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~Hl'U tJ~'j~'IJ'lJf11'j r-l~91~tJtJ~mwtl~'U 1ftCl'UVi 'ff~ 'ff1J i 'UtijtJtJ,nuCl 

4 SloCt 
'tf0fjt'\l£Jl! 

" 'Ul~'ffl1'lWlfmr tJ~mYl'jlty 

~0mtyqp 1 'VI fJlffl 'ff91 'j1J'I11UWcVi91 'ffl'U 11'lfl ~ 'VIft 1'U1Cl'fjf11'j il 'j~1J 'I 

l.h~fill! msum"l~'I1imn 

" ftWfll'Vl ~ ijtJil m iift 111J,h fitlJ~ tJms'IJnflftrn fJ i 'U il 'j~ ~ 'VI ffUCl ~ f11 'j ri'l tJtJtl 'j ~ 'IJ 'IJ 
• u 

rm r-l~91tJmiJCl til 11 ri 'Ir-lCl~tJftwm'Vl~iftJtJm hwm 'Vll~f11'j 'ff~ 'ff1J'UtJ'Itl~'U 1ft Cl'U ~~tJClliJCll~f'IJ• 
'iI1tllCJ1fJl1'U~~'IJftVi~~ fJUCl~ u'lJftVi ~~ fJutJft~1 'U~fJ91'ff'lJ1~'lfiJ~~ 'fff1'1 'ffl 'jtJ'j eneu~ 'fffl~tl~'U1ftCl'U 

~ ~ I I ~ 

0itJtJ 'ffjj 'U UCl~ ~V1J I tJij) msffml1ft f ~ij ii 191tltJ'j ~ 'ff~fi'~ YltJttJ~ uiuVi fJ'lJtJ~mw tl ~'U 1ftCl 'U i 'UtijtJ • . " " il ClliJ ClVi ~~ fJ 'I'lu'j ~'IJ 'IJ ms r-l ~91 ~ 1~ n'U 2 'j ~ 'IJ'IJ I ~ uri ms l~ fJ~ il ClliJ'Cl 'l'U m ~ oi1~ UCl ~-U tJ~ 'U 

.do ,1~ .di Q,I Q,I d' 1 I Q d' ~ 
(tlU 'VI ~ Cl tJ~ 'VI 1) 'U tJtl111 nu fJ~fftl~ 1ft 111J 'ff1J'Vl'U 1i'U tJ~tJ1~'IJ tJ91 tJ'lf'U ~'UtJ '1U 'Vl Cl ~tl91 tJ'U 'Vl'lf 

tbCl~tb'IJftVi~~fJtbtJft~1'U~fJ91'ff~'fffl~tl~'U 1ftCl'U (f11'j'VI~CltJ~~ 2) i'Utl1'j'VI~CltJ~~ 1 fftl~lr-lCl'UtJ'I 
. " " 

'j ~ 'IJ 'IJ tl1 'j r-l~ 91 ~ tJms 'ff~ nun ~'U 1 ftCl 'U i 'Ul ij tJtJmiJ Cl l11tlU t~ fJ~ tJCll iJ'Cl 'lum ~oi1~ ~ l'U 1'U 
" . 

9 m~oi1~ ~~Cl~tl1'jI~fJ~tJmiJCli'U-utJ~'U~1'U1'U 9 -UtJ 1~fJfftl~lVi~1Ifltl'Vll'U .ij~'I11~t;fJ'l'jlfJ 

'" .. c: 'i i.% _I '" 'i i~ .. I ....
1Ift'jl~'I1tlCl'U ~ftCl'U 'U~'UtJuCll'UCl ~~fJ 'lffJtJmw Solid Phase Microextraction (SPME) 'j11Jtl'IJ 

~ft~tJ'I Gas Chromatography Mass Spectrometry (GClMS) 'Vl'IJ';htJ~mw~tJtJ'ffjj'UlICl~IV1JltJiji'U 
" I", , " 

lijtJtJClliJ' ClViI~fJ'I i 'U m~oi1~iifi1lPchtl',h 'l'U-UtJ~'U (p~O.05) 1~fJtJClliJ' ClViI~ fJ~ i 'U m~oi1'1IICl~-UtJ~'Uii 

fi 1~ tJtJ'ffjj uu Cl ~ IV1J I nij O.66±O.l1 UCl ~ 2.61±O.51 11J1 m tl f wn1 Cl tl f 1J 9l11J ill fi'IJ UCl ~ 
" . " 

tJ~mWIV1JltJiji'UtijtJtJClliJClViI~fJ~i'Um~oi1~UCl~-UtJ~'U 2.45±O.50 UCl~ 4.55±O.5911J1mtlf1J 
, ,,!iI 

/n1Cltlf1J 9111Jillfi'IJ lCJ1fJ11 'U U'lJftViI~fJVi'fffl~'ffl'jtJ'j~tltJ'lJtl~'U 1ft Cl'U Vi'Vl'IJ i 'U U1i 'Um~oi1~UCl~-UtJ 
Q 11) '" I 3 0' Q QQ 3 
~'U t~lltl Anabaena sp. (23.33-30.00xIO ICJ1Cl Cl/1JClClCl 9l'j), Oscillatoria sp. (l3.33-26.67xIO 

0' Q Q.e:t. 3 d' Q QQ 0 Q,I -d: 
tCJ1ClCl/1JClClCl91'j) llCl~ Pseudanabaena sp. (l6.67-26.67 xIO ICJ1ClCl/1JClClCl91'j) 9l11JCll~'IJ UCl~'VI'Vl'IJ 

G'I '.e:t. lI) v I 3 tI Q .e:t.Q 

~'U'lJtJ~'U ~~l~tl Anabaena sp. (3.33-177.00 xlO ICJ1ClCl/1JClClCl91'j), Oscillatoria sp. (43.33

3 0' Q QQ 3 o'.e:t. QQ 0 Q,I 

176.67xlO ICJ1ClCl/1JClClCl91'j) UCl~ Pseudanabaena sp. (6.67-53.33 xIO tCJ1ClCl/1JClClCl91'j) 9l11JCll~'IJ 

UCl~ rm 'VI ~Cl tJ~ ~ 2 fftl~ lr-lCl 'U tJ'Itil fJ-UtJ~tJ'lfiJ~ 'UtJ'III'VlCl ~tl91tJ'U Yl'lfl ~Cl ~ U'IJ ftVit~ (I UtJft~1 'U ~fJ91'ff~• 
," , I 

'fffl~tl~'U 1ftCl'U i UlijtJtJmiJCl 'Vl'IJ';h l~iift111JiY1J~'Un'UtJ~tl~'U 1ftCl'UVitll~-utJ~1~n'U (p~O.05) 
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I I 'JJ , 

UCl~ l~'VnJ~ 111lihl'w'U n'\lfl,:jlG}ffJ11 'UulJ~Vit~ fJViff~l,:jfli1'U l~Cl'U '1 'Ut'l1fl1JCl1'11 ClVimQtifl~l,:jn'U 

(p~0.05) U~ flVH 1~ ~mll ~1 flms \Pl n~,:rlJG)f'l1 \PlUCl~1J~1l1W '\Ifl,:j lG}ffJ11 'UU1J~ Vit~ fJ~ff~ H 

~,. "l 'j) I 3 rI ~ ~~ nau ~~Cl'U ~\PlUfl Phormidium sp. (0.00-236.67 x IO tG}fClCl/llClClCl\Pl~), Oscillatoria sp. (0.00
3 rI ~ ~~ 3 rI ~ ~~ 

103.33 x lO tG}fClCl/llClClCl\Pl~), Anabaena sp. (0.00-203.33 x IO tG}fClCl/llClClCl\Pl~) UCl~ 

3 rI~~~ OQl .e::t. " ... I~
Pseudanabaena sp. (0.00-253.33 x IO tG}fClCl/llClClCl\Pl~) \Pl11lCl1\Pl1J ~lflfl1~m1~1tm1~'HlJ~1l1W 

"" ~t~flulJ~Vit~mw~~l'U~fJ~ff'l'U~'Uvt'Utifl(0.25x 103.2.02x 10
6 

tG}fCl~/fli'll'\lfl,:j~'UU,r,:j) G}f,:j l~~lJ 
" . " 

~111l ffll'W'U n'\l fl,:j1J~1l1Wt~mt lJ~Vit~ mw~~l 'U~fJ~ffVimQti fl~l,:j n'U (p~0.05) ~,:j,:r'U ff~1J l~',h 
'JJ I 'JJ I 'JJ, 'JJ 

t'l1fl1Jm'l1Cl Vit~ fJ,:j '1 'U m ~i,:jii ms ff~ffll'\lfl,:jfli1'U 1 ~Cl 'U,rflfJfl':ht'l1nil Cl1'11Cl Vit~ fJ,:j '1 'U tifl~'U UCl ~ 
. . " 

lG}ffJ11'UulJ~Vit~fJVirifl'l,rtfi\Plfli1'U 1~Cl'U'l'Ut'l1fl1JCl1'11Cl l~uri Oscillatoria sp., Anabaena sp., 

Pseudanabaena sp. UCl~ Phormidium sp. 
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Title Effect of culture systems on accumulation of musty

odor in Nile tilapia (Oreochromis niloticus) flesh 

Author Miss Chayarat Pleumsumran 

Degree Master of Science in Fisheries Technology 

Advisory Committee Chairperson Associate Professor Dr. Niwooti Whangchai 

ABSTRACT 

Tilapia flesh (Oreochromis niloticus) quality is an important trait for both local 

consumption and export. Culture systems may directly affect tilapia flesh quality, especially the 

accumulation of a musty-odor. The main causes of this musty-odor are the blooms of 

cyanobacteria and actinomycetes which produced geosmin and 2-methylisobomeol (MIB). The 

aims of this study were to compare the effect of 2 culture systems (cages and earthen ponds) on 

the accumulation of musty-odor in tilapia flesh and to investigate the correlation between pond 

ages and the types of phytoplankton and actinomycetes which produce musty-odor flesh. The 

study was conducted in Phan District, Chiangrai Province. In the first experiment, The effects of 

culture system on accumulation of musty-odor in fish flesh were investigated. Tilapias were 

cultured in 9 cages and 9 earthen ponds. Fish from each culture systems were collected for 

analyses using Solid Phase Microextraction (SPME) and Gas Chromatography Mass 

Spectrometry (GC/MS). The results revealed that geosmin and MIB levels in the flesh of tilapia 

cultured in cages were less than those cultured in earthen ponds (p::;0.05). Geosmin levels in the 

flesh of tilapia raised in cages and earthen ponds were 0.66±0.11 and 2.61±0.51 ug/kg, 

respectively. MIB levels in the flesh of tilapia from cages and earthen ponds were 2.45±0.50 and 

4.55±0.59 ug/kg, respectively. The musty-odor producing cyanobacteria in the water taken from 

cages were Anabaena sp. (23.33-30.00 xI03 
cells/mL), Oscillatoria sp. (l3.33-26.67 xI03 

cells/mL) and Pseudanabaena sp. (l6.67-26.67xl03 
cells/mL, respectively. The identified 

3cyanobacteria from water in tilapia earthen ponds were Anabaena sp. (3.33-177.00 x10 cells/mL), 

Oscillatoria sp. (43.33-176.67x1Q3 cells/mL) and Pseudanabaena sp. (6.67-53.33 xI03 cells/ml.), 
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respectively. In the second experiment, the effects of pond ages on phytoplankton and 

actinomycetes which produce musty-odor flesh were studied. The results showed that no 

significant exists between pond ages, and bacteria (phytoplankton and actinomycetes) numbers 

and musty-odor. However, both musty-odor producing bacteria families were found in all 

samples, i.e. Phormidium sp. (0.00-236.67x 10
3 

cells/mL), Oscillatoria sp. (0.00-103.33x 10
3 

3 3
cells/mL), Anabaena sp. (0.00-203.33xl0 cells/mL) and Pseudanabaena sp. (0.00-253.33xl0 

3-2.02 6
cells/ml.), Numbers of actinomycetes were (0.25 x 10 xI0 cells/g soil dry weight). In 

summary, the cage culture system of tilapia has a higher quality in term of musty-odor 

contamination compared to those from earthen ponds. The species of cyanobacteria which cause 

musty-odor in the flesh of fish from earthen ponds were Phormidium sp., Oscillatoria sp., 

Anabaena sp. and Pseudanabaena sp. 



• • 

(7)
 

91 

1't'W1ij'W'U nl~llihi11~ 'ilC1~ 1~1'W'j1~H''t111.o fJ 1~f'U 1ernCl' fll111'lflfJmiltl f11lJj f1'1:l1 
OJ 
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~ 'U II 'U 'U '\l tl ~ H'l.o fJ Vi 'il ~ ~ 11U'U 'j tl fJ \PI111 I i'1 tl ~ t'U 1tl f11 Cl'i1 H'l.o fJ '\l tl n 'j 1 'U '\l tl 'U 'W 'j ~ ~ W 
OJ OJ '4 

'jtl~ff1Cl'\PI'j1'ilUV ~'j .ijl~ 'Hi~ifJ lJ'j~1i1'Uf1'j'jllf11'j~lJjmn1'VlfJ1ij'W'Un '\ltl'\ltl'U'W'j~fJW 
<I ct Q.I cf I 0 Q.I l.d 9J d .d... I~ 

'jtl~ff1Cl'\PI'j1'il1'jfJ m.lmfJ~fff1~ Ill~tl1'W'U 11'Vl'jtlfJ\PI'j ~'j.'il~f1C1 'W'jllfJ~ m'jllf11'j'VllJ'jf1'1:l111C1~ 

H''lflfJff1Cl'\PI'j 1'il1'jV ~'j. ff'j l~ 'lflll~'If flW~1'VlfJ1ff1Cl'\PI{ 1l'H11'VlfJ1~m'i}fJ~ t mj ~m W1t Mf11lJj f1'1:l1 
OJ • 

f1111 'U~'lJ 1'l'U f11 'j 't111'Vl fJ1ij'W'U n llC1~ Cl'C1~1 lC11ff1'Hf 'Uf11 'j \PI 'j 1 'il'Vl1'U II~1 '\l~ 'U f! -U'U'il'U f1'j~~~ 
~ ~ "!JI " 
1'Vl fJ1'U 'W'U 1i \! n\PI tl~Cl'll\! 'j W 

d' d Q.I:
'\ltl'\l tl'U'W 'j~flW flW 1'ilU fJflW~I'Vlfll'U 1C1fJf1lllJ'j~1l~1lC1~'Vl'j'WfJ1f1'j'VlH'U1• 

~ '" ''i!JI "j ~.,t ~ !JI!JI '1 '1 d .II ~.: 'I 
1l'Hll'VlfJ1C1fJlllll'il VllJ'j~Cl''Vl1ilJ'j~Cl'1'Vll'lf1fll111~'Vl1~m'Ut'Vlfll'U lC1fJf11'jlJ'j~m 9$~1'U'U'W'U!1'U 1'U 

f1U't111.ofJ llC1~'\ltl'\ltl'UfJW 'U.e. thlJ'j~.fll ~lm~~l~ ~fltlm1l'Utl1~~t 'il H~f1~'U 'lM~l.ofJ~l-W'U 

~lJCl''j'jfl'il'U~1'U1.ofJff1Ih''J~1~ 'jlllii~~ "1 \lflC11mlJf1'vh'U llC1~Utl~ "1 t'U Lab. ~tMfll111 

'\ltl '\l tl 'U 'W 'j ~ fl Wff 1U n~ 1'U fl W~ n 'j 'j 'j II f11 'j 1.0fJ II,,;~ 'If 1~ ~ 'lMf11 'j Cl' U'U Cl' 'U 'U 

~'UlJ'j~ll1W 'l'U f11'j't111.ofJ il~'UlJ'j~ll1W 2551 (f1fl./2551-42) ~tllfl'j ~f11'j f11'j~~'U 1m~'UTUf11'j 
91 91 91 

Hiil \PI ff\PI1'lJ 1t Mii fJW.fll'W IIC1 ~lJ C1 tl~nfJ: rm ~~'U 1f11'j1~ fJ~lJ C11U C1 'lMlJC1 tl~nfJ'il1f1f1ulJ'U 1iltl'U 

'\ltl ~ Cl'll oWlJ II C1 ~ f1 ~'U h.j~ ~ il 'j ~ Cl' ~rl '\ltl'\l au fl Wff'U VI'Vl fll 'U 1C1 V~l.fll'W IIC1~ Cl'm-u'U 'U ~ rns 
• OJ 

~ "''' ~ '" ''i!JI "j'l !JI "'I 'I !JI
\PIn'ilCl'tl'UfJW.fll'WllC1~ll1\P1'j!l'UHC1\P1.f)WCVI 1l'H11'VlfJ1C1fJlllll'il 'Vl1'Hfll111tl'4Ifl'j1~'H 1'Uf11'j l'lf 

• • I 
.a 4. .a 9J.c:. d'Q,I I .:!I. ~ <I 

lfl'jtl~lltl Ifl'jtl~ Gas Chromatography mass spectrometry 'Htl~11fl'j1~'H\PIltlfJ1~I'Wtlllfl'j1~'H 

Cl'Uilsennu~tl tl Cl'ij'U llC1~ Igll 1 tlii '\ltl'\ltl'UflWl~l'\ltlwh{lllJ C11U C1 ~11.f)tl'W1'U .0~'H'r~1 'i}fJ~ 'j1fJ• 
• i,I 'JI I i,I iI 

lJ f1't'h'U Vil~tllYJ tlCl't'll'U Vi f11'j't11~ 1'U1.of.1t 'U flf~i1 

" 
Cl' ~ -n1 fJ i1 H'l.ofJ '\ltl f1 'j 1 'U '\ltl 'U 'W 'j ~ fl WiJ ~ 1 llll ~ 1 IIC1 ~ Cl' 111 ~ f1 t 'U fl 'j tl 'U fl f 1 

• OJ •

" . . 
lJ illlffU 1\lJ Vi 'lflfJ ri~ 1Cl'~ll Cl'U1J Cl''4'U IIC1 ~1 1I'U ill~~ t 'ilVi ff1 fi\lJt M~l.ofJ 1 ~fff1'1:l11~ 11~ fJ'U ~I 11 'U 

i,I I " iI 

1titl ~ 'H ~~ fl1 l11ff 11~ 'il fl WlJ 'j ~ 1fJ 'If.wVi ~~ ii i ~ 'H II ~ 'ill f11'Vl fJ 1ij 'W 'U n I~ II i1 H'l.o fJ '\ltlll tlll t Milti 
• OJ 
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tJilllWfl"ltl hVl"l" ttl 52
 

tJilllw 1Il}ftJl1lJu1Jfln!~tJ 52
 

tJilllw']j'il~ 1Il}ftJl1lJu1Jflnt~tJ~~~91fl~lJ Inau 53
 

.d .c9 , ,.e:t. tI 0Il!t 

ms'VI~ "ltl'l 'VI 2 fffllll ~"l 'tItl'ltll ~1Jtl91tl']j'lJ~'tItl'l U'Vi "l'lfl91 eu'Vi ']j'U"l~ 
I , II I tI 

Utlfl9i1lJ iJtJ~ffnritl i,rtn~fl~lJ 1flauilJtiltltJmil"lnt~tJ'I~dtJ 
~ 
o .. 

'j~1J1JlJlt'tltJd 55
 

~"l 'tI tl'ltll~Utl91tltJilJ1W ']j'il~ U'Vi "l'1n91 tllJ-n']j' 55
 

~"l'tltl'ltll~Utl91tltJ~lIlw']j'il~u'Vi"l'ln91tllJ-n']j'~lilJ Chlorophyta 55
 

~~'tItl'lUl~~~.~tlc~illlW']j'il~u'Vi"l'ln91tllJ-n']j'~lilJ Cyanophyta 57
 

~ "l'tItl'l m ~U~~'tl tJ~1IlW']j'il~ U'Vi"l'In91tllJ....WU"Eugteoophyta 59
 

~"l'tltl'ltll~Utl~tltJ~lJlw']j'il~u'Vi"l'ln91tllJ-n']j'~lilJ Bacillariophyta 61
 

~"l'tltl'ltll~Utl91tltJ~lIlw']j'il~u'Vi"l'ln91tllJ-n']j'~lilJ Cryptophyta 63
 

~"l'tltl'ltll~Utl~tltJ~lJ1W']j'il~U'Vi"l'ln91tllJ-n']j'~lilJ Chrysophyta 65
 

~"l 'tItl'ltll~U tl~ tltJilllWU1Jfl n!~ mttlfl9i1lJ iJtJ~ff 73
 



(10) 

" " r·Hl'tJtJ.:JmfJtitJ~tJ1l1:lJ1W ffl'i~tJtJffihm"~I~~ ltJ-u''W~'WV1'l.njtJ Ul ll"~•
 
74
 " " "
 

I'WtJllmu" ~ lfltitJl~ fJ.:J 11"lU"'i~'lJ 'lJU11~ fJ1 

"" " 
1l1:lJ1Wffl'i~tJtJffil'W t'W~'W Ul ll"~ l'Wtlllmu"~lfltitll~fJ.:Jll"lU" 

• " od 

'i~'lJ'lJ'W1A'W1 74
 

"" " 
1l1:lJ1Wffl'ilg~ ltli1hJ~'W Ul Ilfl~I'WtJll"lU "~lfltim~ fJ.:Jll"lU" 

o od " 
'i ~ 'lJu 'W 1I'tl fJ1 75
 

'J/ JI I 'J/ 'J/ 

fjWfl1 ....Ul''UtitJl~fJ.:Jll"liJ"Vil~fJ.:J~1fJ'i~'lJ'lJUll~fJ1 77
 

1l1:lJ1WfI11 ~ I~ 'W rn~ -~ 1.:J 77
 
. " 

1l1:lJ1WtJtJfl9fI~'WVi"~"ltl' 'WUl 78
 

QW'HlJil 79
 

1l1:lJ1Wtl11~1~'W~1.:J 80
 

1l1:lJ1Wtl"t1hVJ,,~ ltJ 81
 

1l1:lJ1WlltJ~ 1~lilfJ- l'U 1ml~'U 82
 

1l1:lJ1wl'Wll9l'in-'luhm~'W 83
 

1l1:lJ1Wl'WII9l'i'Vl-l'U 119l'i1~'U 84
 

1l1:lJ1Wt1tJ{1 tivJtJmvJl9l 85
 

•tl11~'\i'U 86
 
.d.e:t. d' .e:t.QI 

unn 5 1~1'iWH"fl1'i1~fJ 87
 

•'lJ'Vl~ 6 ff'illH"fl1'ii~fJ 95
 

ussununru 97• 
rn tl H'W 1 fl
 111 

.e:t. 0' : 
fl1tlH'W1fl fl fl1'i1Iml~'HtlWfl1""'Wl 112• 

.e:t. o',..d 
fl1'i1Iml~'Hlltl~!~I'WfJ 113
 

fl1'iilml~'H1'Wll9l'in 115
 

fl1'iilml~'H1'W119l'i'Vl 117
 

fl1'iilml~MtltJ{1tivJtJmvJl9l 120
 

fl1'iilml~Mtl11~1~'U~1.:J 122
 

fl1':iilml~Mtl"tJ hVJ,,~ ltJ 124
 



(11)
 

'J/
'11 'W 1 

.. 
fI1f1~'W1f) '\J m1UfJm'i1t1w)fl~1'WiJfJ;ffl'W~'W 126 

'" .. 'J/ 'J/ '" '" ~ "J '" 
fI1f1~'W 1f) fI m11tml:::'I1f1111Jt'tl1J'tI'W'tIt1~fflHIt1t1ff1J'WU":::At11J ~t11J 129 

fI1f1~'W1f) ~ 'lh:::1~~1~fJ.. 132 



(12)
 

'JI 
'H'U1 

1J~1JlW 1i1~fll'H1'j 1'U~fJf'lflfl"lfUf1~l.:l '1 10
 

QI ..c:I e!.oC),,J ..c:I .C\ d "l ej,

2 ~fl'l:lW~'Vll.:l~f'l1JH~~l1 ffflff'lJfl.:lllflflff1J'\..m~~~fl1J ieu 12
 

3 "lfUf1 '11 fl.:l 'C)ffJ1l'UH'Uf'lVi~~fJ (cyanobacteria) ~~i1f1ff1'j1J'j~flfl'Ufl~'UIf'1~'U 15
 

4 "lfUf1'lJfl.:lHflf'l~l'UiJfJC)}ff H~~ non-cyanobacteria ~~i1~~flflffiJ'U (GE)
 

H~~~g1J'flii (MIB) 18
 

" " 
5 1J~1J1Wfli1'U If'1~'UViff~ff1J1'Uff~1tJ1''lfUf1~l.:l '1 20
 

... 1 ~ d ,J .c::I.c:::. ... I.e:::. 'j/ 'j/ .c:::..c:::.
6 tuestC)f'U ~ ms~f1 '11 fl.:l ff1'j llflfl ff1J'U~ 11Jus1J1Wf'l111Jt'lJ1J 'lJ'U 'lJfl.:l fl'j f1 fl~ C)f~ fl 

tti'l 1'Uml'1fJ Uf'l~tC)}fJ1J '~f1'jflfl 'C)f~ U~~ lC)ft~fJ1Jf'I~fl' 'j~ 1'U'j~ fJ~n~l 5 'U1Vi 
, " 

~l'Hi''Ufll'j~f1fli1'U 1'Ut'l1fl1J~lu~ 29
 

7 fll'j~f1~.:I'lJfl.:lff1'j~g1J'fliiH~~~flflffiJ'U1l1flfll'j ozonation 1l1mtm;.:IJ1~l.:l '1 30
 

" . 
8 ~wml'ltJ11'U'j~'U'Ufll'j~i1~1J~lU~ 'H111fJfll'j'Vlf1~fl.:lVi 1 (fl'j~i.:l) U~~ . 

'Htl1fJfll'j'Vlf1~fl.:lVi 2 (,jfl~'U) 54
 

." " 
9 1J~1JlW "lfUf1Ul'l~.:I n~fl'UVJ"lfVil'l'U 1'U,jm~fJ.:I1J~lu ~'j~'U'UtJ1t~fJ1 67
 



(13) 

OJ 

ffl'i'lJWlllfi 
u 

'I1'W" 1 

rm 1:1-:JlfI'j l~",~n'j 1,rn~'W 1m~'W 0itHJffij'Wtl~~I~~ 'fli'j) 1'Wl~L'Vlfl{iJ'W 11 

'i " d "" c;l lJ] d
2 ~ f1Hff'j1-:J'Ufl-:J"flflff~'W tl~~lfl~ mu 12 

" 
3 (A) ms IWn'lfiJ~tlflfl~l'W~fJ91ff"ln~fll~fJ-:JtJ~11'Vl~ln~1Jl1ij~n1:lW~1 n€l'l~fJ-:J 

w w 0' 
mJff1fJ~'W1i Rothia spp. (B) Streptomyces griseus spp. 18 

4 m'j ff~ nuu fl-:J ff1 'j~flflffij'Wtl~~ l~~' fli'j \9I1~'lfd-:Jq~ m~ 22 

QI QI " ~, .... I~ .cs ~ d 11) .cs1 . I ,,0'
5 f1d1~ff~~'W1i'Ufl-:JflW'H fl~\9IfllJ'jmw "flflff~'W tl~~lfl~ mu 'W lJ~11'Vl'j1'Vl 25. .. 

" 
6 (A) ~fl'Vl~~fl-:J'j~1J1Jm'jHi'i\9ltJ~liJ~ 38l~fJm'jl~fJ-:JtJ~liJ~l'Wm~i-:J(B) ~fl~'W 

7 (A) ~dmh-:JliffltJ~l(B) m'jfffl~~flW'Hflij65 fl-:Jff119f~I91fJff tl~~~~ hh1Jfl{. ... , . 
.cs 0 .cs d.:!l 4 

'W1'W 12 'W1'Vl (C) 'W1 SPME IfffJ1J'Vllfl'jfl-:J GC/MS (0) IfI'jfl-:J GC/MS 

Vi1m'jtJ'j~~d~H~ 39 

.cs .c. d 11) d.c:i.c. 0' fJJ 4 
8 Retation time 'Ufl-:Jff1'j"flflff~'Wtl~~lfl~ mu 'Vldlfl'j1~'H~dmfl'jfl-:J GC/MS 39 

9 Mass spectrum 'Ufl-:Jff1'j~flflffij'W(trans-I, 1O-0imethyl-trans-9-decalinol) 40 

10 Mass spectrum 'Ufl-:Jff1'j1~~'fli'j (2-methylisobomeol) 40 

" 11 (A) m'jmd"fffl1JtJWfll~U11'Wfllflff'W1~l~fJl~ TOA multimeter i'W WQC-

o "" 0' <!I 1"" 0' 1 " 22A (B) m'j"ltl'Wn'lf'W~tl~~-:Jn\9lfl'W~']j'fllfJ\9In~fl-:J~~'Vl'j'jff'WfllfJ 'W'Hfl-:J 

tJfiu~m'j 41 

" "" 12 ~fl'Vl~~fl-:Jm'jl~fJ-:JtJ~liJ~~dfJ'j~1J1JU11~fJd 43l~fJ-:JU~liJ~1'W~fl~'Wfll~ 1iJ 

" "" 13 ~fl'Vl~~fl-:Jm'jl~fJ-:JtJ~liJ~~dfJ'j~1J1JU11~fJd 44l~fJ-:JtJ~liJ~l'W~fl~'Wfll~ 3 iJ 

" "" 14 ~fl'Vl~~fl-:Jm'jl~fJ-:JtJ~liJ~~dfJ'j~1J1JU11~fJd 45l~fJ-:JtJ~liJ~l'U~fl~'Ufll~ 6 iJ 

" "" 15 ~fl'Vl~~fl-:Jm'jl~fJ-:JtJ~liJ~~dfJ'j~1J1JUll~fJd 45l~fJ-:JtJ~liJ~l'U~fl~'Ufl1~ 10 iJ 

" " 16 (A) m'jI~1J~dmh-:JtJ~liJ~(B) m'jI~1J~dfl~1-:JU1(C) m'jI~1J~dfl~l-:J~'UVl'U~fl 

" " Im~ (0) m'jmfl-:Jtl~~-:Jtl~fl'UVl']j'l'U~fll~fJ-:JtJ~liJ~'j~1J1Jlh~fJd 47 

" . " 
17 tJ~mw ff1'j~ fl flffij'U 1'WIUfltJ~liJ~ lil~fJ-:J ~dfJ'j ~1J1Jm'j Hi'i\9l~ 1-:J fl'W (n=9) 49 

" . " 
18 tJ~mw ff1'j~flflffij'U 1'Uu1lil~fJ-:JtJ~liJ~~dfJ'j~1J1Jm'j Hii\9l~l-:Jfl'U (n=9) 50 

" . " 
19 tJ~ mwff1'j I~~,fli'jl 'UIUeil ~llil~fJ-:JtJ~liJ~~dfJ'j~1J1Jrm Hii\91 ~ 1-:J fl'U (n=9) 51 

" . " 
20 tJ~ inWffl'i I~~, fli'j 1 'UU1lil~ fJ-:J tJ~liJ~~dfJ'j~1J1Jm'j Hii\9l~ 1-:J fl'U (n=9) 51 

" , " 
21 tJ~mWfI~fl hYJ~~ lfl l'UU1lil~fJ-:JtJ~lU~~dfJ'j~1J1Jm'jHii\9l~1-:Jfl'U (n=9) 52 

" , " 
22 tJ~mw '9ffJ11'Utl1Jfllil~fJl'Uu1lil~fJ-:JtJ~liJ~~dfJ'j~1J1Jm'jHii\9l~1-:Jfl'U 53(n=9) 



(14) 

.oWl 'I1'U 
~ 

1 

23 1J~1JlW'lfUfI iCJ1rJ11 'UU'IJtl'Vh~rJ~H~\Plfl~'U It"m'U't'U,jfl~'Uu~~m~i.:j (n=9) 53 
· ~ 

24 ~lm~rJ'\Jfl.:j1J~1.J1WU'rl~.:jn\Plfl'UVl'lf~li'U Chlorophyta 't'U,jflt~rJ.:j1J~lU~ 
~ ~ . 

'j~'IJ'lJlJ 1t'U rJ11f1m~rJ.:j1J~lU~'Vifll~,jfl~1.:jti'U 56 
, ~ 

25 ~lm ~rJ~l'U 1'U'lfUfI'\Jfl.:jU'rl~.:jn\Plfl'UVl'lf~li'U Chlorophyta 't'U,jm~rJ.:j1J~lU~ . 
'j~ 'IJ'IJlJ

~ 

1t'U rJ11fIm~
~

rJ.:j1J~ 1U~'Vi fll~,j fl~ 1'1 ti'U 56 
· ~ 

26 ~lm~rJ'\Jfl.:j1J~1.J1Wtt'rl~.:jn\Plfl'UVl'lf~li'U Cyanophyta 't'U,jm~rJ.:j1J~lU~ 
~ ~ . 

'j~'IJ'lJlJ1t'UrJ11f1m~rJ.:j1J~l'U ~'Vifll~,jfl~l.:jti'U 58 
· ~ 

27 ~lm ~rJ~1'U1'U'lfUfI'\Jfl.:jtt'rl~.:jn\Plfl'UVl'lf~1;r'U Cyanophyta 'l'U,jflt~rJ.:j1J~lU~ 
~ ~ . 

'j~'IJ'lJlJ 1t'UrJ11f1m~rJ.:j1J~lU~'Vifll~,jfl~1.:jn'U 58 
· ~ 

28 ~lm~rJ1J~1.J1WU'rl~.:jn\Plfl'UVl'lf~li'U Euglenophyta 't'U,jflt~rJ.:j1J~lU~ 
~ ~ . 

'j ~'IJ'IJ lJ1t'U rJ11f1m~ rJ.:j1J~ 1U~'Vi mrJ,jfl~l.:jti'U 60•· ~ 
29 ~lm ~rJ~l'U 1'U'lfUfI'\J fl.:j !t'rl~.:jn\Plfl'UVl'lf~li'U Euglenophyta 't'U,jm~rJ.:j1J~lU~ 

~ ~ . 
'j~'IJ'lJlJ1t'UrJ11 f1m~rJ.:j1J~lU~'Vifll~,jfl~l.:jn'U 60 

· ~ 
30 ~lm~rJ1J~1.J1Wtt'rl~.:jn\Plfl'UVl'lf~li'U Bacillariophyta 't'U,jm~rJ.:j1J~lU~ 

~ ~ . 
'j~'IJ 'IJlJ1t'U rJ11f1m~rJ.:j1J ~lU ~'Vifll~,j fl~ l.:jn'U 62 

· ~ 
31 ~lm ~rJ~1'U1'U'lfUfI'\Jfl.:jtt'rl~.:jn\Plfl'UVl'lf~li'U Bacillariophyta 't'U,jm~rJ.:j1J~lU~ 

~ ~ . 
'j~'IJ 'IJlJ1t'U rJ11f1m~rJ.:j1J ~lU ~'Vifll~,j fl~ l.:jn'U 62 

· ~ 
32 ~lm~rJ1J~1.J1Wtt'rl~.:jn\Plfl'UVl'lf~li'U Cryptophyta 't'U,jm~rJ.:j1Jmu~ 

~ ~ . 
'j~'IJ'lJlJ1t'UrJ11f1m~rJ.:j1J~lU~'Vi fll~,jfl~l.:jti'U 64 

· ~ 
33 tiWil~rJ~1'U1'U'lfUfI'\Jfl.:jtt'rl~.:jn\Plfl'UVl'lf~li'U Cryptophyta 't'U,jm~rJ.:j1J~lU~ 

~ ~ . 
'j~'IJ'IJ lJ1t'U rJ11f1m~ rJ.:j1J~ 1U~ 'Vi fl1~,j fl~l.:jti'U 64 

· ~ 
34 ~lm~rJ1J~1.J1WU'rl~.:jn\Plfl'UVl'lf~li'U Chrysophyta 't'U,jm~rJ.:j1J~lU~ 

~ ~ . 
'j~'IJ'lJlJ 1t:UrJ11f1m~rJ.:j1J~lU~'Vifll~,jfl~1.:jn'U 66 

· ~ 
35 ~lm ~rJ~l'U 1'U'lfUfI'\J fl.:jU'rl~.:jn\Plfl'UVl'lf~li'U Chrysophyta 't'U,jm~rJ.:j1J~lU~ 

~ ~ . 
'j~'IJ'lJlJ1t:U rJ11f1m~rJ.:j1J~lU~'VifllrJ,jfl~1.:jti'U 66• 

36 tt'rl~.:jn\Plfl'UVl'lf~l;r'U Cyanophyta ~'rl'IJ't'U,jmirJ.:j1J~lU~fl.'rl1'U 

.q f.a .e:::t. ~ lC.\ 

'iU'lfrJ.:j'j1rJ 'j~'I111.:jtflfl'U 'rlqii''ilfllrJ'U 2551 m l.JQ'U1rJ'U 2552 
~ . 

1fItll~ rJ.:j1J ~ 1U~ 'Vi fl1~,j fl~ 1'1 ti 'U 70 



(15) 

iI
'H'Ul . ., 

37	 u'VH'l.:ln~H)'U~'}j'~li'U Chlorophyta li'Vl'IJ1'U,jm~f.m.hm1C'l V.'W1'U ~U;fWnfJ 
,.a ~ Cl ~ 

~~WJ1.:1t~H)'U 'VlqrHlf11fJ'U 2551 m ll(J'UlfJ'U 2552 71 

38 U'VlC'l.:ln~v'U~'}j'~li'U Eug1enophyta, Bacillariophyta, Cryptophyta . .,
 
UC'l~ Chrysophyta li'Vl'IJ1'U,jm~fJ.:ItJC'llUC'lV.'Vll'U 'ilJ;fJ.:I~lfJ
 

l.a ~ Cl ~ 

~~WJ1.:1t~m'U 'Vlqff'ilf11fJ'U 2551 m ll(J'UlfJ'U 2552	 72 .	 ., ., 
39	 tilm~fJtJ~lJ1tuUVfI~l'U1J'fJ~ff (x10

4 
tGJfC'lci'/t1i'll~'UUM.:I) 'UV.:I~'U~'U,jm~fJ.:I 

.,	 . 
tJC'llUC'l1'U~~'IJ'lJtJlt:UfJ1lim~,jv~l.:1ti'U	 73 

., ., 
40 crt1'1:ltu~ 1f11C'li1'UV.:IU'IJfllit~mtVfI~lu1J'fJ~ff'il1t1~'U~'U,jVt~fJ.:ItJC'llUC'l 

.,	 . 
o oIld.	 GJ GI .a oIld.-4 

~~'IJ'IJ'Ult'UfJ1 !'U~~fI'IJfl1111t'ilV'ilWVl10	 74 
I	 'J/ 'J/ 'J/ 'J/ 

41	 tilm~fJtJ~lJ1tuffl~~VVffiJ'U1'U~'U~'U,jV tJl UC'l~t{1VtJC'll 'illt1,jm~fJ.:ItJC'llUC'l 
., ., . 

~1fJ~~'IJ'lJtJlt:UfJ11f1m~fJ.:ItJmlim~,jV~l.:1ti'U	 75 
I	 'j/ 'j/ 'j/ 'J/ 

42	 tilm~fJtJ~1l1tut~llivij1'U~'U~'U,jV 111 UC'l~ti1vtJm 'illt1,jm~fJ.:ItJC'llUC'l 
., ., . 

~1fJ~~'IJ'lJtJlt:UfJ11f1m~fJ.:ItJC'lllim~,jV~l.:1ti'U	 76 
I	 'j/ 'j/ 'j/ 

43	 tilm~fJfl1111t~'Umfl-~l.:1 1'U111'UV.:I,jm~fJ.:ItJC'llUC'l~~'IJ'lJ111t:UfJ1 
., 

1f1m~fJ.:ItJC'llUC'l 1'Um~,jV~l.:1ti'U	 77 
I	 I 'j/ 'j/ 'j/ 

44	 tiWQ ~ fJtJ~lJ1tu VVt1~t'il'UliC'l~C'llfJ1 'U111 1'UtJl'UV.:I,jm~fJ.:ItJC'llU C'l~ ~'IJ'IJ 
., ., 

tJlt:UfJ11f1m~fJ.:ItJC'llUC'l 1'UV1~,jV~l.:1ti'U	 78 
I 'j/ 'j/ 'J/ 'j/ 

45	 tim~~mJtu'HtJiJ 1'UtJl'UV.:I,jm~f.l.:ltJC'llUC'l~~'IJ'lJtJlt:UfJ11f1m~fJ.:ItJC'llUC'l 

1'Um~,jV~l.:1ti'U 79 
I	 'j/ 'j/ 'j/ 'j/ 

46	 tilm~fJfl1111t~'U~1.:1 1'U111'UV.:I,jm~fJ.:I,JC'llUC'l~~'IJ'lJ111t:UfJ11f1m~fJ.:ItJC'llUC'l 

1'Um~,jV~l.:1ti'U 80 
I	 'j/ 'j/ 'j/ 

47	 tilm~fJtJ~lJ1tuflC'lV hYlC'lci' m 1'U111'UV.:I,jVt~fJ.:ItJC'llUC'l~~'IJ'lJ111t:UfJ1 ., 
1f1m~fJ.:ItJmUC'l 1'Um~,jV~l.:1ti'U	 81 

,	 'j/ 'j/ 'j/ 

48	 tilm~fJtJ~lJ1tuUVlll11tUfJ-i'U1mt'il'U 1'U111'UV.:I,jm~fJ.:ItJC'llUC'l~~'IJ'lJtJlt:UfJ1 ., 
1f1m~fJ.:ItJC'llUC'l 1'UmfJ,jV~l.:1ti'U	 82• 

,	 'j/ 'j/ 'j/ 

49	 tiWQ~fJtJ~llltu 'lu i~~-n-'lu l~~t'il'U 1'UtJl'UV.:I,jVt~fJ.:ItJC'llUC'l~~'IJ'lJtJlt:UfJ1 
., 

1f1m~fJ.:ItJC'lliJC'l 1'UmfJ,jV~l.:1ti'U 83• 
I	 'j/ 'j/ 'j/ 

50	 tilm~fJtJ~lJ1tu 1'Ut~~'Vl-1'U1mt'il'U 1'UtJl'UV.:I,jm~fJ.:ItJC'llUC'l~~'IJ'lJtJlt:UfJ1 ., 
1f1m~fJ.:ItJC'llUC'l 1'Um~,jV~l.:1ti'U	 84 



(16)
 

I	 """ 

51	 film ~mHtI1tlH)u{h'Vh:rff!~\9l1'U'l1l",m~m~tJ,nJ'l1'w"'j~1J1J'l1l!~tJ1 
., 

i~Wt~tJ,nJ"l'l1" 1'Um~~u~l~ti'U	 85 

,	 "" "" 
52	 film ~mHlIlwfl1lll~'U1'U'l1l",u~~m~tJ~tJ"1'l1"'j~1J1J'l1l!~tJ1 hW!~tJ~tJ"l'l1" 

1'UU1~~U~1~ti'U 86 
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'JI 
lfUl 

1 l ~~'l.Jfl111Jl.,j'1J"~\..l'U6'H;nHl~"1t11J1~l!1'U 1 'U1~lli'-1 'U1~ll"''U 116 

2 
d d 'jJ 'jJ 

mll~ltl1J"'ll"~"lt1 Standard Phosphate Solution 'YIf1111Jl'U1J'U'U 

o.a 0 QI 

5 mg/I P04-P 'YI1mll"'6"'VJ~11J"WI'I.J 121 



, 
U't1't1"" 1
 

U't1Ul
 

d Q,I Q,I 41: d Q,I J t Q,I 41:
~91ff1 '11 ns 'i inn mnu fl1'I1l'i,h :::lfl'VIff91 ltJ ru rrn '\J til tl91 llJ rn '\JtJ'VI ~ff91 ltJ 1'illn 

'VI:::lClUCl:::J1~~ 1~tlm'Vl1:::tJCl1J1~~~1'11~n~ff~flfln 1~uti tJCll'UCl t~tJ tJCl1~ l'ilityl91tJ 191t~1 
, ~ 

il i'u ~1 fitJ ff fll'VlU1~ ~ fllJ 1 ~~ vil i '11\ ~ u Viu tllJ u i1mmCl::: t~ tI~ fitJ mil ~ tm i '11 Cl1 tI UCl::: ii 
~ 

m1lJff1tity'VI1~tfl''iEJ~n'il1~~litJil 'Vl.i'l. 2549 'VltJi1 tJ'i:::t'VIi'l1'V1t1iiHClH~91tJCl1UCl't1~'I1lJ~ 228,500 
, S' I , 

~tJ tlCl:::itJil2551 iif11'iff~flflntJCl1uClfl~ 16,733 ~tJ iiUtJl 1t!lJ'iI:::t'VllJ~~;jtJtijfl~'il1m~tJtJCl1Viii 

'i 1fl1~ 1 ~ tliJ 'iI ~,j'tJ ilCl1U Cl ff11J1'i0 ~~t~tJ fftJ fi1ff ~ eon1 tJ~1Pl1~tJ 'i:::t'VI i'li u ~n'l:Jtl.!::: '\J fl~tJCl1 Url 

tiffl1~tl91Cl1~~ff1tity '1 mil tJ'i:::t'VIi'l~~tJ ff'l1i'~fltlJif11 ~911~ t~tJ~tJ (mlJtJ'i:::lJ~, 2549) ~~ . .
 ~ 

HCl H~91tJCl1U ClVi 1~ffltJ i mUlJ1'i11m:::tJtJf11'iH~91Viff1titu mill'lftJ fll'i l~tI~Uuuile m:::i'~ UCl::: 
OJ OJ 

~ ~ 

fll'i t~ tI~Uu u HfflJ Hff1tJ ffltJ fll'i tJnflfltJCl1U1~~1 ~i'tJfl 11lJUtllJ mh~lJ1n1~t1t\1'Vl1::: 'ltJt '\J91 
~ 

fllflt'Hijflii~91'i1f11'itJnflmY911U1~~lPlflfltJlPlflilff~fl~ 32 n1Clni'lJ (Piumsombun, 200l) UCl:::'il1n.. 
Q,I Go'.c::l , Go'y c/Y e: c1:.a Q,I I Y c1:

'\JfllJCl'\Jfl~ ff'l1 m WHt'Vl1:::lCl tI~ff911tJ 1'i1~ 'iI~'I1 l~t 'lftl~ 'l'I1lJ 'VltJl1fll1lJ91fl~f11'i ff91 ltJ1tJ'i:::tfl 'VItJCl1.. ..
 
~ 

U1~~ itJ~~'I1')~t;tI~ 'lmJ~~fl~ 40,000 n1Clni'lJlPlfl1tJ (t'VI'Vli'91U tlCl:::flW:::, 2545) 

t~ u ~ tInu i'tJ i1 t11tfl fl'Vl1tJ ~~ '111~ t;tI~ 'i 1 tit ~tJ tm rl ~ H~ 9ltJ Cl1~ 'l'11 tY~ ~~ . ~ 

'ltJfllflt'H ij fl91fltJ uu1 ~ tlii HCl H~91 tJCl1tJ 'i:::1J1 W 17.71 ~tJl1tJ HCl H~91 tJCl1 Vit ~1~91 Cl1~ii't1~ 'l~ 
d I "" I -k J .1

m'l11'i tlJ~ fltlH t~ tlltlCl:::ffltJ '11 u ~1J1 s inrnsteltI~lJ Cl1Uuu HfflJHff1tJ (integrated culture system) 
-k ~ ~ ~ 

C)f~t~tJf11'it~tI~tJCl1illJfimY911tJn t'lftJ fll'it~tI~tJCl1illJfitJ 1ti '11 ~flf11'i t~tI~tJCl1i llJfitJ~m 1~tI 
~ Go" ~ Y ~.a d Go' 1 GI c1~ , ~ 

n1'i tCl tI~ Uu u ~~ n Cl11tJ mu 1'i 0 Cl~91tJ 'VJtJ m 'i HCl91 tu fl~ 'ill nff ~ '\J u 01 tImn ff91 It Cltl~ t'l1 Cl1tJ 
~. .
 

tifl 'l'I1'tn~m'l1l'i 1i'i'ilJ'lfl91iu tiflt~tI~ 1~UCl:::t ~tJ i1iVitnEJ91'imff1lJl'i OVi1 1~tfl~ tJCl1ViUtllJU11J1 

J .1 "".1 w "" -k?i d i ~ 'i 0' ""II) ~ I "" ?i d
tCltl~lJCl1tJ Cl lJCl1'V1tJ 'VIlJ C)f~t 'UtJilCl1'V1ff11J1'i 0 'll'tJ'i::: ~tI'lftJ mn fl1'111'i 1i'i'i lJ'll'l91 ~~ fltl1~~UCl:::t 'UtJ'VI 

~ ~ J .1 ?i di ~... -k 
9lfl~ fll'i'\Jfl~91Cl1~ UlJ'i:::tJtJf11'ilCltl~lJCl1U tJtJ HfflJHff1tJ'iI:::t'UtJ'i:::tJtJ'VI 'If'\Jfl~ t'l1 Cl fl'il1m:::tJtJ '11 tJ ~ 

y..c::::.. c1Q,1 4d. d , GI I e!Q,I l.c:l: .c:l 

i 'I1tn~tJ'i::: 1t1'll'tJ ntJflm:::tJtJn911lJ ll91'i:::tJtJ~~nCl1ltJlJntJ'i:::fftJiJtu'l11f11'i ltJ llfftl'\Jfl~tJ 1 UCl:::lJ 
OJ 

fll'it~lJ~ltJltJ'\Jfl~U'VlCl~tl91fltJ~'ll'lJ1mntJ 1tJ (eutrophication) 1 ~tlU 'Vl Cl~tl91fltJ~'ll'~t'ilityt91tJ 191ii 
S' I , I 

't1~'lfU ~Vit~tJ tJ 'i::: 1t1'lfuuCl:::'lfu~Yii '11'1 'VIEJ 1~tltJilJ1W '\Jfl~tfftlVitJrl fltlCl~fftifltJ Cl11J1n'iltJ lntJ1 tJ ..
 
