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Weerawich Wongroj. (2013). The manual development of water quality test for 

Elementary student. Bangkok: Srinakharinwirot University. 

This research aims to develop a guide to monitoring water quality for students by 

creating a tool used to monitor water quality. The students can use as a comparison with 

standard tools and methods used to collect water samples and analyze water quality. 

By the time of sample collection and analysis of water quality for 10 months from June 

2011 to March 2012, covering the entire season. Floods and drought in one year, which 

collected water samples from two stations, including San Sab canel at Prasarnmit port 

and pond in front of Faculty of Science. 

The analysis of water quality to be found Manual water quality monitoring for 

elementary school students when compared to a standard water quality monitoring in 

the laboratory. Each parameter represents the water quality in a similar level of the 

analysis of water quality in both form and compared with the dirty water from the smell 

and color of each water quality analysis of simple effects analysis of the water quality. 

laboratory parameters, including the amount of Nitrate Nitrogen, Ammonia Nitrogen. 

Dissolved oxygen and Biochemical oxygen demand (BOD) was found that the water 

quality of the researcher determine the color and the aroma and quality of water in the 

same analysis in the laboratory using standard water quality of Pollution Control 

Department. 
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1~hlm~l11n"'ln:i':i'~'elth.:J1Vl'eltil.:JVI~.:Jl~ii~1c;J:i'~1uln~L~EJ.:Jnuwln~~Vl LL~:;l111~'tIn~tJu'tIri~n~n d.9 . q 

" 
m:i'r.f Vll11 ri~'ell~ii'tIn~'l!l n1 :i'VI~1tJ'Yhu 1~1~~YJ1lJVI~1 UU:i':;IJ1'Yl"lJ'el.:J riij'el ;.:JtJ 

~ ~ 

m'l!1 eD1'1"lJi ryuu ; LL~::rlU~U1 

vr'l1lU tj1ij~ij!l 3 U:i'::IJ1'YllV1qJ11~LLri 

1. ri~'elrl:i' (Teacher's manual handbook) Llh.l'\..lflr.:J~'f}~l~LLU'l'Yll.:J LL~:;1~~1LLu:;U1LLri 
~ ~ 

d .4 _4.d 

:i'lLmU"'1!lVlU.:J~'f}LmU 

2. riij'f}~~tJU (Student's manual or workbook) ~'f}VI'tI'I~'f}~~iStJuHrl'lurilufluc;J1n 
cu cu 'lJ '" 

~i1iJuun~"::U:i'::n'f}U~'ltJ~l:i':: ~li'l Lbuu'tln'lfVl iIt1!"'1V1r't)rl1m~ ~tjl.:J~1V1fuL~tJU ~1c;J'f}ULL~:; 
" , 0-

n1nl~~!l1J iI"'I"'Iuuriij'f} ~ ~tJu hi L~mLLIPir.r ~I'Yi11iUL ~!l1iifl'J1JfifluVI'tI.:J~'f} l1l1:i'1 L'Yh'tIu LLIPi'fl1"'1"'1:: leD 
q 'lJ 'lJ • cu 
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dJ'U~ii'f)~1~ flJ n1:i'~mn f)')U ~hJ nlJ ~'f)~'U 1~.yhvl'ih II 'Yl'UfP)l l 'li'UUVl ~iJ'U'Yl1'11n ~ -=I 
U'YllJ'tJ'W 

fP)'f)~Yi'J ll?l'f)~4htJ~'f)'U dJ'W~'W 

3. riii'f)-vY') hJ dJ'Wvnr'l~'f)~l ~1i'f) fP)'J1~~l~tJ'J nlJ n1:i''Yl1~'11(1)~'1V1~'1lln lhh'W L(1)tJ:W'Iwj'll ~ 
'lI 'lI <u q 

~!i1'UVl1'f) ~1.jj l1i119~ 1~1J'(l ~1l U'UnlJ' 1 'W~'f)'1J'U1 ~'JtJ l?l'Ul'f)'11~mh'lQn ~tl'l 
(2541: 8 -1 0) 1~'f)fiu1m~mn1Jlh~IJ)'Yl"ll'f)'1riii'f)~1riii'f)ri 3 lh~IJ)'Yl l~llri 

'U 'U 

ll~~1i'f).w'lUl)lJ~ ~'19d,)tJ 1 ~mJ',JTvl in ~ I?l J'1 u1lD UJ'~ 1J)'Yl ~~'f)'1 ~tl ~ii'f) m:i''tln'l1'ULu'U L 'f) n ~ 1 J'~ L~'U'f) 

II 'U'J 'Yl 1'1 ul)'illin1 J'tJ n'l 1 'W"1Jtl'l ~ ~iJ'U 1~ri II 'U'J 'Yl I'll 'Unl J'ul)lJ~ 1 ~ llJ'U 1u1 'l.IYi Pl'Yl1'1l~tJ 'J n'U u J'~ 1J)'Yl~ 

~1~f.1'f) ~ii'f)un~tJ'UllJ'Wltln~1m'U~'U1n1J'ul)u~I?l'l.l"ll'f)'1un~tJ'l.I~'f)~1'W~(l1'l.1~mt1uvl'lJ'l.I L(1)tJ 

l~'l.I'f)U'U~l~tJ'JnlJ1i'f)~~"lltl'l~(l1'W~mt1 
'U 

l'f)n'J@J 1m~1n (2541: 57) 1~'f)fiu1m~tJ'JnlJinMru~~~"1Jtl'l~ii'f)~1 ~1~1:i'm1i119 
q 'U 

~ I I ~ 

i nMru~ l U'f)~1"ll'f)lJ'1h iJVl1tl~'1~i9 ~ ~'f)'W 1~'f)ti1'1 n J'~~ 1'1-n (1) ~'f)'1l ~'l.I LfP)Ni1'1"1Jtl'l nlJ'~'f)'Wyj'l~~ (1) 'li'J tJ 
.,., , 

1 ~~1~1Hl(1)1lU'UriJl~LL'l.I,)'Yl1'1Ll~~"1l'UI?l'f)'W~I'1 11~ 1,!tlJLn'f) fP)'JJ'~ll'J"l! (2531: 77) 1~'f)filJ1mntJ'JnlJ 
, ," 

riii'f)Yl~~19~~'f)'1 fP)1U'In'l~'1(;)tl hHl~'f) llDJl1M1-n (1) L 9'l.1l1i119~1tJ 'f)'f)n LLUu~iitl1 ~~'JtJ'I1~'l.iTVltJlJ!i1'W 
'U 'U 

l;jtJ'l.IWW1Un l~Lr;)'U-n(1) 

91 n LL'l.I'J A (1)lLf'l:;(:J~nlJ'~~tJ L~tJ'J nu i nMru~~ ~1i'f)'1 riii'f) ~'1'l.1n~"l!1nlJ' 1~'f)fiu1tJ~1ll~'J 
'U 

, ., 
UeJ'l.IJlT~ LLeJ'l.IJliJ lleJ'l.ItJ-:l L YI'f)'li'JtJ 1 ~unlJ~ 1?l1~"1l'l.lI?l'f)'U~1'11Ui~1tJLLf'l:;nJLLUU"ll'f)'1 fiii'f)fP)'J J'9~ri 

<U ~ ~ <U 

:i'ULLuu~'l.i1~'W19 ~'JtJ'I1~'l.h!i1'l.1 lL~~'Yl'U'Yll'U(;)'f)n1:i'llD'II'W 
OJ 

L~'f)1~nlJ'~(1)m:i'vl1~ii'f)rifP)'Jl~Qn~'f)'1 -n(1)L'"l'UU~~~I~IJ'n'W1hJul)lJ~1~ ~~nMl1~ 

~nM1n1:i'~(1)'V'i1riii'f)91nVl'l.i'liJ'Il'l.1'f)'1~nmlm~~lJfP)fP)~ ~-ld 
OJ q 

, " 
m"lll lDl'1"lliryu'l.l: LL~~fP)'l.I~'W 1 (2539: 132-134) l~mh'l n1n~iJ'l.I~ii'f)U'U9~~'f)'1LU'U 

" , " 
LL'W'Jul)illiLU'W~lf01tlJ ~'l'l.l%mJ'~(1)n9nJ':i'~U'W9~~'f)'1L;j£J'W1~~~L~£J(1)Yl~1~1:WUl)lJ~I?lI~"1l'UI?l'f)'W1~ 

, " 
LL~~fP)'JnL~ (1)'1 LLeJ'WJllYl LL(:J'WIJiJ mJ'UtJ-l L YI'f)'li'J£J 1 ~ fP)lul)lJ~ 1?l1~"1l'U1?l'e),\J(;)1'111~~1£J 
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I ,.., I I 

i~L"I'W LL~::;ijntJ~::; L~tJ ~ flJ''tlU rl~~tl~::;L~'WYl1Jl~\l-ltJ 1 ~yJ\l~~ ~ L YI'tlYi ~'Ell'W"I::; 1~ Ln ~rl'Jl~ L ;11 "I!lih'l 
q ~ 

n"lm~~,f'W~'tl\lij rl'Jl~~::; L~tJ ~ ~1~I~CltlD~m~.,f'WI1I!l'W~1\l11~~ltJ f'l,)l~ f'l~!lUf'l~~ LL~:;~I~I~Cl 
oWl1tll~1'Wnl~PinMlnl~~m~~~1!ltlD~n"ln~~~~~!l\lnl~PinMl1~dJ'W'tltil'1~ ~\lm~'ti~'Wl~n'tl 

11I~,)"I~'tl'Uf'lru.nIYnfl~l~fU'wn~tJ'W~::;~utJ~::(llJPinM1"1::;ijC.J~~'tl~~tJ'Wl'IJ~I'WyJnM:;n~::;U'l'Wnl1"V11'1 . ~ 

1VltJ1P!1~ I1If LL~::; L"I11I f'l ~~'tl n1~~tJ'WLtl'W~ULL1JU nl~~'tl'W~~1~1 ~Cl'ti (;JJ'W1 ~ ntJIl1'Yl,rn~tJ'W 1'W~::;~u 
~ 

I I " ,.., " 

~1\l11.'Wm~~'tl'W~'tl\l~1\l11~ ~'l1.'Wm~1{tJflf\lil ~1{tJl~m~-w(;JJ'Wl~~'tlI1l~,)"I~'tlU~ruJllYloWl~1~fu 

,rn~tJ'IJ~::;~'Utl~::;Cl~PinM1 h'l~tJ'W~1fil1l~Vll1VlmitJP!1'Wf'l1'W'VI~1t~(;JJ U~::;~I'Wijl1l~ (chtJu~::;mJ) 

" ~fi~1 LL~::;f'lru::; (2544) n~hlr)1 ~ILil'W~'tl'lij~'lnl~'W~ (parameter) Vl1!l~"l!iliit)~ 
I ,.. I ,.. ., 

(Indicators) Yi"l::;~I~I~ClU'tlnim~ru:;'IJ!l\loWl ~\lLLU\lLil'W 3 n~~ 11I1~im~tru::;f'lruIll'YloWl1~~\lil ~"liU 
q • 

" , ., 
f'lruIlI'YloW1'V11'lmtJ111'Yl L"JI'W 'tlru~Ilij ~ n~'W rl,)I~'ii'W ~lnL"1J'l'W~'tltJ "1~"1 ~"liUrlruIll'YloWl ~1'WLf'lij 

It q cu It q 

(pH) Lil'W~'W ~"liU'VI1-l~I'Wii,)1'V1tJl L"JI'W "~'WVl16u~::;LIl'VI~1'l1 Lil'W~'W 
, ~., ., 

~~ilfip!'W6~'lLL')~~'tl~t~n (2545) n~I,)~1 rlruIlI'YloWl~'tlrlru~~U~'JJ'tl-loWl 'Vi'\l1'W~1'W 
ClJ ClJ q q 

". II I , 

~Ill')::;ii'tl'tl'W 1. 'WoWl ~1~Yi'tlti1. 'W~IlI'Yl LL'IJ'l'Wrl!ltJ 'Vi'\lcl'\l'tlI"1ij~I~Yi Lil'WYht~'tl~'WM6~1'tl~\liJii11?1 LL~~1 
~ q 

"I:;iJ'tlti1. 'Wm~lruii'tltJ~lnnI1l1~ f'lru~lJ~Y11\lii'l1'V1tJl~'tlL('tll')f~~'tll~tJ'tlti1. 'W,fl ~1V1:htJ ~1'tl 
~ q ~ 

, ,.., I ,.. I , " , 

~\liJii11111 'WoWl:a'W1 ~\l mnnu ~')'tltil\loW1Luu;h,)LLmYiiJ f'l,)I~~11"l ryU-l L 'Yl~i::;'oW1Yi Lf)U~11~"I:;Lil'IJ 

~,)LL'VI'W'!.I'tl'lLL~,fI~ltJ,f'W ru u1L')ru,f'W~\l~ILU'W~!l\liJmnI1l1tJmf'li'tl'l~'tll~'Yl~'tl~ L~!l\l"llnn1nnU 
II I ,.., I ,.. 

j;j')'tltil'lil1:U n.yi11~tJl n n~IYi f) ~ 'tll"11~ L~'an~n ~ ~ rlU ti'l oWl LL~,)Vlti'tl'W~'l~1"11 n~ :;'YlI'WL Yl'tlLnUoW1 
~ 

I I I ,.. ,.., I 

Vl1!l1fi~'lJ1Yi m~I:;~~ nu~ ClI'WYi,r'W1nl~ f'l')~~:;t)-l hll ~iJtf'l~'IJ'U1L,) ruYl'tl'lU1 ~1'tl1~1?I~\l~~lJl~')tJ 

L'Yl~I:;"I:;.yi11 ~C.J~m~';)Lf'ln::;~~ ~'Yl~1 ~ 1~ 

~"ItJ1 tJ'tl~L'Yl"li~ LL~::;L~"l!1 'W1,)I'WLf'ln:;~ (2544) Pim~t1f'lruIll'Yl,fl'V11\l~I'Wn1tJIll'Yl 
• q • 

Lf'lU ii'lIl1'Yl 'JI'tl'lLL~,f1tJ~I1I~'tll?l~1mL~::fl'lllJtJ'WLLlhl'W~'tlU 1 U n1~1{tJl~Lfi'Uj;j')mh\lhm~~:; 

~~m~ ~'tl ~~~'W1,)L~'tl'W~mlf'l~ 'l~~!l'WL~!l'WLlJM1tJ'W 'l~~'WL~'tl'Wn:m!)1f'l~ U'Yl . P!. 2543 LLU\l~mil 
" " LI)U~'l'tlti1'lLtl'W 13 ~rnu 11I~'tll?l~1oW1LL~tJlJ CJrln1~PinM1'YlU~I~"l!ilf'lruI11'YloW1Ltl'WlumlJ~Ill'Yl 

q 

" 
fi11lJ"li1 ~~1'tl'tltil 'WLn ru"Y1lJll11~~1'Wf'lruIllYloWl C'j') ~'W 1~ LLri 'tlru~Ilij f'l,)1lJ Lil'Wm~-~I\l m~1 ru 

