.., CllI'

'IltJnZmtJ~ \Jn1l0~1I11JtJ'IZmffU1.J1.JtJ flltJ LtJ'tftJ~l OtJUtJA1Y1.J1tJtJ1.JU911tJ't11J'IZmfftJ L'l11.J~fl1.J unz•'1'.. 'II I ~ '1"'1 'II Q • 'II ...... 'I "'1' I '_1• .rI1JO 'WtJfll"OA~nn11IUn L'tf L1.J1Ylflf\jm'I"tJ't1ZI1.JtJtJlIl'I1.JOl'tfl'I 'tf'IOUalm~1Jfl~ L'l1 ~1I0 1J 

~tJn11~Z '~i'1.JO~f\jlll'tf i o~tJn11~O~f\j191~ZU«~ 1~'t1'Il1.Jil~m'I 'bjo~ f\j11l 

" ". 

tJ'I::mffUti1.Jill'tf'1~ti~fl1.J ~~1l~1tJtiA~ln1tJtJ'IZmffltJ'I l'l1fi~ ~l~ L1.Jn1:l1LrltJ~tJ' tJ 

tJ'IZmff W1tJ~ 26 n1JflllitJl 'W.ff.2534 

• 'II 

(n~'l1o) 'J't1tJ "1~"1" 

tJ~AmZ't1'I1~1YU1'IW"1" 

JI!GlI". QI 4' 
~ L'l101tJl~"O~'I!1JtJlInlmm'IZ't1n~1YU1'IW"1" 

. . 
QI CIt. • 4 QI CI 

(flA~lml'l1nnl~l1.Jn1:l1In1J108 ftOtJ't1 61 antJ't1 211J1:l1tJtJ 2534) 

• •• )I • 

U'tIQ.m"l: tJ'IZmffm::'t1n~1Yl111'IW"1"uti1.J'Yl 61 ('W.ff. 2524) liO~ih1.Jn1lflltJfll'l1tJzliiJ~1Yii't1 

~,"1J,"'tJn'l1finl~l1.Jn1:l1U;1J 98 1I0tJ~ 157 (Uti1.J'Vilff1:l) n~1tJ~ 24 ntJtJltJtJ 2524 ~~ 

'''', ~ ... 1 .1 'II ..l • :Alln "1'W1JI911J AtJ 1J'I::mffmZ't1n~1Yll11'Itl.IlI" U1.J1.J't1 135 (ytff. 2534) I'IO~ tJl 

'1.Jn1lfl'tJfll'l1tJZ1.J'I'I,~iJA1Yii't1(uti1.J~ 2) n~1tJ~ 26 fJ1JflllitJl 'rtff. 2534 ~,"1J'W1tJ 

'tf,j~ffon'!1fi~~1~I1.Jn1:l1U;1J 108110tJ~ 61 M1tJ~ 2 1111:l111tJ 2534 



cflltlN'U1fl tl 

. ". 
.... 0 "'1'J1 ....,fllnUI ft-1 1Il~'.iJl1JtJwm~Ul'lJ1~ln'YI 'Jj''IJ'.i fit'l 

..., 
fJWDfl\:lOl: 

.. ..., .... 0 

A,,\JfJ W.fIl'W\Jl 
, 

't'/\J'JtI 

, 
t'll1Jlf1'!l\J 

<1 0 .oi 
IflWorlfll't'/\JA'n 

1't'/1Jl::i:r1J 

Iflw.ntl'llD1J 

q.:jqfl 

'YIl~fm.lm'n I.n (Colour) 11 .... '" 1 ~ 
nl~U1I- fl1.Jtln91 5 15 

2.flll11;U(Turbidity) 
I , 

'tfUltJflll11'VU ·5 20 

3.flll11IrJUfl'.ifl-~h~ (pH) - 7.0-8.5 6.5-9.2 

...
'nl.:jlfl1l 

d 
4.l'tft'l0 (Fe) 1Ifl./~. '~lOU011 0.5 1.0 

5.1i'~mUfl' (Mn) 1Ifl.lt'l. '~lOU011 0.3 0.5 

6.'YItl~Ufl~ (cu) 1I0.lt'l. 'U10Ufl11 1.0 _ 1.5 

7.ft~0::~ (Zn) 1I0.l~. '~lOU0115.0 15.0 

8.cit'lL~~ (S04) 1I0.lt'l. '~LOU0112oo 250 

9.flt'ltl''.i~ (Cl) 1I0.lt'l. 'U1OU011250 600 

1O.~~tltl''.i~ (F) 1I0.ln. '~101J011 0.7 1.0 

II.'Ul~'.ifl (NOl ) 1I0.lt'l. 'U1OU01145 45 

~ ~ 12.flll11f1'.i:: H'YI~'tf1lfl 

(Total Hardness as CaC03 

1I0.lt'l. '1ilOU011 300 500 

13.flll11f1'.i::~1~ml'.i 

(Non carbonate hardness 

asCaC03 

1I0.lt'l. 'UIOU011 200 250 

m ~ d14. '.i1l1wt'l'1'.i'YI~'tf1lfl'YI 

t'l::t'lltJ'~ 

(Total disslved solids) 