Y , 11) Go' ~ ~ e!Q,I I ~ 

tJ'i:::nfltJ~lt1ffl'im'l1l'i t'lftJ t tJ1mt'iltJ uCl:::vlflffvlfl'iffitJ tJ'ilJ1W ff~ C)f~iJtu'l11tJ lJn'VltJtJfltlflH 
.. OJ 

' Y 4 ~'dd : Y ~ e!.d yIi tJ'lfl~q~'ifltJ ttJ fl~'il1m'UtJ'll'1~'VIlJf11'imtlt'VItJ1tJfltl tlCl:::t'UtJf11'itCltl~'VI i 'lftdCl1tJ1tJ tJ'i:::lJ1W 8-12 

t~fltJ flV1~ h~911lJtiifl~ 'il1m~tJ'i:::tJtJf11'iH~91tJCl1UCl i tJtifl~tJ ~~Vi1 i '11'HCl H~91tJCl1U Clii1flf11ff~ 
.1 ~ do"" -k... .;. .: -k?i ~ 

'iI:::lJ'i :::fftJlJty'l11'V1 ff1fltyfl tl1~ '11 tJ~ flfl f11 'iff:::fflJn CltJ 1flCltJ i tJ ttJ fltJ Cl1 C)f ~t 'U tJ iJty 'I11~ 1tJfJWfll'Vl 



• • 

2 

OJ 

~ ~ 91 fi wtti't{je il {l1iJ {l ff.:j ~ ~ n,j 1.:j il l ~ t'V1 ff 1 ~ fJ li ff1t'H 91 'illn U1..1 fl ii t~ fJ n rl:JJ U~ fl9l1 'U,j fJ Ci1 ff 
OJ 

U{l~ff1'Hi1fJih~fJ'1un:JJtJ1t~'UtJ1.:j'lfiJ~ t'lf'U ff1'J{l Anabaena sp., Oscil/atoria sp., Lyngbya sp., 

Symploca sp. tm~ Phormidium sp. ~ff1:JJll(l~~91n~'U lfl{l'U'H~~n~'U1~~.:jtJl~ff.:jtll'Urd'~tJ{l11~ 

(Tabachek and Yurkowski, 1976; Lovell and Broce, 1985; Klapper, 1991; Yamada et al., 1994) 

ff1ltJl~n~tJ'H~n~n~ l..rtn~n~'U lfl{l'U 1~un ~~~ffij'U (geosmin) tm~tg:JJ1~ij (MIB) 't111..rff9l1 

til 1~t~'U~iJfJ:JJtJ'il.tlflt1w'H1n~'U1fl{l'Utn~~'U ~l1ntJ{lln'Uff1ltJl~n~tJn~'U 1fl{l'Ut.,r1 1il l~fJ9IH 
u 

OJ •• 

'H~ ~linntJ'Util~'UtitJ if.:jiitJ{lln'U 'H~ ~~l'Ut .,r1~9i''1tJ{l11 ~fJf11l ~~ C]f:JJ l'Uff'1'U 'U~.:j wjfJ'1~,j 1.:j '1 
OJ • 

(Tanchotikul, 1990) 1~fJff1m9l'H ~mn~ 'il1nf11ltJ'i'H II tij~f11l'lJ~t~fJ.:jtJ{ll1~~ l~fJt~Vl1~~~1.:j~.:j• 
OJ 

1ussuurm ~~91tJ{l11'U'lJ ~~'U't111..rtn~f11l t'il'iWt9ltJ 191~~1.:j'H 'U1UtJ 'U'U~.:jff1'Hi1fJiYt~fJ'1Un:JJtJ1 
u 

I I 1 iI 

t~'U l~m~Vl1~'lfiJ~iiff~1.:jff1ltJl~n~tJii't111..rtn~n~'U1fl{l'U ffntJl~n~tJ n~:JJi1 1~ff1:JJ1l(ltl1tij~ 

1!II """"!II "I !II !II : .... : "I !II I !II !II 
enn ~ l~fJ'11if11l{lH1ill:JJ~l'Hl~{l1.:j~'1fJ'U1fl{l~l'U'U11~ lCJl''U 'Hl~u:JJU9lnnl'Hfl'11:JJl~'U 

• OJ 

l~'H11.:jf11lUtJl1tJ~1~ff1:JJll(l't111..rn~'U Innueen1tJ'il1m{j~tJ{l1 1~ ('1lVl.:j..,J U{l~flW~, 2545) 
OJ 

tm~f11lfl'1tJ~:JJ~W.tl1Vlff9l1tJ 1n~'U tijtJ'U1fJt~'U 1tJ1~fJ1n rns1~ff1l tfllil 'Uf11lfl'1tJ~:JJtJ'i:JJlW 
• OJ OJ 

UVl{l.:jtl91 ~'U ~'If~ 1'iltn~f11l ff~ff:JJ 1'U 9i''1tJ{ll ff.:j ~{l,j~f11l ttJ~ uuuil {l.:j flW.tl1VltJ rme1'U 'lJ~t~ fJ.:j• 
OJ OJ 

~.:jt if 'U 1~11 ms t~fJ.:jtJ{lliJ{l~'1fJl ~tJtJtJ 1t~ fJ'1 1 'U ile ~'U li 1 ~f11 ffff~ ff:JJ ffll 
, OJ • 

rie l..rtfl~n~'U 1fl{l'U l'UiI 'il ~,j'U 1~linn t~fJ.:jtJ{lliJ{ll 'U m ~i.:jiiu 'U'1'U{l ~fJ 1'U'lJ ~~'U ti'U ~~1.:j 
tI tI iI I " 

UVli'H me ~.:j~'U nnffm:111'Ufli'.:ji1~.:jli191(ltJl ~ff.:jtl b~mtJ~ fJtJtiifJtJl euums ~~91ff9l1tJ1 2 • 
tI I I tI 

seuu 1~un rm t~fJ.:jtJ{lliJ{ll'Um~i'.:jU{l~'lJ~~'Ut~~'V1l1tJl~~tJ'U~.:jn~'UInnu1'Ut{j~tJ{lliJ{l 

tm~ 1'Uti1 t~~t~'Uu'U '1'Vll.:j1'U ml~1Jl'U1l~tJtJml~~91tJ{lliJ{l1..rliflW.tl1Vl:JJ1n~.:j~'U tJ{l~~fitl,j~• 
!II ""'1 
~tJl t.tlfl 

• OJ 

1. t~~ffmJ1~{l'U~.:jl~tJtJml~~91 (mlt~fJ.:jtJ{lliJ{ll'Um~i.:ju{l~'lJ~~'U) ,j~ml 
• OJ 

ff~ff:JJn~'Ulfl{l'Ul'Ut{j~tJ{lliJ{l 

2. b~~ffnlJ l~{l'U~.:jfl1~'lJ~,j ~'lfiJ~'U ~.:jU Vl{l.:j tl9l~'U ~'lftm ~u~fl~l 'U ,jfJCi1ff~n~ 
I tI I tI tI 

l..rtn~n~'U 1fl{l'U 1'Ut{j~tJmiJ{liit~fJ.:j~'1fJ'lJ~~'Ul~tJtJtJ1t~fJ'1 



3 

!II • • 

1. In~U~flfr:l1ll it'W fll'ifr~ 'U rseuunn l~tJ~'ll"lUmln U~f)~'U 1fl~'W ll~~ Ifill 
!II 

"'1.1 "" 
flWfll'VH'WU1J"l'W~• 

2. 'YI'i1lJfl111lffllfr'U,r'i~'Wh:jUl~tJU 'lfU~ 1l~~~tl91U'WVJ'lf llufl~l 'U:UtJ91ff~ 
I II" II I " II 

rie'l,",ln~f)~'U 1fl~'W 'l'W~'WVJ'WtJU 'Ill 1l~~Ii1U'll"lU~iil~tJ~~1tJ'i~lJlJtJ11~tJ1 

3. l~llll~fh'\Ju~'ll"lU~~'ll~U~f)~'W lfl~'U'\Ju~ff'UthN~UUf).. 
4. H~H~91'll"lU~~ijfJWfll~ Irl'U~tJUlli'lJ u~~'lhtJt,",~lJnflfl,r'U1l1lJnflfl 

.1 "" d "" • .1 01 .1
1J"l'W~'Y1 H~91 'iJ 1fln1 'ill Hffll Hff1'U1l1f)'\J'U 

1 '1 d " "Iii I d.1 "" J! 0"<!i "",. " 

fl'f)1l1fll'i ff~ ffll nnu ~ fl~'W ~ 'U seuurns mtJ~ ~~ IIf) fll'i I~ tJ~1J~ 1'W ~~JdtJ'i ~lJlJ'W 1 
!II !II 

l~tJ1'H~Ufll'i l~tJ~'ll~li11ltilJ ff911lJf) tl~~fll'il~tJ~'ll"lU ~ 'l'Wm~~-:J 'l'U il tJ~'W il'iJ~~'WH~Hii91'll~l 
!II !II !II 

U~ 1~mY1'W t 'Hqit 'WI'\J91fllfH 'H i1tJ91 tJ'U 1J'W '~1l1'iJ1f)fll'i I~ tJ-:J ~1 tJ'ieulJtJ 11~ tJ11~ tJijfl enff911~~~-:J 
I .1 .1 "" 4 iI ~ "" 4 "" ~ '" old 'I iI ,. 01

lJ'W utll~ tJ-:J 1J~ 1'W ~ I~ tJff'i 1-:J I'U 'W Ul'Hts lin 11 'lf191 I'W tJ-:J 'iJ1 nil"l 'W ~ I'U 'U ff91 1'Y1 ~ 'If'll'i~ ~tJ'lf'W 'iJ 1f) 

"""I ild <!i '" • I g'J "':,. JI ~ I"':, "" iIunns li'i 'ill 'lf191 ~ ~~ 'iJ-:J1l f)1J 'i~ fflJ1JW'H 1f)~'W ~ fl~ 'UC)1-:JI 'U'W nil ffn fl91 ems 1~1l1l ~fI1'\JU -:J ff'Wfl1 
u • .. 

!II !II JI 
'll~ 1U~ ri-:J tJtJf)~91 ~ 1~~ 1-:J il 'i ~ I'YIf1' ~~,r'U f)l'i fff)lll'i ~ uu f)l'i Hii91 ff911tJ1~ -:J Irl 'U Unu'U 1'Y11-:J 'H 'W-:J 

• !II 

IVJ tJfr~'W rs~1J ums I~ tJ-:J'll ~ 1U~ tJV1-:J Qf)9i'm 1~ tJthi1-:Ji1-:Jfl111l'll~ tJ~fttJ'\J tJ-:J ~lJnflfl 



unn""
r 

2 

.. 
fll·niu..',l'lhnua 

" . " ~ 
tJ'll'um~ 'U tJml31~~l1iifJWfl1'Yl1':Hfl'j'l:l!fl'OirtJ9i'W~tI .....fl. 2508 !tJ'U~'U1J1 

U'U'J1 UlJ f11'j!itJ.:jtJ'llU'l t 'Ufl'U1f1\P1U'l~f11'j\PI'l1~ .... tJ11tJ'llU'l!~'U tJ'l1~\PI'l1~H'tJi1flflV.:jiifl'J1lJ.. 
'J/ .1 4 4 dd.....l <il I 1 'J/ ':_10 r 

\PIfl.:j mr "J;.:j '\J 'U!'j fl tJ '1 !'U fl.:j '01f1'01'U'J'Uils~ 'lf1mnufl\PI 'j 1"J;.:j '\J'U 'O.:j ff.:j H'l \PI su 'U'J 'UlJ f11 'j!'l tJ.:j lJ 'l1 
iJ , I iJ I JI. 

'lfu~uiiri 'YlHU ~lJ t ff djfl.:j '01f1!~'UtJml1!~ tJ.:j41tJ 1liii1lill'H1 !~fl.:j 1 'j f1~WJ1'U ff\PI1l31'1fU~fl'U 
.. u 

ils~ rru \PIm~'\J fl.:jtJ mu 'l "Yd'U t 'H~V.:jfl.:j t '*tJ i1flflflltJt'Uil 'j ~!'Ylfl! ~'U mfn fl~l.:j h ~mlJt 'U 
u 

11 'O~,j'U'H~fl t 'Usu 1f1\P1 !~lJiif11':iri .:jtJmu'l!~'U iY'U~lflflf1~\PI'll~~l.:jtJ'j~!'Ylflt'U~tJtJ'llUriUoJ1U~.:j 
,JI " 

'\J'U1~l1\P1'l1~~fl.:jf11'jiil31'Hirf1tJ'j~lJ1W 2-3 ~'J/flhf11lJ f1'l1~l1ff1f1~ 1~uri iY~'U ff'H1!fl!lJif11 

" .
Vfl1~ !~'U~'U (....lV.... , 2542) 'Uflf1'01f1Uv.:jiif11':il31tJmU'llJ1t~tJ'j~1tJ'I1.w~tJUtJtJfl'U '1 !oJ1'U rrn 

H~f11iiJ (Onibala et al., 1997) f11n;11tJ'j~'U1g 1~'j1'l!ff'Yl (Yu and Tan, 1992) !m~t~!~'U!mri.:j 

'\Jfl.:j 1tJ'j~'Ut'UH~f1t1Wtti'~1.:j '1 !'If'U tJ~'HrltJm Ummf1fl{ (Yu, 1988) 
JI , JI I 

il 'j~ !'Ylfl1'YltJiifl1 ~11iif11'j H~ f1tJ'l1l31~~l1"J;.:j 1~ tJtJilJ1W ff\PI1l31~~l1'~'01f1f11'j 
" " . 

!.... l~!~tJ.:j t'UtI .....fl. 2545 iitJilJ1W'j'JlJt'yhtitJ 294,000 ~'U 1~tJtJ'llU'liifl11!~'Uffflll31l1iif11'j 
J ,1 .d d ~ .ci Q,I.Q ,1 d 

!.... l~mtJ.:j'jfl.:j 'Olf1f11'jmtJ.:jtJ'll~f1 C)1.:jlJtJ'j1J1W "J;.:jt1.:j 83,780 f1'U U'l~ tJ'jlJ1Wms !.... l~mtJ.:jtJm~f1lJ 
. " 

flWyhtitJ 86,475 ~'U ri'J'U lJ'lfl1tJ 'llUftl1 1~'01f1f11'j!.... l~!~tJ.:jU'l~f11'j \ltJ t 'Uli'j 'jlJ'I11~t'Uti .....fl . .. 
d I <il 'J/ ~ ... ... 'I ~I d d .: 'I _I 

2545 lJfI1"J;.:j(H 2,688 'l1'U1J1'Yl C)1.:jH'lH'l\PItJ'll'U'l ~'UlJ 'Vl.fl. 2545 'Yl'O~lJf11'j!'ltJ.:j iuuremnrm 
" !~tJ.:jUtJtJ tlfl 'U1 ~fl.:jff'J'U U'l~m~'I7.:j iitJilJ1W'j'JlJ 83,780 9i'U 1~tJH'lH~f1tJ'llU'lri'J'Ut'H~1~ 

u 

" " 'Olf1f11'j!~tJ.:jUtJtJtlfliitJi1J1wt'yhtitJ 77,448 9i'U ri'J'Uf11'j!~tJ.:jt'U 'U1 ~fl.:jff'J'U U'l~m~'I7.:j ii 

tJi1J1w!yhtitJ 2,577 1,924 une 1,831 9i'Ufl1lJ~1~tJ (mlJtJ'j~lJ.:j, 2547) 

... 1 .Q ~ ... I d .Q,1 QI ~ ~ ~ 9J J 
lJ 'l1'U nruu lJ 'll'YltJ 'j~'I11'1f'U 'UtJlJm tJ.:jf1'U lJ1f1'1f'U 

.Q

~'H'U .:j'Yl.:j iu'j.. iluuums f11U'l ~m tJ.:j 
JI JI I , JI JI 

1 ~tJi1flfl t 'UfI 1'J!~ eu l1.:jut'u fl.:j 'Olf1tJmu'l!~'UtJ 'l1l1 !~tJ.:j41tJ fl'Ufll'H 1':i1~u 'YltJ'Ylf1'11iJ~ t'uflii 
q 

JI JI • • 

'j ff'l11~~ fI 'll~iifl 'J1lJ ~fl.:j ms "J;.:j f11'j!~ tJ.:jtJm'lfU~Ut'vtflH~\PI ~1'H'!J 1tJ~.:j iifl'J1lJ ~1!~'Ul1'O~ ~fl.:j 

Vi'Ol'jWl'lf'JtJft~~'U 'tJ'Ums H~f1 t ..r1J1f1~",!~ t'U!~fl.:jfll'H1'jtJ'l1~'O~l31 1 tJt~!itJ.:j f1ri1'Jfifl~fl.:j!~'U 
, , JI JI JI • 

fll'H 1'jl1'H 11~41tJ 'j 1f11~1 'Uflf1'Olf1ir'Umr !iitJ.:jtJ'l1'1fU~uiifl'J1lJ~1!~'U t 'U~1'Uf11'j \l~f11'jvh{lJl1 

m1J1~ rnn'Vl 'j 1~ il 'llUru~'U tJ'll~flflf1'lf1~f1~1tJ rn t 'UtIfliifl 'J1lJ'H 'U1U'!J'Uu 1f1~ '0~ 1li!'Oiill!~tJ 1 fI 
.. u 

JI JI I I 

~.:jir'U rns !~tJ.:jl1'O~ t ..r1~H'l~!~'U l1.... flt '0~ 1!~'U ~fl.:jtJ a,j~t..r\1 f1~fl.:j\PI1lJ'H ~f11'1f1f11'j (mlJtJ 'j ~lJ.:j, 

2546) 
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.. 
"" _I .. " , ..1. flTniUJ.:.lUi:llUi3 !U1J6~U 

, " ,.. tJ ,II 

tlvfit~(J'I'1JCll'11Clfl1'HrI'U~'1Jff!'H~mJH'UH1t'rhH"~~1tlIums .otJ t'l1vfi~'1u~ 200 

.J d ~Y .....il 4 d llJY' I

~1'il'1t1J~'i'U'W1'1J Vl111'i'Ylh1 ~'IHff'l:lV1111'i'illtllHfl'J1 J,jtJflVtl V1111'iff1J'YltJV'U '1 'Yl111 ~~'11tJ t'l1'U 

Ul1 'Utrl~ ffl11 ~ltJ tff'l:l Vl'lffrtl~l'1 '1 '1J~1Jltl.l '1JCll~~iii~ 1~fh~tJ'I""Vffl11i'tJtJnflfll 'Ufl'JVtJfli'1 
II II II 

il'il~,j'Utll'it~tJ'I'1JCll'11Cll'Wtlv~'Umh 1~ 4 '1J'i~Ul'Yl ~l1J~tl'l:ltl.l~'UV'Itll'i t~tJ'I~'1ij 
II. II 

1.1 tll 'i t~tJ'I '1JCll'11 ClU tJtJt~ tJ1 1~tJ'1J rlVtJCltl'1J Cll'U'U1~t fhti'W Cl '1t~tJ'I .... fV1Jti'U1~ .. 
II II� 

.Q 4 Y":::"GI QlI� 

t1ClltCltJ'I 6-12 t~V'WUCl11~'iltJl11J~'Yl'ltJV 

II 

1.2 tll'it~tJ'I'1JCll'11Cll1 Cl1tJ~'W 1'WtlVt~tJ1ti'W 1~ tJl ~V1'U .otJ'1JCll1 m1Jti~m .... l~'U'Ul~ 

'1JCll~~ Cll~ ~V'Itll 'i ~111 Ul tJUCl ~'1J rlvtJ1M''1JCll'U'U l~t~m 'il~tyt~ ul~~v 1 '1J 
II • 

1.3 tll'it~tJ'I'1JCll'11Cl~11JtitJ'1JCll'1f'l1~D'U t'lf'U '1JCllff11tJ '1JCll~~t~tJ'U '1JCll~'U "1Cl"1 
I tI tI , I 

tVlV1~'1J 'i~ ltJ'lfu'ill tlV1111 'i 11~m~tJ'I~ 11JtitJ'1JClln'Ut'l1mVlvill .0~ Cltl'1J Cllfi11J~V'ltll'i 'Utl.l~t~ tJ1ti'U.. 
II II II 

'il~ 1 ~'1J Clln'U t '11fUrl 'U ~ Cl .... ClVtJ1 ~ t 'If'U tll 'i t~tJ'I'1J Cll'11 Cl~ 11JtitJ '1J Cllns1tJ UCl~ tll 'i t~ tJ'I'1J Cll'11 Cl 

~11JtitJ'1JCll'l1tJ'U trl'U~'U 
II • 

1.4 tll 'i t~tJ'I'1J Cll'11 ClUuuueru.... ff1~ u1~ uuru.... ff'1J Cll11 ~fU '1J~tJ'Ut rI'Ut.... fft~tJ1ti'U 
4 _"I QI I QI ti" I' ~ ~ Yd .c:t ~ ~ ,. d • 

t.... VUV'ltl'UmrU.... 'i .... 'U 1i ~ 'U tJVff1'U1Jltl'UtJ1JtCltJ'Im .... reilnu.... ffWll''11Jtll'i t'ilHlU~tJ ~~t'i 1tl11t.... ff
• .. u 

tijtJ (m1J'1J'i~1J'I, 2546) 

,)'ug)6ufll'nitl.:.ltJi3l'Ui31UU6 

1. til.o~1'11Vl'lfttCl~ .... 'i'itl.l1,j'~1'1 '1 t'l1'U nn l1tYl frtl~tJ'lf11 1~ mh1J11~trl'U~tJl1~tl 
II • 

~11 'U tlVijtCl'U1J1tl'il~~V'I ffl~tCl'U;i'U l~tJih 1 '1Jtff~1Jti'U ~'U fi'lfl~ ~11~ V1~trl'U ~mtflVl'lffrtl ~Cl 1,j' 

tJ~t1tl.lltl""tfitJ'I 

2. til.o~ff~~~tl'1JCl1'11Cl t'l1'U '1JCll'l1V'U '1JCll'11~ 1~ '1JCll111JV '1JCll~tl nu ~ t~tJ~ 

trl'U~'U ~'1,f'U tiV'U~ 'il~'1J rlVtJ'1JCll'11 ClCl'ltitJ'I~'1~lt~'U ~tJ'Iti 1.0~ff~'i.. rinu l~tJ 1~ 'i~1JlmflVVtll M' 
• W II 

.... Y "" <; 'I Y<; ''''' .... Y.I ""<;.... .1"" 0 'I I .. 

!'HClV'UVtJ'Yl"I~ ~~tJ ~'If ~Cl~'Uff~l1'iVUl1'1lJ'i~1J1tl.l1 tl ~ClmWlJ'i1J1tl.l'Ul ~'UtJV 100 ~tl1Jlffm1Jm 
JI • fI rn tI 

fl1'iVl'l'i~tJ~1 ~'1J'i~1J1tl.l 7 1'U tVlv1M'q'Yln'Uv'Il rl~'UffClltJ~11 M'111J~ ~'1'1JrlVtJ'1JCllCl'lt~tJ'I 

3. rm 1ri~ tJ '1Jtl~'1JCll'11 Cl'il~n'U V111l'i~1""1tlu""Cl'ln~v'U Vl'lfUCl~tff'l:l1ff~tUlttlVtJ 
~ I 'QI ~ ~ Y ~GI ~ J ~I • 

m1J .... 'U 1JV U11 'U ffl11 'i ltJ ~ 'I'U'U 1'U1JmCl tJ'I '1J Cllfl1'i 111 V1111'ilin 1J'lfl~~ 'ItlCll1ttl~ 'U'U tff1JV 'il'l 
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• ~ "".;+1 llJ.1 ~ ,0' ... .;+1 d,"llJ"'''' ~ 
1I11'U'U~ij..:) ff ldtJCl..:) IlJClg:Clltll'U'U1'illPJ61'11l'mfltIVlCl":)fl~ij'UVl'l1 ldtJ'YI '11 l~ttfl1q!Cl11 f111tJ '111q! I'U~ 

1ti 
!II 

4. tJ~'ntJrlijtJtJCll ClfltJCll'\.1'Ul~ 3-5 IC)f'U~I1J~'i Cl":)I~tJ..:)''UtJ~'il 1-3 ~1/~l'il":)l1Jm.. 
'I1~ij 2,000-5,000 ~1/1'i tJ~'i lfll'itJrlijtJtJCll~litJ..:)' 'U ,jij~'U ~'U ij~f1tJflWtllVlJl 61'11l'iune ms 
QJ )/ .c:..cd, ~lI) I Q d' d tI : ... I ..d ~ .a, ~..e:t..c:IQJ QJ

lI~fll'ifll'i''I161'11l'i tJ'i1J1W'YI 'I111Jfl1'ilfl'U 4 ItJij'iIC)f'U~'\.Iij":)'Ull1'UfllJCll'Y1tCltJ":)'I1'iij 'I111'iff":)lfl~ 

msfl'U 61'111'i 1I1fl ~~ ~,,rl n'U tJ'i g: ~1 11liJ..:)ijtJCllilClijijfl1J1ijijf1'U1Jl ru~ ij'i ijfl'U ijl 'I11'i ~1~1J ~ l'U1'U 

J 0 Q,I QJ... I tI " QJ ... I..e:t. 11) I .d .a 
61'111'i1J1fl'\.l'U~11JCll~tJ'YIfl 1-2 fflJ~l'11 '\.Iijfl1ng:1..:) 'I11fllJCllfl'U61'11l'i 11J'I11J~61'111'i'YIt'l1Clijllg:• 

iI , iI tI 

..11',r'lJIt'lJ11fftlln'U tJ'U ~ 'i ltJlPieilCllfil~tJ..:JttCl g: ff'UltJ~ ij..:) (nnnlsg: 1J":), 2546) 

.; .1 ... GJ ..,
2. fl11ltUJ~lJ~1,n, l'Ufl1g:'V~ 

, iI iI , 

ilmfi il tJ1J' 'U fll 'i IVllg: I~ tJ..:)' 'UI'\.I ~'lJ 1nutiufi 'ttl riW'\.I ij..:) 1Cl fl1 ~ttti il mil Cl Nile. " . . 
.c::I oCto oCto" r r ~ ~ ...1 .c::Id.

tilapia (Oreochromis niloticus) 1Jfll'illlHYI~tJ 1~1J1ijtJl..:)~m'Uij..:) (FAO, 1980) ItClg:I'U'UlJCll'Y11J 

f1111J'tTlriqj1J lfl~ ~~ flW~flfl wg:~l11' ,rtJCll'11Clijfl111Jt'I11J1 g: ff1J' 'Ufll'il1 TVh{1JtJCllflij In'U il Cll~ 
.c:I I ~ QJ tI QJ tI dQJ ..e:t. oCto 

1JfI111Jij~ 'YI'U uCl g: ffg: ~ 1fl~ ems IVllg: ICltJ..:J ffltJVl'U~ fll 'i IVllg: Vl 'U ~ uCl g: 1Jij~ 'i lfll'i I1I'iqjl~ u1~ 

d '" , .Id '" "..., ,,~ "i. I '" d '" '" '" 
'i1~ In 1JfI111Jrrnn HI 'U fll 'i IlJ CltJ'U '\.I ij":)l fftJlIl rnn'UI'i e'U 'I1t 'U 'U IlJ 'i ~ 'U 'YI1J f1WtllVl ~ UCl g: 1J• 
'iff'l11~~ (Stickey et al., 1979; Balarin and Haller, 1982; Pullin and Lowe-McConnell, 1982) fll'i 
ii, ,II • I 

IVllg: l~tJ..:)tJCllil ClI~1J~'U 1Jlfl1l1fl''U ffl1Jt'I1~tJ1JU~'lJltttJ..:J91 (Yangtze) 'l'U tJ'ig:t'YIff~'Uljjij 750 ufi 
!II 

" '" '" '" , (Ling, 1977) lJlI~tJ'U...ttCl1 (Hu, 1994) ttClg:'YI1..:)~ij'U ~'\.Iij":)lm'l1tJ1Jfll'itCltJ..:JlJCll'UCl1JlijtJl..:)tIl1'Ul'U"'.1'" ~ 
J Q QJ.cI 11) re!,,, ..e:t. 9J.c6 5'1QJ 

fll sICl tJ..:) il Cll'U Cl , 'U fl 'i g: '11,,:) 1Jfll 'iVl\P1J 'U 1 Iil "lfll'i tCl tJ..:) uuu '11 'U tu'U 'UI'U 'U 'YI H ~ 'i flll fll 'i fI1C)f..:) I'U'U 
, !II 

'I1il~fifflriqj'\.lij..:J Ien (Cache, 1982) h..l'il1 '1 1970 ''U United States ijfll'il~tJ..:)tJCll'11ClffflCl 
!II 

Oreochromis aureus (Pangan, 1969; Annbrester, 1972; Suwanasart, 1972) ttClg:llllll,j'Uijfll'il~tJ..:J• 
II I I • 

tJCll'11Clmh":)fl~1":)'\.I11..:J''UVl'Ufifl'U 'l111Inn (Cache, 1982) 
tI ',iI JI 

'" .1 "'''' "'... "" ... llJ" " ,.,fll 'i IVllg: tCl tJ..:) lJ Cll'Y1 ~'YI ~~ fIijfll'i tCl tJ..:) 'U m g: '11,,:) I~ttfl 'U tt1J'U 1 'U 'YI g: ICl ffltJ ItCl g: 
!II • 

, 'U'YI g:tCl (Beveridge, 1984) fll'i l~tJ..:)tJCll''Umg:i'..:) 11 g:' ,r61'111'i fiijtJ~1J1W 1tJ'i ~'U ff..:) ItClg:''U Vfl...J, ".1' ': ,.I. "~""'" 0''YIl":) 'I1'U..:J 'U 'YIl":)~'i ..:JltClg: 'YI1..:)ij ij1J111 flfll'i lJ Clij tJ'U1Cl..:J "lff":) tt1~ Clij1J I'U'U fll 'i l'i":) '11 tfl~tJ 'i lfl{)fll 'iW~ 
• !II 

l'Y1'iVJlfli''U (eutrophication) (Beveridge, 1984; Ackefors, 1986) Vl'U!1'Ufl111Jfi~ltClg:fll'itJU,j~''U 
o ....1 tI ...1 d (t'J, QJ J I..e:t. 

fll 'i 'YIl1"t l'i 1J lJ Clltt Cl g: fll'i Ifl tJ ff~ ijfl tJ Cll 'U'ig: tJ tJ Hff1J Hffl'U 1~tJVl \P1J 'U 1fll 'i ICl tJ..:)' 'U tJ ij~'Utt tJtJ 

'I1'U ltt 'J..i 'UttClg:~..:)'I1'U ltttJ'U ItClg:l11fll'ilitJ..:)tJCllu Cl'i11Jf1tJtJCllttfl'YIVJ'I1 (catfish) (Lin, 1990) ItClg: 

IitJ..:)tJCllilClij ~l..:JI~ tJ1 (McGinty, 1991) ~..:JtJ Cll1n'Ult'I1rl..:J'YI i'Vl til m ~ ijrj l'i 11J{)..:J 'i g: tJtJfll'i'lJ lJl~ 
!II , 

, ~tt~1111flm g:i'..:J1J1I~tJ..:)tJCllilCl In 'Ult'I1 rl":)fhil~ 61'111'i 'ttl '11 i'tJ tJCllfiij ~flfl Wg: fll 'i fl'U ijl'111'i tt tJ1J 
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fl'H).:)n'U'~UfllJ~'I1iJ" Nile tilapia i'UtJ1.:)lJ'i~tVlff t'lf'U lJ'i~~Vlff'VltJ lJ"liJ,,~ij'U'U1~IPi'nJ1flfll1 

500 fli'lJ "~'U1tJ'~i'U'i1rnff':)1J1flfll1lJ"1~ij'U'U1~ 250-300 fli'lJ ~~'U'U'U 1~lJfl9liureuums Hil\PI.. 
I' JI JI 

lJ"liJ" 'l'Ulh:l'YJijfll'ii..r~tJtYh)ff~1.:)t~'U~l'H1'ili'i'i1J'ln9li 'U1.imiltJ':)fll'i ~iltJ.:)lJ"liJ"i 'U m~;r':)U1J1J 

'H'U1U '11 Wl1 tJi 'Uil ~ 91'U ij il 'i ~ ffVlnfilV'l 'l'Ums Hil\PIlJ" 1~ ij'U 'U 1~ 'l'Htlj'UW~ ~ fl U ~itJ.:) U1J1J~':) 
'H'U1U'I1'U 'l'U1.i~~'UlJ"1,,~ij'U'U1~t~flfll1 (McGinty, 1991) 

seuums Hil\PIlJ"liJ"i 'U lJ'i~tVlff' Vltl~~'UU1J1J~':)'H'U 1uU 'U1~tJijflUt9l1J~tJ~'UVl~ 6 
" 

u,,~ ~iJ'U Vl~ 6".:)' il 'lu il ~ ~'U 'lu VlH \PI ~ 'UilPi''U~.:)t~t ;1tJiJtJ 1.1 til tJ.:)lJ" 1iJ" 'l'Uns ~;r.:) ,~U ti 'l'U 

I dOlO" " d " ... 1 ineinmu m':)~fl1J'U1U"~UlJ'U1 (Lin and Kaewpaitoon, 2000) ff1m9J'U~':)fll'itV'l1~~"tJ.:)lJ"1 'U 
,,, . 

fl 'i ~;r.:) u 1J1J'H'U1 'UuU 'U1J1"1 fl m 'HU ile 1fi m ~~ i'U il ~ til tJ.:) il~ 1J1Wli 19J~ 1'H U fi" ~"1 tJi 'U 

~':)U1~~~lJm~1rl't~'UlJM111~~d1':)'H~':) (Beveridge, 1984; Ackefors, 1986; Lin et al., 1989) flfl 

Vl1':)'H~.:)J1tfftJ"lflfll 'i titJ.:)lJ" 1i'Um~;r.:) ff11J1'i m.111J1'l~lJ'i~ ltJ'lftft~'U m'HUli'i'i1J'lf191ff1'Hi'1J . , " 
lJmfiijiJfftJfll'ifl'U m'H1'iU1J1Jm~,:)fl'U'i11JO.:)lJmiJ"fit~tJ':)'l'U'i~1J1J HfflJHff1'U (Lin et al., 1989; 

Lin, 1990; McGinty, 1991; Yi et al., 1996) 

1J~ t1W ~,,~ ..11fll'i titJ.:)lJ" 1'l'Ufl'i~;r.:) ,,~IPi'~.:) ijfJ Wfi 1V'l ~.:)U 1~~ ~1J~ ~i 'UtflW ttl 
• JI JI JI 

~ n1~':)"lflfll'i ~~tJ.:)lJ"l i 'Um~;r':)t~'UflUt~tJ':)U1J1JvrWJ'U1 (intensive) t-U'UflU~~flUtiltJ':) l~tJi~ 
JI I JI JI 

m'HU t~'U m1'fl f1Wfi 1V'l'l.11~.:)t~'U t~~,:)ff1rltlJff1'Hi'1Jfll'itiltJ.:)lJ "1 ms til tJ.:) il" 1i 'Um~;r':)ff11J1'i n
• u 

JI • JI JI JI 

..11'~11':) i 'Uil ~'U 'U1~ i'H tljfi hi ff11J1'i n ci1tJ'I.11' ~'H~mjHtn1J '1.11 U~ '1.11 111f1"~':) 'H11fl i 'Ums 

. "" 
Vi "UW 1..11~" fim 1.1 l~fflJfi~ ms ci1mVl'U~':)fl'i~Uff'l.11 f1111Jif fl'U~':) U'H~ .:)'1.11 ,..j H 'fl"" 1fl 

, , JI ". • 

ff.:J'i1Jfl1'U fl'i~;r.:)fii~t~tJ.:)lJ"liJ"ij1lJVlHIPi1':) C'J t'lf'U fft'HiltJlJ~9Ji'ff fft'HiltJlJH'UH1 U"~VlH 
" . 

fl"l.1 t~'U ¢('U 1lJiH'U ~':)fl'i~;r.:),,~ij H"1Pi emr'l 'H" ~l'U'U~':)fl'i~Uff'l.11fi ci1em t'li'l , il'l 'Um ~;r.:) 
• , • , JI. I JI 

tij~tlJ~ tJ1Jtfi tJ1JlJ~1J1W fit'l'hti'U m~;r.:)1lJffm~tJlJ~9Ji'ff,,~ijyt'U fi ~hfii..rm ~U ff'l.11' 'H"~1'U 1~ 
1 Q,I ... I 4 Q,I eli fj} t:f .d I Q,I "l,l I Q,I fj}

1J1flfl11m~'H1lJU1J1J~'U C'J 'U'U1~m~'HVl ']j'~"tJ':)lJfl111JU\PIfl\PIHfl'U ~ lJ'U'U~~fl1Jfl111J\PI~':)fll'i . . . 
Q.ldQ fj}.a Gld.d. .a 

'U ~.:) t fl 'l:l \PI 'i fl'i 'U 'U1 ~ 'U ~.:) fl 'i ~ 'If.:) n 'UtJ1.1 es H fI ~ fl 'i ~ 'If.:) ff m "tJ 1.1 'U 'U1 ~ 1. 2 x 1.2 x2. 5 'H'i ~ 

QI d d 4 fj} fj} , ... IQ A 
2x2x2.5 tl.IlPl'i U,,~m~'If.:)ffm"tJ1.IH'UH1 'U'U1~ 4x2x2.5 tl.I\PI'i \PI'UVl'U\PI~lJ'i1J1IPl'i"~"~".:)tlJ~'U'U1~• 

w i .J I .Q' .Q .a QI I -: llJ I

'U~.:)m~'H 'HtlJ'U'UU\PI H" H"\PI\PI~lJ'i1J1\P1'i "~Ml"':) ~'U~':) "lflm~'If':)'U'U 1~ 'l'HtlJm~ Uff'U 1"~ iuu u 

d llJ9J~.eS e:!l QI , i I d.eS .a QI 

ff11J1'itl'H1J'UtdtJ'U t~Vl1tl.:) f1111J"fl'U~.:)m~'If.:)ff1'U 'HtlJ"~lJfl111J"fl 2.5 tl.I\PI'i tl.I~"~tJm~'If':)"~• u 

" ."
i..rm~;r':)"1J~di'U'I.11tYitJ.:)2.2 tl.IlPl'i 1~tJijri1'UfilH~~'U'I.11lJ'i~1J1W 20-25 tCJf'U9ItlJ\PI'i f1111Jiffl . " 
'U~.:)m~;r.:)ii H"IPi~fll'it9l1J l\P1'U~.:)lJ"lt'lf'U ti'U lJfl9l'i~~1J~~flejft "'U fi"~,, 1tJ'l'U'1.11 "~ff.. ':)1J~nw~b 

II , , JI 

'I.11fi'i~~1Jfl111JiffllJ'i~1J1W 2 ~1.I\PI'i lJ~1J1W~~flejft,,'Ufi,,~mtJi'U'I.11YitJ.:) 50-70% 'U~.:)lJ~1J1W 
I JI JI JI • 

~~flejft,,'UfiH1'1.1ln1TU'U ~.:),r'Ufll'iff~l.:)m~;r.:) '~f11'i i..rifmfl'U'lJ tij~':)"lfllJm"~'Hi1".:)' lJ~~i 'U 
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ff1'U ~ iifl~~iitJ'ilJlw tI tI flcl1! 'il'U ~ 1U~~ 'il~ ff~ H~ 1-H'il ~1 fl'UtIll'I n ~tltJii ~~ 'j1 rnn'il'ity!~h.J 1\PI ~ 1 

'\l'U 1~\PI1t11'U~1 ~Vl1m~i~ 'il~~tI~!mJ1~ff1JfltJ'\l'U1~tJ~1~!itJ~ !~tliltl~ fl'U1~1 -H'tJ ~ll1ij ~tI~ 1il 
iI Q ~ iI iI : II) , II) iI _!II'" II) ''I iI.1 d iI

1~ tlfl'Yl~'il~\PItI~111m~Uff'U1~11~H1'U ~~ff~~1flU~~1JtI~fl'U~1J ~111J~1'\l'U1~!~flflltJ'Utlm'\l11J1 

, .1 'I'" ~'1 illI)' Q d, 4 
'jtJfl1'UU~~UtJ~tIl111'j1J~1 ~'Um~'lf~ '\l'U1~\PI1fl1'UVI ~'lf ~1Jfl1'j1J'\l'U1~mflfl11 1.5 x1.5 9l'1J. !'V'lfl 

" .dI"
1~ 1-H',j~'\l11 ~ fll 'j 111J 'U!1 tJ'U '\ltI~ tJ 1~ 1'Urn~ i~ rn~i~ ms ii ~h tl~ 9l' ~ til 'il Vl1 'ill ruijemu'lfU~ • 

, I I I tI 

!~tJ1fltJ'ri 1~m~i~l1 ~ fl1ff~fim1J 1~ eu !Vitlil tI~ fl'U1~1 -H''U fllJlfl'U il ~lfi!~ tJ~ 11 ij fltl flU~ eil~ 1'ill fl 

fIltJ'Utlflm~ l~~!~lm~i~ 'j11Jlf~ilfl~fl'U 1~1 -H''Ufl1J1fl'U tJ~l~!itJ~ ~\PI'j1fll'jtJ rltltJtJ ~1~'U tI~fltJ 
. " 

'\l'U1~tJ~lfi\PI~1~~ fl~fll'j 01~fl~fll'jtJ~1'\l'U1~ 1mu f11'jtJ rlfltJtJ ~1 ~~!~tJ~ 1'U~\PI'j1f1111J11'U 1U'Il'U.. 
~ <!I I .: 'I iI .1 'I w iI Q iI .1 d iI 

\PI111'j euu'j~tJ~n~l!~tJ~ ~ 11'U1'U'\l'U ~ 'U'YlN\PIHfl'U '\l11J111fl\PI ~1~ 1Jfl111J\PItI~fll 'j1J~1'\l'U l~mfl ~ 

" " " " !~tJ~ ff11J1HltJ rleznl ~1 1'U ~\PI'j 1\1~11 ~ tIt)'U'j~ tJ~ n~l!~tJ~ 1-H'ff'U~~ 1~tJfll'j il rleeil ~ 1~~ !~tJ~ 1'U 

~\PI'j1 1~11'U1U'Il'UUflU~~ 1~tJ~1~ii'\l'U1~ 111q1 

~m 1fll'jil rl fltJtJ ~ 1~'U tI~fltJ'\l'U 1~'\l fl~ m ~i~ 1~tJ~ m ~i~ '\l'U 1~!~ nrrun 'joil rltltJ 

. " 
1~1 'U~m1fltl'U~1~11'U 1U'Il'U 1'U'\lw~fim~i~'\l'U1~ 111q11J1fl~\PI'j1 rrml rltltJ~~!~tJ~m'il~~~~ 6-8 

!vh !'l1'U m~i~'\l'U1~ 1-4 ~tJ.1J. tJrltltJtJ~lu~utJ~~!'V'lfl'1'U~\PI'j1 300-400 ~1/~tJ.1J. ff11J1'jtlHll\PI 

tJ~11-H'1~'\l'U1~tJ'ilJlW 400-500 fli'1J U~~111fltJrlfltJ1'U~\PI'j1 200-250 ~1/~tJ.1J. 'il~Hll\PItJ~l'~ 

'\l'U1~tJ'j~1J1W 700 fli'1J 1'U'\lw~~m~i~'\l'U1~ 100 ~tJ.1J. tJrltltJtJ~i1'U~\PI'j1 50 ~l/~tJ.1J. 'il~ 
. " " 

ff11J1'jtlHll\PItJ~1'~'\l'U1~m~m~tJ~ 400-500 fli'1J !vhu'U d111i'tJ'\l'U1~tJ~1111m~tJ~tJ~1'\l'U1~5

... 'I illI) iI ... iI 'I iI <!I' iI .1 d Q

10 fl'j1J ~11 ~~'\l'U1~ 250-300 fl'j1J \PItI~ ~'lHl~l 6-8 !~fl'U U\PI111fl\PIfl~flU1J~1'Yl1J'\l'U1~ 

'I 1 0 ~ ii' ,.1 <!I , .: ~,,: ... ~ 
m ty 'ill! lJ'U\PI fl~ il ~ fltJ~fltJ ~ 1111 ty'\l'U11 reu tJ~ rm !~tJ~ nnrulJ'U']j'1~ ms !~tJ~tJ~1 1'Um~ ']j'~! u 'U 

.1 .: .1 .... <!I .dI ... <!I iI 'I iI 
~1JUtJtJfll'j!~tJ~1J~lUtJtJ'V'l~'U1(intensive) 11'jtlfl~'V'l~'U1 (semi-intensive) f1flt'U'Ufll'j mm111'j 

!~fld~ H~ Hll\PIU ~~ mr !'il'ity!~tJ1\PI ~~f11'j 'il~ 1~m111'j~iifJw fl1'YlH 1tJ'j~'U fltl'U~l~ \1~ (m1J 

tJ'j~1J~, 2546) ffl'U Yi and Lin (2001) 'V'ltJi1~m1fll'jtJrlfltJtJmu~1'Um~i~'\l'U1~ 4 ~tJ.1J. 