'\I d.9 q q 'tI 

" ., , 
flfl n:n L"I'W~ :;~ltJ oWl ~,)'Wf'l ruIlI'YlU IYil~ LiJ'Wlu 1111 ~1111~~1'Wl~ LLri f'l,)1 ~ "li'W 'IJ!l'l LL i\l LL 'IJ'l'W~'tl tJ 

q J.9 q 
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I ... I I 

~'l ~h i"llUU'nlJ'lJ i:hJhn ru ~'l1 wri'J'I ~ ~ t:J'W ~'J'WI?l"llil~'l.11 ~~fil~'1 hiLu'W hJ [;IllJlJl [;I~~I'W 1~ LLri 

ffi'llJ 'b.JUlflL~ LIfk,~LyJ[;I r.nm.J~m~ n'WlFl ruJllvni' 'm}'lLIJ.i tJl..MlJ ~ 1 nl ~'1 L ~h~.n 1 'J:: L~'f)wi tJ 
q V 

I I "''' I 

"1 n tJ~ m ~',)~ tJYi LntJ'Jii'f)'l nlJ n 1)'',) LFln::,r Fl N111'Y'l'IJ1 ,,:: Lu'Wii'f)lJ~-w'W~I'WVlllJ! LU'W 
• v ~ 

'Vi n'li:: n~::lJ'l'l.lnl?VlI'1',)VltJl f'\1~ [;If ~'l,,::ii I:.I~ (;'j'f) l:.I~ilJqVliVlI-3nl~LhJ'W',)'YItJ 1 f'\1~ [;If ~ [;I',) 'YItJl f'\1~ [;If 
" " . " 

LL~:: L" ~fl~Vl1-3~Vlm f'\1~ [;I fl ~ M;'W )'') lJ'Vl..:l Lu'WmnJ~ n~ [;I~1iln(;]'flm )''f)'Wfn-MVlf'Y'ltJ1 n~'lJI~lJ ttl 
" v q 

.s..... .... .. l/ 
3. Fl'J1)J1nFlrun1~'JLFl~1::VlfHUIl1"'fU1 

~ . 
0-

nI)'',)LFl)'I::,rFlru.n1'Y'l'IJ1 ~llJlnlLLti..:ll.h::IJ1Vl1J'fl-3n1~',)LFl~I::,r'f)'f)mu'W 2 l.h::IJl'YI • 

, " " 
~ 1 nJ~::ntllJ~1flD1 [;IYi ij'f)r.Jl'W 'IJ 1 n 1)'',) LFl ~1 ::,r1.J~:: IJl 'YIuhi ~1il-3il-3tIhn ru"'f)..:I~ 1 nh:: n'f)lJvi~''f) iii [;I 

• '" q 

2. m),',)Lfl~I::~1'1.1L~-3illlJl ru (Quantitative analysis) LtJ'I.In1~~LFl~I::,rL ~'f) 1 ~'YInu U..:I ill 3-1 1 ru'll'f)..:I 

~lnh::ntllJ"lIU~(;]I..:11 ~ii'f)~l 'W,i'1 ~13-11)'mLti'l% m~',) Lrl?1::111~ [;J1lJVI~ n nl?~Hl 'Wm~',) LFl ~1::,r 
1~1?l-3ti' 

" , 
1) n1~~Lrln::Vl1I11tJ H',)fi m ~1[;1 L[;I)''Y1 (Titration method) Ll1ItJ'lJltK'J'f)r.JI'1'IJIYi ~'f)'lnl~',) LFl~I::,r 

lJl [;InlQjiV1~1~ filmlJl ru'll'f)..:I [;]') LLlhflru.nI'Y'l,fI~ Ln ~'W hlJ1n1l1'f)iJ'fltJ L ~tJ..:I 1111 Ll1ItJnl~.yi11.JllmtJl 
, , " 

'YI1..::1Lflih~tll~mlJl[;1~'II'f)..:I~I~~::~ltJ3-II[;1~~I'WVlllJ! (Titration) i,)flr.JI..::1'IJI'f)I""::~'f)..:Inl~YiIt1nmtJ1 
,,~ ~ 

" " , 
ri'f)'WVl1tl hjnL~ U~') U..:I'lJ1 tK') 'f)r.J 1..:1 'lJ1 u'W3-I11 [;I Lm'YI nU~I?~ ::~1UlJl [;I~~I'WVl Ln~rl,)llJ L ~3-lii'WLL U'W'f)'IJ 

d.9 " 

~1~~::aIUlJ1t;1~JI'W 0.025 N 'II'fl'l Na2S20 3 ~Lii1hh;1UnmtJlnU~I~~L~I"::~?'l"~'flU f1'fl 

" " 'f)'fln6]L"i'IJ c;)-3'li'l.l~'fl'IJnI~',) LFl~I::,r ~'fl hJu 

+ 2 
Mn2 + 20H-+ 0.502 ------------> MnO + Hp 

+ 2+ 
Mn2 + 21-+ 4H ------------> Mn + 2HzO 

12 + Strach- 12 + 2Na2S20 3.5H20 ----------->Na2S40 S +2Nal + 10H20 + Strach 

. I" . 
L1.JfitJl.IiC,lfl-3~'l indicator Yi1~M hl ~')tJ tK..::I LL~ ~3-Inl~ L~LPl?Vl ~13-11HI YlI'W,) ruill3-l1 ru'll'tl..:l [;],)LlU~ 

" , , 
Fl ruJll'Ynh L~L"'tJ nl~UI L'f)lill3-l1 [;I ~'II'f)..:I~1 ~fl ::~n tJ3-I1 ~~~1'1.1~L~ Lij'tl nl), L[;I L[;I~Vl U..:I" I1ItJ ~3-I1 YlI'W,) ru 

q dJ q q 

" , 
[;113-1 ~ 1i11il,,:: L~filmlJl ru'tl'f) n6] L" 'W ~:: ~ 1 tJ tK')'f)r.J 1..:1'11'fl..:l n1?~ Lrln::,r Fl ru.nI'Y'l'IJIYi1 ilVl~ n nl)' 1[;1 L[;I~Vl 

" q 

" 
L"lil.lnlri'l'ImlJ10'!'f)'f)n6] L~'W~:::~ltJ nI)'t)11IilllJ1 rum fU'f)'I.ILV1'fl'f)n L"l! 1111 'W'lJ1 m)'i 11IFl'J13-1 LU 'Wc;i 1..:1 LL~:: 
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I ,... iI I 

2) n1J'';)u;'1J'1~Vl1~tJH%n1J'i'l{nvl'wn (Gravimetric method) t~mJ1L'l'J'elti1'1U1.yb1~'el'lntJ' 

'YlJ'1uuh.n ru 11J eJTlm1J'm'!l-.l~'JtJnJ'~~1'Mm'el'l"llil~~ riii'el';) lf1n~~J'~u 1 ~ L'l'J!lti1-.l~m'el'l1~ L'l'J'elti1'1 
~ q 

, " , 
Vl1'eln1J'';)lf1n~~mlJ1ru~IJ'l1~~ltJL'l'Jl~Yi'lVllJ~ t~tln1J''eluYi 550 'el-.lM1b"l!~l;im~ 'W1'WUJ'~lJ1ru 

,.. I • I " 

15-20 'W1Yi t:J~"'l1n ntJ'!llJ 'lJIYiU'W'elti nu~'1Yi In ~'el'l n1J''YlnUUIV1,rnn~~J'~lVltl'el'Eln lU"'l'WVllJ ~ 
~ 

!or I I i-' 

U1V1'WnJl1"l1'W~lU~1 (lleJ'Wm'!l-.l) l11~i'l1 ~ ll~'J r1'el'WntJ'nJ''el'lU1 L'l'J'eltil-.l L'l'J!ltil-.lntJ'';) lf1J'1::~ f1ruJl1'Y'1 
q 

"... , 
u1t~tll-nVl~nn1J'u l"ll'W tfhl1ru~lnl"1l'J'W~'elti mlJ1ru~1J'Yi~n~~n'el'Wl~ ltJ'W~'W 

" 
3) n1J'';)lf1J'1~~~'JtJn1mn,tJUlYitlUf1'J1lJl~lJ"1I'el'l~ (Colorimetric method) %n1J'uijntJ'H 

" " 'elti1'1ll'Y'liVl~1t1 1 'WntJ'';) lAJ'I~iflruJll'Y'1U11 'W~'el'lulju'in1J' n1J'';) lf1J'1~i~'JtJ~fiu"'l~~'el'lVi11 ~ ln~~l 'W 
'1-' I I " I 

~'J'elci1-.lU1 ~'JtI n1n~lJ~lnA~l1~ll'Y'l1~~'11u I?l1lJ';)fintJ' uljmtl1Yi ln~~'W~~Yh 1 ~~1J'uJ'~n'eluYi L1J'W 
" I , iI I 

~'J llUJ'f1ruJl1'Y'1U1lU~tJ'W hlltJ'W~1J'LlJ'~n'elu l~-.l:n'el'WYiij~ In ~~'W ~-.l f1'JllJ l~lJlI'el-.l~"'l~ltl'W~ ~~'J'Wnu 
q 

4) n1J'';)lm1~iAruJ11'Y'1,flt~tl1-nlf1i'el'lt)~~~1l'Y'l1~l'''l1~'''l-.l f'lruJ11'Y'1,f1U1-.l~'JllUJ'~1lJ1J'Cl 
q q 

ntJ-.l1'Wl"i1mlJ1ru'el'elnlJlltJ'WL'l'Jl~"1I t~tln1J't) ~ ~'JtI,r'Jt) ~ lJ11nJ't)~ (scale) Vl1'el'elunJ'rulnJ''J'''lt) ~ 
q 

, ... 
(detector) Yi~ 1l 'Y'I1 ~ l ~1 ~~-.l r;1!l fl ru ~lJ U'i'Yl1'1lf1 ij Vl1'el 'Yl 1'1 n1 tlJl1 'Y'IU1-.l'eltil-.l"1l'el-.l ~'J nu J'fl ruJl1'Y'1U 1 

, , 
I I cv lei iI d cv.cJ 

'eltl1-.ll"ll'W n1J''J ~Alm!l"ll ~'Jmf1J''el'l'J ~'Y'Il'el"ll 
~ cv • .Cit, ~ dI IV 

VlJ''el n 1 J''J ~ f11'el'eln"l! l~'W~~~1t1 ~'J tJ lf1J''el-.l'J ~ 
... 

'el'eln~l"'l'W ltl'W~'W (ntJ'~lAn~iAruJl1'Y'1'WI. 2555) 
q 



3. 1 n'l~')'l~ u.~'U "L 'U n'l~ dlt.J j;)')'£)ri'l~ 

.cl 
'lJ'VI'VI 3 

8 

m~'J1~LL~'W1'Wmnnu(?)'Jmh~lh:;n'tlu~'l£1 m~fhVl'W~~rn'W~LnU(?)'J'tlth~ L-D'W ~i~ imiru:; 
,... I '" II ,., "I 

YI1~mW)1~~'tl~Yi'WYi L~mil'W~m~nLLVI~~'jhYI~~'tl~LLUU l~Llri LLVI~~,J"il~ LL~:;LLVI~~,J1LtI!il ~~LLVI~~ 
~ I ~ ,., J 

intl!ilYiH1.'Wn1~~nM11~Llri U'tl,J1VI lJ1 F1ru:;~'Vlm Pl1~ (;If LL~:;Ll VI~~,J1 LUIYlYiHl 'Wm~~mi11~LLri 
" flfl'tl~ LL~'WLL~ U U1L'l ru'Yl1 ~'tltl~:;~1 'Wi1 (;I~ L(1)£1 ~1 L il'Wmnnu (?)'Jmh~Jl1 F1~'W1l-J (?)~ LL~ L~'tl'l.lij{1'U1m..l . . 

, "" 
2554 ~~L~~'Wiitl1F1l-J 2555 ~~F1~'tlUF1~l-JvI~~~'\J1V1~1nLL~:;CJc:lLL~~1'W~'tlU 1 tl 

3. 2 n'l~fh'VI 'U ~'W'l~'lij Lj;J'£)~.yh fi 'U n'l~1 LFl~1~,"Fl tlAll'l'rnf'l . 
'" '" it " 

LtI'Wm~I1l~'JfOji~LL~:;1Lfln:;,x~"l!tlF1ru.n1Yi'\J11'WJl1 F1~'W1l-J ~'la,J'VI~~'W 6 ~"l!tl UiLLri . 
- f>11n~'I..I (Smell) 

- f>11~ (Water Colour) 

- f>11'tlruVlJli1 (Water Temperrature) . " 
- f>11F1'l1l-JLtI'Wn~(1) - vl1~ (pH) 

" 
-f>11 m1l-J Ltli~ 1~"lJ'tl~,J1 (Transparency) 

- f>11F1'l1l-JL~l-J (Salinity) 

'£)tlA'VIIli3: 
• OJ 

a 
fl,)'laJ LFl aJ : 
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., 
1. m'::;U!lmnUt;l'J!ltil~{n 

., 
1.1 m::;U!lmnUt;l,)!ltil~-WlllUUlL'J'WI?l!l'W 

.. . . 
dJ'Wm::;u!l mnu t;l'J!ltil~-WIYh::; ~U ml).J~n~h~1 m~u'W'J ~~ ~1~I~mnU 

t;l'J'tltil~l~~f'l~::; 0.5-20 ~(;J~ t;l'J n~::;U!ln'VlI~'JtJ'r~VI L1.H~t~ L~tJihJ~'tln'VlI~')tI L~~::;U~!lVl~lj~LYl'tl . .. ... ... 
fu LL~~ n~::;LL 'VI n LLfl::;1J!l~n'Wnt nL(;J n~l,) ~!l~ ~'J m::;U!l n t·iiLnu ~'J'tlUI~-W1 L ~i1!l~'WYi!l~-W1 LVI tI "11 tu::: 

... ... ... 
~ti!l'W~'JVI~~ t't.!U1~1'Y1~~!l~ ~1'W~::;Ltl VI LL~::;Yi~~ n ~~~~ hJI1II).J~1tJfl,)~ hJm:::Ll'YI nn~ In'Vllt~thtJVI ., . . . 

<dI 4.... .c:S ...::it.- G Q.;' I 

L~!l'D,) I?l ()~J'::;~l1J fl,)I~~ n'YII1l!l~ ntJ' LOU m!ltll~ 
... 