1I0.lt'l. '~IOU0116oo 1,200 

... 
fl'1'J'nl' 15.fI'l'J'tf'IJ (As) 1I0.ln. Itl~'~ijlt'ltJ 0.05 

16.'C)ftJl'U~ (CN) 1I0.lt'l. " ,'...fttH 1I1Il~tJ 0.1 . 
17.fI::n1 (Pb) 1I0.lt'l. " ,' ...

ftO~ 1I1ILt'ltJ 0.05 
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18.1htl'n (Hg) 1Jfl./~. ~tl~ 1~ih~rJ 0.001 

19.1LfI~LijrJ1J (Cd) 1Jfl.l~. 
II 1 ,... 
;ttl~ 1J1JL~rJ 0.01 

20.~~LijrJ1J (Se) 1Jfl.l~. 
II 1 ,... 
;ttl~ 1J1JL~rJ 0.01 

.... ... 
'nl~'UflL91' ~1.,jflL~;~~'1'l'Vi'U l~W1n 

~tandard plate count 
lf11~iJ~tl ~'U.Clf1J. 

d ... d 
ttl1J.'Vi.1tlU 

I 

;ttl 100 ~'U.Clfll. 

-

1~liiufl11 500 -

~2.,jflL91;~91'1'l'Vi'U l~rJ1n 

~ost Probable Number 

MPN) 

" ,'UtlrJfl11 2.2 -

~3.6.1f1'~ (E.coli) " ,' ...
;ttl~ 1J1Jl~rJ -

, 4 . w 
U,nl~mll: th::fl1ffm::'nn~t291't11,.,m'1J ~u'U'n 12 (".ff. 2542) tltlfl;tl1Jfl111J1U'Vi'::'1".,jty~~hh 

tJ1~1~ ".ff. 25201~tH nl,.,u~,.,aflLmucri'u~::1J191'fl1"U'nl~1"'1fl1,dl,.,i''Ufl1,i1t:J~nu 

t\'lU't111il'tl.ItXlUundlt:J~n'Uii~U1~a't:J1Jl~U,"1I~,"1J,",lun".ii'l\l1'4L'Ufl1l1Lft1J 112 9lt:JU . .... .... ... 
YI 29 ~ ~~1U'n 13 L1JlIlrJU 2542 



.fllflN....lfl ~ 

, II 

Al11~ii ~-1 1Jl"1!llJf'ln"fiwcnf.2"nl'l1m11Jth'Unml 

, 
fll)llfl1!lU 

J.
mWarlm'HUflq.:Jqfl tnwaritn~la)lq~qfl· 

,.., .., .. ... 
'HU1rJ (Maximum (Maximum 

Acceptable 

fl'VUfJWIl11'fUlfJwan'Yoa:: 

Allowable 

Concentration) 

,mmvlllYt 

Conc~ntration) 

Platinum-Cobaltl.a (Colour) 5 15 

2.Hl' (Taste) '1iL1'1u~i',unv,",- '1iLrJU~r~LnV' . 
'1ilrJu~i',unm)3.flihJ (Odour) '1iLrJu~i'~lnv,-

54.fl11lJ;U (Turbidity) Silica scale unit 20 

.5.fl11lJLrJUfl1'fl-fh~(pH) 6.5-8.5 9.2 .. 
6.t11lJlwtrlni~'HlJfl(Total Solids) lJflJtt 500nl~lfllJ 1,500 

d
7.mM (Fe) lJflJtt 0.5 1.0 

8Jj~mutr (Mn) lJfl.li'l. 0.3 0.5 
d ., .. 