~l'Ul'U 50 ~1/\PI'j .1J. 'il~!'il'itu!~tJ 1\PI 1~~~ff~ 
u • 
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'" .. .ok ~ .1 ~ :l 0 '" '.1 o,Y I ~Y' I \liY I 

ff~'J Clf'H)~ml1mlJlH)l11nlJ~l u~~tlJl.IldtJffl11·HJ'UtllJ~l 'V1l 11MHll !'IHl1tJ~H" l~ t'll'l.I 
• >J 

rlltll11ntJ~l rlltll11l':i-ff~1 rll~tJ (tJmw u~~mu~, 2541) ri'Jl.Ifll':it~tlf1-ff~1Vi'il~'1.h1Jlt~tJ~'l.I 
r QI' ~ 0 ~ fJ/.:I .4 ctil,J' tI tI'J/ .:IQI QI 

':i ~ 'U'U fll':i Heu Hffll.l n1J f1'U il ~ll.ll.l 'ill iu l.I~tl ~ 1J fI tl mvw I'll't ~ tJ~ ff~ 'J U~ ~ fI tlf1ff~ 'J~ tl~1J 
>J >J 

f1'Jl1J-ff1J~l.I1i' tiUf1l':i t~tJ~tJ ~l~'JtJ t';l.I fll':i t~tJ~tJ~ l'U ~ '.h1J ti'U1 n 1 ~tJtJri tltJtJ~ l'U ~'\Il.Il~f1'Jl1J 
", iJ iJ, iJ 

tJl'J 3-4 'U'J'mlml 10,000 ~'J/li t~tJ~'l.ItJtl'\ll.ll~Vll.lVi3 li l~tJ~1n~tll.l 2 il.l ., ~~ 1,000 ~'J 
>J >J 

UI91~~il.l'~n~lt~tJ~ 90 1l.1 1~tJff~Hfltlf11nflitl1J'Ul.ItJtltJ~lt~tJ~tJ~lt~l.I':i~tJ~nm 8 t~tll.l 1~ 

H~H~~ 1,166.7 n1~f1i'1J/li (~~~ U~~ff1J1f1'll'U, 2525) 

ms'l~1J ~-ff~ 1 u~~ iltJ' u il tit ~ l.Itll11l':i t~ l.Ifll':i' ~tJ ':i ~ 1tJ'll'uUU'UHff1JHmu 
OJ • 

iJ iJ, t • 

':i~ 'I1'h~fll':i t~tJ~tJ ~ ltiUfll':i t~tJ~-ff~1~l.I ., 1 ~tltff1'ltll11l':iVit'l1 ~ tl'ill nrnr VtltJ11 ~ tl~ f1 11 ril.I'illf1Vi' 'If 
..; "'.. ~:l ~ Y I ,''' t » ~ 

tll11l':i'\l enl ~11 ~tJ~ H itl '\IW~'V12J ~'\I tl~ff~ 'J'il~tlJl.IldtJ une 111 U':i1i l~ ffl':itl111 l':i Uf1~'ll'l.I1Clf~tlJl.I 
• l.ok Y I ~ Y I Y~ \Ii Y ~ ':l ~ , Y I 

tll11l':i'\ltl~lJ~lClf~'il~~~~l.I'tJl.IfI1 1'lf'illtJ U~~Uf1u~11l1J~f11'J~ t~ rm Iff ldmlJ 1..1 rm 11tll11lmf1 

tJ~l'U~~ ~hfl~1Jlf111i11rl ~'il~ 1~tll'l11':i1i':i':i1J'll'1~~ij Iils~1..1~ ~U~~':i lfl1\Jf1 Ul91t~tlt~lJ msd~, 'If 
""..;.1 "" ""'l' d.l ... Y "''''' <i ,Y 0

tJ~11J~'V1t~tJ~t'ilH1H~'U l~tn'\llJ11':itltlf1~tl~~l1J11~f1'J'lflfll':i'il~f1'J':i 11m11l':i'ill~'Jf1 
CI OJ 

fIl{1'Ulen~':i~t~lJtll11l':iff1J'V1'U t';1..1 iltJ~ltJ,j'l'J (tJmw U~~f1W~, 2541) 
>J • 

11ifll':it~tJ~tJ ~li'J1Jti'U-ff~1'U f1tll'il' ~11ifll':i ff~Hfi tlf1-ff~1UlJtJtltJ~ltVltlhi',r2J~ 

-ff~1111 ~~~tJ tltJ~11~tJ~ ':i ~11~tlff~Hfltlf1-ff~l1 ~'UlJfllJtJtltJ~ lU"'TU l2J~-ff~1'ri~~tJtltJ~l'u 
• >J 

~mlVit'l11J1~ff1J 'lJtJ':i~t'V1ffl'V1tJ'UtJ1Jt~tJ~~m ~11J'J1J 10 ~'J 11~tl t~~ lnl,j ~11J'J1J 200 ~'Jl91tl 
>J • >J 

tJtltJ~lVllJVilh 1 li ~mlri'JlJfll':i'ri~tJfltlf111J':i~tJ~U':if1f1'J':i'ritJ':i~1J1W250-300 f1f1.11i/t~tllJ 
" QI .:I.d d 4 QI .:I :, I .c!!t tI Cl tI 

ff'JlJ lJ':i~tJ~11~~f1'J':i~~~~t~tJ~f1H11lJ~11':itlff~tf1~ff'\ltl~lJ·1 uus 11':itlldtJ'J'V1tJlfflffm~~':i 

.1 \Ii ' ''' """'~':l ~:l , Y Y '" I :l15:15:15 lJ':i~1J1W 5 f1f1.1 t':i/l~tllJ 'J1i IffldtJ'I11mlJlJldtJfltlf1f1'J':i~lf1 11U11~lfftJf1tllJt~':il~ldtJff~'il~ 
>J 

vh',rijnlClf~l~'Jf1Utl1J11JtiAtJ~~~ltJtl~'1J'I.h1Jlm~1J~1..1 ~':iltJl91tltJ~1 fll':i' ri~tJfltlf1'~11i11'hlJ~~ 
>J • 

ltJ'lJtJtl1~tJ~~mtJlh ,,rn'JntllJri'JlJ~tJ112!f111~tl~tJff~f1'J':if1tl~~1J 1 ~m1J~1JtJtl 2-3 m1~ 1~tJij 

1~iJf1'"tl1Jl~lJfltlmtl'Uf1tl~~tlt~tl'I~tl~tilJ hi',rri'JlJ~ff~l1iff~ltJ~'Jm~~~m~'illtJ (tJ mw U~~ 
>J • 

f1W~, 2541) ~tJ~lJ'V1~~ t'lflJ 2J~ff~1 tll'il '~t~lJtt'l1ri~tll'l11':i 1~tJ~H'\Itl~tJ~lU~~'\Itl~ff~1lhVit~1J 
"~',..'" ->' c' .,>,~.~~~~c§I. ~-.... ,-;:~~:"" .... ~,, ....,).,........~:"t d iJ� 

tt'l1ri~tl1'l1l':i'\ltl~tJ~1 fll':iVtltJffmtJ'\Itl~~tJ~lJ'V1~~Vh' ,rln~1il~ tll11l':i11~f1Clf~ 1~t~tJ~u~~~ n~tllJ 
... \liY.1 ~ .9 "" '" ,. \liY ,,Y.....
~'ll' t~ U~~lJ~lffl1Jl':itl 'lfU~~~f1~tllJ~'ll'tlJlJtll11l':it~tlfll':it'ilHyt~U l~ t~ 'illf1fll':i'V1~~tl~~'U'Jl 

\Ii I , 'jJ ~ tI 4 "l"-d I QI 0'.4 ~ t1 d QI tI 'j/ QI.Q I

2J~ tf1ffl1Jl':itl 'IH~MU~~~f1~tllJ~'If 1~~ml2J~ff~'JtllJ ., ':i'J1J'V1~ ldtltfl1J fll':it~1J2J~ff~'J '11f1UUtl 
iJ iI iJ • 

l~tJ~tJ m2!mh''Iflhij ff'll'l11lm~1J1J
OJ 
~ff~ 11J1mnlJ1 tJ'I1ltll 'iltliltffmt~~'t'h''If':i~~Utltlf1~t'illJ Vi 

>J • >J 

~~~ltJ' 1..1'11 llPlltnlJ1tJdl11i''Uf1nt'il~~t~'U 1~'\Itl~tJ~1~~,r1..1 ~~ l1ifl'J':i t~1J2J~ -ff~11Jlf1f1'h 88 f1f1.1 

teJf1~1{/11J (f1i'1J/~l':il~t1J~':i/11J) ''lfti'UtJmitJ~tJ~l (~lJfflJ, 2539) 
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v ~ q~ , J Q,I.t:�01''~~f.ltlU'fI·UJ IU'lJtllaf.l~tTVllU 1� 

, ~ d tid ~ I iI Q,I tI JJ : .Q " ~ 
mH'l.:.l~m),\.J't1'WlJtH'llfJ'lf'\.JfI t'lf'\.J 'tt~llJm"~l h/llJ '\.JltfffJ'illfHmM~l.:.l"1 tlJrlfi 

4 • .1 iI ~ iI 1 0 .t1 "" "" .. I w ...... ?t .t1 "" "" ...d"" .d I .aI

'V'l'if 111~H 'tt.:.l ru '\.J ~'\.J '\.J 'ill'\.J 1'\.J u'tt rl.:.l.L,j fJ~'\.J 't1'W~l.:.l "1 1.01 rlff~l 'ilfltlJ'\.J .L,jfJ~'\.J 't1'W't1f1 't1"1f1H~tlJ ~ 

t,j~ mJtnmJ fi'1J~mflij ~fJfl'\.J't1~6'il::ijt,j~{t~'\.JIPi''\J~.:.lffl'j~1'tt l'j'tt"'n ~d~ln'il111n fJn~lmh.:.lt'if'\.J 

lJrl'\J~.:.llm.JlJ 36 filrlni'lJ ij1'\.J l~'jt'il'\.Jlllmriltil.JiflH~lJ llJtUfJlJyj~fftyj~ (18-26-0) 1 filrlni'lJ ..� 
l1~~lJrll fl'\.JlJ 230 fil rlni'lJ ijyj~ffyj~i'fflllnt't'htil.J iflU~lJ llJtU fJlJyj~fftyj~ 1 rn rlni'lJ (ii''\.J iY'\.J,�.. ., 
2539) "ld'\.J,j'j::n~l.J'\J~.:.lffl'j~ml'j'tt~nUrl::mllJ:j1'\.Jl'\.JlJrlff~lfffl~l.:.l "1 (~l'jl.:.l 1).. 

fllllJt~'\.J i'\.J l~'jt'il'\.J yj~ffyj~i'ff 1'V'lU't1fft~fJlJ 
til~m'ttl'j 

I 

mfl-f11.:.l (iirl~ni'lJ/filrlni'lJ) (iirl~ni'lJ/fil rlni'lJ) (iirl~ ni'lJ/filrl ni'lJ) 

w 

lJrlll flllfJ 7.8 1.10 0.40 1.60� 

lJrl1ti 7.6 1.26 0.69 1.66� 

lJrlt~f1 7.5 1.04 1.84 2.11� 

lJrl"1m 6.9 2.70 2.40 1.00 
iI 

lJrlfll.:.lflll 6.3 1.54 14.28 0.60 

.d� 
't1111: ~nfll (2543)� 

. . 
"" .. 4 ... , '''' .1 4flaUAflaU"1'tlflaU 1J'W~'U1'~tT~fl 

I II I II I 

n~'\.J 1flrl'\.J (off-flavor) 'V'll.Jl '\.J ff~1'111nffll'i~ i~ mnrnr ~'V'll::t~fJ.:.l fi~n~'\.J lflrl'\.J 

, I 0 iI Q,I (/: " 

(musty/earthy odor; off-flavor) ff.:.l~'mm::'t1l.J~~m'j'\.Jlt'\Jlff~l'\.Jltm::fJ~ffl'ttm'jlJ't1l.:.lfll'\.J,j'j::lJ.:.l 

mh.:.llJln td~.:.l'illnn~'\.J lflrl'\.Jt~'\.Jfflm~'tt~.:.l~1111M'~l.Jnf)flff~lJlilifJ~lJi'l.J (Persson, 1982) 
., . 

lf1fJff~1'111n'V'll.JU~m~.:.lflrill i~uti ,jrllnflfltlJ~ti'\.J (Martin et al., 1990) ,jmUC)frllJ~rl (Farmer 

et al., 1995) ,jrllt'j'\.J11.Jlmrln (Yurkowski and Tabachek, 1974; Form and Horlyck, 1984) ,jrll 

..~ .1"
~eJ~'jH (herring) Url::lJrllfln'V'l (carp) (Yurkowski and Tabachek, 1980) 'tt~fJn11.J (Tanchotikul 

and Hsieh, 1990) Q.:.l (Lovell and Broce, 1985) n~'\.Jlflrl'\.Hfifl'illnffl'j~~lt'V'l1::t'ill::'il.:.l'ttrllfJ·ln1f1 
, • ", I , I 

1111M'tfifl n~'\.J 'j ffn 1liVi.:.l,j'j:: ff.:.l trl '\.J ff~1'111 U~ ffl'jnt~'\.J~l'tt "'nnti~ 1M'tfifl fl~'\.J 1flrl'\.Jij 2 'ifijfl 

4 "" "" A d "J "" 
fl~ 'il~~fflJ'\.J (1U, 10 •...-dimethyl-9 U-decalol: geosmin) uneieu I ~1.J (2-methylisobomeol : 

http:l'jl.:.l
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~ ... I d'~ QI ~ • CI CI�

MIB) t1J'Uffl~lJ~~f1tl'UmH,mHHHH)1I;)1 (saturated cyclic tertiary alcohol) 'YIffl'tY~1t1fft'Utl1Uf111
 

: .Q d eI .Q Q.I' tlJ iii ,c::u:1 11''.:'1 ... 1 
'Ult~'U U~~U'Ufl'YIl~ tI'UN'll''U~ ff ~tm 1~'tY'U'U t'U1tHneru 'U (terpene pathway) mrusennu 

~tltlffij'Uff~H~'U 'illf1ffl~tJ~~f1tl'U'VhiJ9$~-1'V'l hvJtlfftvJ;) (farnesyl-Pl') U~~ffl~tJ~~f1tl'Ul~1IltlU 

ff~1~~'U 'illflffl~tJ~~fl tl'Ut'iltl~liJ~-1'V'l hvJtlfftvJI9I (geranyl-PP) (fll'V'l 1) ~tltlfflJ'U ti~'U ffl~ 
.1 ".".". ". <!I ..;". .1 .... ..... 'I II) .. 

secondary product 'ill nu {) m til t1l\9I1'U tl~ 9S1I 'YIt fl~ 'U'U 'ill nrn ~ ff ~ lm l~ 'tY 'YI N'll'1fll'V'l !'U ttl t 9S 

. " 
'V'l~'Utltl~ 'V'l1'Y1n6 (isoprenoid pathway) l'UiY~ij'if1191f1~1Iffl'tYilt1ih~tl1llfl1l'Ult~'U 1~tlffl~~ 

.Q .e::t. QJ' d' d. GI cor d. d' d' 
tltlff1l'Ulf1~'illflfl1~ff~lfl~1~'tY'YI1~'ll'1fll'V'l !'Ufl1 t~'YI'Utltl~ 'V'll'Y1ntl (carotenoid pathway) U~~ 

" " ,j'U;)tl'Ufl1~ln~ 1vJ1;)tVitl~ (phototial) 'Utl~fl~tl hYJ~~ ltl (chlorophyll a) ~~,r'U~tltlfflJ'U~~l;j'U 
~YGl QJ d' <t} d' 91 J a lilY .Q A"~OQ,lI

ffl1;)~I9I'U t'Ufl1~ff~lml~'tYfl~tlt~YJ~~ ttl ~1m'tY~'U t1ltltl~flltl t;)fffll1~fl1~t'ilHl1t;)'Ut;)'YI'illfl~ 

ffl~~ tltlfflJ'U~~~fl ff~ff1ltvi1l~'Uu~~'V'l'Ullff~ri1'U'Utl~~tltlfflJ'Ufi'Ufl~tlhYJ~~ ttl ijfl1l11 l~ 
mJ'Utl'U ri1'Uffl~tJ~~fltl'Ut~1IltlUQf1ff~tfl~1~li'1~tlltl19S'V'l~'Utltl~ 'Vtl'Y1n6 tGJi'Ut~tl1fi'U~ tltlfflJ'U 

. " 
l'UiY~ij'if1;)f1~1I Actinomycetes spp. U~~ffl'tYilt1iYt~tl1Ufl1l'Ult~'U (Van Der Ploeg, 1989) 

H0(v-0pp 

COO
Mevalonate·PP 

t 
IPP TDMAPP hOH 

t OPP 2-Methylisobomcol 
/;T 

01""·// p)' _ .....N 

~--~yp 
') C:pp OH. 

Famesyl-PP ~ Geosmln

1 PI)~ Sesquiterpenes 

Other Metabolites 

IPP = isopentenyl pyrophosphate 

DMAPP = dimethylallyl pyrophosphate 

Pi = inorganic phosphate .... 
'YI1Il: Johnsen and Dionigi (1994) 
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ffTIlh~flmJ~ mnru'U (trans-I, 10,-dimethyI-trans-9-decalol) (C 12H2o0) Ull~m'.ilh~flfl1J 
c:I 11) d <!l 

tfl1J ieu (2-methylisobomeol) ,}1'.i e 1,2,7,7-tetramethyl bucyc1o-[2,2, 1]-heptan-2-1 heptan-2-o1 

~'t cf~ QI d 11) fj} d w d ~ .c::. 0' 
(C H m'U fflnh~flfl1J'Vl lflttflllflfl ~flllfl1J19l1'V1'.i~mtJ !~ 1J llfl1:ltu~ 'VIHtfl1J Ull~l"tfffl ffII 200) 

(19l1'.il~ 2) lm~ff~1~,.h~flfl1J~ltJ'I1~t1JYillUll~'I1~1~~'.iflfleifn (Izaguirre et al., 1982) (tll'Vl 2) 
jJ • 

fflnh~flfl1Jn~fffl~'lfij~ijfJtu ff1J,j~nl 1 tJfifln~llltJt'U 1 '\J~'U 1~~ l~tJfl'.i~~ltJ9ilUll~ff~ff1J t 'U 
'jI • 1 I 

tijflttifl.yjijril'U,.h~flfl1J'\Jfl~ 1 '\J~'U "l~tijfltfi~fl1'.i ff~ff1J 'l'Uil~fl1tJ~~fh~~flflfl 1~tJlfl~~tifl t ..rtfi~ 
, 'j/ 'j/ I 

flll'U lf1n'U (Johnsen et al., 1996) u9imh~ h~19l11Jff1'.itJ'.i~flfl1Jn~fffl~'lfij~ 11ltrl'U~1:l9iflttlflttifl 
~ d.cl.et. 111 I I ~ fj} 4Clt, Q,I 0' 

'\Jfl~ff~1J'lfll9l une !1Jflfl !mMlfl1'.iflnltJ'Vl'U~ (Dionigi et al., 1993) 

(l-R-exo)-1,2,7,7-tetramethyl Tran-l, lO-dimethyl 
Full Name 

bucyc1o-[2,2,1]-heptan-2-1 -trans-9-decalol 

Molecular Fomula 

Molecular Weight (g/mole) 168 182 

Boiling Point (oC) 196.7 165.1 

Aqueous Solubility (mg/L) 194.5 150.2 

3.13 3.7~w 

Henry's Law Constant 

(atm m 
3
Imole) 

~1J1: Pei, 2003 (~1~ l~tJ Pirbazari et ai, 1992) 

W~OH
 
(-)-Geosmin (-)-2-Methyllsobomeol 

d 
'VI1Jl: Jiittner and Watson (2007) 
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1J~'H1tl~'U 1f1Cl'U m\ltfl~~'Un1fl~\lltl'tJmfl'U "nnh~tlfl'IJtl~'U 1f1Cl'Ut~l L'tJ 1 ~eJ\9I'i ~ 

11~ fliitll 'i il 'U tneun'IJ ~ ~~ ilmfl'U11~ fl ~1'U t~l'ff9i1'tJ Cll1 ~eJtll'i ~ ~~lJ 1'U ff1'U '\Jfl~ flleJ1~~1~~ 
~ ~ 

'JI I II • 
QJ cia II!l "I clc:a .t::ll 1 ' 4 4 aa

(Tanchotikul, 1990) Cl'\9I1'U lCl'llJ1Hl~~C)j'lJCl'1'i UJ'YI1'IJfl LCl'YIm~tlCl'U f1Cl'U ~l'Um ~ fltll1'iflt'U flWfl 
• II • 

~l~ ~ YifflJ~Cl'Ul1J1tltl';htll'ifl'UCl'll1ileJl1~fltt'IJfI.yh~eJYi~ii\9lCl'l'i l~eJ\9IH (Form and Horlyck, 
II • • 

1984) L'tJCl'~Cl'lJm.i1'Uil~tlleJ l~m'i1~l~t'l1fltfjflYiiiL'\J~'UCl'~ (Martin et a/., 1990) 
~ ~ 

II 

Rungreungwudhikrai (1995) ~'IJ11'tJClliJCl \lltlUflt~ eJ~ 1'Utllfl tlCll~iifl11lJt~lJ~'U 
, 'JI , I , 

'\Jfl~Cl'lmii'U 1f1Cl'U 1'Ut'l1flYi,,!~ djfl1.um111'iftlt~\l1'tJ~1lJn'IJtln 1.u~eJ 1'U ufl1~eJuflYi1ff~eJ~t~eJii 

~Cl1..r'tJ~1J1W Cl'l'itl~'U 1f1Cl'U 1'Unffl,,!~tll1tll'i 1.u~eJ\lClff\9l1 ff1'Uufl~1..rm111'iftl!~ \I~'tJfl~1~t~eJ1 
• II. 

~'IJ11ii~Cl1..rCl'lmii'U1f1Cl'U1'Ut'l1fl'tJCllIP11 

. ... ..."fll'UU1lJ1m1U Ifl ou 
tI " 1 

Cl'111 i 1eJih~eJ 1UtllJU lt~'U YiftlfiWViii ~ClI9i ems ~ii\91 tlii 'U 1fICl 'U il 'i ~tlfl'IJ~ 1eJCl'tl Cl u • 

Anabena sp., Oscil/atoria sp., Lyngbya sp., Symp/oca sp., Phormidium sp. (Tabachek and 

• .ct.ct .:: 9J 
Yurkowski, 1976; Lovell and Broce, 1985; 'lI'Clfl, 2536) (\9Il'il~ 3) Cl'1'UU'lJfI'YIt'ieJ'YICl'llJl'i\lCl''i1~ 

a a Q ~ a~w , 
Cl'l'i\lflflCl'lJ'UUCl~Cl'l'itfllJ tfl'IJ L~Utl Cl'fJCl Streptomyces sp., Nocardia sp., Actinomadura sp. UCl~ 

• II 
W a 1 aWl ..... 1 ~w •Actinomycete sp. Cl'llJl'i\lCl''il~tlCl'U f1Cl'UUCl~Cl'l'i~'l;j\9ltlm~ 'Ut'UfllJCll L~ (Sivonen, 1982; Martin 

. 1W aet al., 1988; Klapper, 1991; Yamada et a/., 1994) 1~m'i1~l~Cl'fJCl Streptomycetes sp. \I~'YI1 mtl~ 

tl~'U'iCl'~L1ivt~'tJ'i~Cl'~fllJltl~,,!~ (Van Der Ploeg and Boyd, 1991) (\9Il'il~ 4) 

.. ..� 
, ,, ...... .., ... .., <. 
C)j'tl1IUU1.Jfl·m·Ulfl1.Jfll1A'ffl~AO£l~tTA1Ul 

J Q,I cI: d. A d ~ 1 ~ .ci"l iItt::a I 

rns t~ l~ tCl eJ~ Cl'\9I 1'Uturns t \I'iWt\9l'IJ 1\91 fleJl~'i 1~t 'i 1tlJ'U Cl'1'U 11 'U ~ '\J fl~ flll'IU'YI L~ 
u 

'" 0' W.: 1 w ''''' 0' Q 0' 1 a\lltlCl'\9I1 (FAa, 2007) UCl~f111lJ\9Ifl~tll'it~1~tClt.l~'tJCll 'U1h~'IJ'Ufl~'Y1 13 t'tJfl'itC)j''U\9I'\Jfl~ 'tJ'i\9l'U 

\Iltl ff\91 11'Ums 'IJntlfl '\Jfl~lJ'4'l;j6 (WHO, 2007) fi~t'li'U ij\9l'i trrrs ~'IJ'\J fl~ ff\9l1Jl \Itnnnvh'tJ'i ~ lJ~ii 
9J "1... 14 t I 0 19J 0 cI J Q,I cI: d. tt::a.t::ll 1 .1 a

tll'iCl~'UfleJCl~ LlJL'imJ ~ \9I~U\9I 1970s 'YI1 l1tll'i'Yl1vJl'ilJt~1~tCleJ~Cl'\9I1'UllJtll'iL\I'iWL\9I'IJ \9I'\J'Ufltl 
u 

~ ~ 9J 9J tt::a ~ 9J • J J GI cI:
'YI~tlJ'U tll 'i'll'~t'lmfl11lJ\9Ifl~tll'i'\Jfl~~'IJ'i1tlfl ms t~lJ fI11lJ\9I fl~ tll 'i m Cll'U 1~ ums t~ l~tCl eJ~ Cl'\9I1'U1 

II II • 

mh~tl11~'\J 11~ 1 ~ml1tll'i L~eJ~ff\9l1U lL~eJ'UU'IJ'IJ\9IllJ1inlJ'lI'l~ fll\l111tll'i 1ff~m~ flm~~'U mr 
tI tI I , 

~ii\9lff\9l1Ul tll'ifh~~Ultffm~'Uff~Vi~lt~'U~fl'tJ'i~'lI'lm~ii'U'YI~6 (Avault, 1996) L'U l\91'iL\I'Utrl'U 

1il~m'H1'i~~lt~'U ftll1i''IJflflln 1'YI'i'tJ (Autotroph) 1~eJU~Cl~n\9lfl'U~'lI'111tll'i~~~lJ1il~fl1l11'i 1'U 
II. 

1'tJ'\Jfl~ L'Ut\91 'i'YIl'I~flUfllJ llJ rUeJ ~Cl \Irns ~'IJ 'IJtl1ril\1 Viii'i ~fi'IJ1i 1~fll111 'i ,,!~1111..r tfl~tlU 

t\l~~t~'IJ l\91mh~'i1~t~1'\Jfl~Cl'111ileJ l~eJiifilflClfl hVlCl~ re 75 LlJ1mtli'lJ~flii\9l'i UCl~UfleJflf~ 
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~'1U'l 300-1,000 hJlmni'1J/ilm (Magalhaes et al., 2001; Zimba and Gitelson, 2006) ti1t'il~V 
, ~ tI a I 6 tI Q Q.c::.. GI 

f1111J11'U1U'U'U'U'OWlHH'lU'YH''1n\PI'O'U~'IH'''1n11 1x10 lCIHH'l!1J~HH'\PI':i (Zimba et al., 2000 nu 
OJ 

, Q .cs do 6 tI Q QA. • 

f1111J11'U1U'U'U'U'O'l"lf'U~'U'O'lU'UfI'VIt':i Vz- 10 tClf~H'l!1JmH'\PI':i (Zimba and Mischke, 2005) ':i~'U'U 

"" ... ,,'t d I ~ '1 co 'I j1co " "'I "" .1 'I jI
f-H'l\PIff\PI1'U 1u'U'Un'l11'U1U'U'U U'I'H'U1U'U'U ~Vf11':i HW'UH'U'U ~ l11JU~~'1n\PI'O'UWiHn~'U'U ~ 'Uq~':i'O'U 

" 't1'll..1'1Clfv1l'UU'U f1yhi vij ms t 'iliqJt9l'U1 \PI ~ 'I"!~ 'H 1nijms t~ V'ItJ~ 1U'U 'U'H'U 1Utl 'U 't111..1'':i ~ 'U'Uij 

, "" "" 1 "I 1 co .1co co f1111Jt'H 1J1 ~ ff1J\PI 'Of11 ':i t'il ':i qJt\PI'U \PI'U'O'I ~ ClfV1 'UUun 'VIt ':i vu~~ 1JfI 111J'VI'U 'VI1'U 1J1n'U'U (Raymont, 

1980; Payne, 1986; Cichra et al., 1995) 

" 1ClfV1l'Uu'UfI-nliv (ff1'H~lVfft;jv1Un1JtJ1t~'U 'Hi'01ClfV-ll'U1~':ifl1n'O\PI) ij 

tJ':i~ lV'lful 'U f11'Hl.u'l;)'U ~'H mnl1~lV (t'lf'U f11':i~'O~1'Uf11':i U'VI~!~1J f11mVn1i1~fll'H 1m~~Uff '1~ 

t~'U il ':i ~ lv'lfu) ~tm1'On';hfi'Of11':i twn'H 1J1~'H~'U'O'l ~fI1n 'O\PIc11'1lrl'Un ~1J ~ l~'U .f11Vl~':i ~ 'U umr f1'U 

~'lf 1i1~'01l11':il!~~1'Uffm~Uff'l~'1,,!~ (Dittmann and Wiegand, 2006) l'Un~1Jff\PI,rhjijm~~n 

ff'U11"'1ff11J1':imi)'Onu~~m 'O'lfl'U1Clfv1l'Uu'UfiVitiv'il1nf11':i ~1 1~ t'lf'U lrl 'Ol~~tJi1J1W 1i l~flll11':i 

~~~ '111 i 'Oijf1111J trl 'U ~'M U~ ~~ 'U 1f11 n ijU'U'Ut~'U ff1vl ~ V'il~ t.,r11 tJU'VI~! ~1J trl'Uflll11':i (Haney, 

1987; Lampert, 1987) 1Clfv1l'Uu'UfiVitivijfl111Jff11J1':iUl'Uf11':i t~'Ufl111JfJ~1Jff1J\!':iW'U'O'l1i1~ 

flll11':i 'O~ 1'1 ij il ':i ~ ff'VI ~m~ (t'li'U ~ '0ff~'Oi'ff) 'U l'1"1fil ~ ff11J1'iU!il ~ V'U n1 Clf 1 'U 1 \PI ':i t'il 'U 1ihrl'U 

H'01J l1J!uvl~vm~'U1'Uf11':i 1'Ul\P1':it'il'UVltfli'U 

1ClfV1l'U U'U f1Vi ti Vff11J1':i utJi'mi11'U ffm~ ~ij f1111Jt.,r1J.,r'U 'U'O'l Uff'Iff '1U ~~~1 1 ~ 
OJ 

f-H'ltJ':i~ lv"Ifu~ 1~'il1ntJi1f1i V1m':iff'l!f1':i1~l1Uff'l1~m~'U i.:J''U V':i 11J'il1nff1'Uihenau 1~1 f1fiillClf1J 
. " 

(phycobilisome) ltJ':i~'Ufl'01Jt~~nC; (protein complexes) 1~Vff1':iffVi~~~lV'O~1'UtJ1 1~uri 

1~ 1f1t'O'Oi'VIi'U (phycoerythrin) fl~ 1 n 1 ~ 1 fI1ClfV1il'U (allophycocyanin) U~~ 1 ~ 1fI1 ClfV 1il'U 

• ~ 'IjI... ~ .1 ..." "" "" 1(phycocyanm) ruumr ~ 'lf~ ~'1'11'UU ff'1t~1J'U'U 'il1n'U'U1'Umr ff'1tfl':i 1~11 Uff'1H~~f11':i t'il':iWt\PI'U \PI 
u 

(Goodwin and Mercer, 1983) 1ClfV1l'UH'UfiVitivff11J1':imtJ~v'UutJ~'11f1':i'lff~1'1U~~~1'U1'U'U'O'l 
" .

':i~'U'UU ff '11us ~ v~n~1fl'Uff'UU~~V1d 't11f11':i t'HU V1tJ10'U rru ff '1tm 1~111tJ':i~'U de novo 

synthesis iif11':it'iliqJt9l'U l\P1mvl~ffm~U1~~'01J~ijtJi1J1WUff'l~1 U~~11~m~t.I'1m':i't11~lvl'U 

ffm~~ijfl111Jt.,r1J.,r'U'U'O'lUff'l~'1 Bhyra et al., 2000 (t1'1'll~v Kirilovsky, 2007) trl'U~i~nti'U~··.h 

1 ClfV1l 'U U'U f1-n ti m rl 'U secondary metabolites ~ ff11J1HI ~il \PI fI111J11 ~ 1n 'H ~ 1t.I ~ 1'U1'U1J1n 

" ff1'UtJ':i~n'O'U,r'U 1,j~ltrl'U~h'Hi''Ul1J'YI1'U'OilCi11J primary cell (Vining, 1992) ff~tJ1~··.h 1ClfV1l 'U 

u'UfiVitimrl'U"Ifil~'U'O'l secondary metabolites 1~uri 1) ':iff"lf19lU~~n~'U1,j~'1tJ':i~ff'lfi' (t1J'YI1'U'O 

1~""'U'O'ln~'U) 'Hi'O 2) t~'UfI'ilm':i1J'YIH'if1!f1ij (bioactive metabolites) l'Um':i!~1~tiV'Iff\PI-rJ1 
.dl, '~:4: d 

U'U'U f1'l11 'U lU'U'UU~ ~11 'U1U'U 'U'YI '11'U'U 1'il~! l~~'U1lfl1J 
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Source 

Anabaena circinalis Klitz. 

A. crassa Lemmermann 

A.laxa 

A. lemmermanii Richter 

A. macrospora Klebahn 

A. solitaria Klebahn 

A. viguieri Denis & Fremy 

Aphanizomenon fios-aquae (Linnaeus) Ralfs 

Aphan. gracile Lemmermann 

Fisheriella muscicola (Gomont) 

Hyella sp. 

Jagerinema genimatum 

Leibleinia subtilis (Holden) 

Lyngbya aestuarii Lieberman 

L. cryptovaginata 

L. wollei (Farlow ex Gomont) 

Oscillatoria amphibia 

O. curiceps C. Aghardh 

0. limosa C. Aghardh 

0. tenuis Gardiner 

0. variabilis Rao� 

Phormidium amoeneum (Kiitzing)� 

Phorm. autumnale (Agardh) Trevisan ex Gomont� 

Phorm. breve (Gomont)� 

Phorm. calcicola Gardner� 

Phorm. cortianum (Meneghini)� 

Phorm. formosum (Bory ex Gomont)� 

Odorous metabolite (s) 

Geosmin 

Geosmin 

Geosmin 

Geosmin 

Geosmin 

Geosmin 

Geosmin 

Geosmin 

Geosmin 

Geosmin 

MIB 

MIB 

Geosmin 

Geosmin 

Geosmin 

MIB 

Geosmin 

MIB 

MIB 

MIB 

MIB 

Geosmin 

MIB 

Geosmin, MIB 

Geosmin, MIB 

Geosmin 

Geosmin 



16 

0l11H 3 (~tl) 

Source 

Phorm.favosum (Bory) Gomon 

Phorm. simplissimum (Gomont) 

Phorm. tenue (C. Aghardh ex Gomont) 

Phorm. uncinatim (C. Aghardh) Gomont 

Phorm. viscosum Klitz. 

Phorm. sp. 

Planktothrix aghardhii (Gornont) 

Plankto. cryptovaginata (Schkorbatow) 

Plankto. perornata f. attenuata (Skuja) 

Plankto. prolifica (Greville ex Gomont) 

Porphyrosiphon martensianus 

Pseudanabaena articulata Skuja 

Pseudo. catenata Lauterborn 

Pseudo. limnetica (Lemmermann) 

Schizothrix muellerii Nageli 

Symploca muscorum (C. Aghardh) Gomont 

SynechococcuscedrorumSauvageau 

Synech. sp. 

Tychonema bornetii (Zukal) Anagnositidis & Komarek 

Tycho. granulatum (Gardner) Anagnositidis & Komarek 

""
,

.'fUn: Smith et al. (2008) 

Odorous rnetabolitefs)� 

MIB� 

Geosmin� 

MIB� 

Geosmin� 

Geosmin� 

Geosmin, MIB� 

Geosmin, MIB� 

MIB� 

MIB� 

Geosmin, MIB� 

MIB� 

MIB� 

Geomin, MIB� 

MIB� 

Geosmin� 

Geosmin� 

MIB� 

MIB� 

Geosmin� 

Geosmin, MIB� 
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utlflPil"nj'uciiia- (Actinomycetes) 

trt'U't'f1fl~11Jihnmr1Jij1tt1~flff (Prokaryote) ~nrW1H,rl'tJ'j~flfl1J~1fl peptidoglycan 

~ Y: '" ... . .. ~ 
C)f-:JtJ'j~flfl1Jfl1fl'U19'I1~2 'If'Ufl t1fl N-acetyl glucosamine U~~ N-acetyl muramic acid unnmnuu 

fi-:Jijmflfl~iil'Ul1~lfl'lfijfl U~~ffl1J1'j(I't'f1J lipoprotein U~~ lipopolysaccharide trt'Ufl-:JfltJ'j~flfl1J 

~f·nr-:JtC)f~rl''UtJ-:JU1Jt1l1t~fl1J1-:J'lfij fl (~'U fll1nW, 2550) trlm 'il~ty l'U flll11'j m~1'il~t'il~tytrt'Umj1J 
.. .. . 

~Y "11 Q,I 4 QI QQ01JJ lid. 4l!Ic:lQl 1 "'0ruu neu t1Jm~ 'ilflm~'illflm1Jfl'U nuuuannem l1mm'jmfl-:Jt'lffl1J~fl'l:lW: ff rns t't'f1J 'ill'U1'U'il: 

Y ... .: ... ~ ..A, "'''' ~'" '" 0 ~ • 

t1~ renut'lffl'j lt1 m lJ'UUuu apically C)f -:J~1-:J 'illnu1Jt1'Ylt'j flC)f -:J1J fll 'j t't'f 1JmuT\.HlJ'UU1J1J exponential .. 
ti~'jlfll'jt'il~tut~1J l~'Ufl-:Juflt1~l 'U~flCi1ff'il:,*lfl';hu 1Jt1l1t~ mt~:tGJffl'j l1J1flfifltJ'j~1J1W 7-141'U~-:J 

" 
y a Y dY .,"' ....."'~ y" Yl ... "'.1 ,'il:ff'jHlfl ~~'U'Ylff1J\!W1J'Yl-:Jlff'U tl ~~1flll1l'iU~~tff'U flm'Ufl~1flll1l'ilJ'jlfl{] 11tl1'U 

o Go' oC':lro cs.4d 
. 

.e:t. Y 'JJ" 1 ..... 1Y dI ...
ffll1'j1J'lf'Ufl'Yl1Jfll'jt'il'jtu'lflU~~ff'jl-:Jtff'U fl'Yl-:J 2 U1J1J fll'il 'If'j:fl~n~1(l-:J 1 tfltJ'U (Waksman,

" 
1967; Mendez et al., 1985) . .. 

ffl1J1'j(1't'f1JUflt1~1'U~flCi1ff1~'t111tJl'U1in1J'lfl~ t"lf'U l'U~'U '1.11 fllfllfl' u~~1'U.w'lf 
• I t!ll 

um;-:Jl1't'f1J1J1fl 1~uti 1J~l1Wl1ijfll'jff~ff1Jffl'iV'U'Yl~6 t"lf'U 1~Qt'\..httltJfl lt1~'U ~~flfl'Ul~u1JUl 
.. 

1~'Yl:m ~'U1J~nWU l'''j~tJ'U l1~m:Jl'lflm~'U ffl1Jl'ifl't'fmtflt1~l 'U~flciiiffl 'U~'U 1~1J1mrt'Uti'U~1J . .. .. 
fftJnfl-:J'illflH1Jt1l1t~ fl lflfl't'f1JutJt1~l 'U~flCi1ff~1'U1'U1J1fll1~'Ui'U1J'Uu~~~fl~1'U 1'U~-:J 1 tJl'U~'Ui'U ..� 
dl 111_1 .t::l 4Id. dGo' 1 '" '" ...
~fl~-:J ~ lJU~~'lftJ1Jfl'U't'fttJ'lf 6.5-8.0 'U flfl'illfl'Ufl-:J't'f1J1J1fl 'U fl'U1J'jnw 'j eus lfl't'f'lf (rhizosphere) 

... ~ , 1 ,~ ",.,... '" , d ,"I Y 
'Ufl-:J't'f'lfC)f-:Jff1'U l1ty'il~tlJ'UutJt1~ ~'U1JflC)ffffl~1J'Ufl-:J Streptomycetes U~: Nocardia 'il~m'U tfl11 

rruns f1't'f 1JUflt1~l 'U ~flCi1ff 1~..t11tJ 1fl flni:J 'il ~fl~ ij ~~t1 11JfJ 1JtJ~1J1W 'U fl-:J ltflt1 ~1 'U ~flCi1ff fi fl 

ff.fl1't'f'YlHtJ~1J1W V'U 'Yl~ fl1~Q t1 111Jt rt'Unsfl~H U~~'j~~1Jt1111J4'U'U fl-:J~'U 'id1JJ-:Jt11 l1J4'U 

fJW l1tJii u~:q~fll~'Ufl-:J~ -:J~fldfllfffl Uflt1~l'U ~flCi1fftrt'Uu 1Jt1l1t~ fl~ ij~ fl'l:l 01:'Yl1-:J ffWj l'U1'Ylfll 

l1~lfll1~lfl 1~flll1l'i 'illfl fll'idflflffmflffl'iV'U'Yl~ 6 (saprophytic) U~~'lffl1JfJWl1tJiitJ1'U fl~l-:J 

(Waksman, 1967; Mendez et al., 1985) 

ff1'U (Porter, 1971) 't'f1J11Uflt1~1'U~flCi1ffijV'Yl1i't'f~fldl-:J1J1fl~tJfll'jtfiflfl~'U1t1~'U 
4 ~ Y c:l I c:l oC':lro I A oC':lro d 11) .::l.d I 

t'Ufl-:J 'illfl't'f1J t t1 H ff'j 1-:J 'Yl1-:J t t11J U~~ Ul1~-:J 'Yl1-:J 'lf11'Yl fll1J1-:J ff1'U 'U fl-:J 'il flflff1J'Utm:ttJ1J ~ au C)f-:J fl~ 1J• 
'tIfl-:J 1C)ffll1'UU1Jt1l1t~ mrt'U~1~ii~~tJflffii'Uu~~tg1J 1tJU Tabachek and Yurkowski (1976) 't'f1J11 .. 
um;-:J'UtJ-:J~fltJffii'Uu~~tg1J 1tJul'UU lff1'U1Jlfl1Jl'illflUflt1~1 'U~flCi1ff Klausen et al. (2005) 1~ . .. . 
ff~tJ11't'f1JUflt1~1 'U~flCi1ffl 'U'j:~1Jt1111Jt.,r1J.,r'U~1't1fl-:J~flflffii'Uu~:tg1J 1flul'Utmri-:Ju 1111 l1~~1'U 

,1.1 Y" 4 ... .. , :,1..A 
rns t't'fl:m fl-:JlJ~ It'Yl'jrnru fl-:J 'illflffl1J1'j mWflfflfl't'f'U ~ Streptomyces 'illflU l1~-:J'U l'UC)f-:J ffl1J rro 

ff-:Jlml~..r~fltJffii'Uu~~tg1J 1tJU 1~1 'U'UW~~'t'f1Jfl~1J'Ufl-:J 1C)ffll1'UU1Jt1l1t~ fl (m't'f 3) 
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Volatile organic compound (VOC )� 

MIB,GE� 

GE� 

GE� 

GE� 

GE� 

GE� 

GE,MIB� 

GE� 

GE� 

GE� 

GE� 

GE, MIB� 

GE� 

GE� 

.,;� 
'YnJl: Jiittner and Watson (2007)� 

Taxa 

Penicillium, Aspergillus species 

P. expansutn 

Streptomyces albidoflavus 

S. avermitilis 

S. citreus 

S. griseu 

S. griseofu sc us 

S. halstedii 

S. psammoticus 

S. psammoticus 

S. tendae� 

Streptomyces spp.� 

Symphyogyna brongniartii (liverwort)� 

Vannella sp. (heterotrophic amoeba)� 

" il1~ 3 (A) III ~ tWf1'lflJ~u elf! ~1 'W iT£Jq}{1' 'ill min t~ £J~ LJ nun ~ Hl'W 'U'",hihlfllHU ~ 1f1 ~t ~ £J ~ n'U 

'" .
{1'1£J'W'U~ Rothia spp. (B) Streptomyces griseus spp . 

.,; 
'VIlJ1 : Klausen et al . (2004) 
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A A cr ~ IV If: 
fl1'nfl~fli:l'U tfl'il'U t'UD'1JI1'Ul 

"l iI 0 ~ c:l "l 41 .I 4 .1
Martin et al. (1990) ~fl'Yllfll'jrrfl1:l1fll'HY::ff1Jffl'm)1J~fJ'U 'Ut'UfJWfJ'\JfJ~lJCl1flfl 

m1J~fl'U (channel catfish) '\J'U1fl 0.6-0.7 nlClfli'1J .yhfln~flffnCl::Cl1m~1J1fJiifl111Jt.,r1J.,r'U1 
~ . 

11J1 fl 'j fl i'1J~ fJnl Cl fl i'1J l.,r11 lJl 'U1ff'Ut~ fJfl'U~ tdW 1 flll,",1 1 ~ ~ 1flU'U't11nnslul Cl1Vh:: tI:: nm . ~ 

~l~fl'U 2,24 UCl:: 96 i1 l1J~ U1l1tJ1~1fJd1~~lflfJ1t11::ri1'U~1~ '1 1~uri ~'U 1~ ~hHU~ 1i1fJ'I1fJ~ 
iI .JI.l 4 0 "l "" " "" c:l "l 4 'i ""4 IN 'i 'i •. I~I I
'YlfJ~ UCl::flC111Jt'UfJ t~fJ'U1 ~lJ11m1::'HlJ'j1J1Wff1'j1fJ1J ~fJ'U ~fltl11iUflff ~m1J1 ~'Ylm1,"," ~'U11 
~ ;. I .Q GI ~ JI .d ='t ~;. I 4.c:::l.Q "J QJ d JI JI 

1'U fJWfJff1'U ~1'H 'U~ UCl:: 1'U fJn fJ~ C}f ~ nn, 1'U fJWfJff1'U 'Yl1J il 'j 1J1W ~ '\J 1J'U~~ 1JfI 111Jl'\J 1J'\J'U '\J fJ~ 
~. . 

ffnt~1J1fJii~~fl111'UtijfJtafJri1'U~'U '1 Johnsen and Lloyd (1992) 1~.yhflnfffl1:l11'UlJCl1flfl 

m1J~fl'U'\J'U1fl 500±100 fli'1J~ijlJ~1J1W1 '\J,j''U1'U'j::~'U~l~fl'U 1~WtJ1~1fJd1~lJ Cl1~ 1~1J1't11fll'j ui 

1'Uff1'jCl::Cl1m~1J1fJii1 11Jlmfli'1J~fJii~'j ~fJW'HfJ1J 25.5±1 °C U1l1't11fll'j~1Jt~'U~1fJd1~lJCl1 
.d .:.. 'i 4 "" ".1"" c:l "l 4 iI 4 IN 'i 'i
'Yl'j::tI::tdCl1 0,2,4,8 UCl:: 24 'In ~1J~ t~fJ11m1::'HlJ'j1J1Wff1'jtfJ1J~fJ'Ufl1mmfJ~Uflff~m1J1 in 

m1'VJVJ UCl::U1JfffftlJfll~'j 1'VJ1~1J~~ lfltlU,j~lJCl11~'U 2 fl~1J flfJ fl~1J~ij1'\J,j''U~~fl11ifJtlCl:: 2 

(2.5,4.0 UCl:: 6.0) UCl::fl~1J~ij1'\J,j''U~lfl11ifJtlCl:: 2 (0.5, 1.0 UCl:: 1.5) ~'U11'H~~~lflflnuil'U 
c:l "l 4 .:.. 'i c:l "l 4'1.1 .d.. "" "l.... iI 

ffnCl::Cl1t1tfJ1J ~fJ'U 24 'In ~1J~ ff11J1Hl~'j1~~'UffntfJ1J ~fJ'U ~'Ut'UfJlJCl1'Yl1JlJ'j1J1W ~'\J1J'U'jfJtlCl:: 

2.5,4.0 1m:: 6.0 l'Vhfl'U 20.1, 24.3 UCl:: 20.8 11Jlf1'jfli'1J~fJnlClfli'1J ~11J~1~'U 
"l iI 0 ~ <!i ,

Yarnprayoon and Noomhonn (2000) tfl'Yl1fllHJfl1:l1fll'j~flC}f1JUCl::fll'j U~'jm::~lt1 
~ . 