1.2 m:::U!lmnU~,)!lt.iI~-WI!lth~~It1 

dJU'Yl'il PVC 'D'WII?lfl')I~~ 800 iJ~~~(;JJ' ~1?l~'l't.!UflltJ!l!ln LL~'J-WIt.h'Yl!l PVC ~L~I::: . . . ... 
J'u~h ~~!l~ L;'tlnYltJnnu (;J:::n'J L ~1 hJ~1 ~J'!lU LL~'J -W1~1 t.I n &l ~nu m::;U!l mnu ~'l'ilt.iI~-W1 n'W H-:JI'W H .,., ., 

" A. q... c:: _ I 0 

L 'YI ~'W~ L~m nunJ'::;U!l n LnU (;J'l!ltll-:J'W1 LL UU LL'l'WVI!l'W 
... 

2. 'II'lI?lLnU~'J'tlt.iI~-W1 
.. 

2.1 ~'JI?lLnU~'J!ltil~-W1 

'lI'J~LnU~'J!lt.iI~fl')ntJ'W"ll'J1?l LYl~ L!lYi~'W (Polyethylene) ~1!l"ll'JI?lLLn'l!lt.iI-:J~'W1 "ll'W11?l 

t~'1JUJ'::;~1CU 500 - 1 000 ~1.J . 'l!~ . LL~::;iitJ1Ln~tJ'JtJl?liJVI:n~~'JJ't-ii'll'JVI~iJulnn11~LYl!lt~'VlI~'lI~ 
.. 

~:::'il11?l1~~ltJLLfl::;~I~IJ'mn1.J~'l!lti1~-W11~!lt.iI-:JJ''J I?lLj'J 1.hn'll'J~ hjfl'Jn~nn~1 5 'l!~ . Ll?ltlUn&l'D'lVl . . ... 
Yl~I~ &lnYliJ flCUll1W~~::; H Lnu ~'l!lt.iI-:J 1~~~1 ::;~~ n~I~'J I?l LLri'J L 1l'tl~~1 niJ-wlwwn LUI n~1 LL~::: hi LL(;J n . . 

2.2 1l~1n&lVl~'lVl~'l!lti1-:J 

llfl1 n &l 1?l~'J VI t;l'J!lt.i1-:J m ntJ'W"lIljl?l~ n'W,i'1 LL~::; H~'t.!~!l~U ~'W~!l'tl!l'Wt.i~ Ld!l Ln1.J • 

. . .. 
, " q ~ d ... .4 ..::::al l"'Q cv .r::::I 

~W~:::L!ltl~ ~~Y1fl'lJ'U'W'YInJ'1t1~:::L!ltll?l 'l~I?l-:J'W 

~ ~Ln1.J ~'l'tlt.iI~ !l1~u'ilmil'Wnr~~ I?lLr1U • • 
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, 
0.- I .c:r. IV I 0,.; .c:::i 

(;1')tltJl'l"1Jtl'l'il~nn!Y1~"1J,) ~ IWJtltJl'l ~'l[)l'YfYl 1 

VI:J.Jlm'tl"JJ~i~~'Jtlth'l .............. . ........... . ........................................ . '" 
i-' (; _ I 

~mU!Y1'Jtlm'l ....... .. ....... . ....... . ........ .. .............. . ............................. . 
, 

.:::I G IV I 

~ (ll'W'YllnU[;l'JtltJl'l ............. ......... ................. . .............................. . 

i'W l~tl'W n .............................. l'J'tll ............................................. . 
., , 

"" 0 ""'111 4 w IV CV I 

"ll'WI?l"JJtl'l'WltJ1Vl "ll!Y1~'Hl~~lnU~m~t1WJtltl1'l ................................... . 

tr ~ ~ ... 1 
1. l'YltlJ':J.Jtl:J.Jl!Y1tl:mUUm~lun~ 

2. nJ'~l?llMi~Filfl'Jll-.HU'Wml?l-~l'l 
, 
~ <V co 

3. lflJ'tl'l'JI?lf'l'Jll-Jlfll-J 

4. If'litl'l5jtli~Filmll-Jttlf'l1~ 

5. LLj;J'WlmtJUl~tJU~ 

6. LLj;J'WLmtJUL~tJUn~'W 
, ., 

d.<:S cv OoQCV I 

7. LflJ'tl'l:J.Jtl!Y1~'J"'J~flruJllYl'Wl"ll'WI?lVl')~'J:J.J YSI ~'W 556 MES . . 

, ., 
<V .,. d !'1 .,..." <V ~ 1- I ... co d _ I " 

~~:J.JnU~Lll?l'l L:J.JtllLtl~nmltl'tl L~~Ufl'Jll-J~tl'W "'l~"1JtJltJlWJ"1J'W u (;11:J.JVI~tlI?lLLn'Jl'tln1 LV!'Wtlm~Lul~llm 

U~~"'l~V! 1?l[;},)~'l1t1tlti1 'Wm~Llh:;ml-J L~:J.JnltlruVl[)ij~ 1?l~'1 ~1 LVI (;1~11jj Utl'tl ntle1tl;u~~"'l~'11 'WL 'Yltlf:J.Jtl 
~ q ~ q q 

ij uWflh Yl:n~LL tl~ ntl ~tl~1') ~tln1ntl~tJ'WLLtI~'1"JJ'El'ltlruV![)ij lL~~ 13J ml~~'l'1Jtl'lV!fltlI?lLd1'J LLj;JnllU'W 
• 'II 

,'" , 
'1J'El'l LVI~'l"llUI?l~'W L-rl'Win"'l~Ln1~~hV!~tlI?lLd1'J dj'El'1JtJltJ [;}')V!1tlVl !?l[;}'l "'l~~1?l~1'ltlti1'WV!~tll?l LtI)') hitJtl:J.J 

'" 

2. n~61'H-rj;)A1F111)JLtlun~j;)-~h~ Ll?ltJ1~~1J';S'W~Lf'lL(;1'Elfi!?lrhV!1tl~1~fl~~1tJ;S'W~Lf'lLl?l'Elf 

i!?l rh ~~l-J~'11J'WnJ'~1?l1Mm'El'l flru.nlYl~'1iJ~£J'El:J.J;S'W~ Lf'l L!Y1'Elfi I?l rh U1JUoW LPI'M~~11'l~'Wfi~ Lf'l'l1 L~'W!rl 
• 'II 

, '" , 
nUL"lI~~ L~~'U'WnJ'~1?l1'M1L'ElL9'W~t!?lmijm'ItJl?ltl1~'1'U'Wm~1?l1M"'l~Lnl?ln1ntl~tJ'W~t~tJrh pH "'l~iJFi1 

'II 
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4 IV G'i' .... , "11...1...... • 
3 . .. FI'i'a.:J'Jj;)FI'J1J.1LfUI Lj;}tJn1~'lj;}fl1fl'l'UJLfllJlPl'JtI Lfl~'fl,:j'lj;}fl'l1lJLfllJ Ref/ecto-salinometer 

~"Lih.ln1~j;}i"lliln1~linLl'I'D'fl"U~"'D'fl"'D'fl"Ll'I~'l~tJ~~tULfl~"ij'fl ~,:jn1~j;}fhfl'l1lJLf1lJLilun1~ 
• "." . I 

1JI~~1'j;}tF~1WLn~'flVi~~~1t1,j1Vi'VitJtU,j1 Lj;}tlijl'l'\l'lmilu~'lutul'IU,:j";U~'lU (ppt tl'fllJ1~1n part 

per thousand) 

4. "Fl1'a~il'a-r~A1F1'J1J.1ttJ·U"~ fl'l1lJLtJ1,:jt~ (Transparency) 1'c;lLilU~~tI~fl'l1lJ~n'D'fl,:j~1 
, '" , 

~1lJ11"lJ'fl,:jL,"u1'(;JQLiluu~u'l"n~lJ (Secchi dise) Vil'ltl'flU~,,'l.tJtU,j1~utl"fl'l1lJ~nVilJ'fl,:j1liL,"UU~U 
'" 1'(;JQi,:jnf.'l1'll'l1nUl'lf.'l",j1t£Plijfi1fl'l1lJLtJ1,:jt~'fl~~~l'I~1,:j 30-60 6JllJ. UtJ~1ijfl'l1lJLl'IlJ1~~lJurin11 
"', '" 

L~l'lJL~1JL(;J'D'fl"~(;J1,j1l'11nijfi1~1n~1 30 "lIl.l. LL~j;},:j~1,j1ijfl'l1lJ~UlJ1mnu'l.tJl'I1'flijmlJ1ruLL'Vi~"n 
... '1~I.d 0 "1.11'" ... J' 'III ,II ,.... 'i'ftl' "I ' 

lJI'flUlJ1mnUbU "lI"tl1~V11 Ll'ILnj;}1l1'l~"lI1j;}Ufl~U'fltln6JIL~U"lIU L£Pl LL(;J"1fl1lJfl'l1lJ bUN L~~"m1 60 "lIlJ. 

~u'l.iJ U~j;}"~1Ul'lf.'l"~1,rU1lifi'fltl~lJ\l1cU 
5 . .... eiu .. tRfJu .. ;ifJui 

" '" 

'II 

LilU~"~1~'lJVifl'l~uuVin'Jnflf" ~~ijfl'l1lJLL(JInr;i1"luur;i~~'l.Jflfl~~"fl'l1ijl'l~1t1flu"ll'ltlnu 
" "It II 

LLtln~ tJ~~LIl'VI"lltl,:j~: ~,j1(;J1~L4flJ ~,j1(;J1~ ~,j1(J11~~'flU ~,j1(;J1~~tlUtJUL~tI'l ~L~tI'l~'flU ~L~tI'l 
'" , 

ilL~mUnlJ,j1~U LL~£Pl"Liluu~uLtfffitJLVitltJ~ i"1l1'ViVi 2 

~ q) t'l It!.. f!i 
tIItltO ~~C- ~ 

f~---· 

, --~---

C 

4 • _r:! ... ~ 
111'n'rl 2 .... e.lu .. 1J'ifJU .. 'rIfJU1I 
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/OJ 1 n1l1Yl LL~'WLtfhJ1J L YitJ1J~~1J..J1J'tl~~I'1 dJ'W11I1J'1'11 ih:;~1J rt:;LL 'W'Wm1J..J~m.hn 1 'Wur;l~:;~ dJ'W 

J'i~l~ ~'11f 

A 

B 

C 

D 

1 2 3 4 5 

" ., 
~m~1~1Jm1:w~mJm/Oj1n:W1nYi~l1IhJ'VniJ'EltJ~~11I1~tl1ltJl'WLL'W'J'W'El'W 1 - 5 ~'J'Wl'Wu'W'JJ?i'l D - A 

q q 

II I I I I 

;,nr'W ~Yiu~I1I'1m1:w~nthn:W1nYi~11I f,)'El J',r~ 1 D LL~:;~YiLL~I1I'1rt'J1:w~mJmiJ'EltJYi~11I f,)'El J',r~ 5A 
q q 

6. LL~hJbmtJ'UbVitJ'Un~'U 

nT~~'W11I:W1111J':ij1'Wl'WmJ'iI1l1~mn ;'111\.!~'1u'WYinm:Wrt'J1J..J~~mJ'El'l~I1IJ''J/Ojil1l iJ%mJ'LL~I1I'1 

, 

(1) n~'W'VI'el:W 

(2) n~'W~'WliJ 
, '" .. .. "" 

(3) n~'WI1I'WLL~:;L"Jl'elJ'1 

, 
(7) n~'WLU1'elf.h'lLLN 

59 '" '" 

, ,., 
1Pl'1'a'1-3Vi 3 1Pl1'a1.:JbmtJ'l..Jb VitJ'U n~'U"lJ'f)-31h 

n~'W~~ liJ n~'WI1I'Eln HI n~'WnJ':;LYitJ:W n~'WLLI1I'Im1 n~'W,f1'V1'el:W n~'Wmvh'l1 

n~'W~1'V1:htJ n~'W'VIr1j1 n~'W~'WliJ n~'WLLYl~'1rll1l'El'Wvi1'11 

n~'W~'W n~'Wtrt~'W n~'WL~'Elnr;l1'11 
I I '" I 

n~'Wrt1'JtJ~1 n~'WU1ar'Wvi'1JtJ~1 n~'W'VI'eltJvi1'11 
, I " I"" I I I 

n~'WYl'W'el~ n~'Wu1ar'W'Ynf n~'WU1,r'W n~'W1'1l,r'W n~'WYl1nYJ'W n~'WFl~'fl1'W 

n~'Wle:!Ll1In/Oj'Wi~ lw~ n~'Wrt~'el hYl'W'el~ n~'W~1'W"lJ1tJtJ1 'VI1'eln~'W~~I1I.nruoy] 

tJ1vi1'11 
I I I!V" I I 

n~'W"lJ'el'l~I1ILU1 n~'W"lJtI:; n~'WUTt1'1 n~'Wrt'eln'VIJ..J n~'W:w~il1l1"vi1'11 
" " 
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7. ~fl1'tl.:jij'tl~~1~1~flt1.!Tll'rnfT'jjij~,r1';J';UJ YSI hI 556 MES LlhJlr1i!J-.1;i!J~~I~I~(l1'c;) • • 
FhYnnillfP1!Jf~I-.111 UlJ"r 1~ VI~ Itl r11 lc;)tl r11~1~'"l:;l'j r11lUU(;)') lrl'tl'Vl PlUtl~ ~!J~' LPllll VI'Ij-.1~-.1l'j r1'JI~ 

I 1.- '" 

~~L~tlC;)~-.1 lc;)tli~l1~:;;Ur1'JI~~mJ!J-.1lJl 50 L"1lU~h~fP1~ '"llnchwl L~tlHLr11!J~;i!J;-.1n~I'Jhml~ 
" 

l'lJ[JIr1~'lJI~'Vlnri-.1 H Probe 1'C;)Vlrl!J'lJ~-.1hJl'lJ,fI~~:;;uml~~n 50 L"1l'lJ~h~fP1~ Lr1i'a-.1;i'a'"l:;LL~C;)-.1 • 
, '" • tJ 

r11Vil~'"llnnr~1'~ l~L~[JtifP1 L'lJ)J&l Yl'f'aUV1'l nr~U'lJY\ nr11 r;h-.111~ ~-lri'aULL~:;Vli-.1 nl~ H-.11'lJ'Vln r1f'l ~'a'l 
" . 