9.L'Hi'lfllli'lZlJ~mutr(Fe& Mn) lJfl.li'l. 0.5 1.0 

10.ntHllfl~ (cu) 1.0lJfl.li'l. 1.5 

ll.n~m:a (Zn) lJfl.li'l. 5.0 15.0 

i2.fli'lLCUVlJ (Ca) lJfl.li'l. 200 

13.11lJflU1CUVlJ (Mg) 

75
b 

50lJfl.li'l. 150 

14.cii'llYlPI (S04) 250< 

15.f)i'lt1h" (CI) 

lJf).Ii'l. 200 

lJf).Ii'l. 250 600 
. 

lJf).Ii'l. 0.7I6.YlUt1t1hfi' (F) 1.0 

lJfl.li'l. 45 45 

18.tri'ltli'l11.JU;i'lcii'llrlLufl 

17.'UL~ml (NO) 

lJfl.li'l. 0.5 1.0 
(Alkylbenzyl Sulfonate,ABS)
 

19.;nUaflcil.JtrLLflU~(Phenolic
 
lJfl.li'l. 0.001 0.002 

substances as phenol) .. 
tr11Ytll 20:U~f)f1 (Hg) 1Jn.la. 0.001 -. .2Ul::n1 (Pb) 1Jn.la. 0.05 

.. .. 
22.V11L'lfUn (As) 1Jn.lll. 0.05 -
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23.einLi]V2J (Se) lIfl./1t 0.01 -
24.1fl'iLijVlI (Cr hexavalent) lIfl./l1. 0.05 -
25.'CJfV1'tI~ (CN) lIfl./l1. 0.2 -

... 
26.Ufl~LlIVlI (Cd) lIfl./l1. 0.01 -

27.LL1.JL;VlI (Ba) lIfl./l1. 1.0 -
... .. 

"'l~tJfU'" " " 28.LLrr"'U"1'''L~n''Lfll'U'' (Standard 

Plate Count) 

3
Colonies/em 

Colifonn organism 

1100 em 3 

500 -

d .. d 
29.L611~L6'U (MPN) 

JI I 

'U6Vn11 2.2 -

30.61f1'n (E.eoli) 'lin -

....l 1 1" !it ....l 1" ...: .1 ...: ..l ...
• lflWlfI fI 0'\.1 1111 'H tT"tX~LlJULflW lfIfl0'\.ltl!UI 'H d1'HUltl1lJ'I::tJ1'H'I OU 1'U1~111f1l1fl1111 . " . 
;)lL~tI ~0"1of'UiltlflL~tI fll'Ii1fl'I11Ul1:ahfiijfJw nfl'W w::ogltI 'I::'H -h"LflWen'ih,., U~ 

" ". , 
tT"tX~ fl'ULflWen'O'\.lll1l1tT"tX~Utl 1li''If,hfil,rlfliO'''H1I1VlIl91'IJ1t1111 

b 'H 1flfll1LCUVlIijtJi1l1W 1J"fl-h~n1'HU ~ Ul1::~flLtlLCUVlI ijtJi1l1W~lfl-h~n1'HU~ 1tI 
" 

1 tic. ., cI ., cI 1 " ...
lIunJ1U 'HYHll'IW 1fll1LCJfVlIUl1::lIflLULCJfVlI ULflOll'\l0"fl1111m::~HfI"'H1I~ (Total 

~ ~ ~ ... 0 !it...... .. "'.1'" ~ I

Hardness) {I1'I111fl1111m::Pl1"f1"'H1I~LlIOfl1t11WL lJUfll1LCJfVlIfl1'I 'U OLU91 lIlJ'I1I1W911011 

" " 
300 ijl1nfl i'lI~On91'I 1,ril011,hUtlL~U 1tJ9I11111191'I!lUfll'I UU"'I::~'Ufl1111m::11H'\IO" 

" " 
1l1~"~tl' tJi] 

... 0'" L'IVfl U100U 

.. QQ.,I " 
75 m 150 1I1111mll9101191'I L;Vfl 1l1m::l1i"tJ1Ufl111" 

.. QQ.,IQ t1c1: 
150 lH 300 1I1111mll9101191'I L'IVfl tl1m::~H 

300 ijl1nfli'lI~On91'I~u'tJL;Vfl J1m::~H1I1fl 

c 'H 1flcil1L~91 ijtJi1l1Wi}" 250 ijl1nfli'lI~On91'I ~flLULCUVlI ~0"ijtJi1l1W'liLOU 30 
QQ.,IQ QQ.,IQ QQ." ~_ 

1I1111mll9101191'I (1I1111mll9101191'I = 1I1111m1l9l0\1fl'lJ1"flL~CJfL1l91'I) 

...., fI 
1I191'I!lUNl191tlWlfIf.2911'l'1'Hm'I1I 'Yt.ff. 2511 
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