'Yl1~ ;1fl1~'\J fJ~ ff1'j ~fJfJ ff1J'U 1'Uil Cl10WCl ~ 'U11 flln~'fllJ Cl10WCl1'UtJ 1ViijmsCl:: Cl1 tI~ fJfJff1J'U1.,r1J.,r'U 

5 11J lf1'jfli'1J~fJii~'j ~::'t111..rlJCl1oWCl~::fifJtI ., flflei11Jffn~fJfJff1J'U1.,r1ri~1t~1J~'UlfltlI ~ ~ 
~ . 

u~im::~1t11lJiJ~ri1'U~1~ '1 '\JfJ~i1~flltllJCl1 ~~u~nm 0-72 i1 l1J~ Casey et al. (2004) 1~'t11 

fll'j'YlflfffJ'U'H 1fl~'U 1 m'1'U 1'U'VJ1{1JlJCl1flflfJt1J~fl'U (channel catfish) 1 fl til ,*1~fln'YlflfffJ'U'Yll~ 

lJ'j::ff1'Ylff1J~ff 1~fll'jffflfl'\JfJ~U~~ UCl::1~1f1~fJ~Unff lm1J11'Ylm l'VJVJ ~'U11lJCl1flfl m1J~fl'U ~'t11 

fln~1J~n~~'U11ijff1'jlJ'j::flfJ'Ut~1J1fJiiijfi1fJ~~ 0.1 UCl:: 0.2 11Jlf1'jfli'1JInlClfli'1J ri1'U 

ff1'jlJ'j::flfJ'U~fJfJff1J'Uijfi1fJd~ 0.25 UCl:: 0.5 11J1 mfli'1JInlClfli'1J ~~~'U11lJ~1J1Wmnhennu 
~ 

~fJ fJff1J'U ijlJ~1J1W 1J1flfl11ff1 'jlJ'j:: flfJ'Ut~1J1fJii 

Grimm et al. (2004) 1~ij'j1t1~1'U11 ~lflflnm1~fffJ'Ufl~'U lf1Cl'U'H~fJfl~'Ul~.y;~ 
.1 "'1.1 'i '1 i1 i1 .d .1........ 'Iii 4 l.d 
lJ'j::ff~f1 ~'UlJCl1 catfish ~fltlfll'j ~'If~1'lftl1'1f1\U'Yl1~fll'jlJ'j::ff1'Ylff1J~ffUCl::~'lftfl'jfJ~ GC/MS ~'U11'Yl 

~ " 

'j::~'U'\JfJ~t~1J 1 fJii~~'U 1'U~1lJCl1ijfi1fJ~'j::'H11~ 0.1 une 0.2 l1J 1 mfli'1JInlClfli'1J ri1'U~fJfJff1J'U 
~ 

ijfi1lJ'j::1J1W 0.25- 0.5 l1J lmfli'1JInlClfli'1J Whangchai et al. (2008) fffl1:l1~Cl'\JfJ~fll'j1~tI~~1t1 
~ .� 

'j::'U'UtJ 11~tl1~ erns t~~ \Y 1~ 'Ul~uCl::fll'j ff::ff1Jfl ii'U 1~.y;~lJ'j:: ff~rll 'UlJCl1oWClUfl~ ~'U 11 ~Clfll 'j 
~ ~ ~ 

t~ tI~~1t1'j::'U'UtJ 1t~tl1 1 fltl 1,*~tI\!Cl lri 1~1~tI~u~'li1t11'Uflnt~~\Yt~'U 1~'\JfJ~lJCl11'vhu'Uu~ iJ~'t11 
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" 
1 ..rtfi~fl1·H"~fflJ'IJ tHff1'J tJ'J eneu~tH)ffih.ju~~t~lJ 1t:l'uhJt'l1t1tJ~ 1'\1~ U~~~':lV i ~tfff1'JtJ'J~fltllJ 

~tltlffih.l 'il~1j fl11lJfflJ'W'U'litilJtJ~lJlW 'lJtI~ Utlfl ~i 'UiTtf~ff1 'U~'U 'if'Uii tI 1'U'lJW ~~ ff1'J tJ'J ~ nau~~lJ 

1t1i'j 'il~1jfl11lJfflJi'U 'IitilJtJ~lJ 1W'IJ tI~ 1C)ftf1i 'UUlJflVit~ tf Persson (1980) 1~'t11fll'J\9I 'J1 'ilfftllJ 

ff1'Jt~lJ1t1ij1'UtJ~1 Bream, ilm Pike, tJ~l11lJtI u~~tJ~l~Vlfnl1jfilt'vhti1J 0.095, 0.085, 0.075 

o '" & d "l!JJ I .1 !JJ" '" d "l '" '.1 ",";
U~~ 0.55 \9I1lJm~lJ C)f~'il~m'U ~~11lJ~ltVl'J1Vl'il~lJfll'Jff~fflJff1'JttllJ ~tllJlJlflfl11lJ~1'lf'U~tI'UU\9I 

I 

fi1~1~iJ~~lfl-j1'J~~lJ'lJtI~~tltlffij'U (\9I1'JH 5) 

,. " 
A1'JH 5 tJ~lJ1W flil'U ifl~'Uliff~fflJ1'Uff\9l1t11'lfU~~H ~ 

!JJ '" 'If'\1~tJm GSM MIB m~tI~ 

-I
Bream 0.095 ug.kg 

-I
Pike 0.085 ug.kg Persson (1980) 

-I
Rainbow trout 0.055 ug.kg 

-I
Shrimp 78llg.kg Lovell and Broce (1985) 

-I
Channel catfish 20.1-20.8Ilg.kg Johnsen and Lloyd (1992) 

-i
Channel catfish 0.7Ilg.kg Dionigi et al. (2000) 

-I -I
Channel catfish 0.25-0.5 ug.kg 0.1-0.2 ug.kg Casey et al. (2004) 

-I -I
Channel catfish 250-500 ng.kg 100-200 ng.kg Grimm et al. (2004) 

-I
Rainbow trout 0.9Ilg.kg Robertson et al. (2005) 

-I
900 ng.kg� 

Rainbow trout Robertson et al. (2006)� 
-1 

7.2Ilg.kg 

-1 -I
Red tilapia 4.6-41.0 ug.kg 1O.0-74.0Ilg.kg Whangchai et al. (2008) 

.e:t ~ C:S:uJ~ ,..; ucl:� 
m·H'~iJ1.J"8~;)88iJ1.J'I·m'tl~t81.J
&8'IJ!'U'lJ8n.'ltl~iJVl1'U1 

'" '" d "l '" Ci '" rm ff~fflJ'IJtI~ ff1'J 'iltltlfflJ'UU~ ~ttllJ ~ eumu1'J fJff~fflJ 'il1flfl1'J ~~C)flJ 'lJtI~t 11~ en.. 
tlltf1~VlHt~'Um111'Ju~~~hM'lr~ (Clark et al., 1990) i~tftVltl{iJ'Utltf~~Qfl~il\9l'il1flff1Whtf~~~tf1 

" .. 
UfllJt11t~'Utrl'Uri1'U tJ'J~fltl1Jli't11 1Mtfi~flil'U i fl~'U U~~Q fltJ"tltf 1il ff11J1'JfJtl~CjflJt.,r1 1 tJ1'U~1tJ m 

"l !JJi ";.1 '" '" ..., !JJ "l.I'l '" d 'l !JJ , .!Ci !JJ';" 'l0 

~~ ~tftlJtllJ~lfl'Um111'J11'JtI'Vi~m'Ut'IJ1 ru ~'Um~tlflfl'il~m mff1'JtJ'J~fltllJ~11~1'UC)flJ111fl~'U ~'U 

4 GI cv " ~ ~ ~iJ ,1 I GI ~: ~: d ..:::I

m~tlfl ~ 'Ummeme1'U U~~ ~ 'Ut'Uti Vl~'U\9ItI~'IJ'UtI~fllJf.JW 11 fJlJ'lJtI~'U 1i ~tffJW 11 fJlJ'U1Vl"J~'il~lJfll'J 
j/ I' I 

tl~CjflJ 1~~fl-j1fJW 11 fJijt11li~1 U~~tJ~lJ1W 1'IJiT'Uli1jtl~1'U~1tJ~ 1 (1'J'Vi~~, 2545) 
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Yamprayoon and Nomhonn (2000) 1~Vhfll':if1fl'lllfll·H"~fflJfl~t.l11i~~tJ':i~ff~fi' 
. ".

tJ'l1'I1Cl1~tJ1~lJff1':i~m)ffijt.l1t.lti1tltJmfh~~tJfl'J1lJt~1J'I~'t.I 2.8-3.90 1lJ1mfli'lJ/n1Clfli'lJ 'VltJ11 

~ .ct Q,I Q,I .c:::! Q Q,I eQ tI d " ''I A ... 1
tJCl1t.1 Cl 'I~lJ tl~ ':i1't1tJff1':i 'ItltlfflJt.ltltlfl 'I1fl~'JtJCl1fl~ 51-89 nl tlWlft.l ~ UCl ~ff~fflJtl~ &t.ltt.ltllJCl1 

rrhtitJ 7.55-9.85 1lJ1fl':ifli'Wn1Clfli'lJ tlitJ'J~~iifll':i~~91lJ1~~~tl~fltlih1tf ':itl~Cl~1Jlfltl fh 
II I " • II 

UCl~ti1tl mu ii1~u tjjmJ 1tJ Cl1UCl 1 tJu"li1 ~1 t.I tJ1Yiff1':i~tltlffijt.l tJt.lttltlt.l1u ':i~~tJfl'J1lJt~lJ~t.I 5 

UCl~ 50 1lJ 1mfli'lJ~tln1Clfli'lJt~t.lnCl1 2 i'J 1lJ~ 'VltJ11tJCl1ijCliifl1':i~~91lJt'YhtitJ17.6 HCl~ 42.2.. 
1lJ 1fl ':i fl i'lJ9i tl n1 Cl fli'u ~ llJ ii1~u ~~ Jt.ltrl tl ':i ~tJ~nCl1t ~ lJ~t.IilCl1UCl 'I~ ii fll':i ~~ 91lJ ff1':i~tl tlffijt.l 

t~lJ~t.llJ1fl~llJ1 tJ~'JtJ 

Lovell and Sackey (1973) 1~f1fl'lllfll':i~~~tJfl~t.I~t.l1flClt.l'tltl~tJCl1Hfl'YlVl'lf1~tJtJ1 
" . " " 

tJCl1't1t.11~ 50 fli'lJ lJ1t~tJ~1~1t.1ti~ffH~t.ltClff 'tIt.l1~ 150 ii~':i Yit~tJ~ff1,.d1tJih~tJ'JUfllJtJ1t~t.lH9i 

Cl~'lfU~ 1~un Symploca muscorum 'I1itl Oscillatoria tenuis 'VltJ11flltJ1t.1':i~tJ~nCl1 2 it.l tJCl1 

Hfl 'YlVl 'If'l ~ ii rru ff~ fflJ 'tI tl ~ fl ~ u ~ u] flCl t.lfl ~1tJtitJ fl ~t.I 'tI tl~ ff1'11 -J 1tJ "ht.l il Cl1~ t~ tJ1 ~1 u ti~~ 
. . " 

tJ':i1f1'1 1flff1'11-J 1tJ'I~iifl1':i tn~ fliit.l 1~t"lit.ltit.lu9i;hfl11tJCl1Yit~tJ~ 1 ~-J'JlJtitJff1'11i 1tJ u ff~~ 1'I1'titt.l 

• Q,I d Q d "l d A.a .a tq"""l l.c:t 
'J1tJ Cl1Ufl'YlVl 'lfff11Jl':ifl~~ 9ftJffl':i ilr ~ fleu'I tltlfflJt.lUCl~ ieu Laums tt.ltlWtl 'tI tl~ t'I1 ~tl fl L~UlJ LlJ u.. 

" ff1'11-J 1tJfft~tJ'JUfllJtJ 1t~t.I Robertson et al. (2005) 1~Vhfll':if1fl'lllfll':iff~fflJ'tItl~ff1':i~tltlffijt.l1t.I 

tJCl1t':it.l1tJ1t'Ylfl1'1 (Onchorhynchus mykiss) 1~tJ1,*tJCl1't1t.11~~Cl1~ 278±5.7 fli'lJ ~lt.1'Jt.I 44 ~'J ii 

" .
tJ~lJ1W 1'tI~t.lrrhtitJ 4.64 ± 0.19 ttJtl{t~t.I~ "lfl,rt.l~~tJ11tJfflJ~fftitJff1':i ~tltlffijt.lYitlW '11 flij 14.5 

q .. 

tl~f11t9fClt9ftJff ~':i 'J"t~fltJ~1J1W rrn~tltlffijt.l1~tJ1~fll':i 1'*tJ ':i ~ ff1'YlfflJ ~ff 'VltJ 11ff1lJ l':ifl~ ':i 'J'I'VltJ 

ff1':i~ tltl ffijt.l 1 t.Iil Cl1 t':i u Iu 1t'Yl f 111trltl ~1t.1 i'J1lJ ~~ 3 UCl~ ii ':i ~~u 1Jl fl~ tl~ 1u i'J1lJ ~~ 6 

(2.94±0.13 1lJ 1mfli'lJ/fi1Clfli'lJ, n=5) 'I1~~'I1flfflJ~ff1tJ1~24 i'J1lJ~ 1t.1fl~lJfll':i'Yl~Cltl~~iifll':i 
" 

tJt.lttl eu'tI tl~ff1':i ~tltl ffijt.l 1u ':i~~tJfl'J1lJt ~lJ~t.I U'tltJ tJ1t.1 flClH uneum 'I~ii':i~~tJfl 'J1lJl~lJ~t.I 

'tItl~ff1':i~tltlffijt.lCl~Cl~ rtiltitJ 1.68±0.12, 2.98±0.39 UCl~ 6.25±0.75 1lJ 1mfli'wfi1Clfli'lJ 

Robertson et al. (2006) 1~'Yl~Cltl~fll':iff~fflJ'tItl~ff1':i~tltlffijt.lUCl~I~lJ1tloU1t.1u9iCl~ 

q~ fllCl'VltJ 111t.I"li'J~q~ftlt.l,,~ iitJ~lJ 1W'tI tl~ff1':i ~tltl ffijt.lUCl ~l ~lJ 1 tloU 1J1 fl~ tl~tJ n lJlW 25 ui]u 

Q,I Q "l" 'Gld ~ Yet
fl':ilJ/Clm (fll'Vl 4) Lovell and Broce (1985) L~':i1rH1t.1'J1 Lt.lil1983 fll':iI'Vl1~tClMfl~ Lt.ltJ':i~I'Ylf1 

q 

ttlfl'J1~tl{'VltJiI~'I11~~iifl~t.l1 flClt.l1~tJ'VltJ11iiff1':itJ':i~flfltJ~ tltlffijt.l1t.I':i~~tJfl'J1lJl~lJ~t.I ~~ ~ 

tJ~nw fl~llJtiftl~~ 1~tJiifl'J1lJl~lJ~t.I 78 1lJ 1mfli'lJ9itlfi1 Clfli'lJ ~~t~t.ltJ~1JlW ff1':itJ':i~fltltJ~ 

tltl ffij t.I~ ~~ fl11 1t.ItJ Cl1 Ufl'Yl Vl 'lf~ ~ii tJ~1JlW ff1':itJ ':i ~ fl tltJ~ tl tl ffij t.ll~ tJ~ 9.8 1lJ 1fl ':i fli'lJ9itl 

fi1 Clfli'lJ 1 ~tJfft.l U't:l\'llt.111ff1'11~~vh 1'I1'n'~tfi~fl~t.l1 flClt.l ~iifl'J1lJl~1J'Ij't.I ff~1~tl~lJ 1'11fliifl'J1lJ 
~ q q ~ 

t~lJ 1t.IJ1~1 ,*titJ~ Cl~Cl ~Vi 11'11'ff1'11 i1tJffl~tJ'JUfllJJ11~t.I ii fll':i I'I~\lH~tJ 1~I~lJ~t.I 
u 
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1I)j1 ..... d1l)'"
Matsuyasu et al. (1995) ~~'VI~"HJ'l.HH'l'\lij'l'tYl'.Hlm)'tYlJ'Uu~~tijlJ ~ij'IJ\9lijfl1'J 

, I QI d. Q,d, "'j) .QAQlI.Q 

~~'U1fl1'J'\Iij'l'l1mnlJ'U'V'l'IJ1l'J~~'IJ i.c; '\Iij'l'tYl'J 'ilijij'tYlJ'U'VIf'l11lJt'\llJ'\I'U 16.67 lJ~~mlJ\9lij~\9l'J 

U~~tglJ 1ijij~fl11lJt'li'lJ'Ii''U 68.77 iJ~~f1i'lJ~ ij~\9l'J ih·m~ij~'I.ht'IJ'lJfl1'JtJ i)'tY'U ~ ri1'U 'J~~'IJ t.c; 

'\Iij'l'tY1'J~ ijij'tYiJ'Uu~~!glJ 1ijijii H~~ij1tJU'IJ'IJ'\Iij'lf11'JU,j'ltC)1~"''\Iij'l 'I1mmJ'U iifi1t~~ rnvhtl'IJ 16.58 

U~~ 66.56 iJ~~f1i'lJ~ij~\9l'J \9l1lJti1~'IJ 

3,5 25 

_GSM
3 =2-MIB'''l: .. +.. temperature 20 

-';"C12.5 
~ 

Ii +. 6'.= 15 e..... 
::I 2 :t' '''I:-. 2! 

::I 
I

.- 15 
: 8

2
c ! 
m ' 10 E 

+. l-
GI 

~ 
(/) 1� 
e" T� 

5 

0.5 

0 0 
A:

~ 61 ~ 10 ~ '1" '1.<~-o "'e:. 'S6. 0" 10 
"'0 6'0 "''0", "''0", !'J--o 

? 
"-0 J' :9'-0 ~-o "''0.., :1-'0 

? ? ? ? J' ? 

Month 

.fll't't 4 f11'J 'tY~ 'tYlJ '\I ij'l 'tY1'J~ij ij'tYiJ'UU~~tglJ 1 ijij\9l1lJ'lh'lq~ f11~ . 
l1lJ1: Roberson et al. (2006) 

1. fllU.U'l1''llU''~ 

U'tY'It~'UU '11 ""'1'V'l ~'1 '11'U~d1fl OJ 'l'Um~'IJ1'U f11'J ff'It f'I'J1~ MU'tY '1'\1 ij'l'tY1'11~ 1fJ fl11lJ 
u 

" JI • 'JI 

t'li'lJu'tY'Ii'U'lh;i'Utl'IJ'tYtll'Ul1 qtlf11~ nmi'U'Jij'IJ1'U 'J~~'IJfl11lJ~f1'\1ij'l'lh ff fl11lJ;'U u~~tJilJlW 
• >J 

tf1~mt 'il1~::: ~lfJij~i 'U lJ1 fl11lJ~ij'lf1l'JtJilJ1WU 'tY'1'\1 ij'l'tY1'11 'i1fJU~~:::'I1il ~U\9lf1~l'1tl'U f11'J 1~i''IJ 
• >J 

tJilJlW U'tY 'I 'tY'I '11 i ij ~ 1tn 'U 1 il ii H~ ~ ern'Jt'il i OJt~ 'IJ1\9l'\l ij'l 'tY1 '11 'i 1fJ 'tY1'11 ~ 1fJfft~ fJ1Unu lJ 1t~ 'U 
~ u 

'U ij f1 'il1f1 ~ ii f'I~ ij h ~ ~ '" !ij t~'U Hfl1\9l q'11 ~f1 d1'11i''IJfl1'J tl ~ ei1lJ U'tY 'I U~::: !n~ il i) ni fJ1fl1'J 
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-ff~tm1~Muff~iJ~ijHfl191q~'U '1 t'lf'U lvJ1flin~ 11.h~'U (phycobiloproteins) ~~1.h~m)tJ~'w 

fl~ 1 ~ I vJ1 fl19f til u'U (allophycocyanin), lvJ 1 fl19ff.l1U'U (phycocyanin) U~~tJ1~'ll'UflijlvJ 1fl ., 
tflfl~ 'YI ~ 'U (phycoertthrine) H fl191q~~ mildU ff11J1'H'1 ~fl 9fllU ff ~ 1'U'lf1~ ih;j tl1 m ~ fl~ U~~ ~ll 

., . 
(500-600 'U11'Utllm) 't111..rff1'l1i1tlih;jtl1nfllllJ1t~'Uffllll'HH~tJtntl1Uff~ l~fl~l~ijtJ~~iY'YIim'W 

(Cohen-Bazia and Bryant, 1982) 
., . 

Raps et al. (1983) flrl1TJ1ff1'l1i1tlih;jtl1UfllllJ1t~'Uff1ll1Hlmfftlflgl~1'UtJ~nwfi 

ijuff~-UVtll~ t'lf'U l'UtJ~nw~uff~ffV~~~ltJl~-Ufltl J1~ijfl1111''U1J1fl '11fltlfl1111t'tYllUff~"l~'il~ 

ijflnttJ~tI'UutJ~~'Ufl~Hfl191{lm'Wl'Ut9f~~ mh1~flijtJ~1J1Wfl~fl h~~~ tflU~~ IvJ1fl 19ftl1U'U • 
~fl ~~ 'lu 'U W~~ Ufl1 ~ fi 'Ufl tlfl11iYill..rfl91~ 1m~ -ff~tm 1~ MUff ~ ~fl~~u~~t~fl11t;j'U m eu1'Ums 

tJi'1.J9i1tvlm'jfl~ti'Um~~fl'V'h~ltlfl~flh~~~ ie t~fl~'il1flfl1111t'tYllUff~"l~ (Lee, 1999) ~fl1111t'tY1i 

Uff~'Ufl~U ff~~1'WtJ11'il~ijm~tJi'tJ9i'1 l..rtJ~lllW mw1 ~~~~ tflU~~ I vJ1 fl19ftl1U'U lvill~'UYhl..r 
." 4 dQl Q,I 0' ~ tl d ~ dd :..c::. 

U'W~~ fl91 au 'W'll'llfl91~1fl1~ ff~tfl ~1~'I1 Uff~t'Wll'U'UU~~L'I1'UtlJ'UffL'Utl1Uflll'U 1t~'U 

2. m·n'tlf.l~l 
1 d.d : oQ oQ d ~ oQ .d ~,. 9J dod QI

ff1'l1~ltlfft'Utl1Uflll'U1L~'U'I1~ltl'll''UflllUflffU ~ flH ff~ l~'YIll~flllW~1flfl11 fl~ 9f~tlJ'U 

t;j'UQ~~ijn19ftJ~ ~ flgfl1tll 'U1fltlij ~flllW~t;j'Uq~fl~1~~mtl'Uflflt;j'U ff1'U l~ 1 fl~~~iiflmtll 'Uij 

w ~ II) 't ~'" 't ~ '" 't '" I '" 'I I : ~ 0'1 'JI 
~flllW~tlJ'U ~~ ~fl~lltJfl ~fltlUflffU1flfl1 ~fl~llfl1111'l1'U1U'U'Ut'WtI~ I ~'U 10 ff1'U'Ufl~'U19f~'YI1 m 

., ., 
I dd o..e:t. d '91' 0 

ff1'l1~ 1tlfft'Utl1Uflll'U1t~'U llfl1111'l1'U1U'U'U'Ueumnn (Walby, 1987) 

3. tTl"Jtll111"J 

ff1'l1 i 1 tIfft;j tl1 UflllJ1t~ 'U'jjfl Lnfll 'Uu ~ t1W ~ ij ff1 ~ fl1'l11~ ff ~~ ~ 'jjflij tJ~lllW 
OJ 

• .1 • .1.... II) 't 'JI 'JI 'I: I 0'... ..4 .! I '" 

llflffll fl~ nun~ ~ 'U ~ m t'il'U fl1111t'Ull'U'U "l~ ~ 'U'U 11J1flfl11U'W~~ fl91fl'U 'W'll'fl'U 'Ufl nemu ff1'l1~ltlff 
., 

t;j tl1UfllllJ 1L~'UiJ~ ijm1ll ff11J1~{ll'Urns ff~ffllvJflffvJfli'ff 1 fltlff~ mnnru~tI~'Wfll'Um~ mj~ t9f~~ 
.d ~.dd' IQI I : QI.d~.l \I1d .d QII QloQ I 

2 {l~ 4 flH 9f~llmt'YI1fltJ 4-32 t'YI1'Ufl~'U1'l1'Ufl'YIL'W1l'U'U fltl1~ ~~fl9l11111fl'W'il1~W1{l~mvJflffvJfl~ff 
., . ., 

't1~'I111fl1J1 flfl11fi 1'U fl~vJ flffvJ fli'ff-ri~~~ 1tllJ1t~tI~ fl~l~ t~ tl1vJVffvJfli'fffl 1111L'tY1i 'tY'Uff ~ 'il~ff ~t ff~ II 
., . OJ 

ff1'l1 i 1tlfft;j tl1UfllllJ 1L~'U 'YI1~ ~flll tijfl~ 'il1flvJ flffvJfli'ff'il~'t111..rtnflm ~ t'il~ uu~tI191'Ufl~U 'W~~ n 
" 

9lfl'U~'ll' 1fltl..f1I tJfl~l~'I1'U 1Utl'U m~ ttJ~ tltJt-ritltJ~~'I11Hfi1~m1J1~ffll'Ufl~ fl91~ 1"h'U~~'I111~ 

l'U 191~t'il'UU~~vJflffvJfli'ffl'Uff1'l1i1tlmill~l;j'U~fllnfl91 ijfilt'VhtitJ 16-23 111L~fJ~ l'U 1mt'ilU~fl . ., 
I 111t~ fJ~ 'U fl~vJ flffvJfli'ff ff1'U fl91 ~ 1ff1'U-rim 1l1~ffll'Ufl~ fl1~ t'il~ qj'U fl~ ff1'l1i1tlfft;j tl1U fllllJ 1t~'U ij 

fi1~lfl11~fl I0-16 111t~fJ~ lU 191~t'il'U~fl I 111t~fJ~'Ufl~vJflffvJfli'ff (Schreurs, 1992) 
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, ...� 
4. flll'IJ"'U'Uf)~'Ul 

f11UJ~'U'U f)~ J1lnfll~f)~~1 flii eumnu'Ul'U1:1 f)ee ,i..r~~l~ 'Uff1'j ~'U'Vl ~ ~ une ff1 'j 
• • 111 

'j/ ,J/ • II 

f)U'U'Vl~ ~'j 11l't1~ff ~ii~1f1' 'Uill f)'4fllfl U'Ul'U1:1 f)tlii H1:1~mlff ~fifff)~ ~1'U 1:1~m' 'U'U1..11'Mlnflfll'j 

m~ ~lt1'Uf)~Uff~ Uff ~'I.Jl~ffl'U ~~(lflflfl~1JW1 1 ~ ..11' MtI~mtlHlff ~~fff)~1:1~ 1 tI~l'U ~h~1:1f11:1~ii H1:1 
OJ OJ 

91 QI (/ I l.ci Cll. Cll,l"lYll1'd cl
''I1fll'jff~lfl'j1~'I1Uff~'Uf)~ff1'11'j1t11:1f11:1~

QI

ff1'11'j1t1~~l~'jqjlfl1J fI ~fll11lflll'Vl (1:1f1f11, 2539) 

5. flll'IJlil'Ufl1~m.JtT 
. . " 

fI1111l~'U m fll1Jfffil'l1m~ffllfi1Jff~ii~1f1 'l'U'U1iifl1f)~' 'U')h~ 6.0-8.0 ff1 'I1i 1t1U~ 1:1 ~ 
o " •

'lfil fI $lf)~fl1'j m111l~ 'Umfll1J ff' 'U'j ~~1Jfi Ilflfl~l~fi'U 1Jl~'lfU flii f11111'Vl 'U'Vl1'U ~ f)ff rrne II'11 rl~'U1fi 
o " •

l~'Umfl~~ff1m'jm~~qjl~1J lf1 1~~ U~1f1t1't11 1t1ff1'11i1t1l~~qjl~1J lf1 1~~''U'U1fiiifffll~l~'Umfi 

(~flfl1, 2539) 

"" 6. ~W'H.Q'IJ 

" " , 'Ufll 'j l~ tI~ fffll'U1 ffl'U' '11 qj 1l~~ 1J';hiirml~~ qj l~ 1J1 fI mh~ 'j lfll~ l'U f)~ ff1'11 i 1tlf)~ 

" 2 'lfilflflf) ff1'11 i1 tlffl;;tll U1:1~ ff1 '11 i1t1ffl;;tllUflll'U1l~'U 1fltI' 'U')h~mfllff'l1'U11 ~~ ~ 1Jl1ff1'11 i 1t1ff 

. " 
I;;tll ~~l~ 'U'lfil flfi l~'UU~tI~uuu 'Uf)~ ff1'11i1tlffl;; til Uflll'U1l~'U~~~1Jll1flil~ 50-70 Itlf)11~'U~ 
GI' 'j}'j/ ~cI ,J , .Q Cll,1 QI~QI jI do Cll. 

~ 'U'lfl~ 'I1'U 1'j f)'UCHllffflll~'Vll'l1111~ eufI emsl~ 'jWlfl1J f1lll:l~ uuu 'Uf11ff'j 1~ ms ~ f)f)ffll'U Martin... 
" . 

(1994) tlfl 'j 1fll'j l~~ qj l~ 1Jlf1 "J~ "lfl'Uf)~ff1'11 i 1t1ffl;;tllllflll'U11~'U 1 fltI't11 1 tI~nnu'l'U~W '11 jJiJ 

in flfll1 25 f)~ ffWlf1:1l9ttl ff ci1~ l~ 'Ufl 1~ l'I1 m~ nuci1~ ff ~ fll1fl 1'U f)~ ff1 '11 i1tI' 'Ufl rlll ff1'11 i1tlffl;; til 
OJ • 

U1:1~ff1'11i1t1' 'Uflrlll• 1f1f)~f1flll 

" Mur et al. (1999) ~1Jl1ff1'11i1t1ffl;;tllUflll'U1l~'U~~ 11il~~Wl~1Jlf1'11~f)ff!1~ff1'j...
" . . 

~f)f)ffiJ'U''U'U1fifJW'I1tJiJ~lfll1 15.56 fl~ffWlf1:1l9ttlff (60 fl~ffl'vhl'j'U1~~)Roberson et al. (2006) 

I ""'I il jI t!G.J QI QI tI d. Q d "l d. 

'j1t1~1'U11 ~ 1flfll'j fI 'jl ~ fff)1Jf)W'11 fill ~ 'U 1:11 mrrn fl1JfI1111ffll~'U 1i'Uf) ~ ff1 'j ~ f)f)ffll'U U1:1~ mu ~ eu 

" 
• . OJ 

I QI .ell 4d Q. 

~1Jl1ff1'j'Vl~fff)~ ~~llfllff~ fffllllf)llflW '11 fill ff~fffl (fll~ 5)
qJ q q cu qJ q 
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.Q 
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d 

J1.I 
1 .etGl 

tJ1.J l'UlJl:l1!'VlHVI
_ I ,,11 

• OJ 

't'l1Jl: Roberson et al. (2006) '"�

if€!!'t'Il'Ut'I~m1N~~'l.hnil'i,1'u~::'lJ'lJ~lA~1I1 
jI� iJ. iJ 

l'U ':i ~ 'I..J 'U msI~ V.:j tJl:l111'U'U Hff1.l H""l'U~rnl ':i ~ ""'l..Jilty 'I11fl1':i Itl 11ffV'\J tJ.:j 'j.j1li1~I~ V.:j 

unernr!~1.1 ~1'U 1'U'\J tJ.:jlll'll:l.:jn~tJ'U~'l11Jlf1ln'U 1il (eutrophication) l'U,j tJ !~tJ.:j ~lfliitJ~1JlW '\JtJ.:j 
, iJ , ,� iJ 

!ffvlitJ rl tJVl:l.:j~,j m~ V.:j tJl:l11Jlfl~'U !n'U 1 il !ijtJ iY.:j,j'Uri1V~ rnl ':i .:j!~tJ'U \1fltJrltJ Vl:l.:j~,j m~ V.:j 

" .
tJ~1JlW '\J tJ.:j!ffV'l..JH"h'U ""11.1 l':iol:l~ mv'Il11~ ll~ii'UH ff1'Uli'l1 ~fl'l11.11.111l:l~ ~tJV""l:llV'U~!1W 

19i'1':i .:j!~tJ'UI-tl'U ~1'U 1'U1.1 1fl 1~ V'\J tJ.:j!ffVff1'U1 '11 ru~tJ rltJVl:l.:j ff,j tJtJl:l1~~tJ':i~fltJ'I..J~1V""l':itIl'l11':i 
U OJ 

~1.:j '1 !'I1'U 1i1~ l'U 1~':i!~'Ulll:l~1i1~yJtJ""yJtJr",,''UtJ~1Jlw''J:.:j 
'\' 4 .1.1 .... 'I I "'''' , : iI , 
l~m'i1l'l1~!1.1 tJ':i~V~nl:l1f1l':i Il:lV.:j1Jlfl'\J'U'I1 ':i tJ I'U'l11.:j numsmm't'l'U 1'U tJV !'l1'U fit} 

" ~tJ'U ..11111'lll'll:l.:jn~tJ'U~'l1iif1l':i!~~ty!~'I..J 1~1Jlf1ln'Ufl1':i ..11111''Il11'U,jtJiiffl;jV11~1.I l~V'l1U~'\JtJ.:j 
.. .... '" .. .. '\' '" ~ .. "'!:it .1 ,\," .. "''I ~iI'\' ...... 

lll'll:l.:jfl~tJ'Ul'l'l1't'l!~':ity!~'I..J1~1.I't'l.:j'l1'U~'t'l!'I..J'UlJ':i~IV'l1'Ulll:l~'l1'U~'t'll'l11't'lll C)f.:jlll'll:l.:jfl~tJ'Ul'l'l1'1..Jl.:j 

• iJ I , I t iJ� I " 

'l1u~ ..h111'tJl:lln!~v.:jiiflii'U lf1l:l'U flii'Ulil'l'I..J1.I1fl1'UtJl:l1li1~~lflf1l':i ll'll~!~V.:j l~m'i1l'll~tJmn!~v.:j 

1'U ,jtJ~'U 1ll:l~!-tl'U i1ty'l111Jlfl~ emsff.:jtJtJfl 1~lltl fl~'U ""1'I..J'I1~ tJfl~'U 1nnu l~v 1'U tJ~~!~ 11 ~"h 
.q ci,l.d ~ .cd 0 til ~ d ~ QI I I QI ~.d QI iJ'
!f1~ ~ 1flmms 't'l'\J 'U':i 1\H 1'I..J'U ""1!'11 ~ 't'lm I'llilmune 'U~ .:jfll:l11 1l~i1 ~ ~'lJ'U!'I..J'U nn':i 1'I..J'l1~1ll:l111 

~ '\' 'I QoO.1 .. .1 4 QoO .. ~ : '"� ' ''' .. iI
fll:l'U Ifll:l'U 1'U~1lJl:l1!fl~'\J'U!'UtJ.:j~lfl tJl:l1~~C)f'I..J""l':il:l~mV'l1'U~'I1'U.:jl'U'U1 nerrn ~tJtJ""1.I'U !'\J1 

OJ 

111.1 .... ...... QoO "'.. .1 iI 1 '\' iI .1'1 ,:� 4 '" 111 QoO
IlJ't'll.:j!'l1.:j tJfl'l1':i enu~1f1l':i nHl:l~ ""1':i'U 1'lll il I~V~Hlll:l 1""~ ""1.1 mru I'U!'U tJWtJ't'l ""~""1.1 I'\J1.I'U 

• iJ� iJ iJ 

ff'UUlli1'Uti'U"h~1f1l':iliHii~""1':iih~1 1tJl~v~H 1~lltl ""1'"d1Vff!;jV111fl1.l'll1!~'U'I..Jl.:j'l1U~ !'i1tJ':i 1 
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.Q d d'd Q.l '~QJ ~ QI .Q,l. I.ciA , 31I I'
UCl~ 'iH'l'U n ~ untfWl'\l'U hn.HltCW~ 911m~ n1Cll'U1J mfWl'\l'Ufi tlH'I1'U lU'U'U 'U 'l.JfI'Yl1Jm~ '11 e nm1J1n • 

SI , I SI 

~~,r'U'I1ln'il~ncilT..hfll'l1l~ t~'U~'Un191'\lfl~n~'U 1flCl'U~t~'U'~ t'W~1~U~1JlW fIl'l1l~Yi' ~t~tI~ '11' 'If• 
fJWfll'W'\l fI~ fll'l1l ~ 1 fl tl9I ~ ~~ t~'U~'Ut'l1 ~ n l~ t~1J ~tl1J rru fl'U' ile l'il";l' ..rU'WCl~ tl91 fI'U Yl'lf 

t'il~f\Jt~'J 1911J lmfl'U'U 'I1lmflflmWt'lf'Url''il~~fI~'I1 ~flm~ t~1J~tIl1'UYi'il'U n11U~ 1JlWU'WMtl9lfl'U 

4 di Q,I d C ~ " Q,I.Q : ~ Q,I ' ... 1 di 
'W'lfClflCl~ fH ~ ~fl'I.J'Wfifl 1J\1 ~ 'U'UUCl1~~fl'I.JfI flnCJ1L 'il'U Cl~ muu l'il~ ClflCl~ 'il'Ut'IJ'U fI'Um 1tl9IfluCllfH 

mtl'~ tdfl~ 'illnU'WCl~n9lfl'UW'lf~fI~'~nCll'WflCl'1Jfl1~''U rm t'il~f\Jt~'I.J 191 il flLitl~UCll~linClltin 
" "" " th~'Utfl'U' u~~ hJCl'11JlHH~tI~H'WCl~tl9lfl'UW'lf'~ m~t~1J~tI'il~ hJliu~~ 1t1'lfu' 'U rn wij m~ 

" I"
~ ~ 'I.J ltl Ulflfl n 'illn ~'U,j flYi lit 1ClltinUl~

t

lfl l'il'lf1t1Cl fln l~ ~f\Jt fftl Cl'n fIl'l1l~ UCl ~ U'W Cl ~ n91 fI'U W'lf' ~ 

(Milie et al., 1992) 

trl flli 1il~ fI1'111 ~ t~1J~'U' 'U J'l mn m~ Cl~ Clltl'\lfI~ 91 ~ nnu '\lfI~ fI'4fllfl~'U ~ ~'U,j fI 
" " .

'I1~fln nUlfl'4fllfl~'U 'I1~flUl1J l'illnU'I1 ci~Ulfl'U U'WCl~n9lfl'UW'lf'il~ t 'il ~ f\Jt~'I.J 191f1dH~ 1flt~ 1UCl~ 
I "1" • I I 

Li1 fI~ mnu'WCl ~ n91 fI'U W'lfL'11 cilij li1~ 'il ~;191Yi tY'U tlifl9IltlCl~tflflnn nllttl fltln'I.Jf:l1J";l'..rfIlmffYi 
" ,,, " 

Cl~Clltl' 'U U1QnUl'~' ufldH~ 1flL~1Lfl'U n11Yi'il~Cl~ Clltl'~ Ul~~'\llflfl flncifL 'il'ULliflm~ nhttl fltI 
I I '" I 

,jm1'U'u''U~m:JW~'ffllmff'il~LflflutiCl'Yilin~'Un1~'UUltu~tI'Uff1fltlm~'l.J1'Um~~1 'Yl~Yltfli''U 
• to' iI "" 

fl'ULflfl'illnm~L'W1J 1i191 fIl'l1lmnW'lfU1L'If'Uij,rin~'U n n Clflfl Wfll'WUl Cl~";l'..rUlt fftl L~ 'U fl'U 91~ ltl 
. " 

~ fIff~ li ;191 , 'UUl (Tucker and Roberson, 1990) 

. . 
....... 0 IV .1 .... 0 .. v... ... 'i' 
lfim1i:WIUi.1~ m1fm)~D'11'U1~flB1Jflm mm~fli.1'U l fli.1'U 

" m~fl1'I.JfJ1J fJW.fll'W'\lfl~tY9I1ulnfl'U i'I.J'\llm~'U' U'~tllm'W~ l~.flltl' 'U ,jfl{jfl '~1l 

t~'U~ fI~n11J l~ Cl'1J~ erm t'il~ f\JL~'I.J191'\lfl~Cl'l'l1iltlfft~tl1Un1JJ'lL~'U 'I1lnCl'l1Jn f:lfl1'I.JfJ1JU~1JlW 

Cl'l'l1iltlCl~'..r fl~' 'U~ ~~'I.J~n11J1~ Cl'1J 'il~";-I' ..rng'U 1flCl'U Clfl Cl~m1J' U~1t1 U~ ff1'U1J1n~ni1t11J' ~ 

Cl'l~tflli' 'U rm tiliflU~1JlWCl'l'l1iltl L'lf'U flflUtUflfcMCltvJ9I (CuSO4) ~~, ~ti'U fldl~U'Wi'l1Clltl' 'U 

1~n l~ L'W l~titI~ tY9I1J'lU~ ~ hJ''If'Yll~t~fln~~t'W~l~flflULuflfcMClLvJ 91 ff ~ HCl~ flm ~ LU~tI'UUUCl~ 
o" 0' 31 31 ~ I 31 31 , I ... "tAl '" I AI

fJWfll'W'Ul 'Yll 'I1fl1l1Jn~~flHUCl~fl1l1Jt'I.J'UflHClfl'UfltlCl~ m Cl'1Jln'il'Utn'U ~u'il~1JHCl9lfluCll 

.flltl''U,jfl~1t1 (Tucker et al., 2000) Cl'nvJlij1CJ1Cl (Farnesol; 3,7,11- trimethyl-2,6,10-dodecatrien-

AI'" .k ~ "'... '" ... d "t '" "t 31<91-01) Cl'11Jl~f:lClflu~1J1W'\lfl~ Streptomyces tendae CJ1~t'IJ'U9I1HCl9lCl'1~'ilflflCl'1J'UUCl~Lfl1J ~fl'I.J ~flf:l~ 

A I 0' d 0' 'i •.1 '" 'i .. ... 'i '" ... <9 ,
97 tUfl~tCJ1'U9I tfltlCl'l~l1l'U tCJ1Cl'il~Clflm~L'il~f\JL9I'I.J t9lHCl~Clflfl9l~1'\lfl~t1J'Yll'I.JflClCJ11J 'U S. tendae 

,..rti'fltlCl~ (Dionigi et al., 1991) 

Tung et al. (2006) '~ffm:JlHCl'\lfl~1CJ1L~tl1J'~1UflClflh,llu9iCl'LC)}tl1JtUflfu1J~m 

t'U91UCl~ 1 fl1 CJ1'U' 'U m~ ClflCl'l~ Lg1J' flihtCl~ ~flflCl'ij'U' 'UJl~liCl'l'l1i ltlfft~ tl1Hn1JJ'lt~'U Cl'ltlW'U i 
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Oscillatoria sp. V'l'lr:hmn~ll Iei9f'\.H~'Uncn 10 'Ulfi'l'Ufl1l11toU'lloU''U 0.91 ijCliifli'1J/ii~':i/'Ulfi 
d 1 A A '" 1!J/ il "d " , 1" tI"

ffllll':iflCl~Utlll mJUCl~'iltltlffll'U ~ 100 L tl':iL9f'U~ ff1'UflCltl ':i~ UCl~t tl':iUll~mt'U~ffllll':iflCl~ 

1$l~mJlllflLtfi 11 ttltl1t~'U19i' flltJ'l'UnCll 60 'Ulfi ~fl1l11toU'lloU''U 10 ijCliifli'1J/ii~':i i~tJflCltlh~ 
il " 1t1 ° " I I A !J/!J/ d 1 A d. .JI QI

UCl~t tlmll~mt'U~ 'il~ 't11Cllm9fClCl'IJtl~ffl't1':i ltIU~flCl'IJV'l'IJ1111fl1111 L'lJlJ'IJ'U 'IJ tl~ttllJ tl'IJtV'llJ'IJ'U 

~ I l.dd Y , d 1 .::I d'.d 0 .t:::t.1 " nnnV'l':i l~ 1lffl't1 ':i 1unutll~'U tltJ'il~ tlCltltJffl':i ttl 11 eu 'illflL9fCl nnQfl 't11ClltJUcl~ 'illflfll':i tl tlfl9f ~ff 

ff1'Uffl't1 i ltJ~ij tll~lJ lfl'"h'il~~ lfl~tlmn11ClltJl1l 'l11'ffl':i tglJ 1 tlij~tldflltJ 'l'UQfltlri tltJtltlfllJ llJ lfl .. 
Lovell (1976) ':iltJ~1'U1lm':i~~m':i':i~'t1'h~m':it~tJ~ff~1'\.h$l1tJ1nfl1'IJfJlJtI~1JlW 

:~A"'A,Jd !J/!J/ il d0'l!J/'"
ffl':itll't1l':i UCl~fI WfllV'l'UIt u 'Uemsms't1'Uen ff11Jl':iflCl~fl1l11t'IJlJ'IJ'U 'lJtl~ ffl':i ':i ~ fleun 't1-1 't1 tfl~• 

d. i i A"'A 'l !J/ tI'" d'l !J/ 'l !J/ dnnu flCl'U ~tJfl1':ilJ11im':i 't1tll't1l':iUCl~m':ifl1'IJfllJ ':ilJ1Wtll't1l':i't1 't1m1Jl~fflJUCl~ 't1tll't1l':i't1• 
~ij'IJtl~LfftJmiitl~ tltJ~ ~~t~tl 1li'l11'ijffl':itll't1l':i ~t~'U tI':i~ itJ'lftf~tlm':i t'il~qjt91'IJ i~'lJtl~ffl't1i ltJ~ 

• , ., t1. , 

l1l 'l11'tn~flii'U iflCl'U't1~m~lt~'U 1tl1$lfl1':iijm':ittl~tJ'UriltJ'U 1'l'U,jm~Mt~ tlfh~~tff1:Jtll't1l':ifimiitl 
' 1Y 01 0'l'JJO 

.. 
d 0 

, 
YYA 

'l 'U'lJtl Form and Horlyck (1984) ~U'U~'U11lm':im 't1'UllJV'lttl'lfmff11Jl':iflCl~fl1llJt'IJlJ'IJ'U'lJtl~ 

d ° 'l!J/ '" d. i 1!J/ ° 'l !J/ A '" tid il 1t1 ~ '" ,Jffl':itl':i~fltl'IJ't1't1l mfl~flCl'U flCl'U ~tV'l':il~'il~'t1l 't1ffl':i'iltltlfflJ'Ut CltJ'U~ tlJ'UtllfltlfflJ'U9f~ . .. 
t~'U ffl':i fiijVj m'lf~ llJ1i ':i ':i lJ'lfl91'IJtl~t1l 

., "II 

Van der ploeg and Boyd (1991) V'l'IJ11fJW't1.QiJ'lJtl~t11 m':itfliitl'Ufi'IJtl~t1l i~tJ 
!J/ 'l 'JJ..:::. lid. d' .c:l..:::t...:::to' JJ JJ meuffCllJ rm'l 't1 tllmff unerns 'If~Cl'U m tJff11Jl':ifllJtl't11iV'lCl~ tlm':iCl~Cl~'lJtl~fl1llJt'IJlJ'IJ'U'lJtl~ . .. 

ffl':i~tltlffiJ'UUCl~ rnst~lJtI~1J1W 'lJtl~1i l~ 1 'U i~':i t'il'U 'l11'\1 ~iJ~'lf1tJ~ tl~ti'U ffl't1 i ltJfft~tJ1UfllJ t1lt~'U . .. 
'ill fl UV'l cl~ n~ eu ~'lf19i1 ~'U fll ':i t91lJ ~ tJ'l'U,j tlt1lfl i tltJI ~ tJ'l ~~ tJu~ ':i 1 15-30 niCl fl i'lJ'IJ tl~ 1i1~ 

1 'U i~ ':i t'il'U 'l'U~tI ~ tJ~ti tJ ucl~ 1 ni clfli'lJ'lJtl~1i l~'VJtl ff'VJtli'ff~ tlfftl~ 1..1'il~'lf1tJCl~tI~1JlW 'lJtl~ 
d' a .d. JJ .::to .t:::t. _i4 QI , d d 

UV'lCl~fl~tl'U V'l'lffffJCl Anabaena n ff':i Hffl':i 'iltltlfflJ'U UCl~lJtl~fl'U m':i'IJ~lJ'lJtl~ffl't1':i ltJCl't'IJtJ1UfllJ .. 
t1lt~'U 'l 'U,jtlVfl$l1tJ 

Van der ploeg (1989) U~ff1'U'lmytfl1:J~':im~fl'il~'l~1nm':itfl~tl'U~ltJtlCl11t1,jtl 
..,j ,J ~ A "'A ,J 0 tI A '" d 1 A'l tI i !J/QI QI

tl'U9f~tlJ'Utlfl11i't1'U~ffl't1':i'IJm':iCl~ffl':i ':i~fltl'IJ'iltltlfflJ'U ttCl~ttllJ tl'IJ 'U~1 Cll ~tJm':itJltJ'illfl 
II J/ , II • 

,jtlt~ tJ~ t~lJ 1 tI,j tlt~ tJ~ fitl ':i lff'illfl ffl':i tI':i~ fltl'IJL 't1ril-U 'l 'UtI Cllfl~ lJ tI Cll't1 t!~ 'il ~ij flii 'U i fICl'U 'l 'U 
I ." • 

tI~1J1W fi \1 ~ ~tl~ 'l~n Cll'l 'Um':i Cl~flii'Ui flCl'U 'l 'Ut1lff~ tll~'t1 ClltJ1'U'il 'U fl1lfl1llJtoU'lJoU''U'IJ tl~ flii 'U .. 
i flCl'U 'il~cl ~cl~ ff~ ~cl ~ tlfll':i'IJ'Uff~l1l 'l11'ril~l UCl~1n m':i-U1lifl1':i l1lfll':i ~ltJ 'l'U'lf1~q~ftl'UtV'l ':i l~ 'il~ 

° 'l !J/tl '" A ~ d, ~ i !J/ ~ 1t111)!J/ A ..,j!J/QI

't1l 't1 Clltfl~fl1llJtfl':itJ~ tl~':ilm':i':itl~m LfftJ~~tlm':itlJ'U ':ifl fIlLlJ'U L~fl1':ilJm':itflCltl'UtJltJ 