YiIr1'JI~~~m~i')i~~'JtllJl niULL~:; lsD c;),yh ml~~:;!J1 c;) 1 ~ LL~'l L~~!1 

.. ..... . 
3.4.1 m~LntlJ;\1'tltn.:j 

.. 
- L'VlflUflnlnnUr;l,)'arll-.1lJl (Sampling technique) 

Ll VI~'l,f1 LL~:;~U'EltinUYlI~lil LfP1'af~ ~'El-.1m~1lr1~I~~ ~-.1%mnr1ulJ1-lYllnil LfP1'Elf'ElI'"l1 e]'7J') c;)f.i'J'l r;ln 
" 

I I '" I " 

1~ L~tl 'l-nn LnU(;)'J!Jtil-.1l1l'j ml~~ n hJ~1 nun lL~l 'lJU1L 'J rul1lJl~n ~!1-.11e] lr11'a~;i'a LnUr;l'J'Elrll-.1lJl 
I tJ '" I !.I 

L'VIr1Ur1m~LnU(;)'J'Eltil'll~tl'Vl'J 1 hll'j%m~;~ilfii'a 1. n'El'lJLr1U(;)'J!1rll-.1 ~'El-.11e]r;l'J'arll~lJIVi'"l~Lnuni'J 
" . 

'7J'JC;)LnUr;l'J'fIrll-.1ri!JU 2 - 3 r1f'l 2. lli~lfP1~'7J'El~r;l'J'fIrll~ViLnUUI-.1YllnillfP1'Elf L-n'lJ l'lJLfP1~'VILL~~ 

l'I'a~l'I'fIfM'J~ hjfl/mnU(;)'J'Elrll~,fIL~~'7J'JC;) LYl~I:;~'fI-.1LVI~'El~~I'll~~IV1fuL~)J~lnr1iifm~n~[JIYl 

LL~:;~'V1fuL '7JrlI1~tJ~~rllJn'fl'lJYiI m~1lr1n:;~ tln L ~'lJr;l'J'El~1'l~'"l::y'j1n1~1 Lr1n:;~Vllm~lru tiL 'El~, 

· 'El'fln~L'"l'lJ~:;~I[J fl,)I~LUlJ~l~ LL~::r1'JI~LU'lJmc;) ~~'fI~LnU(;)'J!Jtil'lL~~'tI'JC;) LL~:;ilc;)chl~~U'VI L~'fI 

LU'lJm~tJ'fI-.1 rllJ hJ1~tl1 n1 Pll VI~'El'Elrlu'lJC:b,f1 ~:;~ltl L ~, hJ1lJ(;)'J'Elrll'l Luum n ~~m~1 ru'El'fl n~ L '"l'lJ 
" 

" - nrnnUfn'M'llJlr;l'J'Elrll'l (Sample preservation) 

LVI~Iti'l'jr11LtJ~m.mtlrl-.11~~ltl~'El~Yilm~1 Lml:;~ ru '"lC;)LnU(;)'J!Jti1'l'VlUVl L~'fIl~l~ r11~ln~L~tl-lrlU . 
" '" t. I 

rll'7J'fI-lLLVI~~lJ1,r'\J~1'l1 ~'J'lJ;"1lil~'lJ 1 ~1~1~(lVl'"l:;iJl~IYiIn1~1lfln:;~Vl~'fI~tJ5illim~1~ 
'" '" 1.1 

Lc;)ti nl~fn'M'l flCWlI'nt!1 1 ~ n'fl'lJ L ~'fI hJ1 ~~'JlJ'lh:;n'flUlI'fI-liJl LtJ~U'\JLLtJ~N ltJ'Vl'l'VII'1 LFlii • 



" .or::::..c:::::j _ CIII ... d 

'lDm:i':i'm;-'1~Jl1"t'm~-l'W 

1. mnL -D LtJ'W~'ltJ,f1LL ~-l "'I C1ltl:i':;~-l rl~tl fl C1l mJ'l1'1-l'1'W"lltl-lY'l'l n"'l~'Wyihr LLfl:;fl C1l . . 
rei Irl:n L~'l"lltl'l mnn C1l m:;'U'l'Wn'!:i'LlJ~tJ'WLLtl fl-l 'Vl '1'1 n '1 W11Y'l LLfl:; L~ij 

14 

2. m:rL~hJ~1J'Lrlii L-D'W n:i'C1l1'W1rl1n (HNO) ~1tlmC1li~'$n (H
2
S0

4
) L~)J~'W d:l'Wm:i' 

fm~n~fllY'l,1l~'ltlf.h'l LC1ltJn'!:rmUrll-J pH (pH < 2) rjlrlntl:i':;~'Irl~tl tJtl'ln'Wn'!:r~~-nU~tltl'W~th . . " 
" 

fll"ll'W:; LL~ :;m:i'1rl n lrl:;ntl'WLLfl :;-D'ltJci'uci''1 m:i';1l'1l 'W"ll tl'l "'I ~ 'W'Vl16~ 'l tJ . 
- m:i'Lll'Ufmt1(;]'l'tlci1-l"llru:;"ll'W~'I)J1U'l~tl'ltl5'U~nl:r (Sample transportation) 

L~tl Lfl'U ~'ltlci1-l ~tJU~tltJ LL~ 'l "ll ru:;;1l n 1 :i'"ll'W ~'I ~'ltl til'1)J 1U-l~tl-lt.lDu'im:i' ~tl'l :i':;rj'l 
" 

'iltill ~ ~'l'iltil'1,r'W LC1l'WLL~'I rl'l:i'iJ'tl~ijLUtJ)JyJtltJ ~ (Aluminium foil) 11 C1l ~:i'tl'U1hn'll'l~(;]'ltltil'11 ~ LL~:; 
" 

,... I"" ,... I 

~'ltltil'1l1'1~)J C1l ~tl'l LL -D LtJ'W 1 'Wfl1"J1'W:;LL -D LU'WVi L1J'W m:; ~ nlJ1 LL ~'I~ 1tl L yJ)J LL~:;~'l:i'ii'l1'l bU1Vi~:;~ltJ 
'" '" 

tltlnYi'l HI m:i' 1~u1 LL ~'I ~tl'l:i':;rj'l'elci11~"'I'W~'WVl1tl)Jln Ln'W 1tl ~'l:i' 1~1 ~ L~)Jtln'U:i':;~ut.l1n'll'l C1l nl:i'Ln'U 

~'J'iltil'1~'Il 'Wm:;~ n,1l LL ~'1 ~tl'l ~tJ'I'el£h'l LU'W:r:; LlJtJ'U :i':;rj'ltltil1 ~"ll'l C1l ~'ltlti1-l~l-J 1~ 

, I ,... I I 

L ~tlrj C1lY'll:i''1i1 LIn'elHhJ'Iu'tl nn'l ~l:i'fl :;~ltJ 1 'WUl ~'ltltil'1 ~'1 LU'Wn'!J'LmtJ'Un'U L~1tl'l~tl 
" LL~:;%m:i'Irl:i''l'''l~tl'U~ru.n'1Y'i'1J1~1~fu,rn~tJ'Wn'ULL'U'U)Jlm~1'W(:hij~rufllY'lLVitJULyi1n'W LC1ltJ . ... . . " 

Y'll :i'1i1 LlntlfVil ~1 'Wn l:i'':5 L~:i'l:;~ rlru.n1Y'lUl1~ LLn • 

"lltl'l~l:i'tl:i':;ntl1J 1'W Llrln"'l'W L~tJn"'ln:r:i')J'lItl'l'1~'W'Vl16n~)J f1L)Jtl'il L~L'Vl:i''ll (Chemoautotroph) 

~~1)Jl:i'n ~'Itltln~ L~'Wtltln"'lln~1:i't.l:i':;ntl1Jl 'W LmL "'I'W (1 'W LIn:i' In) )Jl1 ~ L~tlm:i'~1N~'Vll'Wn:i'ru~"ll1 C1l 

'il'iln~ L"'I'W Vl1tltltln~ L ~'WhJL'VitJ'I'Vl'el~'WYi11 ~Ln C1lm:i'~:;~l-J'lItl'll 'W11rl:i''Vl m:i'~:;~)J'lI'el'l'D'el-l L~tJ L-D'W 

l-J~Vl1tl"l1lni 1rl1",1'1"l!1 nLLY'lfl'lnln'el'W Lmhtl LU'WLLVl~'I"lltl'l~1:i'tl:i':;ntl1Jl 'W Llrln"'l'W ~;111~LnC1l1 'W11rl:i''Vli''W .. 
" " 

flltJ l'WLL~~'Iih 1~ nl:i'':5 L~:i'1:;~ml-J1ru1 'WLIrl:i'lrll 'W Llrln "'I'W~tl'lijtJl'WmnIrl1tJl-J~1:r~:;~1tJ~1'11 ~'Ilj 
" o .c:.I ~ ~ 

'1 .. ntJl L~)J LL~:;'lfi LIR:i'tJl-J 

1. ~1:i'~:;~ltJi~'Yhil~11)J~ ~:;~ltJi~yJ1il~11)J!?l (CSHBNP2S) 5 nfl-J l'W"1I'il'l~~)J"lltl'l 
,... I ,... I 

mC1l1e:JL~:i'~~'il1m;)J;'W 50 i1~~~Vl:r nUU'1ni'Wtl:r:;)J1ru 300 i1~~~Irl:r ~ln't!'WL~'el~1'1~1:i'~:;~ltJVil~ 

L~ijm)J'Wl:r 500 ij~~~Irl:i' 

2. ~l:r~:;~lmL'\JyJ.yj~ L'tlfia'W1C1ltl:;ij'W lC1l1e:JLC1l:i'~~tl h!?l (NED) ~:;~1mL'WyJYi~ Ltlfia'W 

" . 
lC1ltl:;ij'W1C1l1e:JLC1l:i'~~tlh~ (Cl0H7NHCHzCH2NHz. 2HCI.CH30H) 0.50 nfl-J L'WU1ni'W LL~'ll.lf1J 

m)Jllrl:i'l~l~ 500 ij~~~m 

3. ~1:i'~:;~1tJl-J11n:rJ1'W'tItl'l1'Wllrl:i''Vl ~:;~ltJL"l!L~tJ)Jl'Wllrl:i''Vl (NaNO) ~tl1JLL~'I 105-
I I ,.. I 

11 0 'il'lf'l1L"l1m~tJ~ 'WTtJ 1 -n'lLl-J'I ('el1J'W1'\J 24 i'JL)J'In1~) 0.345 nf)J 1'Wu1ni'W LL~'lt.lf'U1JhJllrl:i'l~ 



15 

~ ~ 

1.~ 1,000 ij~~~I?l:i' ~1:i'~:::~lt111iifl'lllJl~lJ~'IJ 70 mg-N/L ~1:i'~:::~It111Lj.tlnrJl stock standard 
~ 

solution lnlJ~I:i'~:::~It1m~1'IJ'YI'ltrl~"llIW~bu"1il~'lJ1~ ~1:i'~:::~It1ii'fl1t1m:i'1ii..:tl'IJlh:::lJlru 1-2 l~'a'IJ . 
~ 

<V "" .. 

'YI't.!I?l'a't.!'llfl:i'I:::~ 

1. mnI?l1t1lJnJ'ly.jlJll?l:i''''il't.! 
"" 

1) trltrl~I:i'~:::~It1lJll?l:i''''il't.!1'IJhm1~ln stock standard solution lJl 5 ij~~~(;):i' 1~1'IJ ... "" ", ~ 

"JI'lf1l1'f1lmlJll?l:i''YI't.!ltrl 500 ij~~~m U~'ltlflJmlJl(;):i'~'ltl':hni't.!~1'aUl'Yl~L~rVltllJl~1~ 500 ij~~~(;):i' 
~ ~ 

q.c:l 1;' i,I ..::::I,q I 

a1:i'~~~1t1't.!lJmllJl'YIlJ'YI't.! 0.70 mg-N/L ~1:i'~~~lt1'IJl:i'tln'l1 intermediate standard solution 

2) trltrl~I:i'~~~It1fOjln~'el 1) lJl 0.1, 0.5, 1.0 ll~~ 2.0 ij~~~I?l:i' l~'YI'ltrlitrlmlJl(;):i' ... 
~ , " 

'lI'IJ1@1 50 ij~~~I?l:i' tlflJllilJll?l:i'~'ltlUlni't.!1~1~ 50 ij~~~I?l:i' ~1:i'~~~It1 working standard ij,ij 

"" , 
fI'll).Jl;).J~'t.! 0.0014, 0.007, 0.014, ll~~ 0.028 mg-N/L WllJih(;)lJ ih~flJlllJ~..:tfl1-ilululn~'lJlii 

'" '" , 
3) l~lJ~I:i'~~~It1i~1y.j~\j~11lJr;) 1 ij~~~I?l:i' l'YIf.hl~l~ln't.! ~..:tVi..:t1~ 2-8 't.!1V1lVl'alii 

Lnf1lul1nhJ1~lJ\l:i'nr ll~'ll~lJ~I:i'~~~It1 NED 1 ij~~~m l'YIf.h~'l'elt.h..:t'Yi't.!Yi i,:j1~ 10 't.!1V1 ~..:t 1 

,r'l blJ..:t ul1t1itrl rhnl:i'trltrln~'t.!ll~..:t~ fl'lllJf.J1'J ~~'IJ 540 't.!1 t 't.!llJ I?l:i' ~1 ~'lllJ~lJ~'t.!ih~~rJl..:trhn1:i' ... 

~f1ln~'lJll~,:j~i trl1~nlJfl'lllJ l~lJ~'t.!~'ltl~fi linear regression (~~ l~n~i'ellfOj~lfl'lllJ~lJ~'t.!fifOjln 

Lrij'a..:t1'trln1:i'trltrln~'t.!ll~..:t btrltll?lN n1~) ... 

" 
1) 1?l'l..:tul~'lmh..:t 50 ij~~~(;):i' ~,)tln:i'~lJ'elnl?l'l..:tl~y.j~I~fhtl"lllJ'Y'i'YI't.!I@1 125 ... ... 