I d 'lJJ • JJA ItI ClltltJH':i1~t':i1 UCl~lJm':i 't1mmff':i~'t11Hm':i'IJ'UtJltJ Robertson et al. (2005) ':iltJ~1'U1lm':i 

A '" 'l tI !J/ "1!J/QI 'l QI " d d d ~ Cl~Cl~'lJtl~ffl':i'iltltlfflJ'U 'U CllL'Yl':il't1 m'IJ 'U':i~~'IJflClH 1Jlfl UCl~'UtltJ't1~~'t1lJfll':iLCltJ~'l'U 
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~W'HfliJ 14.5 ~.:.Ifllt9H'lt91m,. 'ildhn1~~H'l.:.l~~1.:.I9imd6.:.1''U1::tJ::nm 24 41 1:U.:.l~1~1~i''Um'Hl1. .. 
1~tJijfhni1n'U 1.08±0.09, 1.31±0.21 U~:: 2.05±0.24 1:u1mfli':U/fn~fli':u fll:util~'U 

Gobas and Mackay (1987) 11tJ.:.Il'U'hu~1t'Vl~nl'H~.:.I'illmY:U~~HY11~~m,.iJ'Ut~'U 
QI , ... I iJ rlQ d.e::t. I I 4 .t:::I iJ" 

1::tJ::n~1 1, 2, 4 U~:: 15 1'U .... 'U11u~lt'Vl11'Vl:uffl1'il66ff:u'U~~~.:.I~tJ1.:.Ifl6t'U6.:.1U~:::utl11:ut'U:u'U'U 

, iJ tI I 

.w~tJ~.:.Itij6fh'U 1U 15 1'U 1~tJ11ifll1'Vl1.:.1~1fl1 .... iJfliJ tJ:UU1:lJ1' ~l1.:.1fll1'lhU~ ''UU1$i:UU~::fll1 
>J >J 

t.... l:: t~tJ.:.I fffl1u 11~ t'ii'Un'U ff1'U rmn~ ffl1~~6ffiJ'UU~::tg:u 1~;j''U ~ilflfiw ct1U ~liJ ~UU ':i~'l1 
'Y Y Y o'oj o'y ,: 

Mohsin et al. (1999) ':iltJ.:.Il'U11fll':i''ifffl':i~::~ltJ'ff'illmfJ1'U~.:.I''Ufl~1tJ 5 tU6':it9f'Ufl ~1.:.Il'U~U~1 
I tI • II 

'H:u~t'Vlflttrl'Ul'U 5 'Ul'Vi 'il::ij~~ ''Ufll1~~flil'U 1tl~'U~.:.I 1~Vfll1.:.1iJ.:.I' ,r~~~''Ut~~.:.Iffu~::t'wmY:U~ff 
>J • 

Vfl~1tJ'U~fl'illflijfll':i'~1i~'U "l ''Um::'U1'Ufll1UU':i~U t'ii'U fll':i':i:Utl1'UU~lfl~~t:u~n'U U~::U~l 
., 0' Y " .1 ~ oj do ., ~ d .... Y ""., 111 Y '"tI, Y

t':i'U nnmrin 'H~~ 'U~Ufl.:.lq'flflffl:lJ1':ifJ~~fl~'U~tl~'U~.:.I'il'Ut1J'U'VltJ6:U':i'U'U~.:.I~'U':i ~~~fltl 'H':i~ 

fl1':iUU':i~UU~lt':i'U1'U1t'Vl~n" ,r~d''U~U~.:.Iq'fl1~tJ'~1mrl tt~::t~:uJliJ'Uvt'ifti~'U~'il::'U':i':i ~ 
m::il~.:.I~ffl:lJ1':ifJfho~fl~'U 1tl~'U1~ (Lovell, 1976) 

, , Y oCt oCt ,

Saadoun and Migdadi (1998) ':iltJ.:.Il'U11fll':i 'lfU'Utl'Vll':itJum:U'U1fl 'Ufll':i~~ffl':i 

~~~ffiJ'U~~ilfl:lJ1'illmt'Utl'yh~tJ Streptomyces halstedii (A-l strain) 1~tJU,j.:.l':i::tJ::n~l''Ufll':i'~ 

u'UtlVit~mtm:U'U1m~'U 15, 45 une 120 'U1Vi .... 'U11u'UtlVit~mtm:u'U1flffltJvr'Ui Bacillus cereus 

ssp. Thuringiensis HD-l, B. cereus 3711 u~:: B. cereus ssp. Mycoides 4379 1~ij~~9i6fll':i~~ffl':i 
oCt "" " w 0' 
'il~6ff:U'U Ufl 'UffltJ .... 'U~ Arthrobacter atrocyaneus, A. globiformis. Chlorophenolicus N-1053 

U~:: Rhodococcus maris iju~n~tJ1t~.:.I'U1flffl:lJ1':ifJfh~~ffl':i~~~ffiJ'U1~ 

Izaguirre et al. (1988) 1~':iltJ.:.Il'U11fll':itil~~ffl':itg:u1~;j1~tJfll':i '~U'UtlVit~tJ~UtJfl 

1~''Utt'Hrl.:.lJl1~tJ",,'U11t~'UffltJvr'Ui Pseudomonas sp. '~ffl':itg:u 1~;jt~'Utt'Hrl.:.lm{'U6'U'ihtJ''U 
rnst'il~tyt~'U 1fl'U6.:.1u'UtlVit~tJ 1-6.7 iJ~ilfli':u/ilfl':i U~::ij 1~ 19f1'UiJ1~.:.It~'U 1tlHff~l.:.1~1~'illfl 

oj 111 oCt, Y Y "" "" w "" • .... 0' do.l.!\, 111 Y
ffl':it~:U ~~'U 'Utl11:Ut'U:U'U'U 20-40 :u~~m:u/~m fll':ifll'il~'il::ff:U\!':iW:lJ1fltJ.:.I'U'Ut:U~~l'U ~UU~1 5 

1'U'H~6:Ulflfl11 2 mViflV U~::ffl':itg:U'6;j'il::fJfltil~~1U 12-20 iJ~ilfli':ulilm/t$i~'U 1~tJm~11..� 
1~ 19f1'UiJ1'il::t~'Ufi1~tvi:Ufl~:Ul:U'Vlil~''U 1tlHff~l.:.1ffl':itg:u 1~;jvh' ,rijfll':i tU~tJ'U1tlHff~l.:.1~ 
.e::t. \Ii ... I • d QI .c:t d I� 

~~ ~ut'if'Ut~tJ1fl'UU'Utl'Vlt':itJum:u~'U t'lf'U Sphingopyxis alaskensis, Novosphingobium stygiae,� 

d lilY w 0' ~,Y oCt "" ~ , tI ,
Pseudomonas veronii nuun ~~'illfltl~~:u'Um~.:.I'Vl11tJ9f.:.l 'lfff1':i'il66ff:U'UtlJ'UU'H~.:.Im':i'U~'U 'U 

>J 

Vfl':il 40-20 iJ~ilfli':u/ilfl':i u~iJ.:.I1~1~1~U.:.lU':i::iY'Vlilfl1""'U~.:.Iu9i~::fi1'H~6':i1:uti'U11.:.1 2 'ifiJ~ 

(Hoefel, 2006) 

1':i.... .:.I'l1 (2545) 1~'t11fll1ffmJ1fll':itil~~fl~'U 1tl~'U ''Uni~u~liJ~trl6ulu~1~~1'U 

rns~ ~eu:u ffl ':iU ':i::fl~'U~ ~6 ffiJ'U:lJ1't1 1mr til ~~ fl~ 'U 1tl ~ 'U ~ ~ fl~ 1tJfll ':iU'lf~1.:.1' 'U ffl1~:: ~ ltJ 4 
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.Q ll!!t Cto.Q iI ,,: ".ct. "l 0' ll!!t •
'If'U~ f1fl m~fl~Glfllfl U:mllfl1umnV'U111 UflCltGlfV1I1fJ~':iflfl~Glf~ UCl~tflClflUm ~U11ffl':iCl~CllV 

'" .;. 'j 1.l lIJ!II'j '!II !II !II 1 !II
'VJfl"lf'U~ff11l1':if:lCl~flCl'U tflCl'U 'Ul'Ufl1JCllCl~ ~~ ~~m~~1~fll':iU"lfCll~~1Vffl':iCl~Cllmf:ll~lfl UflCl1V 

: !II <!l.cl w !II !II _I 0' Q 0' ~ d 

'U111 UCl~ffl':iCl~CllmflClflum 'VI':i~~Ufl111lt'IJ1I'IJ'U 5 tlJfl':itGlf'UlI ruunm 5 'Ul'VI ffl1l1':if:lCl~ffl':i 

.ct. Cto 'JJ tlQ tI , ~J, Iii ~.:
~flflffll'UCl~1~1J':i~1I1W90 t1Jfl':itGlf'UlI (1I1':il~ 6) UlIfll':i'VI~Clfl~f1H'U ~U11fll':iU'lfCll~"If'Ut'Ufl1JCll 

~ ~ ~ I 

$I1Vffl':iCl~CllV'VJfl"lfU~ij ~Cl 1~'"fl1:lW~tij mYlIHffUCl~thffUlIfl~l~ ti'U ~lfl~'Utij fln 1~ ~1'U rmui 
J/ " I J/

!II !II ' j' '" <!l d '!II !II !II 1 !II • !II <!l d 
Cl1~~ 1 Vffl':iCl ~ Cl1 V ~ ~ t.l~ U11'lf'Uru fl'VIU 'lfCll~ ~ 1Vffl':i Cl~ CllVtf:ll~ lfl UflCl1V'U111U Cl ~ tflCl flUm 11 

Q,I ..d d J 1 ,:.: .Q d I'JJ 'JJ Ct..Q d "l 
Cl fl1:lW~'VIU 'IJ~'IJ'U rrru "If'U ru fl1JCl1'U Cl'VIU'lfCl1~ ~1Vffl':i Cl emern ~ fl~Glfllnuaeun ellGlfVlI ~ fJ~':i en 

1Glf~ij "'fl£l W~~~lICl ~ri1'U ~lff~U 11ffl':i Cl~CllV'VI•fl"lfU ~ij~Cl 1~~'U n1flij~lfl111lffl1~tvill~'U 1'U 

_I 0' Q 0' d '" _I'" !II !II "'''' !II 1 !II
V111H 6 tlJfl':itGlf'U 11 rm Cl~'lJfl~ffl':i~flflffll'U1I11llJ':i1l1Wfl111lt'IJ1I'IJ'U'lJfl~m~fl~Glfllfl UflCl1Vml 

UflClt9fVlI 1fJ~':i en1Glf~ttCl~ lGlfl~VlIflClfl 1 ':i~ 1'U':i~V~nCll 5 'Uln ffll1i'ums Cl~fl~'U1'U 

d, 'JJ'JJ 4 0 ~ ~ 
ffl'Hl:: enV'YI "l1,nu'Vlfl'I.J1 'U ~ fl{l'U 

!II !II! !II"'''' m~fl::"IS~fl unem1'Ufl{l1fJ'Ul11 LLi'I,,~C;fJ1J 1tJfl'HJn1'11fi' 1"ISl~UUfI{lfl' 'i~ 
(%) 

(%) (%) (%) (%) 
fI11U , , , ,d d d d 

!II fll'i fIll'iWfJ fll'i fIll'iWfJ fll':i f1WiWfJ fll':i fIlt'iWfJ 
l'llU 

!II {l~ GSM {l~ GSM {l~ GSM {l~ GSM 
'Il'U 

GSM (ug/kg) GSM (ug/kg) GSM (~g/kg) GSM (~g/kg) 

a l l 1
0 23.3 76.2±0.2 23.3 76.2±O.2"1 23.3 76.2±0.t 23.3 76.2±0.t

bc3 bc3 
5 83.7 12.4±0.1 bl 90.0 7.7±O.l 85.6 II.O±O.I b2 90.1 7.5±0.3 

8 89.5 8.0±O.l cI 95.9 73.2±O.lc3 90.9 6.9±O.l bc2 95.8 3.2±0.0c3 

.cl 0' 
'YI111: 1':i~~£l (2545) 

(1I1':il~ 7) 
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" V111H 7 fll'Hl~Cl~'lltl'HY1'jtglJltliiHCl~~tltlffiJ"'J'illflfll'j ozonation 'illflmHi~lll~l~ '1 

l~ff 03 % fll'jCl~ % fll'jCl~ 
o " ... ~ ... 
lJl~1J m~tl~ 

d ...d 1 d(mg/l) ieu au 'iltltlfflJlJ 

2 15-30 15-30 
Distilled water (Lalezary et al., 1986) 

33 50 50 

Surface water spiked with 1.5 35-95 35-95 
(Lundgren et al., 1988) 

50 ng/l of MIB and geosmin 7 > 95 > 95 

Methopolitan Water District 4 75- > 99 75- > 99 

of Southern California & 2 40 35 (Glaze et al., 1990) 

Colorado River water 4 78 89 

Pei (2003) ffmJlfll'jCl~'lltl~tglJltliiHCl~~tltlffiJlJ'j~'W~l~ltll'lflJ-~1mtl~ 

~1fll'V""'1Jl11J~1J1W'lltl~ 1 tll'lf'U ~t~lJ~lJ 'il~ffllJlHICl~tglJ ltliiHCl~ ~tltlffiJ'U 1~[J~tltlffiJlJ 'il~ 
Cl~M 1~utl[Jl1tglJltlii 

" . 
Ho (2004) l~ffmJlfll'jCl~tlJ'YIl1Jtl~~lJ'lltl~l'lfm IlJtt1Jtl~t~[J'illmJl~lJ1~[Jfll'j 

1oNltll'lflJ HCl~ granular activated carbon ....1Jl11lJfll'j1'*ltll'lflJt~t:ltllrO~tglJltlii1'UH'l1~~Jl 
... ,. 1Y. d 1lJ d':: ~ d ~ ~ ,.., ... '1~"" d .,

linlJ'lfWI L~[J blHtllJ Ltl1J\Pl~\PllJ'YItl11lJt'lllJ'lllJ 100 'Ul LlJm1JlClm HCl~ L'lf Ltl L'lflJ'YI'j~~1J 1, 2 HCl~ 

5 'lu lmfli'1JI~\Pl'j ~'j~[J~t1CllfflJ~ff 5 lJl~ ....1Jl1ffllJlHl'vhCll[J1m~ff~l~tglJltlii'~ 

Dew (2005) '~ffmJlfll'j1oNltll'lflJ1lJfll'jCl~fl~'UltlCllJ1lJ1JCllHtl'YI~'lf ....1Jl1 

ltll'lflJ ffllJl'jfJCl~fl~lJ1tlCl'U'~ 10.88% HCl~ 48.59% 1~[J't11fll'jt1J~[J1Jt~[J1Jfi1J'l1~tl11JfJlJ~'t11 . 
d d 0 ~ 

fll'j'YI~Cltl~'YIt1Cll 30 bbCl~ 60 lJl'YI \PlllJCll~1J 

q1J'jlW (2552) l~ffmnHCl'lltl~ltll'lflJ~tlH""Cl~n\PltllJ-n'lfHCl~fJWfll....Jl ....1Jl1 

w I '1 ~ ,.,. d ~ ~ d d 

'l1Cl~'illflHllJfll'j L'l1mfllffHCl~ Ltl L'lflJ'YItl11lJt'lllJ'lllJ 800 ppm 'YInCll 0, 30, 60, 120 ttCl~ 180 lJl'YI 

ltll'lflJ't11hr1J~1J1Wt'lfCl~bb""Cl~n\PltllJ-n'lf HCl~tlCltl h~Cl~ ttl Cl~Cl~ ttCl~ffm':l1fll'j1,*ltll'lflJ1lJ 
" fll'jCl~1J~lJ lWU1Jtl ~t~ mttltl~llJ ~[J~ff1 lJlJlUCl~~'U1~[Jfll'jlJ1~1tl~1~~lJul~llJ rns1If'mfllff 

HCl~ ltll'lflJ~t1Cl1 0, 30, 60, 120 UCl: 180 'Ul~ ....1Jl1ffllJl'jfJCl~1J~1J1WH1Jtl~t~mttltl~llJ1J'[J~ff 
WI' V ~ 

1lJlJll~HCl~ffmJlfll'j 1'*1al 'lflJ1lJfll'jCl~1J~1J1Wffl'j~titl 1If'tn~fliilJ 1tlCllJ1lJlJl'illfltlt:lt~[J~1JCll 
. " 

'l1Cl ....1Jl1fll'j 'If'1al 'lflJ~nCl1 60 'U lVi ffllJl'jfJCl~1J~1J1W ms~flflffiJlJ1'UlJl 55.85±2.91 

t1Jtl{b~lJ~ u~hjffllJl'jfJCl~1J~lJ1Wffl'jtglJ ltliji~1lJJ1HCl~~lJ 
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.. 
~ c v 0 

'ftl111.u~01't1H~1'Uf.}Wfll'ft'Ul 

lhl1'l1~ Ti1apia t~hnJm~ijfl1l11Vl'UVll'U1~~''1HYm1~H1~''''mJl1~lfJ G') iI'O~fJ t~'U 
d d: dd Y Y ~ d GI: .:::. : d J 

fl1l11tflll Hfllll11t'U fJ' 'U 'U rnumunuuuu 'Q;.:J fl0flC)ft'O'U Vl~~~ lfJ I 'U'U l~ ~~.:J ~Wl1 fJ ll'Urn 'Q;.:J'\J'U 
, '" • 'J/ , 

H~ij'\Jfl'lJt'\JI9I~lti~t:UflflWl1 fliJ'\Jfl.:JiA 1~~~1~.:J ,jm'l1~, 'U fffl~ Oreochromia spp. fifl1fffJ''U iA It:Ufl• or • 
" , I II I I 

'.i~~'lJfl1l11t~llU~~flWl1 nm'UiA l~~~l~.:Jff .:JH~' l1',j~lfirl1fffJ' 'U iA l~fl.:Jijfll'.i t,j~ fJ'UU,j~.:Jl1,j' lfi• or 

'.i111g.:Jn'Om'.ill~1.:J G') ,j~l'l1~im)fl'U''UfffJ~ Mozambique ijfl1l11Vl'UVll'U1~~fl'h''Ufl~1l~~1 
• , 71 

t~llifJ' 'U ffmow fiff .:Jtn~"" fllltn~fl1l11U,j'.i,j'.i1'U t'lf'U flWl1 fliJ U~~'.i~~'lJ,j11l1W flflflclft'O'U' 'UiA1• or 

~~~.:J (Caulton and Hill 1973, 1975; Bruton and Bo1tt 1975; Perez and Maclean 1975; Caulton 

1978) 

.. 
... 0 

~Wli.fJ'JJ'Ul (Water Temperature) 
71 

flWl1fliJiAlijflVlnOW~~fl,jm Ba1arin and Haller (1982), Chervinski (1982),• or 

Phi1ippart and Ruwet (1982), and Wohlfarth and Hu1ata (1983) 1~fJ,jfl~,j~1'l1~'O~fl1fffJ1~~''U 
" " ..c::::..o' d 4 ~ 0 d d' 0 

~Wl1 fJll'U 1'.i~l11l.:J 28-35 fl.:JffltC)f~tC)ffJff tllfl~Wl1 fJll~~~l~.:JVl 20 fl.:JffltC)f~tC)ffJffff.:J H~m~Vl'lJV11 

, l1'il ~ 11~ ff'lJ i'Untt~ ~ trl flflWl1 fliJ~ ~ ~ 1~ .:J ~ 10-15 fl.:J ff1tC)f ~ tClf fJ ffri.:J H~ fl '.i ~ n 'lJ ~ flfll '.i• • or 

"" "" 'l"j "".f 009 '" <!l 'I " '" 0 'I "_1 IIJ " ....
t'OH1U~'lJ t~ tllflflWl1flllff.:J'\J'Um 42 fl.:JffltC)f~tC)ffJffl1'.ifllfl~tflfJ.:Jfll'OV11 mU~l~lfJ l~ H~~'.i~~'lJ 

u q ~ ~ 

~l~~~ 8-12 fl.:JffltClffJfftClffJffl1-I'l1',j~ l~lfJ 1~t'if'Uti'U ~Wl1 fJiJ,jfl~~mll1~ffll~flfll'.i t'01fYt~'lJ 1191 

'\Jfl.:J,j~l'l1~fld'.i~wh.:J 29-31 fl.:JffltC)f~tClffJff l1lflflWl1fliJ~lfl'h 16 fl.:JffltC)f~tClffJff l1l'l1',j~l or • or 

t'01fYt~'lJ 1~ 1~~ (Stickney, 1986 fl'1.:J l~fJ William and Thomas, 2006) trlfl'l1'fl1l11'.i,j~ln'U'O'Ugll 

i'U~~ 3 nrn ~~Wl1fJiJ 22 fl.:JffltC)f~tClffJff fll'.it'01fYt~'lJ l~'\Jfl.:J,jm~ H~~fll'.in'Ufl1l11'.i'Q;.:J~~ 50
" , 

60 t,jfl{t~'U~t'vh,:r'U H~ 'O~ ff.:Jfl'hfiflWl1fliJ 26 fl.:JffltC)f~tClffJff ij'.ilfJ.:J l'U'h,jm'l1~fflll1'.i(lVl'U~fl or • or 

~Wl1 fJiJ'Q; .:Jg.:J 40 fl.:JffltC)f~tClffJff tn 'Off.:J H~~flfl1'.iifliA l'l1'tn~fl1llltfl~fJ~ 1'.ifl H~~~Wl1 fJiJ'Q;.:J 

fl1l 37l11fl 38 fl.:JffltC)f~tClffJff l1l'l1''1Jml9llfJ (Wohlfarth and Hu1ata, 1983) 

'l'U~Wl1fJiJ 17-18 fl.:JffltC)f~tClffJff l1l'l1',j~ltn~fl1l11tfl~fJ~ tn~HH~ U~~fl1'Ol9llfJ1~ 

,j~l'U~' 'UfffJ~ Oreochromis mosambicus ijfl1l11fl~Vl'U~fl~WfJiJ''U~1.:Jfl~1.:J H~,jm'l1~ 'l'Ut'\J~ 

reu 'O~ij fll '.iVl 'U ~ flflWl1 fliJ ~ lti~ flWl1 fliJ 20-35 fl.:J ffltC)f~ tClffJff t~'U 'lf1.:J~ m lll~ ffll~ nrm 
q cu q 'U 

~l H~il9l H~ ~~Wl1 fJ iJ 25-36 fl.:J ffltC)f~tClffJffm 1l1~ ffll~ ems ff'lJi'U i '\Jfl.:J,j ~1'l1~' 'U fffJ ~ 
, " 

Mozambique 'l'UHflvJ1 fll 'l~ 'O~ijfll'.i flOWfJ'lJ~lfJ~'Umll'lf1.:Jq~fll~ 1,jiJ.:JVl~t~ ffl'lJiA l~~ t'lf'U''U 
, . ". 

Vl~t~ffl'lJ Sabaya 'I'Ut~fl'U Vjijfl1fllffl1'U11~~ ,j~lfi l~t~lliviJ.:Jfl.:Jfl1fffJ'l 'UiA liim1H'OlflN.:Jflflfl1,j 
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Iii', I' 

'il'Um~l1,rUlt~'!Jfl1Hh.Jll"~tfl~flhI'Vil 1975) 1'UU~"~1'Ul.Hr.:.l'Yl~nH1'1lJ~fl1Ll (Bruton and Boltt,• 
I I iI' iI' I I' " 

il "1 'il~t fI~fl'U l1'illflU'I1 rl.:.l 14 1~'U l1eufl'U ~~'11 '-.h.:.l1'U1uanun"1.:.1~'U 'il~tfl ~fl'U l1mrlJ ff14 l~fl. ~ 

, .. 
.c:. ct. ~ 0 

tH)flCUm'U'fIt'l~t'llf.1l'U'Ul (Dissolved Oxygen) 
iI', " " 

1'U,.j flt~ tJ.:.I Ll" ll1ii reuu rm t~ tJ.:.I UlJlJ'I1'U lU11 'U m 'il ii~fl ~ ltifl'Yll.:.1~ 1'UtJ Wfll'Vl 14 1 
. "1 ." 

t~'Ufl'U~mr'U "l trl'ULl~~~l 1~uti flflfleJ1t'il'Ul1"~"ltJ1'U14l"fl\PI1".:.I (DO) ~1'!JLlfl911111Llfl1~t~tJ.:.I 

Ll"lU"~fl.:.li'ml1~~~lJ DO 1~i-H'~1fl'".h 0.5 ij"i;fli'wi;m ~.:.I~~~lJifiifl11'!Jt~tJ1.,rfl.:.l~flfl1~ 
" ,

flfl'Yl'Uffl'11i'lJfl1~t'Vll~t~tJ.:.ILl"l'il'Uflfl'U "l tGJf'Uti'U ii~ltJ.:.Il'U,-.hLl"lfffJ" Moxambique tm~ Nile 

Tilapia ii~l~~flfl~ DO ~lfl'".h 0.1 ij"i;fli'wi;m (Stickney, 1986a) t~fl.:.l'illflLl"lU"ii 
I" I I 

f111'!Jffl'!J1~tl 1urns1~flflfleJ1t'il'Ul1fldlJ'UfhUl~.:.Iffl'!J1Hl'Yl'U~fl DO l1\P11fl'".h 0.1 ij"i;fli'wi;m
~ 

1fltJ'Yll.:.1 ff~ ~ 1'Yl tJl'U fl.:.lLl" lU" 'il ~ii m ~Lli'lJ ~1~ erm1~Ll~ ~ 1tJ'il'tJ'illfl flflfleJ1t 'il'U ~t 'I1'!J 1~ nu trt fl 
~~~lJ flflfleJ1t 'il'U1'U ~.:.IU 1fl~ ou fl~1 'U ~~~lJ~l ~ 1'!J1nnilu1'Ut~flfl ~'!J~1~ ~~ ~lJm .:.I~'U flflfleJ1t'il 'U 

~lu,,~ii fll~"fl ".:.I fldl.:.1 ~1fl t~1~ tiffltgfl 'il~iiLl~~ ff'Yl nf11'Vl n '-.h1'U flrl'!J. ff~ 1'iim ~flfl ff'U mr.:.l'lfUfl 
~ 

.a . eu "l (Balann and Haller, 1982) 

Ll"lU"iifl11'!Jffl'!J1~tl1'Ufl1~ii~1~1'U~~~lJ DO ~"fl".:.Itti'Ufl11 2 ij"i;fli''!J/i;m . " . 
t'Vl ~ ldlrm t'il ~ tlJt~ u 1~ U" eiu'Yl1lJ fli;ci1'!J l1~fl ~~tJ~ nm1-H'" fl".:.I il fltJfI i'.:.Il1 ~~ ~lJ flflfleJ1t'il 'U"fl 

~l".:.Iff.:.lfm 1-H'Ll"lttiflfl11'!Jtfl~tJfl "flfl1~~l'U'Yll'U~fl hfl (Teichert Coddington and Green, 1993) 
, " 

1fltJ111lLlLl"lU"fffl" O. mossambicus iifl11'!J'Yl'U~flflWfll'Vl14l1~~ U~f111'!J'Yl'U'Yll'Ut~'Uf'l"'!Jl 

'illfl~W'I1tJijtt,,~m~'Ufl.:.lLl"l ff1'U (Kutty, 1972) 'VllJ':hLl"lU"fffJ" Mozambique ffl'!J1~"i'ml1 
" . , 

~~~lJfl1~'I11tJ1'il respiratory quotient (RQ) 1'U14l~fll1~W'I1tJij 30 fl.:.lffltCU"tCJ1tJffl1t~'!J'Ll~1tJfl11'!J 

t.,r'!J.,r'U 'Ufl.:.l flfl fleJ1t 'il 'U 1fltJ~f111'!Jt.,r'!J.,r'U 'Ufl.:.lflflfleJ1t 'il'U ~~~lJ~ 1 (~lfl11 0.2 ij "i;fli'wi;m) RQ 
~ .1 .s 

t'Vl'!J'U'U ".:.I 8.0 

fl1~lJnflflflflfleJ1t'il'Uffl'11i'lJLl"lU"fffJ" Mozambique t't'htilJ 

073 .d.... . d 

Q = OA07W' 'YlflW'I1f1'!J 25 fl.:.lffltCU"tCUtJff 
~ 

074 d.c:. .d

Q = 0.262W· 'YlflW'I1f1'!J 20 fl.:.lffWlmtCUtJff. ~ 

~.:.Ifl1~lJnflflflflfleJ1t'il'U1fl 1~1 'U'I1111tJ ij"i;i;I9l~/~1 1'!J.:.I u,,~J'1'I1'1!mtltJfl'Ufl.:.lLl"1 

(W) ii'l1111Wtl'Ufli''!J (grams) (Mironova, 1975, 1976) Ll"lU" Nile Tilapia 1~flflfleJ1t'il'U~~'I111.:.1 

100-300 fli''!J 1fltJ1~flflfleJ1t'il'U~f11~~'I111.:.1 0.5-0.7 ij"i;fli''!J/~1 1'!J.:.I (Balarin and Haller, 1982) ii 
Q.I Q.I f!Q,I e1 

fIdl'!Jff'!J'Vl'U 'fifl.:.l'U 

fl1~lJnflflflflfleJ1t'il'U (mg.kgh") = 2.115W·o. 61 
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!rltnl1'H'I!mrJ'Ufli'1J (Job, 1969) i~ffln~U(;1~Uff~-:J'H1!l~'\I'tI-:J!1J'VlllJ'tIiiejf1J'\I'tI-:J 
. . " 

'tIW'H .flmi-:J 'ilflff -:JffflVi 30 'tI-:JflW)f(;1!;tlff fll'i'Hltl1 'il'tldl-:Jflff'i~'\I'tI-:J'tI'tIfl~!'il'UVi(;1~mtl1'U'\.jl'i~'H11-:J 
q cu q cu q 

d ~ .c:. d Ci ~ QI 

15-30 'tI-:JflW)f(;1!Clftlff'il'Um~'Vl-:J partial pressure '\I'tI-:J'tI'tIflClf!'il'U(;1~(;1-:J'Vl 50 mmHg 'il'Ut:l-:J~~'tI1J~1 

~odl tldtl it Cli~' od.c::. 

Clf-:J1JfI1 equivalent 30 nJ'tI'i!Clf'U~ (Josman, 1971) !1J'tItJW'H1J1J~lml 20 'tI-:JflltClfmClftlffll~!fl~fll'i 

fl'tltl G"] (;1~(;1-:J'\I'tI-:J metabolic rate 

i'l11'J..uiJ'WmVHll-:J (Hydrogen Ion Concentration) (pH) 
'II I iJ 4 d iJ 

'I..I(;1l'W(;1~ rrn I'il~tyl~lJ 1~ 1'U'I11Vi1fl(;1!fitl-:J1in1J'lfl~'H 'i'tlij alkaline mnusu i'l111J 

IrJ'Wm~~l-:J i~ff-:Jr-l(;1m~'VllJ1J1fl'l!fl~mmr-lii~'I..Im'l1(;1 U~'i~~lJfl111J!~'Wm~-~1-:J~'i~~lJ 11-12 

vh1,r'l..l(;11mtli~ 1~tI'I..Ifl~'I..Im'l1(;1ffl1J1'it:l'Vl'U~'tIfllf1111J!r1'U m~-~l-:J~l'1..1'i~1J1W 5 ~'i~~lJfll 

f1111J!~'Um~~1-:J 3.7 U(;1~ 10.3 vh1,r'l..lm'l1(;1fff:J(;1 Mozambique ~1t1i~U(;1~ijfl111J!~'U''I..I'~1J1fl~ 

'I..I(;11~lm~'Ur-l(;11J1'illm~~lJ'\I'tI-:JfI1{lJ'tI'W'~'tI'tIfl'Clf~flff'i~~'i~~lJ pH ~lfl11'1..1~ii~tI1'\1't1-:Jm~ fll 

fI1{lJ'tI'Wi~'tI'tIfliClf~'i~'H11-:J 50 1l(;1~ 100 1J(;1iifli'1J/ii~'i ff-:Jr-l(;1~'tIfl111Jr!il1J1flU(;1~~~11(;11 tl'U~'ilti 

ii-:J~lt1 Balarin and Haller, 1982 (fl'1-:J l~tI William and Thomas, 2006) f1111J!.,r:lJ'li''W'\I'tI-:JfllClf 

fI1{lJ'tI'W i~'tI'tIfl iClf~ijr-l(;1~'tI'I..I'i~iY'Vln .flWl'\l'tl-:J'tI'tIfl~!ll'U 1'U~11J 1 fl(;1iJ'W~m -:J~-:J'tI'tIfl~tlI'W'i~~lJ 

~1(;1-:J 1'UJl~ij f1111J l~ 'W mfl'Vil1,r(;1~ rm !'il~ty!~lJ1~ (!~'U'l'1..1 i~!'d'tl-:J1l1flr-l(;1 r-lii~u(;1~m'H l'i 

#-:JmrJ~ 1'W 1i'i 'i 1J'lfl~(;1~1!'tItI(;1-:J) 'lf1-:Jflm-:J1'Ufll pH ij rm !'I..I~tI'Uu'I..I(;1-:J~-:Jijfflt'H~1l1flfl1'i 
.... 0' "d.... ~ ~.... ..A ~ <V 0' :"I~ I

ff-:J!ml~mlff-:Jll~1'U'lf1-:JW'U'i~~lJ pH ffl1J1'im'\l11fl(;1'i~~lJ 10 Clf-:J!1J'UlJvJ!'rJ'tI':i1'U'Ul1~ U~'Hlfl 
" . 

1'W 'I11ij~1f1111Jl1l'U ~ 1-:J (alkalinity) 1'W 'i~~m! -:J ff-:J r-l(;11,r pH ij mn'1..1 ~tI'W U'I..I(;1-:J!~fl1! 'tIti (Boyd, 

1 'Q,I tI Clt. Cl QII 

1990) mu Uchida and King (1962) 'ilt1-:Jl'U11'i~~lJ'\I'tI-:JfI1'ilJm'U~'i~'H11-:J 2.4-80.6 1J(;1(;1m1JI 

" ii~'i U(;1~ 'i ~~lJ'\I'tI-:J 'lurn{lJ 'tI!'W ~'i ~'H 11-:J 2.14-15.2 1J(;1 iifl i'1J/ii~'i 1'W,j 'tIt~tI-:J'I..I (;11'11(;1 fff:J (;1 

" Mozambique 'VllJ 11 Tilapia ij f1111J'Vl 'W mu ~'tIfllf1111J!~'U~ Nl1-:J'H 1J~ 1 'U'i ~~lJ 700-3,000 

1J(;1iifli'1J/iim 

ttBlllllti!t1 (Ammonia) 

f1111Jlrl'Wvhl'\l'tl-:JU'tI1J l1J!Utlijfl11mY1J~'Wn1J1flnlJfll pH U(;1~ ij'\l'tllJ!'\I~1!'tItlfl11 
" ."

~1'H i'lJ tJW'H .fJ1J'I11U(;1~ f1111J 1.,r1J.,r'U'\I'tI-:J'tI'tIfl~!'il'WVi (;1~mtl 1'W oWl f1111J!~'U~'I:l'\l'tl-:JU'tI1J l1J!U tI 
I ,'II 'II I 

rruns t:l1~1J~1'tI'tI fl~! uuVi (;1~ (;11t1 1'W 'I111,r (;1fl(;1-:J ll~'tIdl-:J 'l'i ~~11J 1'U,j'tl!~tI-:J'I..I (;11Viijfl111J ff1J~ (;1
• 

,. ~""" d?1 c: ~~ 1J1n 1~ tIrrn (;1~ (;1-:J '\I 'tI-:J f1111J!1J'W 'Vl'l:l'\l 'tI-:JU'tI1J l1J!'Utit lJ 'W r-l (;11J 1 'il lfl rnr !'Vl1Jfl111J t'\l1J'\I 'W '\I 'tI-:J 

0' "I 11)0' 0'l~ <v..; c:.%"" I'd ~ 
f11'ilJ'tI'W l~'tI'tIfl !Clf~ 1l(;1~'Vll!'H pH (;1~(;1-:J !'If'W!~tl1fllJ'Vl pH !'Vl1J'\I'Wtfl'Wfl11f1111J!1J'Wfl(;11-:J (pH=7) 
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fI1'HtJ~ uuutJrl~'IJ fl,mmJ i:JJli1rJ~l'W l'WllltlI flrJfI1'HtJ~rJ'W'il1tl~ tJ!I1J1J i flflfl'W (NH4+) i tJl;j'WVtlJ 

dll] 'dll] i. 1 ~ 'J/ 'J/ '\" d .,;,1 'J/
''W~tJU1J'1J'Vl 1:JJ:JJ Iflflfl'W (NH3) 'W~lJlt'U'U'lJfl~fl1C)f f111:JJ1'IJ:JJ'IJ'W'lJfl~tlfl:JJ t:JJI'WrJ~~l~:JJ'IJ'W'Vfjfl:JJ 
QI ~.d.l 
tl'U~W'l1fJ:JJ 'Vl'Q ~'IJ'W 

'J/ '\" I '\" d d ~ 
(Soderberg, 1997 m~ tflrJ William and Thomas, 2006) U~tlfl:JJ 1:JJl'WrJ:JJfll1:JJllJ'W 

VtlJff~~flW '11 fliJ ff~~'W i 'W'j tJll'U'U~illij iflflfl'W~flW'I1fliJ 24-32 fl~ffllC)frllC)frJff ~fllf111:JJ1;j'Wm fl
cu q cu cu cu q cu 

~1~ 1't'hti'U 7 ~ltll1 lltJfl{I~'W1P1 'lJU~tJ~:JJ1Wtlfl:JJ i:JJli1rJlf~'I1:JJfllfJ'WVtlJ''W~tJll'U'U~'llij'flflfl'W~ 
I Q.I , d' d Ii ~ dll) '<dllJ .d r Q.I • 

pH l'V11tl'U 8 fI1tJ'j~:JJ1W 5-9 ltJfl'jlC)f'W~llJ'W~tJtl'U'U'Vl !:JJ:JJ IflflU'W'Vl pH imnu 9 'j~'I111~ 30 tlrl~ 

<I d <I d <I d <I ''l ... z ~ "" '\" d ~ 
50 ltJfl'jIC)f'W~ n pH 10 mn 80-90 ltJfl'jlC)f'W~fl~ 'W~tJ NH3 fl~'W'Wfll1:JJllJ'W~lJ'lJfl~llfl:JJ 1:JJ1'WrJ1lJ'W 

il~ 'I11:JJ 1nril '111''U 'l 'W Umit1~ ~ ij,jvJlvJ fl{~1 '11 ~fl ill ij (f1 1fI1 1:JJ l;j 'W ~1 ~ alkalinity ~ ltll1 30 

iJrl~tl1':JJ/~~'j CaC03) i'WGlh~I~'Wl;j'W1tJ1~~'j~~'U pH flQ''W'j~~'U 9-10 ~rl'Vll~rl'U'lJfl~f111:JJ 
'J/ 'J/ '\" d i .Idll] Idll] i'" ..,j ll] d i I 'J/ i 'J/ 'J/ 0 i 'J/

1'IJ:JJ'IJ'Wllfl:JJ t:JJI'WrJ 'W~lJ'Vl t:JJ:JJ IflUfl'W 'W'j~fl'U~~tlrl~l:JJfl t'j'Vl pH 'W'Uut'IJl tlrl~fl~~q'fl~fl~'Vll '11 

f11 pH ~lrl~:JJ1i1~'j ~~'Utlrll~ '1 'W 'j ~'I111~'lh~I~'W 

, 
fl11lJ'Y'U (Turbidity)� 

ilmu rlfffJ rl Mozambique ijfll1:JJ'Vl'W mu9lflfffl1~f111:JJ' uune:~~~I~'U i~~' 'W� 
'" , I , 

m,hhViijfll1:JJ~'W~fll1~fl~ imh (Pongola) 'l'WlmvJ~fI1i~ (Bardach et al., 1972) hWi)'WfhlU~ . . ., 
'lJfl~tJrllU rlifl un 'j 'j :JJ'lfl~fl ~.yj'lflrJH~tllltJl'IJfl~tlflvJ~ fI1~~ 1'W flfltllUrJ~ i~~~'t11 'l'IftJrllUrlijfll1:JJ.. 
'Vl'W'Vll'W91flfll1:JJ,'W ,~~ iflrJ...r1 1 tJtJrllUrlijfl1'Jll~im~~lrJi 'W'U~ldW ~1~:JJ 1 tJ~lrJ if1rl'W ~h'W 

Balarin and Haller (1982) 'jlrJ~1'Wl1 Tilapia 'Vl'W91flfll1:JJ~'W~~tll1 13,000 iJrl~tl1':JJ/~~'j tl91 
., ., 

fl~l~ h nm:JJfI 11:JJ ~'W ~~ rlflrns~1'W n~'1'IJfl~ IIff~ ~~ d ~ ~rlm~'Vl 'IJ91fl~rl ~~~ , 'W tJl1iifl~~'W fI~lrJti'U 

tJm~'j~tJrl Cichlid i'W Tilapia fI1'jfl~rJ'Y'l'IJfl~tJrl11mjfl'Wtlrl~tJrll~i~I~:JJlrJijfl11:JJtl~~llH 

ffl:JJ 1rn i tJtr~ ~ n'U~ nw'l~ dl'W fI1'j:JJfl~ Iif'Wijfll1:JJ rilf1~ ril'111''UtJil n~ rJl'IJ fl~f1 1 1:JJ~'W 'j ~~'Ufll1:JJ 

, 0 , 'J/ d 
''W ~~ erurnnm 'Kf11'j:JJID,~I~},JAflrl~ 

y- ,'{ :>' ij;;:~~.r.r1r.'[' 

''U'~'j't'i (Nitrite)� 

1 'W 'l~ 'j 'ti'-rhtJ il n~ rJl ti'U~ i:JJi nm'J 'W 1~1:JJ'Vl ni:JJ i nrl fi'W ~~ 111 ffl:JJ1rn 'IJ'W tilrJ� 

"" ll] 'J/.\ dll] 'J/... ll] ll] <I<!l d ""'\" "" "" ~ d ll] 'J/ ~ d: odd
flfltlC)fl~'W IfllJrll'Vl tfl'j'U t'W 1~'j'Vl'il~:JJI:JJ'Vl1i l:JJitlrl'U'W'lWrlflfl C)f~l'l1'W !~llJ'Wff'Wl~lrl tJrll'Vl:JJ 
", . 

Ulfl1'jlGJf'Wi1 ill ffl:JJ1'jtlmr;)~fl~i~1'l1fl~~ltl11lffl111'jt)i~m)tl~I~'W fl1'j ff~ ff:JJ~l~f1~ 1'W 1~'j'ti'1;';f1.. 
,:hlnfl ~ltlfll1:JJff:JJ\!'j W~ fl~tJiln~ rJl''W~~Yllfli'W (nitrification) t1 f1tJ rllm~~'U 1 'W '~'j'ti'1~~ ~i)~ 

0.5-5 iJrl~tl1':JJ/~~'j ot'WiY'W tlrl~ 1'Y'l~'j'jw, 2536) 
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tT11'l.h::;m)'U-rl8tT-rl81tT (Phosphorus) 
, " 

a1'j'l.h::;m)'U'YJtla'YJtli'a-rhUl''Utm~.:IU1ijtl~ 2 ~uu'U'U (Boyd, 1990);ifl 

1. a1nh::;m)'U'YnnflUVli6'YJflm'YJ~ (organic phosphates) i~Ufia1'jU'j::;nfl'U 

~my'YJtli''ff~ln~ 'il1nm::;'IJ1'U f11'jVl1.:1;1::;ml::;'YJmy'YJtli'a~'j1:Ufl~nmY1'j fl'UVli 6~1.:1 "1 1'lf'U 

" . 
1U'j~'U m{l'IJ i~H~'j ~ 11:l'U ~'U 'j 1:u'fi.:l~fla'YJfli'a-rh1:U fl~n'IJ9I1nVl"lf'H1my~1'1 flfJffflff1'U~tl.:l.. 

QI I .d I I: J IQ,I Q,I "1 91 ' ~ ~ I 

'YJ fla'YJ as au~~::; nJ VI fl fJ' 'U U'H ~.:I 'U1'il::;~'U flrJf1'IJiJ 'il'ilrJl1 ~ 1fJ'l.h::;rnr tsunfl11:U 1'IJurnflt'IJ'U fl1.:1.. .. .. 
j} ~ ~ ,. .e:t. I ~.e:t. 2+ A ct. A 3+ 

m1:U1~:U'IJ'U'lJfl.:lfltlfl'U~fl.:l !~'H::;'IJl.:l"lf'Ufll"lf'U Ufl~19lfJ:Uflfltl'U (Ca ) U~::;fl::;~:UI'UfJ:Utltlfl'U (AI ) 

r .e:t. Qld,QI QI .a 1 '0 " " 
mee n9l1~"lf'Us~ n"lf'U m 1::;f11'j n m'IJn1'U'IJfl.:l~::;nfl'U .... 'Uue ~ ~fl~ 'il'U:U ~m1::;~tl.:lU 'H~.:I'U 1.. 

2. 'ff1nh::;ntl'IJ .... 1ntl'l1'UVli6'YJflal'YJ~ (inorganic phosphates) I;jU rrmheneu 

'YJflm'YJ~~""'IJ''Uuml.:lJl1i'j'j:U"lf1~..t1"1 'hl ~.:Ii~i''IJ:JJl'il1nJ1vf.:l'il1nn'ilm'j:U~1.:1 "1 mj.:li~t;j'U 

a1'jU'j::;nfl'IJflfl{lli'YJfl'ffI'YJ~ (orthophosphates) i~llli'ff1nh::;nfl'IJ""1n PO/, HPO/ ll~::; H2P04' 

,J :ltJgJ.c::l ~.a 0111 9J ~9J
'ff1'jU'j::;nfl'IJm~1'U ~::;~lfJ'U1 t~~ 11~::;U""~.:In~tl'U"""lfa1:U1';itl'U1 !u'h'l.h::; lfJ'I1'U lf1 rrmheneu 

.. t cl' -k"J!i/ w 
flfl'j h'YJtlm'YJ~'IJ1.:1f1Hfl1'ilI'jfJn11soluble reactive phosphorus 91.:1 tfl'il1nf11'ju~n~1~fl.:lmfl 

~fla'YJfl~n (H
3
P0 4) ~1:u'tJiin~fJ1' 'Ua:Uf11'j~ (7), (8) U~::; (9) ~.:I(itl-;hijm1:uthfltyVl1.:1f11'jU'j::;:U.:l 

QlQ , ..J.a .cl :~ 9J 4 
a1'jU'j ::;nfl'IJ'YJ fla'YJm 'ffflnfl fll.:l'H'U.:Ifltl 1.... ~'YJflm'YJ~ (polyphosphates) .... 'IJ1'U'U 1V1.:1mnuuu'j au 

~fl~fl1fY'flldfl.:l'ill ru iJu ff1'U Ha:u~ tl.:lH.:I ~n~ en a1';iun:neu....1nl.... ~~ e m ~~ 'ff1:JJl'jtllU~ fJ'U:JJl 

t~'U a1';iflfl{lli'YJfl'fft'YJ~ i~ 1~fJ~'IJ1'Uf11'j ig1~'j i~ei1mrlflmj1'Util u~::;l{lflW'Hfli1lvt:U~'U'H1tl 
.. q .. 

" ~tfl"lf~~~.:I'il::;GJf-;w1-Htn~'tJiin~m~.:In~TJi~I~1;j'U 
. " 

a:unwYi (7)-(9) U'ff~.:If11'ju~n~1'IJfl.:la1'j'tJ'j::;nfl'IJ~tla'YJfli'a1'Ulmri.:lU1 

+ .
H 3P0 4 H + H2P0 4 . (7)� 

H2P0 4 
H+ + HPO/' .........................................(8)� 

fHP0
4

2
' H + Po/ .........................................(9)� 

f11 'j 'Ii'IJ ci 1EJ 'YJ tl 'ff'YJ tl i'a 
,,, " . , 

'YJfla'YJfli'a''U'j'tJ'Vi~::;~lfJU1'il::;ijH~~flflWm.... U11 ~ fJ~'j .:I~w::;'Vi'YJfla~fli''ff' 'U'ju'Vi 
.. q .. 