~ " I I to 

ii~~fl(;):i' ~lnn:i''el,:jU~'lUI~')'f)[h-.ltT..:t"1i't.!l~I?l,)..:tUll1i''J'elf.h..:tl~y.j~I~n~lJ~nWW,:jy.j~I~n yJ~l~nij,hj • 
"'" '" ~tl-3L~).JUIf.J1L~ii UI~'l'elf.h,:jl't.!y.j~I~nl1Lj.tlnrJl turbidity blank 

. ~ ~ I 

2) L~lJ~I:i'~~~It1i~y.jI\j~n1lJr;) 1 iJ~~~I?l:i' l'YIrhtihihn't.! ~..:tVi,:j1~ 2-8 't.!IYl LVI'ell~ 

Ln~Ul1mf.J1 ~ lJ\l HW 
~ , 

3) L~lJ~I:i'~~~It1 NED 1 ij~~~(;):i' L'1J£h~'l'elrh..:t'Yi't.!Yl LL~hVi..:t1~ 10 't.!IYi ~..:t 2 -n'JblJ-3 
.... .. I .... I 

'i1nU'lJU1UI ~'lmh,:j'Yi,:jYi L~lJUIt11 L~ii LL~~hj1~ L~lJUIt11 L~ii1 tli trl rh m :i'trltrln~'t.!LL~,:jYi rl'lllJ tI1') ... 

fI~U 540 't.!lt't.!LlJl?l:i' 

4) ~1~flJUlJ~,:j~-il,flni't.! LL~'JVilL"1i'IJL~mnlJ,fI~,)'elf.h..:t 

5) fOjtrlU't.!';;nrilrl'lllJL~lJ~'t.!~1'@l1~ ~1'elUlrilnl:i'~Wln~'t.!LL~,:j~1~1t1fil't.!'lru~I~,)I).J ... 

di).J~U'lI'fl-31 't.! 11?l:i''Yl1 't.!~'l'elth..:tfOjl n n:i'lyJlJll?l:i''''iI'IJ~1~L(;)1t1lJ 1 ~ 
"" 

, "''' 
LiI'IJ~I:i'U:i'~n'ellJ'el\j't.!Vl1t11 't.! bl?ln fOj't.!Vi ii lJ'YllJ lVl~1 ri'ru 1 'lJn1:i'1?l :i''lfOj~'ellJ rl ruJlT.~U 1 L 'V'l :i'1~ dJ't.!'Yi,:j~I:i'~1i 

~ , 
" ~'a-i(WrU1LL'Cl~~tI~l~flJn1n'"l1Cl.J L~lJbl?l'YI'el'lLL'V'l~-3n(;)'a'IJVI"ll (Hargreaves. 1998: 181-212) 

U'fllJ hJdlmil't.!~1 :i'~'M~ ij rl'lllJ Lil't.!~'MIPi'el~ (;)t)u\ 1 'IJ~'JllJ L ~lJ~'t.!~ ~1 1"11 ~'JllJ Lil 't.!~'ML ~tllJ'wi'IJ'1J'a-:J 



LVEl~hJl~tJt(?)m'U~m1nilY1t)'Vl:::l~ 17 'jjiJ(?) 'f)~~ 1.86 mg NH3/1 (USEPA 1984, 1989 -Bl'11Y11~ 

Randall and Tsui. 2002) n1:i'';'jlf1n:::~m~lrull'f)~t~l~tJl'WtlY1n'''l'W~'El'llJ~T\.Jnln!1l1tJ~~I:i'~:::~ltJ 

>-
o ,q ~ ~ 

'W1t11bfl~ bb~:::'JfH!1l:i'tJ~ 

11 I i-' I 

1. u1ni'W de-ionized ulni'W de-ionized l-D~TI~fUL!1l1tJ~~I:i'~:::~ltJ, 
,.. I • I 

~1:i'~1!1l:i'~1'W ulniu~Hifl'J:i'l~'"llnn1:i'ni'Wh'l:lJ ... 

" " 

16 

(Na2Fe(CN)sNO.2HP) 0.5 nf~ b'WUl de-ionized 1 00 iJ~~~m u1ufm~I~I:i'~:::~ltJ~b'W"1I'JVlLLrh~ 

4. ~1:i'~:::~ltJ'fi~ f111~,r ~:::~ltJl!1l:i' t6Jl b~tJ~~ blY1:i''Vll(?) lfH(?):i'!1l (Na
3
C

6
HsO r 2H

2
0) 

(analytical reagent grade) 20 nf~ bb~:::t6JlL~tJ~lelVl:i''f)nl6Jl(?) (NaOH) (analytical reagent grade) 1 
>-

nf~ b'WU1 de-ionized 1 00 iJ~~~!1l:i' 

5. ~1:i'~:::~ltJt6Jlb~tJ~lelhJf1~'f)hvl 

6. ~1:i'~:::~ltJ oxidizing CJ~~~I:i'~:::~ltJ'fi~f111mrbb~:::~I:i'~:::~ltJt6Jlb~tJ~1fl'hJf1ffi)1svl 
" b;I~'JW1'Wb'W'fi!1l:i'1 ~')'W 4 : 1 (mn'l) ~1:i'~:::~ltJ~f1'Jn!1l1tJ~hnJ'Vlni'W . 

. ," 
(analytical reagent grade) Yi'f)ULb~..:.J 105-11 0 'El..:.Jf'lIL6Jl~L~tJ~ 'W1'W 1-24 i'Jt~..:.J 0.165 nf~ ~')mjl 

ni'W de-ionized bb~')ufum~I!1l:i'b~l~ 1 ~!1l:i' ~')tJ"1I,)Vl1'Vlml-JllY1J' ~1:i'~:::~ltJlflJf1,)I~b~~~'W 35 

" " 
mg-N/L bL~:::~tJn~Il'~:::~ltJ~~1 stock standard solution U1U~1:i'~:;~ltJ~1~1'W"1I'JVl~"Jj1 ~1:i'~:::~ltJ 

lllJ'ElltJn1l'l-D..:.Jl'W 6 b~'El'W~..:.J 1 iJ • 
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jij1'i1-3Y1 4 i 1?l~'J'tJ"lJ'fl'l~1:i'fl:;flltitiflfll1fl,r LLfl:;~l:i'fl :;fllt1 'l"ll L~t1j.,J ltl 'lu flfl'tl1:j'j1~HL(;1~'m.J~1:i'fl :;fllt1 

'fl'fln~ll?l~'l (Oxidizing) 

~1:i'fl:;fllt1tlflfll1flU (mL) ~l~fl:;fllt1'l"ll L~t1j.,Jltl'luflfl'fl hvl (mL) :i''JJ..J (mL) 

4 1 5 

8 2 10 

12 3 15 

16 4 20 

20 5 25 

24 6 30 

., 
i'tJj;)'fl'Wf) Lfln:;tf 

1. n1nj;)1t1j.,Jnn'rhJ'Wl~~1'tJ ., 
1) ~~~1~fl:;fllt1~1n stock standard solution j.,Jl 5 ~fl~~j;)~ LL~'Juf1Jmj.,Jlj;):i' 

'" ., , ., 
~btJ'l:nmf'tJl~l~ 500 ~fl~~j;)j ~ljfl::fllt1t1iJml~L~j.,J~'tJ 0.35 mg-N/L 

2) 1?l~~1:i'fl:;fl1t1~ln~'tl 1) j.,Jl 5, 10, 20 LLfl:; 40 ~fl~~j;)~ l~"lJ'Jl?lil?lm~lj;):i' 
'" i;" i;' '" 

"lJ'Wl~ 50 ~fl~~j;):i' LL~'Juf1JmJ..J1j;)~1~1~ 50 ~fl~~j;):i' ~'JtI-Wln~'WVl1-'fl-W1'Yl:;LflLVitlJ..J ~l:i'fl:;~'1tJt1iJ 
." ., 

fI'l1j.,JL~lJ~'W 0.035, 0 .070, 0.140 LLfl:: 0.280 mg-N/L j;)1j.,J~1~1J ~1V1f1JLL1Jfl'lfil~-Wln~'WVl1-'f.l'ih 

Vl:;L~ L VitlJ..J 1 '"~'tll?l fI~'fl'l n1J~l:i'fl ::fl1UJ..J1 j;)1~1'tJ ., 
3) ~lntf'tJL~J..J~1~fl::fllt1YJ'tJ'fl~ 2.5 ~fl~~j;):i' L"lJth1ih~ln'tJ LL~,)L~J..J~l:i'~:;~lt1 

'l"llL~t1j.,Jl'tJ'lj;):i'uf~'''1I~LL~:;~ljfl::fl1u'tl'tln~11?l~'l 2 .5 LL~:; 5 ~~~~j;):i' Irllj.,J~l~1J VI~'l~lnL~j.,J,fltJ1 
LfliJLLl'ifl::"lIUI?lL"lJthlih~ln'tJ (L~'fnJ1::Vlti'I?l,fltJ1LfliJ'fl1~1?l1?l~1:i'fl::fllt1~ln~'fl 2) 1 0 ijfl~~j;)j 1~~'l1'W ... 

Vlfl'flI?lVll?lfl'tl'l (test tube) LL~,) L~J..J,f1mLi'liJl'Wmj.,J1Irlj~ Llh..!i 1?l~'J'Wn'Wfil~) 
4) yf'll~'flEh:n~tlU 1 f'J'lJ..J'l LLl'ih-iLi1'tJ 24 f'JLj.,J'l -wl1uil?ll"hn1jc;)c;)n~'tJLLM~fI'l1lJ .. 

i~ l~n1JfI'l1lJL ~lJ~'W~')tJf)fi Linear regression (~';) Lfln:;tf'fl1'"lVl1 fI'l1lJilJ~'tJfi'"l1mfli'fl'li ~ n1:i' 

~~n~'tJLL~'l 'l~t1j;)Nnl~) .. 

.. ' 
1) l-iIhJLUj;)~(;\Ul~hati1'l 1 0 nfl~~j;):i' 1~fl'l1'WVI~'tl~Vl~fl'tl'lViiJ~1tJ~Li1'WLn~t1,) 

" 
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2) l~6J~lJ''Cl::'ClliJYJ'W'f)'Cl 0.5 ij'Cl~~[;1J' l"llt.hHh~ln'W IOllmr'Wl~6J~lJ''Cl::'ClltJ 

t'ilL~mJl'WL[;1J't1f~ht>1 Ll'Cl::~lJ''Cl::~liJ'f)'f)n~l~~..:J 0.5 LL~:: 1 ij'Cl~~[;1J' [;116J~1~U 'I-li..:JIOllnL~6J,i'ltJ1 

Lf'))jLL~~::'lIij~l"ll£hHh;hn'W i..:J11t1J'::6J1DJ 1 -ft''JL6J..:J ll[;}hiLi1'W 24 -ft''JL6J..:J 

3) ul1t1r)~l'hmJ'~~n~'WLL~..:J~ml6JtJ1'JI'l~'W 640 'W1L'WllJ[;1J' 
" 

4) IOl ~u'W.yjn rill'l'Jl6J l ~6J~'W~r)~ 1~ 'l-f~'!l'Wl ril nl J'~ ~ n~'WLl~..:J~l~hj fll'W'JOJ'VIl 
" 

f')'l12JL~2J~'W"1I'f)-lll 'f)lJ L6J L lJtJ 1 'W(;]')'f)£h..:JIOl1 n n J'lvJ6Jl [;1J'~1'W~1~ L[;11iJ 6J 11 
"" " 

3 . ';)ll'lJ'l::,rtl'hJlru'f)'f)n~llOl'W~::'ClltJl'W,jl (Dissolved oxygen: DO) L~liJVii';)fi lodometric 

method L~mLUI'lVi LfiJ~ dJ'W~IJ':S'W'Yl1iJ1 'W,i'1 ~'il..:Jn1J''il'f)n~ LIOl'W (aerobic bacteria) l'WnlJ'£i'f)tJ~'ClltJ 
~11tlij'W'Yl1u 1'l'J16J ~'f)-l mJ''il'f) n~ l IOl'W"ll'f)-l LlU I'lVi lftJif"l:;y'h 1 ~IOl::.yi11 ~m6Jl ru'f)'f)n~L IOl'W~'Cl::'ClltJl'WJl 

tJ ,... I it I 9,1 , 

'Clfil~-3 ,;i-3'IT'W1'WU1Vi~::'f)1~IOl::iJril DO ~'l ll'Cl::,jlL~tJ"I::iJril DO l'il 6Jl[;1J'~1'W"ll'f)-lU1ViiJI'lOJJll'rl~ 
" "". 

Lfil£j,T'llU"I:;iJril DO t1J'::6J10J S:i3ppm 'I-l1'f)m6Jln.1 0 2 'Cl::'ClltJil~m6Jlru 5-8 ij~~nflJ / ~[;1J' 'VI1!l 
11 I ,... II 

5-8 ppm. U1L~£jlOl::iJril DO l'iln~, 3 ppm ril DO iJml6J~Ir)ClJl'WmJ'ti'lU'f)n~ILL'I-l~'lUl'IT'WiJ 

Umltl.1!l!ln:]L "I'WLWiJ'l'rl'f) r;i'f)I'l'JI6J ~'f) ,ml~"ll'f)..:J~'liJ~1 [;1'V11'f.l hi mlJl ru'f.l'f) n~ L IOl'W'Cl::~liJ 1 'W,i'1 ~'il..:J)j 

" 
UliJ1Ll'liJLL'Cl::%Lln1tJlJ (APHA, AWWA and WEF, 1995) 

1. ~lJ''Cl::'ClltJ Ll6J'ln1lJ~..n'Cl L vJ [;1L[;1[(1)'1 1e:J L~J'[;1'Cl::~liJ Ll6J'lnllJ~..n~ ll~ [;1 L[;1 [;1J'1 le:J l~~[;1 

(MnS04.4H20) 480 nf6J 'I-l1'f)lL6J'lnllJ~..n'ClLyJ[;11~1e:JL~J'[;1 (MnS0
4
.2H

2
0) 400 nflJ 'I-l1'f)lL6J'ln1lJ~ 

" , 
i~L,"rnUJL'I.Ilen[;1J'(;j (MnS04 .HP) 364 nf6Jl'WUlni'W ufum6Jl[;1J'l~l~ 1 ~[;1J' ~1~'Cl::~liJhjl'l'l:i'iJ~ . ., 
UjtlL~hJ,jlLLtJ'lLL'Cl::~IJ''Cl::~liJLthL[;1~L~iJ6Jl'f) t'f) 1~~ (KI) 

0-

2. UltJ1r5'Cl1'l11'Cll'f)t'f)1~t>1'f)::h~ (alkali-iodide-azide reagent) 
, . 

1) ~ 1 'I-l fu (;]'J 'f) £i 1 'l ~'l )j!l'f) n~ LIOl 'W'Cl::~ 1 mn 'W'1~:S 6J (;] 'J (supersaturated 

sample) ~::'ClliJt"1lL~tJ6JL'f)l"11(;) (NaN
J

) 10 nf6J l'WJlni'l.l 500 ij~~~[;1J' LL~bl~6Jt"1lL~iJ6Jle:J~J'!ln1'll~ 

(NaOH) 480 nf6J LL'Cl::t"1lL~iJ6Jl'f)t~l~t>1 (Nal) 750 nf6J m'Wl~'Cl::~liJt:J~6JLtJ'W~l~~::'Cllm~mn'l.l 