" " hj~::;~ 1fJlJ1'il::; a::;a:u fl~ 1'U ~ 'U ~ ennu 'il::;ijn1';i'tJ~fl fJ'YJ tla'YJfli''ffflfl n:U1 fl~l.:1~l "1 1'UUtn;.:IlJ 1 
• , I II 

'fi1 'lU.... 'IJ 'YJ tl a'YJ fl i'a1 'U U~:JJlW t!e fJ:JJl nl'wtl.:l'ill n'YJ e a~ tl i''fffl ~''U ~ ilu 'IJ'IJ 'Vi~::; ~ 1fJU1i ~t! flfJ 

J'GI .cd.?I' QI Q.I d 9J' d ~ 
'U fl n 'illn 'U !'U 'ffm ....nru 'U ~ 1.:1 'ff.:l 'YJfl a'YJ as a'il ::;~n ~::;n tl'Un'IJUfI ~t91 fJ:U i ~.:I1fJ~W::;VI f11l:U1'IJ'Uns fI.. 

v • 

~.:I 'il::; Vil, -H'YJ fl a'YJ fl i'a ~ n ~::; nnun'IJfl::;~ihij fJ:U i ~~ 1fJ ~.:I,r'U1mri.:l~ tl.:l~ fl 'ff'YJ fli'a 'Vi ff1flty1'U 'ti tl 
" fI 'J/ 'JI"" •I

t~fJ.:Iff~1lJ1 i~'il1ntlm l'jff~1'u1 UfJ 'j1:U'fi.:l~'U Vl'U'tiflltil'Vi1i~fl'ff'YJfli''ffa::;'ff:ufl~:JJln 1'U'titl'Vihj 
"

q . "
.. 

1in1';i 1ff~ fJ'H1 fl fl1'H1'j ff~ l'U11;j 'U U'Hri.:l1'HtY "!fI Yi 1-H'YJ fl a~ fl i''ffutiU1'H1n ij:u1n 'il::; ti fl 1-Hlnfl 
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~t1m~'VlU~tJfj Wfil'YlJl ill 1~tlvJmyvJtJ~ffif'O~t~'UiJ'O ~tI'H~fl~ tltJ' 11'tfl~tI'Jlfl{}f11·H.U~1'Vl'JVJtfl 

Q.I .c6 ~ "'.cd I: d 0' ~ "'Itl
~'U (De silva and Anderson, 1995) ''If.:ltlJ'UtI'Jlflt'lf11'JW'VlU'Ht1.:1'UllJfl11lJt;j~lJfflJ\!'JWlJlf1tfl'U I 

" " , 
'0 'U 't11' 11' tfl~ f11 'JUt1 u 'lJ tJ.:I U'Yl t1.:1 tl\9l tJ'U ~'lfm 'Off.:l ~t1 tfftl~ tJflWfil'Yl'lll , 'UU'H ri .:I'IllYi ijiJru'H 1 

~ • u 

unrme'O~ii~ilvJtJ ffvJtJ~fflfl'Ufll1 0.6 iJt1~ fl~lJ~tJ~\9l'J , 'U f11'J fl1UfjlJil tJ.:Itl'U iJty'H1t~tJlJ 1'Vl'JlJ 
" . 

'lJtHtt'Hri.:l'lllillfh'H'U~ i 111 ilifl1'JijfilvJtJffvJtJ~fftfl'Ufll1 0.03 iJt1~fl~lJ~tJ~\9l'J l~tlYiiJty'Hl'lJtJ.:I 

U'H ri.:lJl~tfl~'OlflvJtJffvJtJ~ ff 11f1tfl~'Olflf11'J~U 'Hri~Jl illi'uvJ tJffvJtJ~nu1f1tfl'U i tI't11'11'U'Ylt1.:1n 
iI I I SI 

\9ltJ'U ~'lHtt1~~'lf'lllii f11'J t '0 ~ rut~U l\9ltJ~l.:1'J 1~t ~ 1Ut1~tijtJ iY ~ij;i\9lt'H ril'U'U\9l1t1M '0 ~tfl~f11'J 'lJl~ 
u 

" " tJtJfl~t'O'U''U Umiitl~Ht1~'t11' 11'tfi~'Ill!'\.htfftl\9l1lJm Lee (1973) 

" Lall (1991) illtJ1i1J1t111ffl'J tI'J ~fltJU'Yl1fltJU'U 'Vl~ 6vJtJfftvJ\9l'YlUmfl ''Utt'H ri~'Ill 
. " 

fl1 'ltlff1'U mfliifjw fflJ1J'~!!\9lflIPi1i~~lt1 Ut1~tJ~''U~tluff'J~t1~t1 lt1'1l1 i~~'t11' 11'UtllJ' fffflJ'VlUt~'U 

'Yl~ iJflClf''Um'H 1'Jtlm'H~tJm'H1'J ff\9l1Jl tdtJ~'Olfltlm'H~tJff\9l1Jlffl]J1'JtldtJtlttt1~~~cjflJ'ltI 
, ~tI 1 "'II) v ,.ct '" "'... d <!I "'.ct "' • .1 ..1, tI "'1'If 'J~ tI'lf'U 1~]J1f1t"lf'Wt~tl1flU!!'Ylt1~fl\9ltJ'U'Yl'lf'Vl'O~~~"lflJffl'JtJ'U'U'Vl'Jtl11tJfft11\9l 'U~ tJtJ'J Ii 

vJtJfftvJ\9l 'H~tJ soluble reactive phosphorus itl',*tI'J~ 1t1'lfUt~'Uff1'U''Hty vJtJffvJtJ~ff''UtJl'H1'JtrltJ 

f11'U m ~U1'U f11 'J~tJtI!! t1 ~~~ ~lJt~U ii''U ~1t1mU~1',i1'U ~t'H fitJ'O~\1 fltl t1 l,j'U enmn~~~ H1~ ~su 

muu tJfl1~ tltI rn 'O~,j'u vJtJ ffvJtJi'fftJtJflmtlU~~ 'U Ht1 ~\lt1 ~~ 'O~ tJ~' 'U ~ tI 'lJ tJ.:IvJ tJffvJtJ~ff~ t1 ~t1 1mf1 

Ht1~ ilit1 ~ t11t1J1~ ff~ fflJtJ~'1 'U \9l~fltJ'U ~.:I~tlU1JU'lJtJ~vJtJffvJtJ~ ff' 'U m'H 1'J'O~ij ~t1~tJtI~lJ1Wtm~ 

~ ilu1JUvJ tJffvJtJ ~ff~tI t1 l,j'U tilueorun 

flt1flh:rJt1& !fl (Chlorophyll a) 

flt1 tJ1 'JVJml !tJ !~'U Hfll\9ltl~'YlU '1'UU'Ylt1.:1tl\9ltJ'U~~'Vlfl~U ~t~'UHfll\9ltl fft~tl1~ij 
" fl11lJfflflru' 'U f11'J ff.:ltfl'Jl~,.r!!ff ~ flt1tJ 1'JVJm1ro iiflW fflJ1J'~ilit1~t11t1'1l1U~t1~mtl' 'U~1't11t1~t11t1 u • 

'" .ct '" 1 "'tI'" 1 "'.cd tI ~..ct 91tJ'U'Vl'JtI ~tltlfl\9l 'JlJ1Wflt1tJ 'JVJt1t1 ttl 'Vl'YlU''UU'Ylt1~fl\9ltJ'U'Yl'lf lJtI'J~mw'JtJtJt1~ 0.5-1.5 'lJtJ.:I 

: Q.I IJ/ ~ J I:!i IJ/ '1 tI.a .cd I' dod I Q,I

'U 1'H'U f1!t'H .:IHt1~fflm'J m'YllJ'lJ 'U tl~'J tJtlt1~ 6 'UH'Ylt1 ~fl\9l tJ'U 'Yl'lf'Vl tJ~ 'U'Vl uun.:ItJtJ'U "l f11'J 1~ 

tI '" 1 ~I '" <!I.ct "'... '"'Jmwflt1 tJ 'J11 t1 t1 !tJ Unnn ~lJ1t1'lf1fil'Yl'lJ tJ.:IU 'Ylt1.:1fl\9ltJ'U 'YlG)ntt1~U tJflfl11lJ t;j~lJ fflJ\!'J W'lJ tJ.:I 

I ': Ji I -: 4d tI 91.c::. tI 9J I .c::..c::. QI

U'Ht1.:1'Ul"lf~H'Ht1~'U1'VllJfl11lJt;j~lJfflJ\!'JW'U tJtI'O~'Yl1J1J'J lJ1Wflt1 tJ1'JVJt1t1 ttJ 'U tJtlf111 4.7 lJt1t1m lJ 
" ,

~mJ fl1J1i1'tltlJ\9l 'J !!'H ri.:l'lllYiiifl11lJt;j~lJfflJ\! 'JtUtll'U flt11~'YlUtI~]J1Wflt1tJ1'JVJt1 ~ ttl 4.7-14.3 
" ,

iJt1~fli'lJ~ tJt1 fl1J1i1'tltlJ\9l'J !!t1~tt'Hri~'IllYiijfl11lJtJ~lJfflJU'JtU lJlfltl~mw flt1tJ1 'JVJt1~ ttl mflfll1 
~ ~.� 

14.3 iJt1~fl~lJ~tJ~fl1J1i1'tltlJ\9l'J tI~mWflt1tJ l'JVJt1~ ttl 'O~tttl'JH'U\9l1lJfffil'Yltt1~~tJlJ tI~mwui 
" " lil~tJl'Hl'J'1'Utt'Hri~'Ill'U''U ('U''U'Vl'Ul, 2536) 



, 
unn cl 

3 

. .. 
c:I 4 ~.et _I iQ, GIl Q.I , iQ, 

fll~'YI~H10.:1'Y1 1: flfl1:l1N't1'U0.:1~~1.J1.J fll~Nf,WI (fll~l't1f.l.:l1J't11'U't1 &'Ufl~~'If.:lll't1~1.J0~'U) 

~0fll~'t1'~'t1'lJfl~'Ulfl't1'U~'Ul~0tJ't11'"'t1 

fll~1NllN'Ufll~'YI~'t10.:1 

d1~ttN'Wflll'Yl~H'lfl~HtJtJ~1J~"fl" (Completely Randomized Design; CRD) l"tJ 

" mj~flll'Yl""fl~flflfltrl'W 2 'I1'1-htJ'Yl""fl~ (Treatment) !l~"~'I1t1dtJflll'Yl""fl~ii 9 CJf1 (replication) 

, " 
'I1t1dtJflll'Yl""fl~fi 1 liltJ~'I.1"l'U" l'Wm~i~ 

. " 
'I1t1dtJflll'Yl""fl~fi 2 tiltJ~ll"l'U" l'Wtifl~'U 

.e:t IV , iQ, 

fll~lVl~f.llJfl1~'If.:lll't1~1.J0~'U'YI~'t10.:1 

l~1 uuns ~i~'I.1"l'U" l"tJl~fld'U 1'U rlfl'Um~ l"tJl~m~i~ ~m~tJ1J ~'U~1 'U'U1" 
" .

m~i~ 2.0x2.0x2.5 t1J~l (fl11~xtJ1dxt1'~)!l'Ud'Ufl~1'Utifl'U'U1,,~'Ufi13.5 ii fld11J~fl 6 l1J~l 

" " ~l'Wd'U 9 m~i~ l"tll,.rm~i~'il1Jmjl'Wih 1.5 l1J~l U,,~~,,~~m~i~ l~tJu'Ud'Wl,.rm~i~1-ll~ti'W 
'" 

o 3J 'd jJ 1 tI ~ j}Q.J C\ ~ I

'I.1l~mw 1 t1J~l lf1H'Yl1~dtl'Ylflm"fl'U'U1"lff'UN1tT'Utlfl"1~ 2 'Ud l'll'f.)~~mff~flt1J'Ul'J'U"fltJ 

" m~i~tt'Ud'W"fltJi!1"h'Wtifl~'W'Yl""fl~1~tifl~'U'U'U1" 0.5-1 ii ~l'Wd'U 9 tifl (fI1~ 6) 

, tJ I tJ 

'1.1 "1'U "fi'Yl"" fl~ iii!11-nrflm il tI 35-40 fl11J 'il1flVh11Jl~1~!iltJ~lflfl'll''U 1'W i~'w!" 
. " 

!~tln1tJ 1~tJflm1'1.1rlfltJ'I.1"1'U" l'U tifl~'U 4 ~d/~n1~!1J~l rid'U'I.1mij"fi!iltJ~ l'Um~i~l11flll 

'I.1rlfltJ~f1d11J,"'U1ut1'Wm ~tI 60 ~d/~fltJ1ffn!1J~l 

.. 
.. '" w I oCt 

fll~ &M01't'il~ll't1~nl~1JVlm~~~'t'i1Nm~l't1m 

1,.rm'l11lt~~ff1'11 i'tJ'I.1Cl1fiU~'ll'fiiil~~tJ l'1.1l~'U 30% 1'U"~ 2 flf~ O~1-ti1tJ) l11 

'I 'JI dod _1'1 _I"" "'_I "" ..,: 
rns ~'I1mml!1J"ff1!H~U~'UUlmW'Ylu"lfl'U'il'Ufl1J 
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, 
d 

(;n;n'Unu~~'a~t1~n~ln~~e1.:1 

" ~llih.Jm~'Ylfl~tl~~~1J1Jmmi1\9l W DtJ!~t1nJml1~ 'rh1:lJ!tJfl'lf'W -e11Ifltl'V'l1'W 

ll~l'r:rfll'lftl~~ltl ;~U~ l~tl'Wmfl{]lfl:lJ -\9Jmfl:lJ 2552 bTI'W~~t1~nm 4 l~tl'W 

" 
ill'W 6 (A) Dtl'Ylfl~tl~~~1J1Jm~J:-ji1mJml1~1fltlm~I~t1~'I.hl1l1~i'Wm~9f~(B) Dtl~'W 

~ ~ 

"" <! "" 
. 

~ "t _I "" 1 0
fl1'a1Ifl'al~'tHl~'U !f1(;l'UI'UeI'Um'U(;l!m~ 'U'Ul 

" 1. Inmi1mh~'tJml1~ ~1'W1'W 3 1'i1/Dtl 1'i1tl~1~'Wl ~1'W1'W 1 i1\9l~/Dtl 'I1fl 30 1'W 
• I� " , , 

IYJ tl'W l:lJlllml~l1 fli1'W 1fI ~'W (,i tltl ",iJ'W !!~~IB:lJ '1tlU) 1 fl t1t\9l1 t1:lJ1'i1mh~I't1 ml ml1 ~Yitl 'W ~~ Ifltlfl 

" 5 fl~:lJ'V'l~tl:lJtl1JI~:lJI:lJ'Yl1il'Wtl~ 10 iJ~i1i1\9l~ 1'i1tl~1~lh 10 iJ~i1i1\9l~ 'Wl'1'tJiril'W'lJ1fl'115~ (vial) 

. "" 
2. 'Wl'IJ1fl '115~YiiJI'i1tl~1~'W llw~I't1tl'tJm'V'l~tl:lJllml~l1 Vllf11~ 1~:lJ 1911~t1:lJfI~tl 

v 

lJ'fl1.9 fl~:lJ !!~~ iri magnetic bar 1I1flt!'WiJfl~1~1t1~fltll~'Yl'Wfl11:lJ~tl'W,,!~!!~~~ltl~~lJ!i1t1:lJ 'Wl 

'lJ1fl '115~11~1J'Wlfl~ tl~m'W!!l.il11~ nhJvh IW~mflll1f111:lJ~tl'W~tlW tl~fYlI9l~1q;t1'"'11 fllJ 65-70 
q� '" 

d d 'jJ d 1IJ a'.c1 'jJ QI a' 9J If) Q.I ~ 1IJ 9JI

l'lJ'Wn~l 5 'Wl'Yl IW1U'Yl~I'IJ:lJ ~vJl1Jm'Yl'tJ~~fltl1JI'IJlf)WJ'tJmW SPME 1'IJ1 ~'tJl'W'lJ1fl\9l1tltlN'Yl~ n 

.� " 
I~ 'W n� ~ 1 12 'WlYi IYJ tl ll1hJ 11J tl 1 Vllfl U 1l1J tl1J "'l~ il ~ ~ fl nu~ tltl ",iJ'W !!~~IB:lJ 'ltl Uk 'W 19i1tl~1~'W 1 

" U~~!'t1tl'tJml1~ 

3. 'Wl'1!flQ'tJmw SPME QfllotJltl1Jlfl~tl~ GCIMS (Agilent Technologies 6890 N 

Network GC system) lotJli'tJ\9lH\9l11l11tJ~~Qflm~'lJtl~lfl~tl~ 1fltli~ Splitless mode ~l'Wblfl1JiJm~ 
'" "� q V t:Y d d ':::1 '" 

f1tl~:lJ'W (DB-DURABOND) HP-5 (30 m. x O.32 mm. urn. film thickness) ~'lfUfl"'~I~t1:lJI1J'W\9l1'V'l1 
v 

~1t15\9l~1 2.5 iJ~i1i1\9l~ /'W1Yi tlW'l1fliJ'lJtl~I\9l1tl1J I'i~ 1'tJmm:lJtlW'I1fliJ 60 tl~fYlI9l~1q;t1'" 11~'Wnm 
q qj� q qj 

" . 
1 'WlYi 1I1flt!'WI~:lJI~'W 220 tl~fYlI9l~1q;t1'" ~1t15\9l~11~1 15 tl~fYlI9l~1q;t1"' /'W1Yi IW~f1~tlW'I1f1iJ'11 

q� '" 

d d d 0 QI & ~ 
'Yl 220 tl~fYlI9l~19ltl'" 'Wl'W 8 urn U~~'Yllm~lIfl1J'W'Ylf)J:-j~1I1mmtl~GCIMS (fIl'V'l 7) 
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>I • 

.fnW 7 (A) ~':rtJdl'll-WtJ'l.h'1l'W~ (B) ffti~'YitJtUl1f1iJ 65 tJ'lflllC)fm;tlff !!~~~~ !'VJrUtJ{'Wl'W 12 'Wl'Yi. ... 

(C) 'l1l SPME IfYtI'lJ~lflftJ'l GC/MS (D) IflftJ'I GC/MS Yilfll'j'l.h~]J1~vW 

Abundance TIC: 001 100 PPM.D 
I 

, 'M'""I 
1600oo0 ! 

I 
1400000 1 

Geosmin 
MlB 

8.03 ",""'1000000:· 5.88 

800000 

600000 

400000' 

2000J 

Time-·> 
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Abundance #44078: trans-j ,10-Dimethyl-trans-9:decalinol 
112 

9000 

8000 

7000 

6000 

5000 

4000 43 
55 

3000 

2000 

1000 
149 182135 141 164 

Oh,~-+r-"'::':~"'rr-.,.-y.,..,...,-,--.'-r-ii+.--n-'......"t-r-r'r-r++,--,-,-,..-fT+'+-r.-,--,n'rTTT-M--"rr~'t-r-..-r,-,-,--.'r-rrr-rr,+r-",-,r-
mtz-> 20 .JO. 40 59 ?Q. _~Q ..~ ... J99.J19 120 1~0 1",9 1~Q_1~Q.. 1]Q_!8Q._J~_ 

.fll'W 9 Mass spectrum '\Jtl'Hn'J~m)'{YihJ (trans-I, IO-Dimethyl-trans-9-decalinol) 

9000 

8000 

7000 

6000 

5000 

4000 

3000 

2000 

1000 

Ol",rrrtTTTlTrrrn't+rn-fflin+r-n'ri'tTT'<i'ffi'+-rT'i'T%-.-.-'t'n+r+-rT'i'>'rn-rri-...-rrTT1">'n-ncrrrrr-n-TTTlTTTrTTTTTTlcrrrrTTTTTTlTTT'crrrrTTTTTTTI 

rn/z-> 1.Q._.?Q 30 40~Q__l).Q. !Q._.~Q.. 90.1lJ:(}_.1JQJ_?() 1,~QJ"''O' J.~ .. J§.ll_E_Q.J~Q .._1_~9__.?QQ?JQ_??Q ..?_~Q..?~9_?~j 

d lIJ '" .fll'W 10 Mass spectrum '\Jtl~""l'Jmll mu (2-methylisoborneol) 
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"'l "" _~ ~ "I 
rn 'i fl fl1l1~ '\.!VI Ut1:::lJ 'i~ 1UA 'U0'lU'Vit1'lnV10'\.! 'Vi ~ 

hHJl11flljlfhJI'1'HHll'lU'YH'1'ltlI'Hl'W-W'lJ''YJf1 "1 30 1'W hHJi~Q'lf1 Hl'lU'YH'1'ltll'ltl'W 

'U'Wlfl 10 1:lJfntl'W mtl'l1'11tleJ1'lJ11J'1:lJ1l'lj 5 ~l'lj /D tll~iJJ1~mtl'l1~iri'U1fllfhJI'11tleJ1'l i'mll 
v .I"'G'" 0"-" ";GII]'iJII].I<9 v v ",d.

'fffll'Wfl1t1 Lugol 's solution 2 IlJml9f'W1'l UCl:::'Wl1'l1tltl1'l'Vllf1iJ bd blJf'I'f1'l:J1fl1t1f1Cltl'l~Cl'Vljjf1'W l'Wtl 

~ 1U'W f1'lJ'tJ flUCl:::'lJu~ 1'W 1'WU'W Cl 'ltll'l eu-W'lJ' 'W ~tl:lJ 111~ 1~ 1~:lJ1fl1'W 1 Wl'n1J'1 :lJ1WU'W Cl 'I tll'l eu-W'lJ' 

3 0'.C\,.C\,.C\, Q.I & 'jI 0' Q.Ii'jl
(x 10 19fClM:lJClClCll'lj) uunnmwrnn I'lf1Cltl'l'ilCl'Vljjf1'W (Nikon ECLIPSE El00, JAPAN) rmuu• 
1J'1:lJ1W'lJ'tJflU'WCl'ltll'ltl'W-W'lJ' lfltli~~jjtl'Utl'l tl1~ 1m::: Q:lJ1fm,U (2546) IICl:::~lll'Wf1'lJ'tJfltl'WCl'ltll'ltl'W 

'U q 

-W'lJ' lfltli~~jjtl'Utl'l~flfl1 (2542)
'U 

v 

I'lj1'il'fftliJtI'il~tlflWfll'W111'Vl1'l~1'Wflltlfll'W Ifl~fll'W IW:::;1fll'W i'Wm :::i'ltlCl:::Dtl• 
~'W'YJf1 30 1'W 1~ufi fl11:lJ1~'Wf1Hl-~1'l hwi~ TOA multimeter i'W WQC-22A tltlf1c]l'il'WCl :::mtl 

v v 

111 hw'l~ TOA multimeter i'W WQC-22A f;jw11,fJiJ111 lfltli~ TOA multimeter 1 'W WQC-22A 

fl11:lJ~'W hwi~ TOA multimeter i'W WQC-22A flCltlhYJmf re ~flu1JCl'l'il1f11n'Utl'l Wintermans 

and de Mots (1965) , Saijo (1975) Iltl:lJl:lJI'Wtl-l'Wll'ljl'il'W lfltl1n Phenate method 1'l1:lJ1n'Utl'l 

Boyd and Tucker (1992) 1'Wll'lj'Vl-1'W Il'l jl'il'W lfltl1TI Cadmium reduction method 1'l1:lJ1TI'Utl'l 

Boyd and Tucker (1992) 1'W lml1-1 'W 1m1'il'W lfltl1TI Diazotizing colorimetric method 1'l1:lJ1TI 

'Utl'l Boyd and Tucker (1992) tltl{h'YJtlm'YJl'l lfltl1TI Stannous chloride method 1'l1:lJ1TI'Utl'l Boyd 

and Tucker (1992) 

" 
fIl'Vi 11 (A) f11jl'lj1'il'fftliJ~W.fll'W111'l'W.fnfl'ff'W1:lJ lfltl'l"* TOA multimeter 1'W WQC-22A 

(B) f11j'lJ iJ1J'1:lJ1W'lJ'tJflU'WCl 'I tll'ltl'W-W'lJ'.flltii~f1~ tl'l~Cl'Vljjmrfllti Iu11'tl'l1Jfi1J~f11 j 
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... rlv 
fll111fl11 :i:'H'UB\Ji;\ 

v v 

tJl'iY~1,! 'l'IJ~'l ffl'j~~ ~ffi1'UU'l:i:tgil '~ij 'ill fl~1~~Nlii~tJ miA 'lU'l:i:~1~~1'ltJ 1 

iI "i' et <I iI 0 11) "i' dd ... <I. _I_I 
'IJ~l,!'lfl'l~ ~'j1"l'l'l W 'IJ~1,!'l'ill'U1'U AClItJ1 A'UU1JflmHlnil il11Ifl'jl:i:'l1fl1fl1lilUlJHJ'j1'U 

(ANOVA) 1~~ffml1fl1lilU\P1fl~1'l'IJ~'lU~'l~'l1tl1tJfl1n1fl'l~'l~'j~~1Jfl1lm~mt'U 95% 1fltJ1,* 

1tJmmil SPSS 16.0 for Windows 
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v • 11 11 v 

~l..J'Vi'l'1lfll':i'VlrH'l tl.:J ':i~'lJ1Jf1l 'H~ tI.:J W '!J m~ tI.:JD mum ~'lJ'lJ'l1l!~ tlTvh{:J.Htlfl'lf'W 

" 
ih!f1tl'Wl'W .ij.:J'l"j'1rH~tI.:J':i l tI 'trwi ~'!J tl~'W '\J'W WI 0.5-1.0 1~ 'I'1lf1l':iDri tltl~fl~'W TID miJ~ 'l1l'l1iTfl 

'" q 

!Q~tI 38-41 tli''lJ hW~\PI':ilf1l':iDritltl'!Jtl~~ 3 1Pi1/\PIl':il.:J!'lJm i~tll'l1l':i!~r1Dmfi'W~'lf~ih~~'lJ 

lD':i~'W 30% 'Vlfl'l1'l-htlf1l':i'Vlr1~tl.:J 'I'1lf1l':i'Vlr1~tl.:J!~'W':i~tI~nm 240 1'W 1l.:JU~'Wf1l':i'Vlr1fltl.:JH'lJ'lJ 
q 

v 

ri:lJff:lJ'lJ':itU (eRD) u'!J.:Jf1l':i'Vlr1~tl.:Jtltlm~'W4 'l1'l-htlf1l':i'Vlr1~tl.:J lr1t1f1l':i!~tI.:JDmiJfli'Wtlltl'!Jtl 
q '" q 

" 
H\PIfll'll.:Jtl'W ~.:Jij 

d, 
'l1'W 1t1tll':i 'Vlr1~tl.:J'Vl 

" !~tI.:JD miJ~,'W'!Jtl~'Wtlltl il ~l'W1'W 6 '!J tl 
q 

,, .. 
'11 'W 1 urn':i n r1 fl tl.:J 'Vl 2 

v 

!~tI.:JDmiJfl i'W'!Jtl~'Wtllti 3 il ~l'W1'W 
, 

3 'lJtl 
q 

,, .. 
'l1'W 1t1tll':i 'Vlr1~ tl~'Vl 

" 3 !~tI.:JDmiJ~ i'W'!Jtl~'Wtllti 6 il ~l'W1'W 4 
, 

'lJtl 
q 

,, .. 
'11 'W J urn ':i'Vl r1 fl tl~ 'Vl 4 

v 

!~tI.:JDmiJfl i'W'!Jtl~'Wtllti wil ~l'WJ'W 7 '!Jtl 
q 

v .,,, 

ill'Vi 12 '!Jtl'Vlr1~tl~f1l':i!~tI~DmiJ~ri1t1':i~'lJ'lJ'I.h~tl1 !~tI~DmiJ~i'W'!Jtl~'Wtllti 1il 
q 
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" ""ill'" 13 'l.hrVl~HH)~tll·H~v ,nJmiJ~~lV,) ~'U'U'Lh~Vll~V \l'l.JmiJ~ 1'U,jtJ~hjtJ1V• 3 iJ 
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>' >' >' 

ill't'i 14 DtI'YI~HltJ ,ml'H~t1'liJmiJ"~';ltJ'j:::1J'lJ'Wl!:Utld !~t1'liJmiJ"l'WDtI~'UtI1t1.611 

>' >' >' 

ill't'i 15 DtI'YI~l{ItI'lf)l'j!~t1'liJmiJ"~dtl'j:::'lJ'lJ'Wl!:Utld !~t1'liJ"liJ"l'WDtI~'WtI1t1.1011 
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.fll'Vt 15 (9lU) 
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.. _t:= ""I "''i' <:lOJ 

fll";iVl";i'J'il'U";ill1Wl'lHIUetWHU1Jf.l9ftT (Shutrirung, 2005) 
:v 'j/ I 'j/ :v I 

3.1 I IU~ 1911tl~1~~'W '1 rihHll'l-Hl1l11 'H~V ,H9ftlViCJJ119f tlU~ 1 .yj~ HVi~w 11 tJlll1'tl~I1J'W 
""'_I <I .... '1 31""' , 31

11m 1 ""u ~l1mV'w mntlV1~WN 

3.2 i~~'W 10 fli':IJ ~lfll 'H~ml1~'l'WJ1fl~'WCJJ1 1~tl 90 ll"i'li'I\9l':i l'U~1111'1~lfl'WI1J'W 

". " 
3.3 lhLJ\911911tl~1~ 1 ll"i'li'I\9l':i ~lfll':il~ml1~'l'W111fl"'WCJJ1 19ftl 911"i'l i'I\9l':i l'U ~ l 'l l1'l~l 

fl'W 11J'W':i ~~'lJ l~ml1~~ 10.
2 

3.4 lhLJ\911911tl~1~ 1 ll"i'li'I\9l':i G~':i~~mn1:IJI~ml1~~ 10.
6 

3.5 lhLJ\911911tl~1~ o.I11"i'li'I\91':i 111m ~~'lJfl 11:IJ I~mJ1~~ 10'3,10'4, 10.
5 U "~ 10·

6m 

..:::1"" ~ d . e:t II] ~ 

spread 'lJ'W111'Wtl1111 ':il"VWlftl IMA-2 'Vll\91':iV:IJ n 
.� " 

3.6 U:IJ HVitlW11 f111l1'tl~'W 1'W 7 1'W \91':i111~ rns111 ~U11~'lJ 1\91'U tl~l9ftl 
q '\I� 'U u 

"� " 3.7� ,ru~1'W 1'W 1f11" iJ 'Utl~ l9ftl Utlfl~l 'W:iJvqj"" f11'W 1WLJ~mUH9ftllltlfl~l 'W:iJvqj"" 

~1'W1'W lCli"~ 10.1x l0 dilution factor 

v 

~1'W1'WlCli"~ I 0.1 x l 0 dilution factor 111111'l!fl'Utl~~'W1l11'~ 

.fll'W 16 (A) fll':iln'lJ1911tl~1~LJmu" (B) fll':iln'lJ1911tl~1~J1 (C) fll':iln'lJ\911tl~1~~'Wlf'WUtl lW~ 
" " 

(D) ms fl':i tl~II'W"~ n\91 tl'WVl'Jf'l 'W Utll~ v~LJ" 1U"':i~'lJ'lJ'l111 ~V1 
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"" d'll
fl11'1!i'I11 ~'H'\Jel'IJ~ 

.vmJC1~ 1~ 'Dlnf11'j"'Vl~H'ltl,:jUlm1lml~l1f11f111Wl'lJ'j"'lJ'j" 1'W (ANOYA) !~tlflmJ1 

q 

'U 

~ , 
m l:lJU\9I nl'l 1,:j 'lJ tl,:j lll'lC1 ~ 'b'~ n ~ C1 tl,:j 'D In'l1'W l'lJ~ tI'lH'Yi tI'lJf1 1m~ tI'lJ tl,:j 'I1t.htl'VlflC1 tl,:j 1fl tl111 Duncan 

Multiple Range Test; DMRT ~'j"~~'lJf111:lJl~m:r'W 95% 1~tll~1'lJmm:lJ Statistical Package for 

the Social Sciences; SPSS 16.0 for Windows 



.� 
unn <:t 

4 

• y 

.e:t ~ Q et tI '" 1 OJ , '" fn'a'YIVltlM'YI 1: f1f)'lnf-.ltl'Ut:l":)'a~'U'Ufn'a~mVl (fn'aAtl[J..:) tll'Wtl 'Wm~'lf":)Am~'Ut:lVl'W) 

~t:lf)l'a~~~~f)~'W1~tl'W1'WA~t:ltltllUtl 

., . ., 
~l nrn 'j frOEJ l1.HlJ 1W. ~1'j ~ an~iJ'W i 'W lumJ (11U (1,yjl~ t1.:J i 'W 'j~ 'lJ'lJ rn'j ~il ~~ 1.:J tl'W 

., ., 
~.:JU ;]tJ tll'jl~t1.:J1.J(11U(1i'Wm~i'.:Jll(1::;'l.itJ~'W ~llJih~'lJ (.fHW 17) 'W'lJl11.J~mw.~1'j~tJtJ~iJ'Wl'W 

v . v • . , 

lutJ1.Jmu(1,yj1~~10tll'jl~t1.:Jl'Wm::;i'.:JiJfi1m~t1~1~~ l'Vhtl'lJ 0.66±0.11 llJ1mofwnhoflJ lij'tJ• ., . ., 
l1.J~ uu l,yj nufl J llJ U~ O~ 1.:J tl'lJ1.J~ mw. ~1 'j~ tJtJ~iJ 'W i 'W lUtJ1.J (11U (1,yj 1~ ~ 10 rn 'j l~ t1.:J i'W ti tJ~'W iJ 

fi1m~t1l'vhtl'lJ 2.61±0.51 1lJ1mofwn1(1oflJ 'W'lJl1iJm1lJU~O~1.:J'V11.:J~(1~(pSO.05) 

,,-,. 4 
;;::l 2.61 b~""" Ic 
(G 

Ir-" -IqC 3 
-<; 
;;::l 

~""" C 

(9: """ 2Ir-"� 
;;::l� 
~ 
'-' 
;:I 0.66 a� 

q;;::l� 
(t;; 

0 ._ ~
 
~
 

~(?
 

0 

, '" 
'lJtJ~'W 

., . ., 
.fll~ 17 1.J~mw. ~l'j~tJtJ~iJ'W i 'W!utJ1.JmU(1,yjl~t1.:J~JfJ'j::;'lJ'lJtl1'j ~il~~l.:Jtl'W (n=9) 
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" , " 
11 1flf11'j ~m:l1LJ1 in ruff1 'j~ tl tl ffi'hJ 1'U 'W 1'Vi b~ tJ~LJ moW ~ 1'U 'j ~'U'Uf11'j rli'~~h~tl'W 

~ v v I 

~~'f1 fitl fll'jb~tJ,;jLJmiJ~m~i~ll~~iJtl~'U ~1:IJ~1~'U (f11'W 18) 'W'U';hLJ1mruff1'j~tltlffij'Ul'U'W1'Vi 
V I I 1 

b~ tJ~LJ miJ ~ 1'U m ~i,;jijfi1m~tJ~lff~ tYi 1n'U 0.92±0.08 III1mfli"wi'm tjj tlbLJ'1 tJ'Ub'Vi tJ'Ufl11ll• v I V I 

tt~ fl ~ 1~ n'U LJ 1ll 1ru ff 1'j ~ tl tl ff ij 'U l'U 'W 1'Vi t~ tJ ~ LJ ~ 1iJ ~ 1'U ii tl ~ 'U ij fi1tQ ~ tJ tYi 1tl 'U 24.56±7. 11 

III lmfli'lJ/i'~'j 'W'Ul1ijfl11llbt~fl~WY11~ffO~(p:s0.05) 

40
..- 24.56 b 
""" (;;;:

q(CZ 

--;:< 
a""" 

C 

30 _. 

"""~ 
(.

;:< 20 
z-" 
'-' 

;:! 
q;:< 

(I:;; 10 
r.:l 
r.:l

Ur? 0.92 a 

0 I 

'" m~'li~ 

"" 'j~'U'Ufl1'jrl~~ 

" , v 
mw 18 LJ1mruff1'j ~tltlffij'U 1'U'Wl'Yit~tJ~LJmiJ~~1tJ'j~'U'Ufll'j rli'~~l~tl'W (n=9) 

.. . " 
2.1 mtJlt)H1T~ttltJ't'J1ihHi!ij'jJtll'ntlfh~f.J~'l!'i~'U'Ufll'iN~Y1~Nnl! 

" . " 
11 1flfl1 'j ~mj 1LJ1uuu ff1'j t~ III tllJ 1'Ut11ml miJ~ 'Vit ~ fN l'U 'j ~ 'U 'U fll 'j rli'~~ 1,;j n'U 

" " " 1i~'f1 fitl fll'j b~tJ~LJmiJ~l'wm ~i~ll~~iJtl~'U~lll~l~'U (f11'W 19) 'W'Ul1LJ1mruff1'j t~ll ItllJlwl1tl 
• v •I I 

LJ miJ ~'Vi Hl11 1flfll 'j t~ tJ~ 1'U m ~i~ijfi1m ~ tJ~l ff~ tYi1 n'U 2.45±0.50 III 1m fli'lJ/nl ~ fli'II tjjtJ .� 
" . " 

bLJ'1 tJ'U b'Vi tJ'Ufl 11ll tt~fl~ 1~ n'ULJ1ll 1ru ff1'j t~ll 1tJlJl 'U t11 tJLJ ~ 1iJ ~ 'Vi I ~ 11 1fl fl1 'j t~ tJ~ l'U iJ tl ~'U ij 

fi1m~tJ tYi1n'U 4.55±0.59 III lmfli'll/nhfli'll 'W'Ul1ijfl11ll!!~fl~1,;j'Y11,;jffO~(p:s0.05) 
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..-.. 
6 4.55 b 

;<
air<> 

c;::
(G 

5 -, r 
l
qc;::-;< 
air<> 

4 
2.45 a 

i 
c;:: 
Ir<> 
G: 3 

I
;< 

s-" 

--- 2 
U;;:::J 

r.:> 
s-" 

;< 
u~ 

0 

... 
m~'lf'J 

, '" 
iJ eJlOl'U 

'" 'J ~ iJ iJ m 'J f-fMl 

" . " 
Jll'V'l19 '!J~lJ1Wm'JI~:UleJD1'UlumJm{hrViI~V'J~1m ~iJiJf)1'JN~\Pl~1'Jn'U (0=9) 

2.2 m~ltlHnj!i)~'8iiluJ1~!~rJ~'lhniA'tl1'Uj~'IJ'lJf)nN~\PlviNn'U 
" I v v 

'il1f1fl1'JfYmI11J~lJ1W bY1'J1~:U leJDl'Uthvh~v'J'!Jmi'J~ 1 'U'J ~iJiJ f)1'JN~\Pl~l'Jn'U ~'Jij 
" " . 

fieJ fl1'JI~v'J'!Jmi'J~l'Uf1'J~i'Jll~~iJeJ~'U \Pl1:U~1~iJ (fll'V'l 20) 'V'liJ ';h'!J ~lJ1UlbY1'JI~l/leJD1'Utl1Yi 
,., I I I 

l~ V'J'!J mi'J ~ l'U f1'J ~i'J ij~lm ~ V~lbYlOl l'Yh niJ 3.10±0.15 l:U 1m f)i':u/ ~\Pl 'J liJm'!J1 ViJlYimJfl 11:U 
q 

11\Pl f1~ 1'1niJ '!J~:u 1W bY1 'J 1 ~:U 1eJ D l 'UJ1~ IiV'J'!J~ 1i'J ~ 1'UiJ 't)~'U lJfl1 1'R ~ V Ivi 1 niJ 26.26±6.56 

llJ lfl'Jf)i':u/~\Pl'J 'V'liJ ':hijfl11lJll\Plf1~1'J'Yl1'JbYil~(p~0.05) 

40 
26.26 b ..-.. 

Ir<> 
(;;:

q(G ..30 
;< 

air<> 
c;:: 
Ir<> 
G: 

I- 20;< 
s-" 

U;;:::J 
r.:> 

s-" 10 i 
;< 3.10 a 
u~ 

0� . _-- _ .� 

" "�, 
Jll'V'l 20 '!J ~lJ1WbY1'JI~lJl't)Dl'U111Yi I~V'J'!Jmi'J~~1V 'J ~iJiJfl1'JN ~\Pl~1'Jn'U (0=9) 
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3. mlJ1WmH)hy.j tl~ 1el 

" . " 
\11tltll'jfhrjontJ~lJlU!fHH) hVlrl~ in h..!thYit~tJ\ltJmijrl Iuseuurns ~ ~ I'l I91 N tl'W 

" " ~
~\IiJ ~tl tll'jl~tJ\ltJmijrl1'Wm~9f\lurl~-Utl~'W 1'l11Jth~iJ (mow 21) 'Y'liJl1tJ~lJlt\Hlrltl hVlrlrl !fJ i'W 

'j/ I 'j/ • I • 

t.J1Yit~tJ\ltJ rl1ij rl1'W m~i\liiA mi~tJ~h'l~ tY1 1tliJ 401.35±21.l1 11J lmtlr1J/iim dJmtJ~tJiJlYi tJiJ 
v I v I 

fl d 1 1J U l'l tl I91 1 \1 tl iJtJ ~ 1J 1 U! fl rl tl ! 'j YJ rl ~ ltl i'Wt.J1Yit~ tJ\ltJrl 1ijrl1'W-Utl~'WiiA1lQ~ tJ tY11tliJ 

922.08±143.74 11J1fl'j tli'1J/iil'l'j 'Y'liJ l 1 iim1 1JUl'ltl I91 1 \1 'V1 1 \1'ff i1~ (pSO.05) 

........ 
It'> 

1200 - 922.08 b 
l;;: 
q~ 
'<, 1000 -. 

a ~ 
C 
It'> 
<;: 800 

It"'-" 
;;:;: 
~ 
'-" 

~ 

600 
401.35 a 

.~ 

~ 

en:: 
It'> 

It"'-" 
~ 
~ 
<;: 

400 --j 

I 
200 --1 

0 
III 

" , " 
JH W 21 1HlJlU!flrltll'jVlrl~ w 1'Wt.J1Yit~tJ\ltJmijrl~dtJ'j~ iJ iJtll'j~iil'l~l\1tl'W (n=9) 

" , " 
\11tltll'jffml1tJ~mU! iCJftJ1!'WUiJflYit~ tJ1'Wt.J1 Yi l~tJ\ltJmijrl1 'W se uurns ~iil'l~ l'1tl'W 

v v 

~\Ii1 ~tl tll'jl~tJ\ltJmijrl1 'W m~i'ltm~-utl~'W \9llmCh~iJ (m'Y'l 22) 'Y'liJl1tJ~mU! iCJftJ1!'WUiJflYit~ tJ 
v • II I I , 

1'WtJ1Yil~tJ\ltJrl1ijrl1'Wm~9f\liiA1m~tJ~1"l~ tY11tliJ 40 1.35±21.1 1 11J!m tli'wiil'l'j tjjtl 
v • II , 

ttJ ~ uuiYi uu fI d 11J UI'l tll91 N tliJ tJ~ iruu 1CJftJ 1!'WUiJflYi t1 tJ '1 'W t.J1Yi l~ tJ\I il rn ijrli'W ii tl~'W iiA1m ~ tJ 

t'VlltliJ 922 .08± 143.74 11J !mtli'wiil'l'j 'Y'liJl1iim11JUl'ltl~l\1'V11\1'ffi1~ (pSO.05) 
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,-..., 
Ir> 
(;;:: 

a(CD 
a(CD 

100 -. 
(CD 
a~ 63.56 b 
'\>(2; 80 

(CD 

~ 
'"0 60 

x 
'-' 
;;;:) 40 26.98 a 

~'S: 
~ii= 

(9: 

~ 20 
;! 

(r-" 
rr 
;;;:) 0 i --I 
G" 

s-" 

" . " 
ill'V'l 22 iJ~mw' lClftll hmiJ~l'ViI~tJhnhViI~tJ'liJmtJi:'ll'1'lm~iJ'lJfll 'H'I~~~l'ltltJ (n=9) 

• I 'j/ • 'j/ 

~ 1flfll ~ fffll-n iJ~ in w, 'b'tJfllClf tn i u II ml'Vi l~ tJl1 f.j ~~ fl~ u i I'l i:'l u 1tJ'l11l11~ tJ'l ilmtJ i:'l 
v " 

ItJ~~iJiJfll~f.j~~~l'ltltJ ~'llj ~eJ fl1~I~tJ'liJmtJi:'lltJm~i'llli:'l ~'l.1eJ~tJ m1Jih~iJ (fll'W 23) 'WiJ '.h 
v • 'jI I , 

1tJ111l11~ tJ'l il m tJ i:'ll u m ~i'llli:'l ~'l.1 eJ~tJ iJiJ~ uuu 'b'tJfllClf tn i uuu 1'll11~ tJl1 f.j ~~ fl~ tJ i I'l i:'ltJ 11'1'wi 
od I ..::S I Q.I 1 rI ~ ~Q 

Oscillatoria sp. 1Jmmi:'ltJ 1'V11fl'lJ 20.00±3.85 lli:'l~ 78.75±14.61 x IO' IClfi:'li:'l/1Ji:'li:'li:'l~~, Anabaena sp. 
.c::S' ..::S 1 Q.I J fI Q QQ d 

1JmmM 1'V11fl'lJ 27.78±2.22 lli:'l ~ 68.33±26.05xIO IClfi:'li:'l /1Ji:'li:'li:'l~~ IW~ Pseudanabaena sp. 1J 
r ..::! r Q.I 3 d' Q 0<:::).4 0 Q.I 

mmi:'l(J imnu 21.11±2.9411i:'l~ 13.75±5.36 xI0 IClfi:'li:'l/1Ji:'li:'li:'l~~ ~l1JmfliJ 

,-..., 
Ir> 
(;;:: 100 78.75a(CD 

a(CD 
(CD 68.33 
a~ 

'\>(2; 80 
(CD 

~ 
'"0 60 

x 
'-'� 
;;;:)� J

~ 'S: 40 27.78� 
~ii= 21.11�(9: 

~ 13.75 
~ 

;! 20 I 
(r-" 

r 
;;;:) 

G" 
s-" - --'---  --.-- ..~0 

Oscillatoria sp. Anabaena sp. Pseudanabaena sp. 
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" , . 
VlTH.:) 8 flULf111"l1111'W~~'lJ'lJfll'H'-lil\P1l'ni1Vf11~'YlfH'ltJ~l11 (m~i'~) url~lni1Vf11~'YlfH'ltJ~l12. 