I 'I I 
o .., IV I ~Q .::to 0 I ..r:::...,.d.I ~ ..r:::. ..r:::. cv q 

2) ~l'1-l:i'U [;1'J'f.liJl'l 'Yl6Jtl'tln'lll"l'W[;11 n'Jl'1 [;1'f) 6J [;1'J'I-l J''f)6J 'f)'f.l n"1l L "I'W'f.l6J [;1')'rl'il ~ 

(saturated or less-than-saturated sample) ~::~ntJL"1IL~£.l6Jle1[;1J''f.lnh~ (NaOH) 500 nf6J ('VI1tl 

ttlLLrnaL~£j2Jle1[;1:i''f)nl"11~ (KOH) 700 nflJ) LL~:: t'llL~£j)Jl'f.lt~l~~ (Nal) 135 nflJ ('I-l1'f)hJU[;1~L~iJ2Jl'f.l 

LtlLfilCil(KI) 150 nflJ ) l'W,i',ni'W LL~'Jtlfum2Jl[;1:i'1~1~ 1 ~[;1:i' 'I-li'l"llntr'W~..:JL~lJt"1lL~iJ6Jtl::l'llCil 
I "1 I 

(NaN
J

) 10 nflJ Vi~::'ClliJl'WUlni'W 40 iJ~~~[;1:i' 'Cl~lul'W~lJ''Cl::~liJ~I..:J~'W ~l:i'~::~liJhjl'l'JJ'iJ~Lijtl 

L~2JJ1LLil..:JLL~::~1~'Cl::~liJ ttlLL[;1~ L~iJlJ1'f.l Lill~~ 
3. nJ'~im~~·nL~6J~'WnJ'~..n'Cl~m;2J~'W (concentrated H2S04 acid) 1 iJ'Cl~~[;1J' "I:: 

liltJ~mtl1~lJC1l~Un1J~IJ''Cl:;~liJr5'Cl1'l11~ 1'f.l t'f.l1[;1Ci1L'f)1sn~ (alkali-iodide-azide reagent) 3.0 lJ~~~[;1J' 
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.. 
4. ,hLLU'I 'i'l:::~ntm1J'I (laboratory-grade soluble starch) 2-4 n~:w ll'i'l:::~IJ''i'l:::~ntl 

nJ'cYl"l!I~1"l!~n (salicylic acid) 0.2 n~:w h,nJ\n~\J~'hl'W 1 00 n'i'l~~I1lJ' 

5. ~1l'~:::~ltJ:Wll1lJ'~I'W t "1Il~tJ:w 1Il t ~s] 'i'll y.J I1l ~:::'i'l1t1 L "1Il~tJ:w1n t ~S]'i'll y.J I1ll Yl'WI1l:::1mcYlJ'11l ... 
(Na2 S 20 3.5HP) 6.205 n~:w l'WJlni'W ll~'Jl~:W~IJ'~:::~ltJt"l!l~m.J1El(r)J'~n1"l!~ (NaOH ) 6 'W~f:w~~ 

.. .. 
~1'W'J'W 1.5 n'i'l~~l>Il' ,..1~ 0.4 n~:w "'llnU'Wl~~"'l1'11~1~ 1 ~11ll' ~1J''i'l::;~It11J'''l:::~~'1Ul:Wl'V11f1'Jl:W 

, .. , 
l~:w~'WYlm.i'W~'WnlJ~1l''i'l::;'i'lIt1L1Jm'1~l~tJ:w1lJ1~t~lcYll1l (KH(I0

3
») "lnf1f'lYilI1l1t1:whnJ 

6. ~1l'~::;'i'lltJt1.Jll'Yl~ l~tJ:wllJl'f) LreHcYl I1l O. 025 'tJ'f)h.j'fl~ ~::;'i'lltJt1.JU'Yl~ l~tJ:wlu1'f) t'f) lcYll1l .. , , 

(KH(I03)2) 812.4 ij~~n~lJ 1'WUlmf'WYl1.JJ'Ifl\"'llnnl"l!fllflcYl'f)'fln1"l1~ ll~'J1.J~um:Wll1ll'1~1~ 1 ~11ll' 

7. n1l'l Yi tJ lJ:W 111ll' ~1 'Wfl 'J 1:W l;:W ~ 'W"1I 'f)'1 ~ 1l'~::;~ 1 tI lJll1ll'~1 'W t"l! l~tI:w 1fi t 'f)..n ~ l y.J I1l ... ... 
>-

mn YltlU:Wll1ll'~I'tJf1'l1lJ l ;:W~'W"1I'f)'1~ 1 J''i'l ::;'i'lltJ:Wll1ll'~I'W t"l! l~ tllJ lfi L'fl..n~ l y.J l1lyh 1~ (;)'11J ... ... 

j;l''j'Hlvi 5 fI'lllJ~1lJ1l'Cll 'Wml'~:::~ltJJ1"11'fl'llln~~'f)nb] l "'l'W (mg-O/L) ~~OJ'VI1JiJll~:::A'JI:W lf1:Wlrh-:J1 

OJ fI'Jl:W(;)'W 1 Ul'l'mnlfl\ 

'f)OJ'VIfliJ (OC) fI'Jl:W lf1:W (ppt) • OJ 

0 5 10 15 20 25 30 35 

25 8.24 8.01 7.79 7.57 7.36 7.15 6.95 6.75 

26 8.09 7.87 7.65 7.44 7.23 7.03 6.83 6.64 

27 7.95 7.73 7.51 7.31 7.10 6.91 6.72 6.53 

28 7.81 .7.59 7.38 7.18 6.98 6.79 6.61 6.42 

29 7.67 7.46 7.26 7.06 6.87 6.68 6.50 6.32 

30 7.54 7.34 7.14 6.94 6.76 6.57 6.39 6.22 

31 7.41 7.21 7.02 6.83 6.64 6.47 6.29 6.12 

32 7.29 7.09 7.90 6.72 6.54 6.36 6.19 6.03 

33 7.17 6.98 6.79 6.61 6.43 6.26 6.10 5.94 

34 7.05 6.86 6.68 6.51 6.34 6.17 6.01 5.85 

35 6.93 6.75 6.58 6.40 6.24 6.07 5.91 5.76 

~:w,: Colt (1984) ~1"t(r)tJ Lawson (1995) 
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" '" "" tr "lJ'W(WEI'W,) lA:i'1~VI 

1. Lf)UJ1(~htl"lJ')",iit'fl~ (:i'~i~'flth1~iJy.J'fl~'fl1mp\) l~~~1:i't1~t11mllJ~n1t1~it1ly.J(;] 
" (MnSOJ llt1~~1:i't1~t11t1it1A11t1l'flL'fll"'~'fl~lsn~ 'flth~t1~1 j'Jt1~~(;]:i' L"'t11~Ut11tJhJltJ(;]"i~1~~h\n 

~,)'fl~h~ iJw"ln"lJ')!?l L!?ltlhJ1 ~iJy.J'fl~mn1MlVI~'fl'flU~ A'fl"lJ,)"'UL'fl~ l"lJU1"lJ,)'" t"'tJA11"lJ'J"'~'Wt1~U:i'~~1blJ . ~ 

" ,.. ,.. I 

15 flf'l ~'lYi'l1~1~(;]~n'fl'W(;]n(;]~n'fl'WtJ:i'~lJlrufl~'l"lJ')!?l (Vl1nhi~'fl~n1:i'\nlul(;]l(;]:i''YI1'1'WYl f'I'J:i' sealed 
, ., , 

Ylfl'fl"lJ,) !?l~')tJ'I11~,)'flU1'l ll~,) lnU"lJ'J",t?i'l'flUl~ 1 ~1:w1 ~t;1n ll~'l ~~~1~1 :i'mn1Jfm~t1 t?i'l'flU1'11~1~'W1'W 1 2 .. 
-I') L~'l ~~n~1'lll~')ii1'l~'W) 

2. l~~n:i'!?li~~m;lJ;'W~'11u 1 j'J~~~(;]:i' (~'fltl1 U~'fltl) iJ"'~n"1J'l",iit'fl~ ll~,)l"lJU1 
," , 

"lJ') !?lUL'fl ~L!?ltl fl11"lJ,) !?l;'W~'l'"l'Wn:i'~1'1'1(;J::ntJ'W~~~1 t1V1~!?l 

3. m'l~1:i'~~~1tJ~1~(;JllJ;tJ 2 ~1 200 j'J~~~(;]:i' ll~')1(;]l(;]:i''YIn1J~I:i'~~~1t1lJ1(;]:i'~1'W 
.l.9 

., 0-

Lsnl~tJ~1nL'fli~ly.J(;] 0.025 'W'flflJ'fl6 '"I'W~~1:i'~~~1t1'"11~~'l Vli~'"I1mr'Wl~lJUllltJ'I 2-3 VltI!?l(~ 
, " ., 

~1:i'~ ~~ 1t1'"1 ~ lU~ tI 'W ltJ'W~'Il1l~'W) ll~'ll(;] l(;]:i''Vl ~'fl'"l 'W~ 1:i'~ ~ ~ 1 tI n ~ 1 tI ltJ'W~"lJl'l1~ (fI') :i'Yi'l1 ~ 

~1:i'~~~1tJiJ~"lJl')1~'flU1'lil'fltl 20 ~'W1Yl ( Strickland and Parsons, 1972) u'WYim.B-lJl(;J:i' (j'J~~~(;J:i') 

"lJ'fl'l~1:i'~~~1tJ~1(;J:i'~1'WLsnl~tJlJhLtJi~ly.J(;] 0.025 'W'flf~'fl~ ~1-nlu mlJ1D.l (n~~~(;]:i') "lJ'fl'l 
.l.9 

~lJ!?l~£l (end paint) ~'fl'l.yj1n11'(;Jl(;J:i''YI~'fl'Wniu( back titrate) ~')t1~1:i'~:::~ltJ Bi-iodate 0.025 • 

I !.t "J 
BOD) ltJ'Wm~lblJ'fl'fln~ l'"l'WY!~~'W'YI1tl~'fl'ln1:i' 1-n1 'Wn1:i'U'fltl~t11t1~1:i'~'W'Vl1t11 'WUl Uly!ij flblJJl1'V'l ~ 

,., ,.. " I 

f'I'J:i'iJ~IUt'fl~ l:Wln'W 6 j'J~~nflJ~tJfl(;J151~lm'fl~~'l~lml~"''l~1'1lTt!'Wl'IJ1~ln llVl~'lU1Y!iJ~1Ut'fl~ .. 
,..,.. ", !.t 

~'ln~1 1 00 j'Jt1~ nf~~'fl~(;]:i''"I~~ "'lth.nhltilV11'fl'll1l~t1 'V'l:i'~n"l!u ill nWl'll1Yi'l'"lln h~~I'W'fl(;J~1V1n:i':i'~ 
ClJ o.t ~ q 

., ., " 
iilV1'W!?ll~~1 'Il1Yi'lri'fl'WU~'atl~'l~llVlH'lUlfi:i':i'lJ"l!1~ ~'fl'liJ~IUL'fl~l:Wln'W 20 j'J~~nflJ ~'fl~(;J:i' n1:i'Vl1 

'" , ., 
~1 ut'e)~ Vll1~t!?ltl H llU flY! bltlU'e)[J~fl1[J~'W'YI1t1~I:i'~'l'"l:::ltJ'Wlu-n1 1 ~'l,r'W~'l~'e)'11; l'l61'W1'WVI~It1 

, " . 
~ui'W (;]1~Vlin~ln~ 1-n l,)~1 5 1''IJ Yl'flWVllln 20 'e)'lP\llsn~ l;t1~L!?ltl'lll ~')'e)Ul'l'll1 Yl~'fl'ln1:i'VllUt'e)~ . '" 

lot ,. II ,.", ,''' 

1 . 'Il1u1~'Vlfi 'IlltJ1~'YI~H l(;J1tJ~'Ill~IV1funl:i'l~'e)'"II'l ~'l'V'l1J~IUltJ:i'1 M'"Iln~'e)'e)'W • • 
I!I II I '" I 

(deionised water) l VI~1 :::Y!'"I~1iiLi1'IJUll~'fl'"lI'l VII n H'Il1 ni'W fI'):i' H'Il1 ni'IJYlij'YItJ'lll"''1il'e)tJn~1 
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2 . ~1),~~~1E.1yJ'El~LyJ[;1UYhyJ'Elf ~~~1t/hJLLYI~L~m./lV!1e:!tV!nr.>j'WyJ'fl~LyJ[;1 (KH
2 

Po
4

) 

8.5 nftl1.~ hhL'Yl~ L~mJle:!tV!nr.>j'WyJ'El~ LyJ [;1 (K
2
HPO) 21.75 nftl lV! l6J! L~E.I:wle:!lV!nr.>j'WyJ'El~ LyJ [;1Le:!U .. , 

[;1~1t1L"'1~ (Na2HP04 • 7H20) 33.4 nf:w LL~~LL'fl:Wl:WLl1t1t1rl~'Elh~ (NH
4
CI) 1.7 nf:w l'Wil1n~'W 500 

iJ~~~~1 U~'lL~:w,11ni'Wr.>j'W1J) m:W1[;1)' 1 ~[;1)' ~L'El"ll'n'fl'l~1),~~~1E.1lfm)'r.>j~lh~:W1ru 7.2 

3 . ~ 1 )' ~ ~ ~ 1 E.I LL:W nUL ~ E.I :w i ~ L yJ t;J 'Cl ~ ~ 1 E.I LL:W n l1 L ~ E.I :w i ~ L yJ [;1 L tl1..l [;1 ~ 1. e:! L V! 1 t;J 

(MgS0
4
.7HP) 22 .5 nf:w 1'W,11ni'W LL~h1..lfum:W1(;111'"1.J) 1 ~[;11 

4. ~11~:::~1myJ'Elnrlrl~'Elh~ ~~~1mvJ'flflrlrl~'Elh~Ltln6J!~lt1Lv!)'(;1 (FeCI
3
.6H

2
0) 

0.25 n1t1L-w,11ni'W LL~h1..lfum:W1[;1)'1~1J) 1 ~t;J)' 

5. ~1)'~~~1mLrl~Lsntl:Wrl~'Elh~ ~~~1mLrl~Lsntl:Wrl~'Elh~ (CaCI
2

) 27 .5 nf:w 1'W,11 

niu u~'lufum:W1(;111~1J) 1 ~t;J1 

6 . ~11~~~1t1n),(;)LL~~vi1'1 1 'W'Elftl'fl'Cl ~1),~~~1t1mV!LL~~vi1'1 1 'W'Elf:w'El~ Hhm11 

t1mfhih'il"ll'n'El.:J r;l'l'Elth.:J 1 ~ LiJ'Wn~1.:J 

7. ~1),~~~1E.1L6J!L~E.I:wi~lyJ~ 0.025 U'flftl'El~ ~~~1E.1L6J!L~E.I:wi~lyJ~ (NaS0
3