('!JtJ~'W) 

1, -vlltJ9f 
, " 

2. tJtJfl~I'il'Wl1rl~mvl'W111 (lJrlilflflJ /il\P1~) 

3. fl11lJ!~'U~1~ (lJrlilflfWil\P1~) 

4. mllJ,)'W. (NTU) 

5. l!tJlJllJlnV (lJrlilflfWil\P1~) 

6. l'Wl\P1~l1 (lJrlilflfwilm) 

7. l'WI\P1Hl (lJrlilflfwilm) 

8, tJtJ{ln~mn~\P1 (lJrlilflflJ /il\P1~) 

m~i'~ (n=9) 

7.5±O.O 

4.6±O.1 

43.7±1.5 

24.7±1.9 

0.40±O.02 

O.12±O.OO 

O.16±O.02 

O.15±O.Ol 

'!JtJ~'W (n=9) 

8.1±O.2 

9.4±O.6 

92.0±7.8 

215.5±47.6 

O.63±O.lO 

O.24±O.09 

O.12±O.02 

0.45±O.08 
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.d cj v, ~ 4 ~ .1:::\1"'''' 
nl'.i'YI~tlM'YI 2: fln'l:llfl.ltl'lJel 'Hnq1JelYlel'tl'\.!~'lJMU't'ltl~nYlel'\.!'t'I'tlHtl~m)flYi '\.!U£.I9HT 

~riel'11Y! f1~ n~'\.! 1fl tl'\.!'1'\.!!~ el'l.1tl1Utl~!~£.1~~ 'muel~'\.! ".i ~1J1JJ1!;;£.11 

" 
'illflfll ';j frfl'EmH inU! 'U tl~ uYH'l ~ nl'lnuYl'lf~li'W Chlorophyta '1 'W~ ,;}tJ V1~'W 1'il1fl'!J tl 

v I V V V I ,., 

!~tJ~'tJ'flllJfl~!~tJ~~'Hn~'U'U'W1!~tJ11I'lm~tJ~'tJ'fll~tl1tJ'!Jtl~Nn'W 10~~tj ~tl tl1tJ'!Jtl I , 3, 611fl~ 

" 11 1'l1lJ~1~'U (filYl 24) Yl'U11 'tJ~mU!~Jtl~!lYlfl~nl'ltl'UYl'lf~li'W Chlorophyta '1'U~1tlV1~'W1'il1fl'!Jtl 
,., • ,., iI ,., I I 

!~tJ~'tJ'fll~!~(J~~1(J';j~'U'U'W1!~en hW!~tJ~'tJ'fll~tl1tJ'!Jtl 6 11 ihHmU!~nbY~ l~(Jii~lm~(J'Utl~. .~ 

'tJ~mU!llYlfl~nl'ltl'WYl'lf~li'W Chlorophyta ['vh n 'U 85,76±5,50 x 10
3 

lClffl ci'/lJflililm l rl tll'tJ~ (J'Ul~(J'U 
" " 

'fl11lJlll'lfl~ 1-:J'Yl1-:JbYi) ~ n'U'tJ~mum YlMnl'lsu Yl'lf~li'W Chlorophyta '1 'W ~1tJell~'W 1'illfl'!J tll~tJ~ 
. ,., v iJ I 

'tJ'fllYil~(J~~1(J';j~'U'U'W1l~(J11~m~(J-:J1J'fll~tl1(J'!Jtl 1,3 llflg: 10 11 1'l1lJ~1~'U Yl'U11 hJii'fl11lJ• 
lll'lfl~ 1-:J'Yl N bYi)~ (p2:0,05) 1~ (JiJ~lm ~(J~Jtl~'tJ~mU!llYl fl~ nl'ltl'W Yl'lf~li'W Chlorophyta l'Vlln'U 

3 tI "':::lto QQ 0 Q.J 

62.02±5.52, 65.55±5.08llfl~ n.21.0±7.80xI0 lClfflfl/lJflflfll'l';j 1'l1lJ'fll~'U 

" " ff1'W ~1'W 1'W 'lfUI'l~Jtl-:JUYlfl~nl'ltl'UYl'lf~li'U Chlorophyta '1 'W~1tJell~'W 1'il1fl'!Jtll~(J~ 
• jI v V I jI 

'tJ'fll~l~(J~~1(J';j~'U'U'W1l~(J11I'lm~(J-:J1J'fll~tl1(J'!Jtl~1~n'W~~tj 6 11~tl eunie 1,3 , Uflg: 10. . 
" " 

1'l1lJ~1~'U (filYl 25) Yl'U11 'lfUI'l'Utl-:JllYlfl~nl'ltl'WYl'lf~li'U Chlorophyta '1'W~1tlVHW1'il1fl'!Jtll~(J~ 
I Y jI V I I 

'tJ'fll~l~(J-:J~1(J';jg:'U'U'W1l~(J11I'lm~(J~1J'fll~tl1(J'!Jtl 1 11 ii~ll~~tJ~1'W1'W'lflJl'lbY~bYl'l 11'l(Jii~1. .~ 

" V I V V jI I 

Yl'lf~li'W Chlorophyta '1 'W ~1tJell-:J'W 1'il1fl'!Jtll~(J~1J'fllYil~(J-:J~1(J';jg:'U'U'W ll~(J1 11'lm~ (J-:J'tJ'fll~tl1tJ
• 

iie 3, 6 lWg: 10 11 1'l1lJih~'U 11'l(Jii~lm~(J l'vhn'U 22.38±0.86, 23.38±0.71 llflg: 22.50±0.93 'lflJl'l 

I'l1lJ ~1 ~'U Yl 'U 11 ~hj iJ 'fl 1 1 lJ UI'l fl~ 1~ 'Yl1~ bYi)~ (P2:0.05) n 'U~ 1m ~ (J~ 1'W 1'W 'lflJI'l 'U tl-:JllYl fl-:J nl'leuYl'lf 
• Y Y I v .. V jI. 

~li'W Chlorophyta i 'W ~1tJell~ 'W 1'illfl'!J tll~ (J-:J'tJ 'fll~l~ (J~~ 1(J';j eu'U'W II~ (J 1 11'l m~(J~'tJ 'fll~ tl1(J'!J tl
• . '" 

1'l1-:Jfl'W 

Pandorina sp. , Euastrum sp., Coelastrum sp., Dictyosphaerium sp., Selenastrum. , Nephrocytium 

sp., Kirchneriella sp., Crucigenia sp., Tetrastrum sp., Closterium sp., Monoraphidium sp., 

Cosmarium sp., Actinastrum sp., Tetraedron sp., Eutetramorus sp., Ankistrodesmus sp., 
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Crucigeniella sp. , Radiococcus sp., Micractinium sp., Staurastrum sp., Chlorella sp., Gonium sp., 

Pediastrum sp., Scenedesmus sp. lm~ Elakatotrix sp. ~l:1..dh~1J 
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, '-~ .q ~ ~.q.q Q.I ,

1.2 1l-lL'l'Ut)-:Jt)lQlIt)V1t)1J':i'JJlW'll'U~U'VHI-:Jfl\llt)'U'Vt'll ~1'l1'U Cyanophyta (l;ll't'l':il£l 
~ 

c:t q 0 .q 

l;l!'UfJ1Uflll'U 1l-:J 'U) 

" ~ 1flfll'j ftfl'l:Jl1J11J1ru'IJ tl..:]U 'YH'l":] n\91 tl'U~'lf~ii\J Cyanophyta i 'U ~1 tl~HU 1~ 1ml tl 
So' • )I v v . v 

t~rJ..:]1JmiJ~'Vit~rJ":]~1t1':i~iJiJlh~rJ11~m~rJ..:]1Jm'VitllrJDtlI911..:]n'U ~-:liJ ~tl tllrJDtl 1, 3, 6 U~~ 10 
q q 

" iJ \9IllJ~l~iJ (fIl'W 26) 'WiJ111J11J1ru'IJtl,,:]U'W~..:]n\9ltl'U~'lf~ii''U Cyanophyta hJ~1tl~NtJl'llflDtl 
iI • iI V V I • 

t~rJ..:]1Jm'Vit~rJ":]~1rJ'j~iJiJtJlt~rJ11~m~rJ..:]1Jmi1tllmJtl 10 iJ ~1J11J1ru~..:]~~ l~rJ~~lm~rJ'lJtl~ 
q OJ q 

1J1lJlruu'W~..:]n\9ltl'U~'lf~ii''U Cyanophyta rvl 1 fliJ 73.90±10.93 x 10
3 tCJf~ ~/iJ~i'ii'i\9l'j trltl 

" 
t1J1tnu 'Vi uuf111lJU\9I flI91Hl'll":] 'ffi1~ niJ1J11J1ruU'W~,,:] n\91 tl'U~'lf~ii''U Cyanophyta 1'U ~1tl~1":] tJ l~ lfl 

v . v Y V I 

Dm~rJ..:]1J~1i1t~rJ":]~1rJ'j~iJiJtJlt~rJ11~m~rJ..:]1Jmi1tll~Dtl 1, 3 U~~ 6 iJ mlJ~l~iJ 'WiJ11 i:J~ 

f111lJU\9I fl1911":] 'l'll":] 'ffi1~ (p::,:0.05) 1 ~ rJ~ ~ It'i~ ~ rJ'IJ tl":] 1J11J1ru u'W ~..:] n \91 tl 'U ~'lf~ii''U Cyanophyta 

r I1J 3 QQ 0 Q.I"Q 
rmnu 52.75±6.04, 62 .63±7.16 U~~ 54.08±5.22xlO tCJf~~/lJ~~~\9I'j \9IllJm~iJ 

" " ~1'l-J ~l'l-J 1 'l-J 'lfiJ~ 'lJtl..:]u'W('l..:] n\9ltl'U ~'1f~ii''U Cyanophyta i 'U ~1tl ~l":] tJ 1~ rmi m ~ rJ..:] 
I jI V iI I )I 

1Jmi1t~rJ":]~1rJ'j~iJiJtJll~rJ11~m~rJ..:]1Jmi1tlltJDtlI911,,:]fl'U~..:]iJ~tl tlltJDtl 1,3, 6 U('l~ 10 iJ 
q q 

" " \9I l lJ "' l~iJ (fll'W 27) 'WiJ11 'lfil~'lJtl..:]u'W('l..:]n\9ltl'U~'lf~ii''U Chlorophyta i'U~..:"ltl~l,,:]tJl ii)lflDm~tJ":] 
• 'jJ v V I • 

1Jmi11~tJ":]~1tJ'j~iJiJtJll~rJ11~tJ1~tJ..:]1J('l1i1tlltJDtl 6 iJ ~~ltQ~tJ~l'l-Jl'l-J'1fiJ~'ff":] ~~ l~tJ~~l 
q OJ q 

v )I • )I v )I I 

~ii''U Cyanophyta 1'U~1tl~1":]tJ 1~lflDm~tJ..:]1Jmi11~tJ":]~1tJ'j~iJiJtJlt~tJ11~tJ1~tJ..:]1Jmi1tll~Dtl 1, 

3 U('l~ 10 iJ \9IllJ"'l~iJ l~rJ~~lm ~tJ rvlltliJ 8.50±0.60, 8. 12±OAO U('l~ 8.38±0.52 'lfiJ~ mlJ"'l~iJ 

'W u 11 i:J ~ f111lJ U\91 fll91 N 'l'll":] 'ffi1~ (p::':0.05) fl u ~ 1m ~ tJ ~ l'U 1 'U 'lfiJ ~ 'IJ tl":] u'W ('l..:] n\91 tl'U~'lf~ii''U 
" " . v v Y I 

Cyanophyta 1'U ~1tl~1..:]tJ 1mrni tll~ tJ~1Jmi1t~tJ-:I~1tJ 'j~iJiJU11~ tJ1 1~m~tJ-:l1Jmi1tlltJD tll91 N fl'U 
q 

l~tJ'lfiJ~'lJtl..:]u'W('l..:]n\9ltl'U~'lf~ii''U Cyanophyta ~'WiJ i~t1fl Chroococcus sp., 

Gloeocapsa sp., Spirulina sp., Merismopedia sp., Oscillatoria sp., Anabaena sp ., Microcystis sp., 

Cylindrospermopsis sp., Phormidium sp. U('l,t' Pseudanabaena sp. \9IllJ"'l~iJ 
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" 
'iJ 1f1mJftflEl1'U~lJ1W 'UtJ'lll'l"H'l'ln19H:rW Vi'lf~li'W Euglenophyta hJ1911tJV1'l'W1'iJ1f1,jtJ 

:v • v v iI' , :v 

l~V'lLJmtJrrViI~V'l~1VJ~'U'UU11~en 1~m~v'lLJCl1'Vimv,jtJ~1'ltl'W ~'lij ~tJ mv,jtJ 1,3, 6 llCl~ 10 
q q 

" 11 \9l1lJii1~'U (f11l'l 28) l'l'Ul1 LJ~lJ1W'UtJ'llll'lCl'ln\9ltJ'WVi'lf~li'WEuglenophyta 'l'W1911tJV1'l'W1'iJ1f1 
:v I 'jI iI 'jI t , 

,jtJl~V'lLJmyit~V'l~ ';WJ~'U'UU11~V11~m~v'lLJmYimv1jtJ 6 11 iiLJ~lJ1w'r:Y'l'r:Y~ 1~viifl1l~~V 
q .. q 

'UtJ'lLJ~lJ1WIIl'lCl'ln\9ltJ'WVi'lf~li'W Euglenophyta I'Vlltl'U 57.50±10.93 xl0
3 19fCl~AJCli1i1\9lJ lritJ 

" 
ILJ~ V'U IYi V'U f111lJ1l\9l f1~ 1'l'Vl1 'l 'r:Y(l~ tl'ULJ~lJ1W lll'l Cl'l n\9l uu Vi 'lf~li'W Euglenophyta 1'W 1911tJ Vl'lU 1 

v • '" v V I 

'iJ1f1,jm~V'lLJmYiI~V'l~1VJ~'U'UU11~V11~m~v'lLJmYimv,jtJ 1, 3 llCl~ 1011 \9l1lJii1~'U l'l'U111:W 
q 

1Jf111lJll\9l f1~1'l'Vl1'l'r:Y(l~ (p::':0.05) 1~ viifl1m ~V'UtJ'lLJ~lJ1Wlll'lCl'l n\9l tJ'WVi'lf~li'W Euglenophyta 

I'Vlltl'U 45.00±12.90, 35.42±4.00 llCl~ 39.44±6.43x 10
3 
19fCl~';iJCli1i1\9lJ \9l1'jJii1~'U 

" " 
ri1'W ~1'W 1'W'lftJ~'U tJ'llll'l Cl'ln\9l tJ'WVi'lf~li'W Euglenophyta 'l 'W 1911 tJV1'l'W1'iJ 1f1,j tJl~V'l 

I " 11 V I V 

LJmYiI~V'l~1VJ~'U'UU11~V11~m~v'lLJmYimv,jtJ~1'ltl'W~'lij ~tJ mv,jtJ 1,3, 6 llCl~ 10 11 
q q 

" " \9l1'jJii1~'U (f11l'l 29) l'l'U11 'lftJ~'UtJ'llll'lCl'ln\9ltJ'WVi'lf~li'W Euglenophyta 'l'W1911tJV1'lU1'iJ1f1,jtJl~V'l 
, 'jI 'jJ 'jJ. I 

LJmYiI~V'l~1VJ:;;'U'U'W11~V1 1~Vl~V'lLJmYimv,jtJ 1 11 iifl11~~V~1'W1'W'lftJ~'r:Y'l'r:Y~ 1~V1Jfl1 
q .. q 

v V I iI v v I 

~li'W Euglenophyta 'l'W1911tJV1'lU1'iJ1f1,jtJl~V'lLJmYiI~V'l~1VJ~'U'UU 11~ V1 1~m~ V'lLJmYim~,jtJ 

3, 6 llCl~ 10 11 \9l1'jJii1~'U 1~viifl1m~v l'Vlltl'U 2.38±0.18, 2.50±0.27 llCl~ 2.25±0.25 'lftJ~ 

\9lllJii 1~'U l'l 'U 11 1:W iif111lJll\9lf1~ 1'l'Vl1'l'r:Y(l~ (p::':0.05) tl'Ufl1m ~ v~ 1'W 1'W'lftJ~ 'U tJ'llll'l Cl'l n\9l tJ'WVi'lf 
v v I v v v I 

~li'W Euglenophyta 1'W1911tJV1'lU1'iJ1f1,jm~V'lLJCl1l1I~V'l~1VJ~'U'U'W11~V11~fJl~V'lLJml1m~,jtJ 

~l'ltl'W 

1~V'lftJ~'UtJ'l1ll'lCl'ln\9ltJ'WVi'lf~li'WEuglenophyta ~l'l'U l~lln Euglena sp., Phacus 

sp. llCl~ Trachelomonas sp. \9l1lJii1~'U 
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, " 
fIl'W 29 ~lm~tI~1'W1'W'lfiJ~'Utl~~rt'm~n\9ltl'W.w'lf~1~'W Euglenophyta l'W1Jm~tI~'tJmiJm'~1J1J 

" " 
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" 
'il1f1f11'j"ftfl'l:J1'iJ~lJ1ill 'UV.:jH 'V'Hl'lfll'1v'U~'lf~l~'U Bacillariophyta '1 'U IPllml1.:jtJ1'il1f1 

'JI I 'jI iI 'jI I V 

um~t'J.:j'iJ(nw(1iib1~it'J.:j~1t'J'j"::;UUtJ1!~l'n l~m~t'J.:j'iJmiiVlt'Juv~l.:jn'U ~.:jtj fiv V1t'JUV I, 3, 6 U(1::;. . 
" 

10 iJ l'l1~thflU (fll'W 30) 'WU11 'iJ~lJ1ill'Uv.:jH'WMnl'1v'UYJ'lf~l~'U Bacillariophyta '1'UlPllV~NtJ1 
'IJ , 'jJ 'JI 'JJ. , 

'il1f1Um~t'J.:j'iJmii!~t'J.:j~ ';W'j"::;UUtJ1!~t'Jll~m~t'J.:j'iJmiiv1~uV 1 iJ iJ'iJ~lJ1ill~.:jcr~ l~t'JiJ~m~~t'J 
3'UV.:j'iJ~lJ1illH'W(1.:jnl'1v'U~'lf~l~'U Bacillariophyta !'vllnu 10.64±2.27x 10 !Cl!(1tl/lJ(1i1i1I'1'j" !rlv 

" 
!'iJ~ t'JU!iit'JUfll1~UI'1 f1~ 1.:j 'Vl1.:j (1'il~ nu'iJ~ lJ1illH'W(1.:jnm)'UYJ'lf~l~'U Bacillariophyta i 'UIPllV~NtJ 1 

v :IV V vI 

'il1f1Um~t'J.:j'iJmii!~t'J.:j~1t'J'j"::;UUtJ1!~t'Jll~m~t'J.:j'iJmi'UuVVl~ 3, 6 !!(1::; 10 iJ 1'l1~~l~U 'WU11 

!lJ iJfll1 ~ UI'1 n ~ 1.:j'Vl H (1'il~ (p~0.05) 1~ t'JiJ~ l!Q ~ t'J'U V.:j 'iJ~~ 1 ill U'W (1.:j nl'1 V'U ~'lf~1~'U 
I Q,I J ~ Q QQ 0 QI 

Bacillariophyta !'Vl1f1U 8.52±0.96, 8.52±0.96 H(1::; 7.70±1.42 x 10 lCl!(1(1/~(1(1(1I'1'j" l'l1~m~u 

v 

(fl'U ~ 1'Ul'U 'If{J~'Uv.:jH'WMnl'1v'UYJ'lf~l~'UBacillariophyta i 'UlPllVVNtJ 1'il1f1U V 
iI I v V :IV, 'JI 

l~t'J.:j'iJmiil~t'J.:j~1t'J'j"::;UUtJ1l~t'Jl l~m~t'J.:j'iJmYiVlt'Juv~Nn'U~.:jtj fiv Vlt'JDtJ 1,3, 6 H(1::; 10 iJ. . 
v 

I'l1m(h~u (fll'W 31) 'WU 11 'If{J~'UtJ.:jH'W(1.:jnl'1v'UYJ'lf~l~'U Bacillariophyta '1 'U IPllV~l.:jtJ 1'il1f1UtJ 
'JJ • 'JJ V :IV I I 

l~t'J.:j'iJmiil~t'J.:j~1t'J'j"::;UUtJ1l~t'Jll~m~t'J.:j'iJmYitJ1t'JutJ 6 iJ iJ~lm~t'J~l'Ul'U'lf{J~(1'.:j(1'~ l~t'JiJ~l 
• '" q 

'JI V • 'JI V v. 

~1~'U Bacillariophyta 'l'U IPllV~l.:jtJ 1'il1f1UtJl~t'J.:j'iJmiil~ t'J.:j~ It'J'j"::;UUtJ ll~ rn 1~m~t'J.:j'iJ(11iiVlt'J 
q 

UtJ I , 3 lW::; 10 iJ 1'11~~1~U l~t'JiJ~lm~t'J rVllnu 3.88±0.52, 3.25±0.31 H(1::; 3.63±0.50 'If{J~ 

1'11~~1~U 'WU111lJiJm1~UI'1f1~1.:j'Vl1.:j(1'il~(p~0.05) nU~lm~t'J~l'Ul'U'lf{J~'UV.:jH'W(1.:jnI'1V'U~'lf 
v )I • 'JI 'jI 'JI. 

~1~'U Bacillariophyta i 'U1Pl'''lV~l.:jtJ 1'il1f1Dm~t'J.:j'iJmiil~ t'J.:j~1t'J'j"::;UUt11l~t'Jl 1~m~t'J.:j'iJmYiVlt'J 
q 

l~t'J'lf{J~'Uv.:jH'WMnl'1v'U~'lf~l~'U Bacillariophyta ~'WU!~Wl Aulacoseira sp., 

Gomphonema sp., Gyrosigma sp., Navicula sp., Nitzschia sp. U(1::; Cyclotella sp. 1'11~~1~U 



62 

10.64 a 10.33 a 

8.52 aT 7.71 a 
1 

5 1 

o J _ -L_ ----L 

3 6 10 

, " " 
fIl'V'l 30 f11matJ'l11mO!b!'VH'l.:jn\PH)'wyj'lf~li'W Bacillariophyta 1'W'lJmatJ.:j'l1m-wm~'lJ'lJ'l-h~tJd 

" lflmatJ.:j'l1m-w~ 1'W tl1tJ'lJV~l.:jfl'W. 
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v 

'iJlflf11'jftflfjliJ~mW'tn),:ju'VH'1,:jn\91e),W~'lf~li\J Cryptophyta l'W~lmhn'h'iJlmjeJ 
v IV V v, v 

l~tJ,:jiJmtJi:I'Yil~tJ,:j~ltJ'j~'U'l.Jt.h~tJl 1~m~tJ,:jiJmVimmjElI911,:jtl'W ~,:jiJ flEl mtJDEI 1,3, 6 lW~ 10. . 
" tl \9111lih~'U (.fl1'V'l 32) 'V'l'Ul1 iJ~mw'UeJ,:jU'V'l(\,:jn\9leJ'W~'lf~li''W Cryptophyta i'W~lmj1,:j'Wl'iJlflDEI 

v • v v v" 

l~tJ,:jiJmVil~tJ,:j~ltJ'j~'U'UUll~tJll~m~tJ,:jiJmViElltJDEI3 1] ijiJ~mWb'1',:jb'1'~ l~tJij~lm~tJ'UeJ,:j 
• 'U • 

iJ~mWU'V'l(\,:jn\91eJ'W~'lf~li''W Cryptophyta ll'lltl'U 6.25±2.39 x 10
3 19f(\~/iJ(\~~\91'j lrlmiJ1tJ'UlVitJ'U 

v " 
mlllU\91 fl1911,:j 'Vll,:j b'1'()~tl'UiJ~mWU'V'l (\,:jn\91eJ'W~'lf~li''W Cryptophyta i 'W ~leJcil ,:j'l11 'iJ rmi m~tJ,:jiJ(\1 

I v V j1. 

Vil~tJ,:j~ltJ'j~'U1J'I11l~tJl1~ m~tJ,:jiJmVim~DeJ 1, 6 U(l~ 10 iJ \9111li!h~'U 'V'l'Ul1 111ijflllllU\91flI911,:j 

'Vll,:jb'1'()~ (P2:0.05) l~tJij~m!~tJiJ~mw'UeJ,:jU'V'l(l,:jn\91eJ'W~'lf~li''W Cryptophyta ll'lltl'U 2.92±1.47, 

1 tI.a:. ~Q 0 Q.J

5.00±1.20 U(l~ 3.75±1.83 x 10' 19f(l(l/ll(l(l(\\91'j \91111(\1~'U 

" " ril'W ~1'W 1'W 'lftJ\9l'UeJ,:j U'V'l(\,:j n\91 eJ'W~'lf~li''W Cryptophyta i 'W ~leJ ci 1,:j '111 'illmim~ tJ,:j 
• 'JJ V v, v 

iJmVil~tJ,:j~ltJ'j~'U'U'I11l~tJl 1~m~tJ,:jiJmVimtJDeJI911,:jtl'W~,:jiJ fleJ eJ1tJDeJ 1,3, 6 U(l~ 10 tl. . 
" " \91111~1~'U (.fl1'V'l 33) 'V'l'U ':h 'lftJ\9l'UeJ,:jU'V'lMn\91eJ'W~'lf~li''W Cryptophyta 1'W~leJcil,:j'l11'illflDm~tJ,:j 

• v v V 1I 

iJmVil~tJ,:j~1tJ'j~'U'U'I11l~tJl l\9ltJl~tJ,:jiJmVieJ1mjeJ 3 U(l~ 6 tl ij~WQ~tJ~l'Wl'W'lf'W~b'1',:jb'1'~ l~tJij 
• 'U • 

~lll'lltl'U 0.38±019 U(l~ 0.38±019 'If'W~ lrlmiJ1tJ'UlVitJ'UflllllU\91flI911,:j'Vl1,:jb'1'()~tl'U~1'Wl'W'lftJ~ 
v v I V v 

'UeJ,:jU'V'l(l,:jn\91eJ'W~'lf~li''W Cryptophyta i 'W~lmh,:j'l11 'illflDm~ tJ,:jiJmVil~ tJ,:j~l tJ'j~'U1J'I11l ~ tJl 1\9l tJ 
" ,

l~tJ,:jiJmVieJltJDeJ 1 U(\~ 10 iJ \91111~1~'U l\9ltJij~lm~ml'lltl'U 0.38±0.19 U(\~ 0.38±0.19 'If'W~. 
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tllqDfJ (lJ) 

, ~ ~ 

ill'V'l 32 f11m~t1U~lJ1wu'VH'l-:Jnl'lfJ'WYi']j~li'W Cryptophyta l'WDeH~t1-:JUmi!m~'lJ'lJ'Wl!~t1Jil'ltl 
v 

l~t1-:Jumi!C11 hlelltltleJI911-:Jn'W 
q 

0.8 l 0.50 a 0.50 a 
I 

0.38 a 0.38 a 
0.6 

0.4 1 
I 

0.2 1 

t - L0.0 - ---'-- 

3 6 10 

, ~ 

ill'V'l 33 f11m~t1~1'WJ'W']ji!I'I'lJeJ-:J!l'Yw-:Jnl'leJ'WYi']j~li'W Cryptophyta l'WtleH~t1-:Jumi!m~'lJ'lJ 
~ ~ 

'W l!~t1J il'ltl!~t1-:Jumi! C11'Wtll!'JtleJI911-:Jn'W• 
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v 

'\) 1fl f11 ~ ftm·d1'tJ~ mru 'U tJ~l! 'VHl ~ n\9l tJ'W ~'b'~19f\.j Chrysophyta 1'WI'11m] WU1'\) 1fliJ tJ 
v . V 'J/ V. v 

l~rJ~1JmtJ~'l'YiI~rJ~~1rJ~:;;iJ'l.J'U11~en hWI~rJ~1Jm~tJ1qiJtJ~l~fl'W ~~{j fltJ tJl~iJtJ 1,3 , 6 l!~ :;; 10 
v 

1] \9l1lJ~1~iJ (.fll'V'l 34) 'V'liJ111J~mru'UtJ~l!'V'l~~n\9ltJ'W~'b'~19f'W Chrysophyta 1'W1911mh~111,\)lfliJtJ 
v . v V 'JJ 1 • 

l~rJ~1Jm~l~rJ~~1rJ~ :;;iJiJ1111:UrJ1 hWI~rJ~1Jm~tJ1rJiJtJ 1 1] ij1J~mruff~ff~ 1~rJijf11m~rJ'UtJ~ 
q 'U q 

1J ~mtlHl'V'l~~n9'ltJ'W~'b'~19f'W Chrysophyta I'VllfliJ 5.42±1.25 x 10
3 19f~~/iJ~~~\9l~ lrim1J~rJiJl~rJiJ 

" " 
f111lJ1l\9l fl~ 1~ 'V11 ~ ffil~ flu1J~ lJ1tlHl'V'l M n9'l tJ'W ~'b'~19f'W Chrysophyta 1'W 1911tJ ci1~111 '\)1 fliJ m~ rJ~ 

1 V V 'J/. 

1Jm~l~rJ~~1m:;;iJiJ1111:UrJ11~m~rJ~1Jm~tJ1rJiJtJ3, 6 l!~:;; 10 1] \9l1lJ~1~iJ 'V'liJl1 hiijfl11lJ
q 

l!\9l fl~ 1~'V11~ ffil~ (p2:0.05) 1~ rJijf11m ~ rJ1J~mru 'UtJ~l!'V'l ~~n\9l tJ'W~'b'~19f'W Chrysophyta I'VllfliJ 

3 d' ~ ~~ 0 Q.I 

2.92±1.93, 3.75±0.93 ll~:;; 2.50±1.22x10 19f~~/lJ~~~\9l~ \9l1lJm~iJ 

" " 
ri1'W ~1'W 1'W 'b'tJ~'UtJ~II'V'l~~ n\9ltJ'W~'b'~19f'W Chrysophyta 1'W1911tJci1~111,\)lfliJm~rJ~ 

. v v v . 'J/ 

1J~l'yh~V~~1V ~:;;iJiJ1111:UrJ11~m~rJ~1Jm~tJ1rJiJtJ~h~fl'W~~{j fltJ muiie 1,3, 6 l!~:;; 10 1]
q q 

" " \9lllJ~l~iJ (.fll'V'l 35) 'V'liJl1 'b'tJ~'\JtJ~1l'V'lC1~n\9ltJ'W~'b'~19f'W Chrysophyta 1'W~1tJci1~111,\)lfliJm~rJ~ 
I " V 'J/ I • 

1Jm~l~rJ~~1m :;;iJiJ1111~rJ11~m~rJ~1Jm~tJ1rJiJtJ 1 1] ijf1m!~rJ~1'W1'W'b'tJ~ff~ff~ 1~Vijf11 
q 'U q 

v v . " V 'J/ I 

~19f'W Chrysophyta 1'W1911tJci1~111,\)lfliJtJl~rJ~1Jm~l~rJ~~1rJ~:;;iJiJ1111~rJ11~m~rJ~1Jm~tJ1rJ
q 

3,6 

l!C1 :;; 10 1] \9l1lJ~1~iJ 1~vijf11m~rJ 1'I'11fliJ 0.25±0.16, 0.38±0.18 IW:;; 0.38±0.18 'b'tJ~ \9l1lJ~1~iJ 

'V'liJ 11 Ih iij fl 1 1lJ l!9'l fll911 ~'V11 ~ ffil~ (p2:0.05) fliJ f11lQ~ rJ ~ 1'W 1 'W 'b'tJ~ 'U tJ~ u 'V'l C1 ~ n \9l tJ'W ~'b'~19f'W 
'J/ v I V V V I 

Chry sophyta 1'W1911tJci1~111,\)lfliJm~ rJ~1JC11~1~ rJ~~1 rJ1:;;iJiJ 111 1:U rJ1 1~ m~ rJ~1J C11~ tJ1rJiJeJ~l~ fl'W 
q 

1~rJ'b'tJ~'\JtJ~!l'V'lC1~n\9ltJ'W~'b'~19f'W Chrysophyta ~'ViiJ '~llfl Isthmo chloron sp. 
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, "" 
ill'V'l 34 f11m~VtJ~:lJl t\HlYm ·:lfll91fl 'W Vl 'l1~ii'W Chrysophyta l'WU m~V-:ltJfnWm ~'IJ'IJ'l-h~Vd1191 V 

v 

!~V-:ltJmt1(;11\.JfllVUfl\Pil-:ln'l-J 
q 

i3 
>--. 1.0 0.75 a..c: 
0. 
0 
V) 

C 0.8 
..c: 
U I 0.38 a 0.38 a
;J: 

d(l=l 0.6 -j 
Or' 0.25 a 
0(9: 
'7 
(0:) 0.4 
(? 
(9: 

0;J: . (l=l 0.2 
;J: 
r' ;J: 
r- 0.0 - r 

0l? 

3 6 10 

o " 

ill'V'l 35 f11 m~V~1'Wd'l-J'l1t1I91'Ufl-:lH'V'l(;1-:lnl91fl'WVl'l1~ii'W Chrysophyta l'l-Jum~v-:ltJmt1m~'IJ'IJ 

" " 
'Wl !~Vd 1I91m~MtJmt1(;11'WfllVU fl~1-:ln'W 

q 
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, ~ ~ 

~l'.iN 9 i.J~mU!'lfiJ~HIl'H'l.:jn\9le),Wlh.yjl'rlJhJiJtH~t1.:ji.JmiJ~'j~'U'l.J'Wll~tn 

Div, Chlorophyta 

Eudorina sp . 

Gonium sp . 

Pandorina sp. 

Pediastrum sp. 

Nephrocytium sp. 

Coelastrum sp . 

Chiorelia sp . 

Ankistrodesmus sp . 

Dictyosphaerium sp. 

Tetraedron sp. 

Actinastrum sp. 

Crucigenia sp. 

Scenedesmus sp. 

Closterium sp. 

Cosmarium sp. 

Euastrum sp . 

Staurastrum sp. 

Chlorogonium sp. 

Radiococcus sp. 

Micractinium sp. 

Monoraphidium sp. 

Crucigeniella sp. 

Golenkinia sp . 

Kirchneriella sp. 

38.07 

65.83 

34.85 

186.67 

2.08 

68.75 

330.00 

26.25 

30.83 

23.75 

35.42 

57.75 

231 .25 

62.92 

87.50 

17.50 

30.83 

5.83 

44.17 

21.67 

87.08 

50.83 

2.92 

22.50 

12.50 

8.33 

12.50 

107.08 

6.67 

92.50 

542.92 

11.67 

65.83 

43.75 

43.75 

83.33 

228.75 

55.00 

57.50 

11.25 

54.17 

11.67 

32.92 

12.08 

135.42 

55.83 

11.67 

5.42 

40.84 

24.58 

27.50 

102.92 

11.25 

106.67 

1072.92 

10.83 

74.58 

31.67 

37.92 

62 .92 

172.08 

97.08 

62.50 

8.33 

65.42 

10.42 

36.67 

14.58 

51.25 

34.58 

7.50 

7.08 

15.14 

7.50 

16.95 

78.33 

10.00 

115.00 

712.92 

12.50 

82.08 

60.00 

37.50 

74.58 

192.50 

50.84 

80.00 

12.75 

63.33 

10.00 

69.17 

20.42 

117.92 

20.00 

8.33 

11.67 
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Y11"n~ 9 (~5) 

"" I d 
'If'Ufl 'U 5 'l b1'1'11 'j1V'Vll'l 'lJ 

meiie 1il 
q 

'!J~lJ1W~l'l'lJ (x 10
3 ICJH'l~AJ&1~~I'l'j) 

mVD5 3 il mVD5 6 il 
q q 

mVD5 10 il. 
Div, Chlorophyta (~5) 

Selenastrum sp . 44.17 35.42 41.25 29.17 

Tetrastrum sp. 42.92 34.17 61.26 36.25 

Elakatothrix sp. 37.50 35.00 31.67 30.42 

'j1~ 27 species 62.59 66.93 85.42 73.16 

Div. Cyanophyta 

Chroococcus sp. 51.67 56.68 99 .58 91.67 

Gloeocapsa sp. 20.00 41.67 21.25 46.67 

Spirulina sp . 30.00 64.58 62.50 41.67 

Merismopedia sp. 112.50 103.33 81.13 83.33 

Oscillatoria sp. 123.75 137.08 94.17 111.67 

Anabaena sp. 29.17 37.92 34.17 71.67 

Cylindrospermopsis sp. 51.67 46.67 35.00 49.17 

Microcystis sp. 71.25 82.50 82.92 95.83 

Phormidium sp. 11.25 25.42 14.17 55.83 

Pseudanabaena sp. 26.25 24.58 20.83 76.67 

'j1~ 10 species 52.75 62.04 54.57 72.42 

Div. Bacillariophyta 

Aulacoseira sp. 10.83 12.91 9.58 7.92 

Gomphonema sp. 5.83 8.75 8.33 6.25 

Gyrosigma sp . 8.33 10.83 8.96 7.08 

Navicula sp. 25.83 5.83 14.17 9.58 

Nitzschia sp. 10.83 11.25 9.58 7.08 

Cye/otella sp. 6.25 4.58 9.17 1.25 

'j1~ 6 species 11.32 9.03 9.97 6.53 
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"'" • d

'b''W ~ 'tItJ.:j b1' 1'l1 'j 1V'Vl 'Wu 

Div. Euglenophyta 

Euglena sp. 

Phacus sp. 

Trachelomonas sp. 

".i111 3 species 

Div. Cryptophyta 

Cryptomonas sp. 

".i111 1 species 

Div. Chrysophyta 

Isthmochloron sp. 

".i111 1 species 

85.42 

32.92 

15.83 

44 .72 

2.92 

2.92 

5.42 

5.42 

30.42 

56.25 

19.58 

35.42 

6.25 

6.25 

2.92 

2.92 

107.50 

54.17 

10.83 

57.50 

5.00 

5.00 

3.75 

3.75 

20.00 

40.83 

57.50 

39.44 

3.75 

3.75 

2.50 

2.50 
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(A)-(L) __Scale bar = 10 J.lffi. 

, " 
ill'Vi 36 U'VH1\lfl\9ltl'W~'lf~1i'W Cyanophyta '¥i~'lJi.'WUtll~tJ\I'1JmiJ~ tl.~l'W ~U9ftJ\I)ltJ ) ~'1"dl\l 

~ ~ & at. 

l\9ltl'W ~tlfl''iJfl1tJ'W 2551 tl\l JJQ'WltJ'W 2552 

Cyanophyta: A) Anabaena hilicoidea Bernard. B) A. sp iroides Klebahn., C) Chroococcus 

minutus (Kiitzing) Naegeli. , D) Merismopedia elegans A. Braun., E) M. 

convolute Brebission., F) Cylindrospermopsis raciborskii (Wo1osz.)., G) 

C. phillippinensis (Tay1or)Ka., H) Phormidium tenue (Meneghini) Gornont. , 

I) Pseudanabaena catenata Lauterborn., J) Microcystis aeruginosa Kiitz., 

K) Oscillatoria tenuis Gardiner, L) Oscillatoria limosa C. Aghardh. 
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(A)-(L) __Scale bar = 10 !J.m 

, " 
ill'Yi 37 U'V'ln.:jn\P1el'WYi'lf~ii'W Chlorophyta 'Vi'V'l1Jlm.iellih./.:jumlJn el.'V'll'W 'il.l91V.:j'jlV 'j ~ <l'r-JN 

~ 4 .& ~ 

l~el'W 'V'lqf1'ilfllV'W 2551 m lJq'W lV'W 2552 

Chlorophyta: A) Crucigenia crucifera (Wolle) Collins., B) Euastrum denti culatum F. Gay ., 

C) Eudorina sp., D) Cruciginiella sp., E) Cosmarium punctulatum Brebisson. , 

F) Pandorina sp., G) Selenastrum Westii G.M. Smith., H) Staurastrum gracile 

Ralfs., I) Tetraedron trigonum (Naegeli) Hansgirg., J) Scenedesmus acuminatus 

(Lagerheim) Chodat. , K) Kirchneriella lunaris (Kirchner) Schmidle., L) 

Coelastrum lecticulatum (P.A.Dangeard) Senn. 
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(A)-(M) _ _ Scale bar = 10 11m. 

rI .d oQ,oQ, Q.I 

fIl'n 38 H'VH1'lf1\'l'eJ'U'Y'l9l'~ 1 Glf'W Euglenophyta, Bacillariophyta, Cryptophyta U~ :; Chrysophyta 
, >' 

Vi'Y'l'lJi'Uu 'eJt~t1'l1Jmu~ 'eJ .'Y'l 1'U u,!;t1'l'Jltl 'J:; ~,d l 'l t ~'eJ 'U 'Y'ltlfl'~mtl'U 255 1 ~'l iiQ'Ultl'U 

2552 

Euglenophyta: A) Phacus helikoides Pochmann., B) Phacus ranula Pochmann., 

C) Trachelomonas armata (Ehrenberg) F. Stein., D) T. volvocinopsis Svirenko. , 

E) T. Cylindrica (Ehrenberg) Playfair., F) Cyclotella meneghinian a Kutzing. , 

Bacillariophyta : G) Gyrosigma sp., H) Gomphonema sp., I) Navicula sp., J) 

Nitzschia sp . K) Aulacoseira granulate (Ehrenberg) Simonsen., Cryptophyta: 

L) Cryptomonas sp ., Chrysophyta: M) Ishmochloron gracile (Reinch). 
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" " 
'illflfll) fYfl'l:ll1J~1J 1WII1JflVi l~ VlleJfI ~1 'W ifv~ffl 'W ~'W.w'W ii eJl~ V~ 1J ~ 1iJ ~#l1V) ~1J1J 

v 'j/. v 

'l111~V11~Vl~v~1JmVimv'lJeJ\ph~tl'W ~~U ;ieJ mv'lJeJ 1,3, 6 ll~~ 10 11 IPll1J~l~1J (fll'W 39) 1~V'l11 
q q 

'j/ 'j/ 11 11 I 

1'11eJV1~~'W.w'W'lJeJ (111JflViI~ VlleJfI~1 'WifV~ff) ml~V~1J'Wm111) I~V~I~eJ IMA-2 1~V'V'ilfll)'lJ1J HVi 

eJW'I1fllJl1'eJ~'W1'W 7 i'W 'W1Jl1111JflViI~VlleJfI~1'Wifv~ffij~fl'l:lW~'UeJ~ 1f11~UI~'W1~fl~1Jff'U1l (fll'W
q .,� 

I V I v� 

40) 1l~~'W1Jl11J~mWII1JflViI~ VlleJfI~1 'WifV~ffViIWfll#l'illflI'11eJVN~'W.w'W 'lJeJViijfl1)l~ v~1JmiJ ~ 
'j/,. v 

#l1V)~1J1J'l111~v1Vimv'lJeJ 6 11 ijfilm~vff~ff~ I'Vhtl1J 6.89±1.53 x 10
4 

ICli~~/flf1J'UeJ~'l11'11Ufl~'W 
q ., q 

I if I v 

11l1'~ ri1 'W 1J~ inWll1JfIVi l~ Vll eJfI~1 'Wifv~ffVillV n'l #I'ill fll'11eJ VN ~ 'W.w'W il eJ Vi ij fl1) I~ v~1J miJ~ #11 V 
" . . 

)~1J1J'l111~v1Vim~'lJeJ 1, 3 ll~~ 10 11 IPll1J~Wl1J ijfilm~v I'Vhtl1J 5.40±0.79, 3.56±0.95 IW~ 

4 " , 
6.57±0.83 xl 0 ICli~~/flf1J'UeJ~'l11'11 Ufl~'WlIl1' ~ IPll1J~l~1J liJm1J~ V1J1VimJfl1l1JlllPl fl~N'VlNffi1~ 

, V I 'jI 

'W 1J l11J~m Wll1JfIVi l~ VlleJfI ~1 'W if v~ffVi uun'l #I 'ill fll'11eJ ci 1~ ~'W.w'W 'lJeJ Vi ij fln l~ V~ 1J miJ~ #11 V 
" . 

)~1J1J'l111 ~ v1VieJ 1~'lJ eJ~ 1~ tl'W h;ijml1JlllPlfl~ l~'Vll~ ffi1~ (P2:0.05) 

. " " 
.fI1'W 39 film~v1J~mWlleJfI~1'Wifv~ff (x 10

4 
ICli~~/flf1J~'Wlll1'~) 'UeJ~~'W.w'W'lJm~v~1JmiJ~l'W 

" ,odd I I Q.,I 

) ~1J1J'W lA'll V1'Vl tn V1J eJlPlNfl'W 
q 
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~ ~ ~ 

.fll'Yt 40 ~f1fjW~ lfll ~i1'IJtl~!lUfll1t5tJ!ltlfl~lwiTtJq}~'iJ1f1~h.j~'Wlhll~tJ~iJmi1~J~uutJ1t~tJl1'W 

3. H~'tJel ,um.rtiewielmll1Wtl1'J~eHmihm~~1~1l'eliih~~'U;I'l-tnie ~1 Im~!~eltl~l'U~ mfl1jel!~fJ~ 
'" 

t1~lil~'j~1J'l.nh!~fJ1 

~ ~ ~ 

'iJ1f1f1 lJfYf1fj1iJ~ll 1W~lJ ~tltl~JJ'W 1'W~'W~'WljtJ!~ tJ~iJmi1~f1'ltJJ~UUtJ11~tJl hw 
~. ~ 

t~tJ~iJml1tll~1.Jtl~l~fl'W ~~i1 ~tl tll~1.Jtl 1,3, 6 tW~ !Oil I9l1mh~u (fllVi 41) Viu ':iliJ~lllW~lJ 
v tI "". I 

~tltl ~JJ'W 1 'W ~'W~'W1.J m~tJ~iJ mi1~f1'ltJJ~UUtJ11~ tJl lflfJI~tJ~iJ~1l1 tlltJ1.Jtl 1 1] ijfi 1m~tJ~ ~ ~~ 
• OJ • 

v v jI I 

~'W~'W1.Jtlt~tJ~iJmi1~f1'ltJJ~UUtJ1t~tJltlltJ1.Jtl 3, 6 !l~~ 10 1] I9l1ll~l~U ijfi1m~tJ I'VllflU• 
1.82±0.35, 2.02±0.50 !l~~ 2.10±0.56 III lflJf1i'wnl~f1i'll 19l1ll~1~U ViUl1llJijfll1ll!l19l f1~nVI1~ 

~(J~ (p~0.05) 
~ v ~ 

ril'W fllJfYf1fj1iJ~mw ~lJ ~ tltl ~JJ'W1'WtJ1'iJ1f11.JtJ!~tJ~iJ mi1 ~f1' ltJJ~ UUtJ1t~ tJl1~tJ 
V I V V v 

t~ tJ~ il ~ 111 tll ~1.J tl ~ 1~ fl 'W Vi Ul1iJ~ II1W~1 J ~tl tl ~JJ'W 1'W tJ1 'iJ 1f11.J tl ~~ usilmi1~ f1' ltJJ ~ UUtJ1t~ tJJ 
v I I • 

l~m~tJ~iJml1tlltJ1.Jtl 1 1] ijfi1m~tJ~~~~ tYllflU 8.02±1.l1 III lflJf1i'wi1I9lJ tiimiJ5tJUIl1tJU 
• OJ • 

~ v v 

fl 11ll!l19l f1~1~ fluiJ~mw {1'lJ~tltl~JJ'W 1'WtJ11.Jtl!~tJ~iJmi1~f1'ltJJ~UUtJ11~tJltll~1.Jtl 3, 6 IW~ !O 

1] I9l1ll~l~U ijfi1m~tJ tYllflU 6.07±1.22, 5.45±1.19 !l~~ 7.35±0.83 IlllflJf1i'll/i1I9lJ 19l1ll~1~U 

ViU ';1lIlJijm1ll!lI9lf1~1~Ym~(J~(p~0 .05) 
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'JJ I 'JJ i' 'JJ I 

U(1~tl11J1ill ~1'j ~ eH)~ih.J 1'Ulijatl(11tJ (1 Vi l~ en #11 tn ~ ulJ'W11~ en 1~ m~ t'J'ltlmVi a1~ 
'JJ I 'jI 'J,I <;I I 

11a~l'ln'U VllJ 11tl11J1illbY1'j~aa~iJ'U 1'UlijmJmViI~ t'J'ly;i1t'J'j~lJlJ'W11~t'J11~m~t'J'l'l1 mVim~11a 6 

1] iJ~lm~t'J~'lb1~ I'vhnlJ 1.80±O.60 'lu 1fl'jfl~lJ!fihfl~:IJ Irlell'l1~t'J1JlVit'JlJfl11:IJUl'lfl~1'lnlJ 
31 I 'JJ 'JJ I 

'l111J1ill bYn~aa ~iJ'U 1'UlijatlmViI~t'J'ltlmtJ (1#11t'J'j~lJlJ'W11~t'J1Vimt'J11a 3, 6 U(1~ 101] 1'l1:IJ~l\OllJ 
q 

iJ~lm~t'J I'vhnlJ 1.54±O.30, 1.08±O.28 U(1~ 1.65±O.56 !:IJ1mfl~lJ!fihfl~:IJ 1'l1:IJ~l\OllJ 'V'llJ11 
I 'JJ I 31 'JJ 

~lm ~t'J'lJa'l'l111J1ill ~1'j ~ aa~iJ'U 1'Ulijatl(11ViI~t'J'l#llt'J'j~lJlJ'W11~t'J1 !1JiJfl11:IJUl'lfl~1'l'Vl1'l~~~ 

(p~O.05) 

~ v 

• ~'W Dill o n1il'l.Jm 
10 l 8.023 

7.35 3 
8 6.07 a 

5.45 a 
;:: 

q;::< 6� 
leo� ~ 
r.J 
r.J

U<? 4 • 
2.19 a 1.82 3 2.02 a 1.80 a 2.10 aI 

2 

-! ~10 , -I 

3 6 10 

il1~,jil (1]) 

I 91 'JJ 'JJ 'JJ 

.fll'Vi 41 ~lm~t'J'l111J1ill~1'j~aa~iJ'Ul'U~'U.w'U11a 'W1 U(1~lija'l1m ~lfl11ell~v'ltlmtJ(1#11t'J'j~lJlJ 
'" '" ,

'W11~t'J11~m~t'J'l'l1mVimt'J11a~1'ln'U• 

.. 
o d 

'Ul 1'Uf.J1 

'" '" '" ~lflfl1'jftmJ 1'l11:IJ 1ill~1'j ISlJ! aD1 'U ~'U.w'U 11 ell~ t'J 'ltl(11tJ(1#I1t'J'j~lJlJ'W11~t'J11~t'J 
"'. v 

1~t'J'l'l1(11Vim~11a~1'ln'U \Ol'lii fia a1~11a I, 3, 6 um; 10 1] I'lllJ~l\OllJ (m'V'l 42) 'V'llJ11tl11J1ill 
'jI 'J,I 'JJ 'JJ I I 

m'jISlJ !aD1'U~'U.w'U11ell~t'J'l'l1mtJ(1#11t'J'j~lJlJ'W11~t'J11~m~t'J'ltlmVim~11a101] iJ~ll'i~ ~t'J~ 'lb1~ 

l'l'llnlJ 22.40±7.39 !lJ1m fl~lJ!fihfl~lJ Irlell'l1~ t'JlJlVit'JlJm1:IJUl'lfl~ 1'lnlJ'l111J1ill~1'j ISlJ!aD1'U 
'JJ 'JJ 'JJ I 

~'U.w'U11al~t'J'l'l1mtJ(1#11t'J'j~lJlJ'W11~t'J1alv11a I, 3 U(1~ 6 1] I'lllJ~l\OllJ iJ~ll'Q~t'J I'vhnlJ 
q 

17.30±6 .67, 19.04±9.81 U(1~ 15.15±7.24 !lJ1mfl~lJ/fi1(1fl~lJ 1'l1lJ~l\OllJ 'V'llJ11 !1JiJfl11lJUl'lfl~1'l 

'Vll'l~~~ (p ~O.05) 
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" iI V to' 

ril'Wtlllf1nId1,j~1J1ill mll~:IJ 1eJ{jl'W'W 11.J m~v.:j,jml1 C1~lVl~'lJ'lJ'W ll~Vl hWl~V.:j 
• iI iI iI JI 

,jmVi eJ1V1.J eJ~l.:j rl'W 'V'l'lJ ';h ,j ~ 1J1 ill '(;Y1ll~:IJ 1eJ{j'l 'W'W 11.J mil V.:j,jml1C1 ~lVl~'lJ'lJ'W II~ Vl hWliiv.:j· 
,jm~eJ1v1.JeJ 1 11 lJfiWQ~v'(;Y.:j'(;Y~ l'vhrl'lJ 40.65±7.62 1:IJ1mn~:IJ!i1\9lllrim,j~v'lJ!Vivm1J1:IJ· .~ 

" " " 
U\9ln~1.:jrl'lJ,j~1J1ill'(;Y1llS:lJleJ{j'l'W'W11.Jmiiv.:j,jml1C1~lVl~'lJ'lJ'W1l~VleJ1V1.JeJ 1, 3 llC1~ 6 11 

q 

m:IJ~l~'lJ lJfiWQ~V l'Vhrl'lJ 29.30±8.40, 30.51±5.99 UC1~ 51.81±9.16 i:IJ1mn~:IJ!i1m \9l1:IJ~1~'lJ 

'V'l'lJ ':hllJlJfll1:IJU\9ln~N'VIN'(;Yii~ (p:::0.05) 
dl ~ d cj ,: Qdd' 9J ':0 J' 

UC1 ~ ms ftnIdl,jl1J1ill '(;Y1lleJ:IJ 1au 'I 'Wl'W nil C11'W C1 'VIl C1 V.:j ~ 1 Vl ~ 'lJ 'lJ'W WtWl 1~ VlC1 V.:j 
• iI • " " " I 

,jmVi eJ1V1.J eJ~l.:jrl'W 'V'l'lJ';h,j~1J1ill '(;Y1ll~:IJ leJ{jl 'Wli'1eJ,jmViliiv.:j~lVl~'lJ'lJ'W ll~ Vl 1~miiv.:j,jmVi· 
eJ1~1.JeJ 1011 lJfi1m~v~.:j~~ l'vhrl'lJ 3.90±1.02 1:IJ 1mn~:IJ!f1hn~:IJ lrim,j~V'lJlVivmn1:IJU\9ln~1.:j 

jJ I " )1 iJ I 

rlmn1:IJ,j~1J1ill'(;Y1llS:lJleJ{j1'Wli'1eJ,jmViliiv.:j~lVl~'lJ'lJ'W1!~Vl 1~miiv.:j,jmVieJ1v1.JeJ 1, 3 UC1~ 6. 
11 lJfi1m~V l'Vllrl'lJ 2.90±0.50, 2.22±0.72 UC1~ 2.95±0.49 1:IJ 1mn~:IJ!f11C1n~:IJ \9l1:IJ~1~'lJ 'V'l'lJ ':h 

, II t II i1. 

fi1m iiv'U eJ.:j ,j~:IJ 1ill'(;Y1l !S:IJ1eJ{j'l 'Wli'1 eJ,jC11Vi lii V.:j~lVl~'lJ'lJ'WII~ vlVi eJ1 V1.J eJ~ 1.:j rl'W llJlJii1J1:IJ. 