) 1.575 
~ , .. 

nflJ lu-u,1n~1J 1 ~(;1)' ~1),~~~1t1uhh~i:ltl)' ~'El.:JLt;J1mn;uY1ri'El'Wl~ .. 
i'W!1l'El1J~Lrln~", 

1. m),L!1l1t1:w,11~1~ful·ih~'flr.>j1.:J 
., ., I I '" 

1) m.:J-u,1U),1P1r.>j1n~'El'El'W ~1'El-u,1n~ul,"tl1nn<j1m:W1[;1)'Yir.>j~ Hn.:JVI:WV!L~ nU'Eltll~ 

t ,. ,.. I 

2) LU1'El1mPlYi~~'El1V!L~'ElL~tlmtl10'!'fl'Eln"DL~'Wl'W-u,1L~'fl~1.:J 'Elt.h.:JU'Elti 1 i')LtI.:J 

3) L~:W~1),~:::~1t1yJ'El~ L yJ [;1uyJLvJ'ilf LLtlnuLsnt.J:wi~ LyJ [;1 LLrl~ LsnmJ rl~'El h~LL~~LvJ 

'il1RR~'ilhr;) 'ElU1.:J~~ 1 ij~~~t;J)' ~'fl,11L~'El~1.:J 1 ~t;J1 

.. , .. 
1) r;l'l'ElU1.:JU1m)'i:j~L'fl"ll'flU),::~~1'1 6.5-8.5 Vl1n~L'El"ll1?i1~1'fl~.:Jn<j1U 1..lfUYiL'fl"ll 

~ ~ 

lUtlUlu-D'l'l;.:Jmh')J)')t1 n)'(;)i~mn~1'El L6J! L~t1t11t1"'1'i1n 16J!~ 1 'W'Elf:w'fl~ LL~,) LL~n)'ri1 (n1)'1Hu~L'fl"ll .. ~ . ~ 

lItH-u,1i'l'ilU1.:Jl~ Lil1Jn~1.:Jvi11J)LV!t1!1l,).:J r;l,)'ElU1.:J-u,1t11U)'::lJ1ru 50 ij~~~ [;1)' ~'Eltl1 L~)Jn)'(;)i~wn 
, '" 

vi1tl t'llL~[JlJlt1 (;):i''fln 1"11 ~ 1 tJ'flf).J'iI~ LL~,) LL~nnlh v.'ill,"r;i'l'ilU1'1il1i:j~ L 'El"l!lh~).J1 ru 7 il'lm:w'l !1l:i'~'iI'I 

n7~;~mn~1'i1 L"l! L~t1:w lt1 (;):i''Eln 1 'lIvl~l ~'ttl:w'l r1'lU'l0'!~1m).J1ru"'El'ln:i'V!~ 1'El1P1'l'l L ~'El1..lfuyj L'iI'lI '11 'iI'I .. 
~ , 

i'ltlEh'l-u,1Yi~~ LihniiL 'rl~1 U Lil'l.ln~1'1) 

, .. , 
~'lI'lIn'lltl'il1~i:j'El'iln"D L r.>jtJ~~~1tl~'1n<j'lr.>j V!~:w r;l') lh"nn-u,1 r;i'l'ElU'l'lU'W).J1~'l ~'liiL 'El ~LV!t1Vlhi ~'El.:J L~'fl . . ~ . 
'"11'1 fl'l1S~'iI'Eln~ L~'W~~~1tl~'W'El~1 'W.ff'W~:wr;l') L'f.l1r;i,)'flEhnf11~'1I,) V!LL~,) L '1IU1LLN1 ~1'El LV!t1 mnU1 

tl1n1fi1S'IhJ 
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~ ... 
3. ,)fimn~!l~I'l 

1) L~!lnl~~,)'lJh.mlJ'vilL9'tl91'l~rnwh"l~1~rhul!l~'tlEih~-n,)'l~ihVl'IJ"'LL~h 
'II 

(DOo) LL~~"4"'~ 2 ~1V1flJ(;hilEi1'l~1-ihj~1'IJ~m'tl~~~ruVl.t::!iJ 20 'tl'lp\1L'llm~m~ 'lJl'IJ 5 r)'IJ 

" 
3) 1'l,nj'~'V1fUL~'tl91'ltlJ'~~lru 300-500 iJ~~~I1lJ' ~'l1'IJm~U'tlnl1l,)'l"D'lJ1'" 1 ~(;lJ' 

1~tJYltJltJ1~'tlth 1 iHh.J!l\l!l1n1P1 

" . " 
4) L~hl1;r,)'ilEi1'lUI (;l1~~1'IJ,)'lJYl ~'tl'l n 1 J' (;)')'ilEil'lUI m:i'ijmuVlJliJln~ Lf.1tJ'l nu . " 

" " 'tlruVlJliJ~'tl-:J LL~~tHU.Jfi'IJ~ri'tl'IJU1~IL~'tl91'l bL~,)L~~Ulb~'tl91'l9'IJ1~m~111lJ' 1 ~1nJ' VllnHin . " 
,.. '" I t,.. 

t;j')'tlth-:J\J'tltJnrjl 5 iJ~~~(;l:i' ~~~'tl'l L~'tl91'l (;)')'tlth'lUTtJ'lJL~Wi'tl'IJ bL~,)U1 t;j')'tlEil'lYl L~'tl91'l LL~')ultlH 

1'IJmn~'tl91-:J.ff'IJ~",.y;,tJ • 

t.- '" '" ", 

6) Cl1tJU191 nnJ'~U'tl n 11l,)'l~-:J~"1I,) I1lUl'tl ~ ~')tJ~fin1i nUl (tl~'tltJU1-n')'l bLJ'nVl'l 
" 

'tlEil'l\J'tltJ 50 iJ~~~I1l~) t1"'~n ul1tlti~1'IJ~m'tl~~ 20 'tl'lP\IL"l!~L~tJ~ (ri'tl'IJU11tlti~L~mfIL~'tl91'l~ . " . "" 
tl1n"1l,)I1lUl'tl~ LL~')tJ~~,)tJcl1rlJ''tlU (cap) Vl1'tlyJ'tltJ~ LVi'tlil'tl'ln'IJhJ1~u1V1~'tlL~tJ'lLL~'l) ~,)'IJ"1I,)I1l~n 

"4I1lVl~-:JUI hFl Lrln~iVl1!l!ln~L9'IJ~~~ltJ'Yl'IJVl dJw·l1'tl'tln~ L 9'IJ~~~ltJ~'1",G-~~'IJ (DOo) 

7) n1n(;l1tJULLU~'l~ .yi11~1"'tJln'l'l,fl~IV1fiJL9!l91'l1~"1I,)I1lUL'tl~ 2 "lI'" "lII1lLL:i'n . . 
uI1mLrln~~Vll'tl'tln~L~'IJ~~~ltJ (Bo) ~'l'IJ"4I1l~ 2 ul1tlti~1'IJ~Ul!l~~ 20 !l'lPlIL"l!~L~m~ ll1ltJtllJ~ 

" ,..::::j __ I D ,. .• tI' 0 

L"lI'lJLl1ltJ'lnUIn'J'tltJ1-:J rl,):i''YllLLlJ~'lrl'tltJl'l'IJ'tltJ 3 "l!1 

8) ul'aUlJrlJ'u 5 r)'IJ ul1mLrln~~VlI'tl'tln~L9'IJ~~~1tJ~')tJ% azide modification 
I I I '" 

4. n1:i'n~1~rul~~ LVi'tl H~I'IJ')ru,"l1Ul'tl~ ~~Vl'llIL:n'iln!lLL~~9~H~I'IJ')ruffi'tl ltlHh!'IJ 

9~~'tl'lnf'"ilm~I[lJ'tl'an;L"'IJ~~~1mVl~'tl'tlt.i'tlt.il'l\J'tltJ 1 mg/L LL~~lli~lru'il'an~L9'IJ~~~ltJ~'tl-:J~I1l~'l 
" 

J " I 11 '" '" " I 

Vi~ 111 ~1V1fu ml~'l ~"1I!l\lU1 L~'tl91'l1 'lJMruYlUI L~'tl91'l hJl~ L~~UI L:n'a,rulli~1 [lJ'tl1.ln~ L 9'IJVil~1 'lJ1n'tl'IJ • 

" " " 
5. n1:i'~I'IJ,)ru 1'IJMruUIL~'tl91'lhjHiL~~U1L:n'tl 

BODs (mg/L) = [(00Q- DOsl.d8o::Bs2J 

P 

DOo = mlJ1[lJ'tl'tln~L9'IJ~~~ltJ"1I'tl-:Jt;j'l'ClEiI'ld-~~'IJ ("4~~ 1) 

DOs = mlJlru'tl'Cln:nL9'IJ~~~ltJ"ll'Cl'lt;j'l'Clt.iI'lVl-i'l91nUlJLiJ'lJL,)~1 5 r)'IJ (111l~ 2) 

P = ,"hl~~,)'lJmn~'Cl91'l (L-n'IJ 1 :2) 

Bo = mlJ1ru'a'an~L9'IJ~~~ltJ"1I'Cl'lLLU~'l~d-~~'IJ 

Bs = mlJlru!l'iln:nL9'IJ~~~ltJ"ll'Cl'lLLU~'l~VI-i'l91ntilJl~LiJ'lJL'l~1 5 r)'IJ 
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I iJ iI I 

6. Glucose-glutamic acid check L.w'flHhLkllil~1hiiJ~1),Vi'tt Vl1-'flHU1L~'flY1hJ~tf'W 

LiJ'WL VI (;] 1 ~ ~fI~l~ij ~h ~1 C?1--1,r'W~'1 F\')'(;1)''l'''l1?l rlru.nl'Y'1"lJ'fl--1Jl L ~'fl"'l1--1 ~ fI"lJ'fl--1J1 L~'fl~ L~~ LLfI~ L'Vl rlUrl 
• 'IJ • 

~1--11 tl?lu1-il~1)':S'W'Vl1tJ1J1~'Vli~'1'VlnUfhUt'fl~ tln~1-iI glucose LLfI~ glutamic acid (~'fluHhL~'1~ 
I i.- I t-

1 03 'fl--1f'11L"l!flL~m~ 'W1'W 1 -n'Jt~'1) 'fl£h\lfl~ 150 i1f1~nfl-J 1'W'lJ1ni'W 1 ~(;])' ~1),fI~fl1uiJmn(;]1ul-J 
!.I I '" '" 

lV1:W'Vln rlhdj'fl'l Lrl)'1~~ L(;]1Ul-J~1)'fI:;~1t1iJ~'Jull?l~'J'Wn1n~'fl"'l1--1 1 ~'fl 50 ~'JU'lJ1L~'fl"'l1--1 LL~'Jv'i1 . 
L"li't.!L~U'Jn1J[;J'J'flti1--1tln~ ~hut'fl~~1~fl'lnh~~1ru 220 mg/L 'h~h~l~~"1n~l 200 mg/L Vl1'fl~--1n~1 ... 

~ Iii'" '" 

240 mg/L LL~I?l--1~1ijrl'Jll-JCjl?ltln~Lnl?l~'IJ tl1"'1Ltl'fl--1"'11n'IJ1L~'fl"'l1'1 'lJ1L~'fl Vl1'flL'VlrlUrlm)''lLrln~~ 
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"I1nn1nnuiimJ~L~~~n1;'lLmtJuLYltJULri~~.:J;j'a~LFlS'1::;,rFl0J111YlJ1~rh.:J~1tJ~1'vlfu,rn~tJ'\J 
~ q . ~ ~ 

)'::;iu1.h::"lJ~m~nri'uLrl1~.:Ji'J~1LFln::;\fFlru.n1YlU1LLUUlJ1r;t),~1'\J ~.:JLL~L~~'\Jij[l'\J1tJ'W 2554 n.:JL~~'\J 
q "" q . ,.. '" " , ,.. 

ijU1fllJ 2555 ;-3!P11L~'Wn1)'Lnu~'l~rh.:j11.:j~'W 8 r1f.:J L'U~m~'a\l~::; 1 Flf.:J t~mnur;i'l~rh.:j~ln 2 ~m~ 

l~wi ~Cl1U~ 1 Fl~~.:jLL~'\JLL~U U1L'lru'Vh~mh::;~I'\Jijr;t)' ~mu~ 2 u~J1~ihFlru::;1'Y1tJlP\1~lPlf 
, ,.. I g.. I 

Ujt)lhiitllJ~FlruJ11YlU13J1~1 Fl1 L 'il~tJ ~13J1)'[l LmtJULVitJUFlruJ11YlU11 '\JLL~~::;Yl1),1ij LIPl'tlfYlH .. . . 
• ,.. " I .... 

LFi;tHijtl~),'l'"l~~uFlrufl1YlU111.:J~~ ,muul~"r.:j1Pl1n-3Vi 5 ~-311 • 

29 .00 - 34.00 °C · 29 .00 - 34.00 °C 2 9.2 2 - 33.08 °C 30 .58 - 33.67 °C 

7.00 - 8 .00 6.00 - 8.00 7. 3 6 - 8.05 7 .57 - 8 .38 

17 - 21 em 15 - 18 em 17 - 21 em 15 - 18 em 

0 .00 ppt. 0.00 ppt. 0.00 ppt. 0 .00 ppt. 

3 7 

83 A5 

0 .04 - 0.90 mg/I 0 .07 - 0 .15 mg/I 

0.26 - 0.76 mg/I 0 .93 - 4 .77 mg/I 

0 .74 - 1.86 mg/I 0.52 - 1 .1 5 mg/I 

3.00 - 9.00 mg/I 24 .00 - 31.00 mg/I 

~ ~ 
.::. ~ 0 • ,4 0 0 0' ., d 0.-

"I1n ~~ nl5''l Lrl ),1::;~ Fl rufl1Yl '\J1~ ::;YlU'l1 fllJtl~)''l'"l MIU rI rufl1Yl'\J1 ~1~5'U'W n L HJ U5'::; ~U . ... .. ~ 

t.J~:;CllJAmi1Viil3J11Pl),~I'\J Li'J~ LmtJU L YltJuri'un1 ),1Pl5''l'i~!)U Flrufl1YlU 11 '\J~~-31Jn,nj n15' 'l~tJ LL~~::; 
dot • dJ 

~ . ~ 

..... 111ijL~tlfLL~ M n.:J Fl1 rI rufl1YlU11 '\J5'::; "ru1n~ L~tJ.:Jn'\J'"I1 n n15' Hi LFl1~.:Ji'J~~ Lrl5'1::;,r rI rufl1YlU1 • • 
~. ,.. " " 

li-3~tl-3LLUU LL~::; Li'J'tH YltJU5'::;"ru Fl'l1lJ~ n'l1m"1l~.:Ju1'"11nf'h~LL~::;n~h.l"1l~-3 LFl1~.:Ji'J~1 LFl n::;\f rI rufl1YlU1 . 
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!lEh-.l~IW1U ~~ n1:i'1 LFln:;~'1OJJ)IYlJ'1 hr~!l-.l1ll)~m:i''"llnYllniJLI1l!lhil'111~LLri tfhnrul ULI1l:i'!?1 

lu LI1lJ'L'"lU tfhJlruLL!l4JL4JLlJEJluLI1lJ'L'"lU W4J1 ru!l!ln:] L'"l'W~:;~1tJ1'WJl LL~:;F1'JI4J~nthn 1 'WnFS'Wvihr 
'U 

II I , !,.o 

~1:i' 'VI1!l UL!l ~ YlUril FIOJl11YlU1Yi ~~r.rtJf11'V1iJ(9) mru-n fil~ LL~:;f'hn~l.! ~:i':;~u FI ruJllYlU11 'W:i':;~U 
• 'U • 

L~tJ'J tiu m~ nl:i'1 LYl:i'1:;'VI1l.!~!l'l1ll)u~ n1:i' L(9)tJ l-ii Ln ru-n n1:i'~'"l1 :i'rul ~OJI11YlJI ij'J ~'W'iI!l'l nnJ Fl'JU ~l.J 
l.J~~1i (n:i':J.JFl'JUFl4J4J~Yi~ . 2543) . 



~ 
'lJ'VI'VI 5 

'£lihh1fJ bb~~i'£l b~'U'£l bb 'U~ 

A~'~~~~~'~~~~n'1~n~' • . .. 
LYl'[)~[;J.J'l.J1r)ij'[)(;1:i',)~~,[)UI"l(1JIl1'rnh~1'l"fu,rnLh.f'I.J:i'::;~u1.J:i'::;I:l~~n'M1 

~ . 
.. .. 
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r)ij'[) (;1:i',)~~,[)U 1"l1:lUl1l'l'IJ1 ~1",ftl,rnLh.f'l..!:i'::; ~u1.J:i'::;I:l~ ~ m~nViii~1 (;1:i'~1'I.JLij'[) LmUtl L Viuunu 
~ . ~ .. 

n1:i'(;1:i',)~ ~'[)u fl1:lUl1l'l'W11 'I.J~,[)'1t1~~n1:i' 

~~tJL~ ~~~~n'1~m~n 

.. 
I"lnJJl1l'l'IJ1~1",fu,rn~tJ'I.J:i'::;~utl:i'::;mJ~n1i'l • 

~~~L ~'inm,n 'I.J n'~1i~ 

:i'::;u::;L,)~1~1.jjl'I.Jn1:i'~r.ru~i--lif dJ'l.JL,)~1 1 11 

"I c:;;...... 
n'1~'~LL~U Lun'~LntJt;I~'el~I~ . 

n1:r') 1'1 LL~.J'I.Jl 'l.Jn1nnmi'lflUI--l1.J:r::;n'[)u ~')U n1:rn1WW~·i;H11'I.J~ Llitl vl,)'aUI'1 L-D'I.J 
I" I.t I " " "i1 

Vivl'l ~nMru::;'VII'1mUIl1WD,[)'1Yl'I.JVi t~mU'l..!~nM1LL~~'1'IJ1vi'l~,[)--lLLUU 1~LLfi bb"'~'1'IJli1~ LL~::;Lm~'1i:n 
I '" I " " I 

LU ~ =n~ LL '" ~'1'IJ1iJ ~ViHl 'l.Jn1:i'~ nM1 Uhui timJ1",iJ11"l (1J::;~ 'VI UI pj1~ (;1 f bL~ ::;Lb "'~--l'IJ1 LU ~ViHl 'I.J 

n1:i'~n'M11~LLTi 1"l~,[)'1LL~'l.JLL~U U5-L ') [U'Yi1Lifl1.J:i'::;~1'I.JiJ (;1:i' t~u ~1 L ij'l..!mnnu r;i'')'[)U1'11l11"l~'I..!I~ i-lbL[;) . .. .. 
L~fl'l..!iJ'l'I.JltJ'I.J 2554 ~'1L~,[)'l.Jii'I.JljO)).I 2~55 :;-3jO)l''[)ujO)~~vi'l'll!)u1'''~1nLb~::;'lI!)LL~'11'I.J:r'[)tI 1 tJ 

nl~fh~u~V.'1,ijLj;I'el1moi'Lun'~~LA1'~~Atull,.rnf, • 
" '" " " Ltl'l..!m:i'(;1:i'')~1'~LL~::;~LfI:i'l::;ic;i"lli'ljO)I:lUl1l'l'U11'I.J1l1jO)~'l.J1~ :r')~vi'l~'I.J 6 c;i"lli'l 1~LLfi • . 

- r)ln~'I.J (Smell) 

. ..". 
- jO)1~ (Water Colour) 

- r)1,[) (1J"'lliJ (Water T emperrature) . ... 

- r)ljO)')'tJLtl'I.Jn:r~ - ~1~ (pH) 
.. 

- r)1jO),)1~ttli'l1~~fl,:ju1 (Transparency) 

- r)lm1m~~ (Salinity) 
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~fin1'if1nH1 

1. mnnUr;l'J'f)£h~Jllf1~'tJ'U-J 

- 1-ii LVI flUfI nl~Lriu r;l'J'f)£il~,fl (Sampling technique) 

" - 1.jjmnnufm'!t1'\:nr;l'J'f)£il~ (Sample preservation) 

2. m~'tjLml:;~1'tJ~'f)~u:ou~nl~ b~'f)i~'Yilni1LI11'f)f~ti~u'f)nii~~I~~:;~1t11'tJ,fl 
. " 

r;l'ltl£h~ t~[J'Yilnljbl11'f)fVl1-ii1 'tJm~'tj LfI~I:;,r flnull'Y'lib l~bLri tIhJlcul 'tJbl11~1111 'tJ bl11n ~'tJ tf'hncu • 

1.h::tllJAmt1~iilJll11~jl 'tJLri'f) bmLJU b Vl tlunu n 1 ~111~'l~~t:lUflruJll'Y'l,fl1 'tJ~'f)~u:oilll nl ~ b(?)tI bbl'i~:; 
.... 111ih~t:lfLb~~~ii-:tl"h flCUJll'Y'l,fl1 'tJ~:;I?lu1n~ bfl[J.3Jr'l.!"'llnnl~H bfli'f)-:til'f)'.) bfln::,r fI CUJl 1 'Y'l,fl . . 

... I '" I I iI 

";-:t~t:l~LLUU LLf~:;Lij'f) b VltlU~:;I?lU fl'Jl:W~ num~'f)-:ttn~ln l"il~LL~:;n~'tJ~'f)~ bfl1'f)-:til'f)'tj bfl n:;,r fI CUJll'Y'ltn • 
" "' -

mh\l~I[JnUtJfWl~'tjbfln::,r"'lCUJl1'rfW11-w~'f)-:ttl:oulln1~"'llnYll~lljbl11'f)fl'il-:t1l~bLri m:Wlcul'tJbl11~111 

l'1.lb~~L"'l'l.!mlJlruLLflt/ u..JL Uti 1 'tJ tl11n~'tJ mt/l CU'f)fln~b"'lU~:;~I[J 1'tJ,fl LL~:;fI'Jl:W~ num 1 'tJjufl'tJ'Yl1rr 
'" 

1.1 I . • " 

~1~ ~1t:l mt:l~ YlU~1 flCUJll'Y'ltnVl ~'tj~£Jfll~'tJ(?) bnru,,}l"il~bL~:;rhn~'tJ i:h:;I?lUflCUJll'Y'lUl1 'tJj::I?lU 
• OJ • 

" b~tI'lnutJ~n1~'tj bfl~l:;~'"'l 'tJ~'f)-:tu:oilli m~ b(?)tI l:n bn CUsvlrl1~Yf"'lI~CUI "'lCUJl1 'Y'lUI tJ'l ~'tJ~tl~ nj:W fI'JU "'l:W 

:w~Yht (nnJfI'lUfI:W:W~~'M. 2543) • 

-'i)ihh1[J~'n 

tJ~m~~WJ'tJll"i 111~'J~ ~'f)U fI null 'Y'l,fl~l~ fuunLi[J'I.!~:;I?luUj:;m..J ~ mtl 'Y'lU~ l~lt/l nl'ih 1u 
... . 

ulJ1ffllcit'l1~ Lrlt:l LmtlU L Vl tlU nU~J1I11~jl'tJnl nnu r;l')t:lril-3,i'1 bb~ :;nl ~'.) bfl ~1:;,r 11 CUJll'Y'l ,fl~~ ~'f)-3 

Pimt1't1nfi1'nl~llj bl11'f)fl'il~1 L(?)LJ tJ~ m~Pi mtl bmtlU b Yi[JUr1'1.!'zl'l'tJ 1 ~ qj~:; 1~ l"il~ln ~ bfltJ-:t n'tJii fI'Jl:W 
I I I Ill' 

LLV1 n.J1~n'l.!1ufl'l'l.!Vl'tjfi:w 1111),,~ 1 'tJ~:; l:n bfl1'f)~ il'f)Vlti~;fi1LL~~ :;'Y'l1 n lj bl11'f)f b u'tJ )"::uu VI PliltJ:w ~'f)-:t ... 
vi'lLL ,.n.i~ U~Lflit:l-:tiltl~~ WJ'tJ '); 'tJ~:;~ l:Wl n1 ti-:ti l"i11uu~~::Ylln lj bl11'f) n~ bU'tJ~I'tJ'J'tJ L~t/ b ~ fll ~ 

., "liP I I 

m2J1:aJJnmrnLim.l1'tJj:;I?lui'tJu~:;nt/~m·t1r;l~LLj;J)":~tli'l.!t1,.::tlt/Pim~ntJVl1 - 4 Vlrr-:thjl~Lhn'!b~'D 
", I ,.. 

VI PlUmJ 'Ut:ln"'lln,hfl1t:l-:til'f)Vl~ WJ'tJl~'tJhjl~.yi1n1j'tjLf'l11::i~1 FllUl-:t'Y'lI)",)lj bV1tlf b"li'tJ mt/l CU 
., 

tlfln=iL't'U~:;~ILJ'tJl Fllmt/l cul 'tJLI11)" 1111 '\.I bl11jb~'tJ Fl1mJJ1CULL'tl:wLt/ b Uti bb~ :;rllf1'JIt/~ nUjn 1 '\.Ijtl 
OJ 
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~ ,,,.. I 

~..:J Ln l'I'"llmJ),~~TVI~lJ er~'Vi'..:Jih 1~'"l1 nn1),~..:J Ln l'I~ LL~~n1),VllJ n~hJ"1I'f)..:J~,)flrl1..:J,j1 LL~~Lij'f)oW1~'f)lJ~ .. 

~1'"l1 n~'f)..:JtlD~n1)'~-v'hn1),~),,)'"l~'f)U'"l1 nynniJ Ll;j'~f[;)1..:J1 LL~,) 'Y'lU~1~llJ1Hl LYltJU LfitJ..:J 1~~1 

r;l')'f)rl 1..:J ~1 il f'l') llJ~ mhn h!)'::~u~ L ~lJ1::~ lJ [;)'f) n1 )'111 lJ1 'f) tltll f'l ~ 'hmnl1::~lJ [;)'f) f'l rull1'Y'l~li..:J . . 
"lIlJ"lIl.! 1~ Lri'f) L YlmJnUlJ1~),~1l.!f'lCIJIl1'Y'l,f11l.!LL ~~..:J,f1~,) ~l.! (mlJ f'l,)Uf'llJlJflYl'tf, 2537) LL[;) Lf'li'f)..:Jij'f) 

q ~ q q 

• " "" I 'I I II 

Y1~ lijJl.!l~l.!U..:J hj~llJ1)'(),j1 hJl,nu LL~~..:JoW1Y1il f'1')llJ hH..:J 1~lJ1 n l~m n dlfl..:J'"l1 n Lf'l1'f)..:Jii'f)Yl ~'f1..:J~l.! 

~llJ1)'C\t)Vl)'~r;lUf'l,)llJ~m'f),nf11~hhnl.! 30 b"lll.!~hlJm m.i1..:JhnmlJ ril'l),,)'"l~flUf'lrulllY1~l~l~~U .. . 
,rn ~tJl.!)'~r;lutl )'~C\lJ ~ n'tfl ~n~'f1..:J~l.!L ~'f) LUl.!Lf'li'f)..:Jii'f)·lhtJ~ OOJl.!l;1 n'M::m::u,)'Wn1 ),'VI1..:J~'V1 tJ1 f'l1 ~ l'If 

LL~::~..:J L~1lJ L'"ll'l f'l ~'VI1..:J~'VIt11P11~~f"1J'f)..:J,rn tStJl.! th'Wn1),~..:Jij'f)tlDu111l.!1l1f1~'W1lJ~..:J bUl.!n),~u'Jl.!n1), 

{Vln1)'tStJl.!'f~,rn ~tJl.! l~t.hlJtl)'~~u nlJ'CUl'IN ~..:J~'f) Vl f'l~'f)..:J nu LL l.!'J f.)Vln1)'i~n1)'tStJl.!'f"1J'f)..:J,rmj~"lI on .. .. ~ 

n~lJtl),~~11n1HuUtJlJ (Experimentalism) tVltJ'"l'f)'tfl.! ~')i (John Dewey, 1897) n~l'J~lnl),{Vl . 

"' 
'Vi' n 'tf~ n1 n~ 1 ~ LL~,)..:J~l f1,)1lJ'fi'l:IJ n 1.1 L U l.!n ~ lJ ti ~tll.! 1~tStJl.!'f;1..:J'VI1..:J'Vln'tfn Ufl ~n1)'tl n 1111l'11 lJ LL l.! 'l 

IU q o:u III "'I 6J d.J 

"' ~ 0 ... .., l:" '1
ft 

I 
"1I'£lL~'U'£lLL '1.1::: .. 'Unl',j'VI1'J~!lfl',j~l'I'£l .. 'lJ 

f'1'»)'il n1 ),oW1 riijfl~W~1J1;\Jrl'ltl1ii ~ n'tfl tJ~ n1), 1:n yjij'f) n Hun ~tll.IL ~'el~1 FlnJl11Y1 LFli'f)..:Jii'f) .. ... 
, ,", 

LL~~~ n'M1 tJ~~lJ n'VIfi'VI1..:Jn'W~tI\J'f L '"ll'l f'l ~"1J'f)..:J,rn tStJl.!Ylil[;)'f) ~ij'f)U ",.. .. 
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