80 

51.81 a 
60 

40 .65 a 

29.30 a 
30.51 a 

20 -

o 

3 6 10 

" " .
'W1l~Vl 1~miiv.:j,jmVieJ1V1.JeJ~1.:jrlt.J 

q 
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~I ' 4.1 f11UHlJ'Wm~H1N 

v ".. iI , 

111 f1 fl1 'j ff moll fltUrn VHJ 1'j ~ l'i'h:J fl1 n'lfHHJ.:I 1'W ~1 tJ~ 1.:1 14 11) 1f1 tiell~ tInhnihrYi 
q 

iI iJ iI I Sf 

b~tI.:I~1t1'j~tJtJ141!~tl1 1flm~tI.:I'!JmYien~tJe)\9il.:ln'W fl.:lii fltJ en~tJtJ 1,3, 6 ml~ 10 11 \P11:JJ~lfltJ 
v v v 

(fll'Y'l 43) 'Y'ltJ 11'!J~ 1JlWf111:JJ btJ'Wmfl-~ 1.:1 1'W~1tJ~NiJ 1111tltJeH~ tI.:I'!Jm~ 1t1'j~tJtJ 14 1!~tl1 1fltl 
ii, I • 

b~tI.:I'!JmYien~tJtJ 10 iJ iifi1m~tI~.:I,,!fll'vilntJ 8.66±0.22 !ijtJ!'!J5t11J!YitltJf111:JJU\P1f1~l.:1'Vl1.:1{y()~ 
V" V" 

ntJ'!J~:JJ 1Wf1 11lHtJ'Wm fl-~ 1.:1 1 'W ~1tJ ~1.:114 11)1f1Um~ tI.:I '!Jm~ 1m~ u tJ14 1!~ tl1 1fl m~ tI.:I'!JmYi 
I 

en ~ 

UtJ I, 3 une 6 iJ \P11:JJ~lfltJ 'Y'ltJ1 -lllJiif111:JJU\P1f1~l.:1'Vl1.:1{y()~ (p ~0.05) 1fltliifi1m~tI'UtJ.:I'!J~1JlW 
v 

m1:JJb1J'Wmfl-~1.:1 1'W~1tJ~l.:1141 b'YhntJ 8.01±0.26, 7.41±0.19 U~~ 8.39±0.26 \P11:JJ~lfltJ 

10� 
::r::� 
,--.., 8.66 a

8.39 a 
0- 8.01 a� 

'-" 7.41 a�
"7 
r 8 

-<f 
~ 
If"' 
c 6 
;J: 

112 

l~ 
r� 
r' 4� 
~ 
r 
-~ 

2 

3 6 10 

fll~ 43 fi1m~tlm1l.HtJ'Wmfl-~1.:1 1'WJ1'UtJ.:ItJmitl.:l'!Jm'l1m~1JtJJ1!~tl1 1flmitl.:ltlm'l1~1'W 

en~UtJ~l.:1n'W 
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,"� " 
\1ltltl1'j"~tl1JliJ~mw BBtlcllt'iJ'Wl1~::;mtJl 'Wt~h (iJ~~tlfw~\9I'j") 1m11mh~t.Jl'iJltl~B 

jI • v v v,� iI 

t~tJ.:jiJmiJ~l1t~tJ.:jJi'1tJ'j"::;'U'U'Wlt~tJ1hWt~tJ.:jiJml1B1tJ~B~l.:jfi'W~.:jij fiB B1tJ~B 1,3 , 6 U~::; 10.� . 
I jJ '" jJ I jJ

iJ mlJth~'U (fll'V'l 44) 'V'l'U";hiJ~mWBBtlcllt'iJ'Wl1~::;mtJl'Wt1l1'W~1mh.:jt.Jl'iJltl~m~tJ.:jiJml1t~tJ.:j 
jJ jJ I� I 

Ji'1tJ'j"::;1J1Jt.Jlt~tJ1 l~tlt~tJ.:jiJml1B1tJ~B 10 iJ lJ~lm~mn1:1'~ t'vhfi'U 10.22±0 .90 iJ~~tlfW~\9I'j" 
•� 'U • 

•� , 'jJ 'jJ 

djmiJ~ tJ'U!l1 tJ'Ufl1llJU\9I tl~ WVll.:j 1:1'()~fi'UiJ~lJl WBBtlcll! 'iJ 'W l1~::; ~ ltJ1'W'Wl1 'W ~1mJl.:jt.Jl 'iJl miB 
"� I " 'jJ 'jJ • 

!~tJ.:jiJml1!~tJ.:jJi'1tJ'j"::;'U'Ut.Jlt~tJ11~m~tJ.:jiJml1B1~~B 1, 3 U~::; 6 iJ \9IllJ~l~'U 'V'l'U',h1lJlJfl1llJ 
I� ." 'jJ 

U\9Itl~HVl1.:j1:1'()~ (p ~0 .05) 1~ tJlJ~lm ~tJ'UB.:jiJ~mw BBtlcll! 'iJ'Wl1~::;mtJ 1'Wt.Jl1 'W I'll mJNt.J 1 t'vhfi'U 

8.07±0 .75, 7.41±1.42 U~::: 9.21±O.60 iJ~~tlflJ/~\9I'j" \9IllJ~l~'U 

........ .... 
s: 

qcr;; 14 -. 
~ 

3.... 
c 12 . 10.22 a 

qcr;; 
cr;; 9.21 a 

q.3 10 8.07 a 7.41 a 
~ o 5 

;;:r.,. 8 - T 

;::),.... 
cr;; 6 -
H 
cr;; 

. ~ ~ 

;;:r 
r.> 

4 -' .'.',: 

~i) ; :~: ,:< 
q~ 
c 2 -  i · 

""' 
""' 3 6 10 

I� I Vii" V tI 

iIl'V'l 44� ~lm ~tJiJ~mw BBtlcll!'iJ'Wl1~::;mtJl 'Wt.Jl1'Wt.Jl'tJB.:j~B!~tJ.:jiJmiJ~'j":::'U'Ut.Jl!~tJ1 l~tJ!~tJ.:j 

iJmu~ l'WB1tJl1B~l.:jfi'W• 
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'JI 'JI I 'JI 

e m rm ftf1'l:J1tllli '11 nll (tl..:lfY1l9f{UCJ1fJ1:Y) l'U1'1':ltlV1..:l 'U 1'illrni tll~ tI..:l 'l.hnihl'l1 l~ tI..:l~':ltJ 
q '" 

'JI 'JI. 'JI 

) ~'IJ'IJ'Ull~tl1 hWl~tI..:l'tJ {nl1tlltJiJMh..:ln'U ~..:l{j ~tl mmle 1,3, 6 ll{l~ 10 iJ ~llJ~l~'IJ (fll'W 45) 
q q 

'JI iI t iI jJ 'JI I 

'W'IJ 11tllli '11 nil! 'U 1'1':ltlVl..:l'U1'il1f1'l.1tll~tI..:l'tJ m.yit~tI..:l~1t1'j ~'IJ'IJ'U ll~ tl1 1fltll~ nail mYirn uil tl 10 iJ ij 
q '" q 

~ 1m ~tl1:Y ..:l1:Yfl l'vh n 'IJ 28.89±0.80 tl..:lfY1l9f{llClitl1:Y lrltll'tJ~ uuiYitl'IJfl11lJll~f11911..:l'Vl1..:l1:YO~n'IJtllli '11 nll cu q q lU 

" jI " I Sf " " I 

tJ11'U1'11tlV1..:l'Ul'il1f1'l.1tll~tI..:l'tJmYil~tI..:l~1t1'j~'U'lJtJ1l~tl1 1fltll~tI..:l'tJmYitlltl'l.1tl 1, 3 ll{l~ 6 iJ 
, 

q

" 
mlJ~l~'IJ 'W'lJ111liijfl11lJll~f11911..:l'Vl1..:l1:YO~ (p~0.05) 1fltlij~1l'Q~tI'\Jtl..:l~lli'l1iJll'U1 I'vhn'IJ 

'" 0 ...

27.90±0.92, 25.44±3 .96 lm~ 28.48±0.85 tl..:lfYll9fm9ftl1:Y ~ l lJm fl 'IJ 

40 
28.48 a 28 .89 al2 27.90 a� 

u~ 30� 
<;J 25.44 a 

(CD 

~ 
rr 
~ 20"7 

~ 
Q~ 

C;;" 10 
::>: a 
r.J<' 

0 

3 6 10 

I "'JI 'JI 'JI 

mow 45 ~ 1m ~ tltllli '11 nll l'U 'U l'\Jtl..:lUtll~tI..:l'tJ miJ{l 'j~'IJ 'IJ'U 11~ tl11fltIl~ tI..:l 'tJmiJ{l!'U tlltl'l.1tlI911..:ln'U 
q '" q 
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iJ 'J/ f 'J/ 

mnrns flnfllfl1llJ 1~'U ~l-:] (11 ~ii ni'lJ/ii~d) , 'U1911 mhnhlllnU m~ fJ-:]'iJ moW ~.y;!~ fJ-:] 
11 v f ~ 

~lfJd~'IJ'l.JlJl!~fJl i~m~fJ-:]'iJm.y;tll~'I.h)~l-:]n'U ~-:]ij ~tl tl1~Utl 1,3, 6 !l~~ loil ~llJ~l~'IJ (fl1~ 
v 'jJ • 'J/ 'j) 'jJ I 

46) ~'IJ':h 'fllllJ!~'U~l-:] i 'U1911tl~HW 11llnUm~fJ-:]'iJm.y;l~ fJ-:]~lfJd~'IJmh~fJl i~m~fJ-:]'iJm.y;tl1~ 

iiu 10 il ij~lm~fJ'rH~~ ~tl 90.87±6.27lJ~iini'lJ/ii~d Irlm'iJ~fJ'IJ!.y;fJ'IJ'fllllJ!!~n~VI'YI1-:]~u~n'IJ 
'U • 

iJ tJ , 11 11 11. 

'fll1lJ!~ 'U ~ Hi'U1911tl Vl-:]'l11\l1nUm~ fJ-:]'iJ m.y;!~ fJ-:]~ lfJd ~'IJ'IJ'l11! ~ fJl i ~W!~ fJ-:] ilm.y; rn~u tl I, 3 

!W~ 6 il ~llJ~l~'IJ ~'IJ':hllJij'fl11lJ!!~n~1-:]'YI1-:]~U~ (p2:0.05) i~fJij~lm~fJ'Utl-:]'fl1llJl~'U~1-:] 

!'Vl1n'IJ 74.46±3.14, 66.95±10.261!{l~ 76.75±4.49lJ"iini'lJ/ii~d~llJ~l~'IJ 

lro---- 120 
6= 90.87 a 
a~
 
~ I�

90 74.46 aalro 66.95 ac
a<G J<G 
a~ 
'-" 60 
'? 
r

-5:� 
;;:! I 

30 _."Il2 I 
~ I 
r
(""" 

G: ~--0 

3 6 10 

I v iJ V it 

iI1~ 46 ~lm ~fJ'fl11lJ!~'U~1-:] 'l'U'l11'Utl-:]Um~fJ-:]'iJm-w"d~'IJ'IJ'l111~fJl i~m~fJ-:]'iJm-w~ i'Utl1fJUtl• 
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., ., 
~lflfll':i"fhnn'!J~lJ1rufl~V hVlm~ tV (lll1mflfwi1m) lwI'iJmhnhiJlfl,jm~V'l 

• v v V I� V 

'!Jm-W~yh~V'l~JV':i"~'lJ'lJUlt~VJ 1flm~V'l,Jml1mmJv~1'lnt.J ~'liJ fiv mmie 1,3, 6 tW~ 10 1J.� . 
v V I iI j,I 

\91111~1~'lJ (mow 47) ow'lJ':h'!J~lJ1rufl~vhVlml wIt.JI'iJV~1'lUl1l1mJm~V'l'!Jml1t~V'l~Jm~'lJ'lJUl 
v� I I • 

t~VJ 1flm~V'l'!J~1l1mmJv 10 lJ lj~lm~V1H{yfl fiv 778 .05±138.12 III 1mflfwi1\91 ':i" dJ'v.� '" . ., ., . 
t'!J1 V'lJtl1 V'lJfI Jl11U\91fl~ l'l'Vll'l{Yil91tl'lJ'!J~lJ1ru f1~V hVlm~ w 1t.JI'iJVcil'l1111l1fl,jm~V'l'!JmiJ~l1 

v v v , 

L~V'l~JV':i"~'lJ'lJU1L~VJ 1flm~V'l'!Jml1m~,jv I, 3 U~~ 6 1J \91111~1~'lJ OW'lJ ':hl:iJljflJl11U\91fl~N'VlN 

{Yil91 (p?0.05) 1fltJlj~lm~V'UV'l'!J~lJ1rufl~vhVlml tV L'Ylln'lJ 690.41±131.74, 460.76±134.11 

U~~ 561.13±128.30 III 1f1':i"flfwi1\91':i" \91111~11'i'lJ 

,-... 
lr"" 
E;:: 

Gcr:;;--.. 
;:;: 

~lr"" 

c:: 
lr"" 

1000 

800 J 690.41 a 

561.13a 

778.05 a 

G: 
Ir-" 
;:;: 

s:::. 600 
I 
I 

460.76 a 

~ 
ocr:;; 

cr:;; 
400 . 

~:: 
~ 

lr"" 
Ir-" 200 

(0) 
cr:;; 
G: 0 --1-

3� 6 10 

1� j,I v v jI 

illOW 47� ~lm~V'!J~lJ1rufl~eJ hVlm~ LeJ It.JU1'UeJ'l,jeJL~V'l'!JmiJ~':i"~'lJ'lJU1L~VJ 1flm~tJ'l'!JmiJ~1t.J 

mV,jV~l'ltlt.J. 
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" 
'\11 nmsftf1El1'IHinerutJlJllJl'U fJ-1hi1\Pl ':i 1'\1 hi (iJ?1 ii tl~lJ/il \Pl ':i) 1hi1'11tJ ~1.:j U1'\11 min 

'j/ I 'j/ 'j/ v I� 'j) 

l~fJ.:j'tJmi1?1Vil~fJ.:j~1fJ':i:;:'U'UU1 l~fJ11~m~fJ.:j'tJmVitll~DtJIPlNnhi ~.:j-U fttJ tll~DtJ 1,3,6 11?1:;: 10 
v 'j/ I 'j/ 

lJ \Pl1lJ~1~'U (fHVI 48 ) 'V'l'U ';il'tJ~mruutJlJ 1m-ufJ-
1lhl

1\Pl':i 1'\1 hi lh11'11tJ~1.:jU1'\11tlDtJl~fJ.:j'tJmVil~fJ.:j 
'j/ 'jI I I� I 

~1fJ':i :;:'U'UU1l~fJ11~m~fJ.:j'tJmVitllmjtJ 1 lJ iJ~1l'Q~m,..:j'ff~ fttJ 0.83±0.15 iJ?1iitl~lJ/ii\Pl':i llj'tJ
q� 'U q 

" " 
1'tJ~ fJ'Ul Vi fJ'U 'fl11lJ U\Pl tllPl 1.:j'Yl N 'ffil~ n 'U 'tJ~ inniutJlJllJ I -U fJ- 1hi1 \Pl ':i 1'\1 hi 1hi1'11tJ ~ N Ul'\11tlD tJl~ fJ.:j 

• 'jI v 'jI. 

'tJmVil~fJ.:j~1fJ':i:;:'U'UU11~fJ11~m~fJ.:j'tJmVitllfJDtJ3, 6 U?1 :;: 10 lJ \Pl1lJ~1~'U 'V'l'U111~iJ'fl11lJ 
q 

U\PltlIPl1.:j'Yl1.:j'ffil~ (p;::0.05) l~fJij~llQ~fJ'U tJ.:j'tJ~mrulltJlJ 1m-ufJ-'lu l\Pl':il'\lhl l'Vlln'U 0.35±0.08, 

0.77±0.14 U?1:;: 0.77±0.13 iJ?1iitl~lJ/il\Pl':i \PlllJ~l~lJ 

~.,., 
l;>: 

q(G 1.20 
~ 

~.,., 0.83 a c 
q(G 0.77 a 0.77 a 

(G 
q~ 
'-" 

0.90 I 

0.35 a 
;:I 
~ .,., 
l;>: 0.60 

v
;:I 

s
;b 

~;:I 0.30 
~ 

v
~ 

~ 0.00 + 

3� 6 10 

,� 'jJ 'j/ 'jI 'jI 

iIl'Yi 48� ~lm~mHmrulltJlJ llJl-UfJ-lhl l\Pl':il'\lhl lh1U1'UtJ.:jDtJl~fJ.:j'tJmi1?1 ':i :;:'U'Ulh~fJ11~m~fJ.:j 

'tJmi1?11hi tllfJDtJlPlNnhi 
q 
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" 111 flfll ~ flflEntJ1lJ1 w1'W 1\91 ~ vl-1'W 1\91 'Wl 'W (ii ~ il fli':lJIil\91 ~) 1'W I'il tJd1,nl1 ~ 1flii tJ 
'JI , 'JI 'JI 'j/.� tI 

l~tJ-:JtJm-U~~~~tJ-:J~ltJ~~'U'Ui11~~hn1\91m~tJ-:JtJm~tl1tJ'l.iewi1-:Jn'W ~-:Jt1 fleJ 1,3, 6 U~~ 10 11
q 

""� " \911lJ~1~'U (f11'W 49) 'W'Ul1tJ1lJ1W1'W1\91~vl-1'W1\91~ ~~'W 1'Wl'ileJd1-:Ji1n1fl'l.im~tJ-:JtJm~ltJ~~'U'Ui11 
",.� I 

~~tJl1~tl~~tJ-:JtJm~tl1tJ'l.itJ 10 11 lJfi1m~m"-:JL1'~ fleJ 0.14±0.05 ii~ilfli':lJIil\91~ ~jjtJ~tJ1tJ'U~~tJ'U 
q 'U • 

v 'JI iII 

fll1lJU\91 fl~ 1-:J'Yll-:J L1'il~ n'UtJ1lJ1 w1'W 1\91 ~vl-1 'W 1\91 ~ ~ 11'W 1'W I'ileJd1-:Ji11111fl'l.im~tJ-:JtJm~~~tJ-:J~ltJ 
" ". 

~ ~'U'Ui11~~tJl1~m~tJ-:JtJm.yjeJ1q'l.ieJ I, 3 U~~ 6 11 \91llJ~l~'U 'W'Ul11lJlJm1lJU\91fl~ntl1-:JL1'il~ 

(p::O:O.05) 1~tJlJfi1m~tJ'lJeJ-:JtJ 1lJ1W1'W1\91~vl-1'W1\91~~11'W ~'Yi1n'U 0.06±0.02, 0.12±0.04 U~~ 

0.09±0.03 ii~ilfl~:lJIil\91~ \911lJ~1~'U 

0.20 
0.14 a0.12 a 

0.15 
0.09 a 

0.10 0.06 a 

0.05 

0 .00 - • 
3� 6 10 

.� v 'j/ 11 if 

iI1~ 49� fiWQ ~tJtJ~lJ1W 1'W 1\91 ~vl-1 'W 1\91~~~'W 1'Wi11'IJtJ-:J'l.im~tJ-:JtJmiJm~'U'Ui11~~tJ11~m~tJ-:J 

tJm-u~ 1'W eJ 1 tJ 'l.i eJ ~ 1 -:J n'W 
q 
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" 
111 tl tl1 'JfYrnll iJ~:IJ1 W1 'Wl\91 'Jn-1 'W 1 \91 'J11l'W (iJ" il tl-rwil \91 'J) 1'WI','rmJ1'HJ 1111 ml eJ 

" • iI " ii, I 

l~tJ-:liJmiJ"YiI~tJ-:l~';w'J:;;'lJ'lJ1111~tJd hltJl~tJ-:liJmYimtJ'lJeJYi~l-:ltl'W tleJ 1,3, 6 IW:;; 10 1]. 
"" " 

\9I1~~1~'lJ (m'V'l 50) 'V'l'lJl1iJ~:IJ1W1 'Wl\9l'J'Vl-1 'W l\91'J 11l'W 1'W~dmh-:l1111l1tl'lJ eJl~tJ-:liJm~dtJ'J:;;'lJ'lJ111 
" , , 

l~tJd l~ltJ!~tJ-:liJmYimtJ'lJeJ 1 IW:;; 6 1] \9Il~~l~'lJ ij~lm~tJ1H1Hl I'Vlltl'lJ 0,06±0.02 U":;;. .�~ 

iI iI I " iI iI I 

'lu1\91 'J11l'W 1'W1,idmh-:l1111l1tl'lJeJl~tJ-:liJmYiI~tJ-:l~dm:;;'lJ'lJ1111~tJd hltJl~tJ-:liJmYieJ1tJ'lJeJ 3 IW:;; 10. 
1] \9I1~~1~'lJ 'V'l'lJl11~ijfld1WI\9ltl~1-:l'Vll-:l{1'()~ (p2:0.05) l~tJij~lm~tJ'tIeJ-:liJ~:IJ1Wl'Wl\9l'J'Vl

'lul\91'Jlll'W I'Vlltl'lJ 0.05±0.01IW:;; 0.06±0.01 iJ"iltl-rwil\9l'J \9I1~~1~'lJ 

,-.., 
v-. 
e: 0,10 

q(G 
'<, 

;;:;; 
av-. 0.06 a0.08 0.06 a

G:: 
q(G� 

(G�

q3 0.06 
;! 
~ 
v-. 0.04 
e: 

(,
........� 

s-" 0.02�
;! 

I 

~ 
v-. ........� 

-~I_ ..§ 0.00 
;! 

sr:" 

3 6 10 

I iI iI iI iI 

.fll'Y'l 50 ~ 1m~ tJiJ~:IJ1W1 'Wl\91 'J'Vl-1 'W l\91'J 11l'W 1'W111't1eJ-:l'lJm~tJ-:liJmiJ m:;;'lJ'lJ 1111~tJd 1~ tJl~tJ-:l 

ilmiJ"Yie unieJ~ 1-:l tl'W. 
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., ., 
111 flnn f1flm'tJ~mtlHJV{hvJ 'eHHvJl'l (iJ~ ~ flflJ/~ I'lJ) 'lu 1'11V~1 \I tJ1111fl-U m~ V\I 

I v iI $I.� " 

'tJmiJ~YiI~V\I~lVJ ~'lJ'lJtJ11~V11~m~v\I'tJmYimv-uvl9ivlfl'W ~\lil ~V 1,3 , 6 U~~ 10 iJ 1'l1lJ~1~'lJ• 
"jJ "jI 

(.fll'W 51) 'W'lJl1'tJ~mruvv{hvJv"HvJl'l 'h.J 1'11 V ~ l \1 tJ 11l 1 fl -U m~ V \l 'tJm~l V J ~ 'lJ 'lJ tJ 11~Vl 1~m~v\I 

'tJm~mv-uv I iJ iJ~lm~V~\I~~ 1v11n1J 0.23±0.10 iJ~~flflJ/~I'lJ Irlm'tJ~V'lJlYiV'lJfn1lJUl'lflI9iN 
•� 'U • 

jJ" "jJ 
'Yl1\1~()~n'lJ'tJ~lJ1ruvv11 1ivJV~lvJl'l i 1..J1'11V~l\1tJ 1111fl-UVI~V\I'tJ~1~lVJ~'lJ'lJtJ 11~Vl 1~VI~V\I'tJ~1 

~m~-uv 3, 6 ll~~ 10 iJ 1'l1lJ~1~'lJ 'W'lJl1l~iJfll1lJlll'lflI9i1\1'Yl1\1~()~ (p:::::0.05) 1~viJ~lm~v'lJV\l 

'tJ~mruvV{hvJVfflvJl'll'vhn'lJ 0.23±0.09, 0.07±0.01 U~ ~ 0.20±0.05 iJ~~flflJ/~I'lJ 1'l1lJ~1~'lJ 

----Ir<> 
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-<; 

0.4 
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air<> 
c; 

Q(C; 
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I 

0.23 a 0.23 a 

0.20 a 
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~ 0.2 
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Z 
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"""";!: 0.1 
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(r-" 
b lr<> 

(0) 
(0) 0.0 

3� 6 10 

I� jJ Y Y v , 

ill'W 51� ~lm~v'tJ~mruvv{hvJvmvJl'l i1..JtJ1'IJV\l-Um~V\l'tJ~liJ~J~'lJ'lJtJ11~Vl1flm~V\l'tJmiJ~Yi 

m~-uvI9iNn1..J 

http:0.20�0.05
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4.10 i'l1nl~lA 

Y iI I v 

'i)lf)f11'jflm:J1iJ~lJ1ru fll1lJ~'W (NTU) 1'W~d'mh.'l'W 1'i)lf)Um~ tI-:liJmiJ[rvh~th'l#1lt1. 
)I 11, iI 

n:'U'U'W11~tll If!t'l~tI-:liJm'Vitll~Utl~l-:ltl'W~-:lil fitl 1,3, 6 U[l~ 10 1] \9l1lJih~'U (flTW 52) llj'l.J11 
Vii'" ii, 

iJ~lJ1 rufll1lJ~'W 1'W ~1 tl~l-:l'W 1'i) 1f)Um~ tI-:liJ m#1lt1'j ~'U'U'W 11~ til If! tJl~ tI-:liJ m'Vi muiitl 6 iJ ~. .� 
~lm ~ tJ'iH[1'f! I'Ylltl'U 261.13±39.15 NTU IrlmiJ~tI'Ul'Vi tl'Ufll1lJU\9lf)~1-:l'YI1-:l [1'i1~tl'UiJ~lJ1ru fll1lJ 

QJ .. 

V SI 11 v I 

~'Wl'W~ltl~1-:l'W1'i)1f)Utll~tI-:liJm#1lt1'j~'U'U'W11~tll If!tJl~tI-:liJmYitlltiUtl 1, 3 U~~ 10 iJ 'Vi'U11111. . 
~fll1lJtl\9lf)~1-:l'YI1-:l[1'i1~ (p~0 .05) l\9ltl~~lm~tI'lJtl-:lm1lJ~'W I'Vlltl'U 247.88±34.51 ,235.50±37.65 

U[l~ 230.25±27.38 NTU mmlwl'U 

400 

261. 13 a 247.88 a
""" 300 235 .50 a :J 230 .25 a 
f-
b 
~ 200 -I

-r"� 
;:l I� .
r� 
~ 100 -I� 

0 ,-
3 6 10 

I iI V V 11 I 

fIl'Y'l S2 ~lm ~tliJ~lJ1ru m1lJ~'W 1'W'W1'IJtl-:lUm~tI-:liJmiJ(;l'j~'U'U'W11~tll If!tJl~tI-:liJmiJ[lYitlltiutl. . 



.,.I
'U't1't1 5 

il ~ 1i1~l ~'U il ~lJ1~~ifl'H ~n~ ~fll1:JJ ff1tl~'t11~lfl',)lJ!n 'iI:JJ rru~'U fl'U~u~'U '1 

t~ni1 tT'U lat:ltJ ~ 1i1~ ~l~ 'U~ i1v:JJu~lf1fl~~fl1V1 'U tJ,) ~l 't1 fl'll~~l ~'U ff'Uf(1ri ~t:lt:l n~~ ~1~ 

~l~tJ,)~I't1f1' m,)I~:JJ:JJ~ti l'\Jt:l~ff'Uf( 1nit:ltJ~1i1 ~ri ~t:lt:ln~11~'U ~ ff'Ufl'1'iI~~t:l~tJ~t:l~n~'U 1 fl~'U'H~t:l 
OJ 

n~'U hjvhtJ,)~ff~t1 ll~il~'H 1uNtJ')~m,)~I~'UtJtJffnfll 'Um')ri~t:lt:ln 1$lllri n~'U lfl~'U~ff~ff:JJ 
"" " l'UlUt:ltJ~-ll~m~V'l1~m,)l~v~tJ~l'u~~t:l~fi1ii~o~')~uum,)H~~tJ~1 (I~V~tJ~11'Um~i~Il~~tit:l 

~'U) 1~'Uff1i'i~ ~~m'ilri~H~~t:lnit:ltJ~l~liv~l'U')~uumm~~~N '1 m'il~nntJ'Ulnt:l'Un~'U11i 
~~tJ,)~ff ~fl1~ idt:l~ 'il1ntJ~1i1~ 1~i'uff1')~t:lt:lffiJ'Ull~~I~:JJ 1 t:lij ff1l'H1'J'H ~mfi~ 'il1f1 ffl'H~lViMjVl 

lln:JJJ111'U'H~m~ vnfln~t:l'H'd~11 1CJfV11 'UllUflfil~ Vll~~IlUflfil~ mlt:lfl~l 'U~vC]iff~ ff~lfl,) l~,"n~'U 
. "" "i 'I ~ QI '" 'JI '" 'JI "" QI <10 "i "'_I 

~ fl ~'U t'UlJ 'iI~ U'UlnlJ fI')m:JJfll1:JJflt:l~m m 'iI~~~~'U 't'J 'U mm~fI t:l1'H n ff~ l'U1 ~~vm') l~ V~lJ~l 

" " i1~ uuu1~t:ll'H 1')l~ ~ t:l~ N l~ VlfllU ti1tJtlUn1')I~V~ il~ l11UUHff:JJ Hff1'U 'H ~ t:ln1')l~ V~tJ~ 1~1:JJ tlU 
, 

OJ 

" 
fffl1Ufll~m~V'l1~t:ldNfj~\!~'\Jt:l~fffl1'i1~rit:ll,"ln~m'Hnnn:JJ"lf1~fl1Vl'Utit:ll~V~tJ~li1~Il~~I~'U 

~tl1ff~IMr;htJ~ 1i1~1~'U tJ~lJ1 ~~"lfi1~'H'd~~l ~tJ')~ lV"lfU'il1nm'H nn '),):JJ"lf1~1 'U ileile11 ~1~'U 
• "'.dI 0 'I 'JI_I "'''i "" <I...... , c:l 'I : , .1 _I "l 'JI.,j ='t 

t:lVN~ 'iI~'t11 t'HlJ~l:JJ ~t:lmffn'UllV'l~~n~t:l'UV'l"lf'H')t:lff1'H,)lV'tI'U1f1mn ~'U'U1um~V~lJm ~~ l:JJmlJ'U 
~ I ~ v 

lGJf'U ij~~'t111 ,"ln~n l,)ff~ff:JJ'tIt:l~n~'U 1fl ~'U 1iuUt:ltJ~ 1i1~ ffl'Hi'un nffnlJ 1ij~1f1qtJ,)~ff~t1'H~n 
I JI JI • 

ll!II .... Id d .Q QI fI 0 \I) 'JI I .ct .... I Q. GI GI '.Q.a 
lV'lmlJ,)VUl't1Vu')~UUm,)H~flff~1'U12 ')~UU ~~lln m,)I~V~lJ~l'U~ t'Un,)~'I1~U~~Ut:l~'U lV'lt:l 

, "" 
't1,)lU')~~Un~'Ulfl~'U ~~WffiJ'Ull~~I~:JJ1flij)l'UlUfltJ~li1~ lm~U1 'il1m~1JUm,)H~fI 

I , II I JI 

emn 1m~ ffnlJ 1tJ~:JJ 1Wn~'U 1fl~'U fiff~ff:JJ 1 'UlUatla1i1~fi I~V~ 1'Useuun n H~~ 

" ~l~tl'U 2 ')~UU 'il1nm~i~Il~~tit:l~'U V'lUi1tJ~:JJ1Wffn~flflffiJ'Ull~~I~:JJ 1flijl'UlUfltJ~1'i11ntJ~1 
I JI I JI I JI • 

i1~fi I~V~ 1'U tit:l~'UV'lU 1 'U tJ~:JJ1W fitit:l'U~Nff ~ni11 'UlUeile 1mrul ~ 1i1~fil~V~ 1'Um~oM~ 11lt:l 
OJ 

ltJ~ vUlfivutlu~ 1'U1~V'tIt:l~ mVlV'l6 (2550) 1~ffnlJ1m,)ff~ff:JJn~'U1fl~ 'U 1'Ulat:ltJ ~li1~Il~~~liv~ 
" ".

~1V,) ~ UUU 11~ Vl V'lUi1~tJ~:JJ1Wff1,)~ t1t:lffiJ'U ff~ff:JJ lUIUmlm i1~ ll~~ m ~vl'yhtlu 22.8±4.4

205.4±35.9 'U11'Uni':JJIfil~ni':JJril'U Whangchai et al. (2008) 1~,)lV~1'U1~i1tJ~1i!~Il~~~1~i'u 
c:l d", "i 'JI '" "" c:l "l '" 'JI '_I "" d"l ''I 'JI

fll'H n lfl:JJ 't1:JJ II 'Ul ~ 'U :JJ'tIfl~m')ff~ff:JJ'ilt:lflff:JJ'Ull~~lt:l:JJ ieuu eurrnumu ~1l~~'t1 t:JJ t'Hm'H rs 
, " 

1'lf'Ul~VltlU 1't1V1 (2551) ,)lV~1'U11 tJ~:JJ1Wff1,)~m)ffiJ'Ull~~I~:JJ 1t1ijl'UtJ~li1~u~~fit~v~~lV 
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~~1.J1.JJ1A~ fJ1~ 11Hi1.J fl1~',r tll'H 1~ A~fl"h~ 'il~tJ 'il~iitJ~1J1w~ ~ myih,\ At ~ ~A g1J'~\hr~ fJfl';htJ~lU~ 
. . " 

ltfl~l1 '1i,,rtll'Hl~ 'illmlfJHW'\J~~ "l.... ~nl1 (2552) fYtl1:l1fl1~~fltl~'W lf1~'W' 'WA'U~tJ~lU~Ufl~ lflfJ 

lnfl1~ ~flfl1~~l'Wtll'H n lflfJfl1~ AifJ~tJ~lU ~ltfl~ .... 1.J11Art~A~1J' ,rtll'H 1~ fi~'WA~1.JA~fJ1H~H~9130 
~ I' ~ 

1'W ~~UIPiA~~'Wl1 7 'il'Wil~A~~'Wl1 8 ""11J1HmfltJ~1J1W""1~~~~""ij'WU~~Ag1J'~\j''Wn1~tJmU~Ufl~ 
o'cJ 0'..... ~ 11)~ 

67.42 U~~ 22.58 AtJ~Wlf'W91 9l11J~lfl1.J 'W~tl'illtl'W'W Robertson et al. (2006) ~fl91~1'il""~1.Jfl111J 
J/ j/ 'JI I 

A,r1J,r'W tJ~1J lW ""1~~~ ~ ""ij 'W 'illtl~ 1~dl~tJ l''W vh{1JA ~ fJ~ tJ ~ lA'VI ~ 1',,;'tJ ~ ~A mY'er~ml1:l .... 1.J 11tJ111 

o ~ 'j} tid 'j} 'j} d.Q. Q,I.Q. I 'j}

'Wl1J1~~fNtJm~'VI~1'V11Jfl111J~'\J1J'\J'W'\J~~""1~'il~~""1J'W 25 'Wl1'Wm1J/~91~ ''W'lf1~q~~~'W U~~f1111J 
'j} v d ~ d , ~ .... I 9J tI ,. Q,I.e::t.<C) Q,I 

~'\J1J'\J'W'\J~~""1~'il~~""1J'W'VI"":::""1J 'WA'W~lJ~l~'VI~l'V1 1-3 hll !hlm1J/tl !~m1J 'illmlf.J~l'W'\J~~ Van 

Der Ploeg and Boyd (1991) 1~Vilfl1~91~1'il1fltJ~1J1W""1~~~~""iJ'W~1J'Hli'VIfJl~fJ~~{d:H'W 
" . 

(Auburn) ils ~~'VI fl''''''H i'j ~~1J~fl1''W 'I11~A~~'WA1J1:l1fJ'Wil~ ti'WfJlfJ'WVilfl1~ A~1.J ~1~dl~tJ l'illtlti ~l1ii 
" fl1~ A'il~f.'lU~1.J 191'\J ~~ ""1'11 ~ lfJih~ fJ1Utl1JtJlA~hI ....1.J11iifl111JA,r1J,r'W '\J~~tJ~1J1W ""1~ ~~~""iJhI 4.77 

" 
'Wl1'Wtli'1J/~91~ 

j/ J/ • J/ J/ 

ms fYtl1:l1f1 i'~il ,~,~ti~~'Wl1~fl~~f1~f1ff9111.J'Wti~AiifJ~tJmU~lt~:::'~~~ff911A~'W 

i1fJ lflfJ91H ~1fJm91f1~tl~11Vil,,r~~1.J1.Jfl1~ H~91tJ~lU~, hiti~~'W iifl1~ A'il ~f.lJA~1.J 191'\J~~tl~1J~H~\Pl 
q qUill 

tl~'W lf1~'W lflfJm .... l~u .... ~~n\Pl~'Wfj'lf''W~li'W Cyanophyta U~~U1.Jfll1A~mWfl~l'W]j'fJ91"" 1d~Vil 
" . " 

fl1~\Pl~ 1'il'W1.J ~1'W 1'W .... 1.J 11iitJ~1J1W ""~ Iuii~~hI ~ ~1.J1.JtJ 11~ fJ1 ~1fJm \Pl ~~tl~11tJ~lU ~l11~fJ~ 'hi.. . 
" " ti ~~hi~::: 1.J1.J tJ11~ fJ 1~ ~ii 1 ~ fl1""A ~ 1.Jfl'W lf1'1:l911tl tll'H 1~ 1.J ~ A1W~ 'W fj'W n'W ti ~ ~ 11Jil~ fl1~ fl'W U.... ~~ n 

\Pl~'Wfj'lftl~1J~H~\Pl tl~'W '1iVl~tJ~~"" ~fl'W ~m'H'U~'illtlfl1'J '~i'1.Jtll'H 1'J~lA ~ 'il~tJ~~ri ~ H~' ,rtJ~lU~. .. 
, J/ J/ • II tI, 'JI 

l11~ fJ~' 'W ii ~~'W ~:::1.J 1.JtJ11~ fJ1ii rm ""::""1Jtl~'W 1 fI ~'W' hi1ij~tJm"".. ~ tl11A'U ~tJ ml1 A~fJ~'uns~;r~ 

" " 'W~tl'illtli1 ""1~ ~ ~~""ij'Wu ~::Ag1J '~\j""l1J1~Cl U'\J1h1 ~~fJ~~' hlltJ\Pl~tl~'W' 'W tJ1'illtlti~~'W ff~ltl\Pl ,~ 

'illtlfilml1J~'W~~""1.J'Q; ~1J1tl ''Wti~~hI~::1.J1.JJ11~fJ1 ~dl~ 1 ~~\Pll1JtJ~1J lW ""1~ ~~~""ij'W ~""~""1J' hi 
JI • " 'J/ 

1-U ~tJ~ lU~ 'illtltJ ~ 111 A~fJ~' 'W m::i~'W'W tn 'iJ 'il~lflfl 'iJ ltltJmu~ i'1.J ""1~ ~ ~~""ij hi'iJ ltlfl1~ fl'W ""1'11 ~ 1fJff 

.c:1 :~,. .Q..d Q,I'.Q. ~ Q,I~ 
A'\JfJ1Utl1J'W 11~'W IflfJm .... l~'lfhl fl'VI""11J1HHtl1~'il1.Jfl~1.J'WH1fl1h1 u~~ .... 'Wm~'lf~91~ Jiittner and 

Watson (2007) 'JlfJ~1'W11 Oscillatoria spendida, 0. brevis, O. tenuis, Lyngbya subtilis U~~ L. 

?t '" d ~ ~ 11) ,0<9 _I 0' "" _I '" .l
allogei AU'W'lf'Wfl'VI""~l~tl~hI ~1J""~lJ~::""~f1""l1J1~m'iJ~ty 'WllJAfl1::\PlfllPl11J.... 'W (benthic form) U~~ 

Q,I I.Q. .tl!t" QI "l " 
""11J1 ~ ClAfl1~ 'iJ 1.J ~~1.J'W H1fl1'WU~ ::....hIm ::'lf~ ~ fl 

'illtlfl1~\Pl~1'il'W1.JtJ~1J1W'\J~~u .... ~~n\Pl~'Wfj'lf''W~li'W Cyanophyta 'H~~""1'H~lfJff 
J/ t. " " II 

A~fJ1Utl1JtJ lA~'W 'lfUfll1H~ \Pl tl~hI 1 fI ~hI 'iJltlfl1~ fYtl1:l1f1 i'~il .... 1.J11 'lfUfl'\J ~~ ""1'11 ~ 1fJffA ~ fJ1Utl1J tJ 11~'W 
., "d 'j} .Q.'" I 0' , "I 9JQ,I Q,I .Q. f

'VI""~l~tl~'W ~f1~'W'iJltl\Pl1flfJ1~hll 'Wm::'lf~U~:::m)flhl ~flUtl Oscillatoria sp., Anabaena sp. U~:: 

Pseudanabaena sp. 
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II JI JI , 

'U an'il1tlU1~ij 'j 1M1'U ms 'lJ'UttleJ'Uu" ~'lft1 ~'\J eJ~ff111 71tJih;jmunu U1~~'U fi N~~ 

tl~'U lfl"'U t'lf'U Izaguirre et al. (1982) 'j1tJ~1'U 1~11 Oscillatoria simlicissim U":: Anabaena 

schermetievi ff1111H1N~~ffn~eJeJffij'U 'il1tltll'j~'j 1'ilffeJ'U'lfU~'\JeJ~ lttftJ11 'UU'Uflfit~ tJ~ Cl'f1~tl~'U 

'liVj~'lJ'j~Cl'~tl~111'j1tJ~1'U'\JeJ~ Smith et al., (2008) 'W'U11'lfU~'\JeJ~'ttftJ11'Uu'Uflfi~~tJ~Cl'f1~tl~'U 
lit I <'9 _I 0'''; , ""I '" 

11l'W~lJ'j~Cl'~fl'Yl~'j1'i1'W'U 'U'UeJ~'U fleJ Anabaena circinalis Kiittz, A. macrospore Klebahn, O. 

limosa C. Aghardh, 0. tenuis Gardiner, P. catenata Lauterborn U":: P. limnetica (Lemmermann) 

I 91 d "l .c:S' .cl0 w
Cl'1'U Oscillatoria. curuiceps U,,:: Oscillatoria tenuis Cl'11J1'jf:lCl''j1~Cl'1'jleJll leJ'U 'U'Yll'UeJ~t~tJ1tl'U 

• • II 

fi'Yl:: mCl'1'U m ~ij fJ 'j:: (Kasumigura) , 'U 'lJ'j::t 'YlffiY~ 'U 'W'U 11ij 'lfU~'\J eJ~ Cl'111 71tJih;j tJ1UtlllU 1t~'U 5 . . 1.e::t. .c:I 9J.e:::t. 111 ~ I 

'If'U~ 'YlCl'111nf:lCl''j1~tl'''U fl"'U I~Utl Phormidium viscosum, Lyngbya allorgei, Oscillatoria 

~ .... 
splendida, Phormidium tenue (Sugiura et al., 2000) Cl'eJ~fl"eJ~tl'U (Van Der Ploeg and Boyd, 

II • 

1991) 'j1tJ~ 1'U11Cl'111 ~ 1tJih;jtJ1UtlllU1t~'U'lJl~'lfU ~fiff~tm1::MCl'n ~ eJeJCl'ij'UU,,::tgll'eJii '~uri 

Anabaena sp., Aphanizomenon sp., Lyngbya sp., Oscillatoria sp., Planktothrix sp., U,,:: 
II� 

QI 0 I!S 91.do.e:::t.� 

Phormidium sp. 'UeJtl'il1tl'U'U Tsuchiya and Matsumoto (1999) 'Ylltll'jfftlll1tll'jCl''j1~Cl'1'j'ileJeJCl'1l'U 
I JI I II 

U,,~~gll'eJiifiN~~'il1tlCl'111 71tJih;jtJ1UtlllU 1t~'U Oscillatoria f granulate 'W'U 11tjjeJ H1'Utll'j t~tJ~ 
II II 

Oscillatoria f granulate ''UM'eJ~'lJa,j~tll'jt;j'U'j::tJ::t1m 40 1'U Cl'l'.d1tJih;jtJ1UtlllU1t~'U'lfU~U 

Cl'l1J1'jf:lN~~Cl'l'j~eJeJCl'ij'UU"::tgll'eJii 5.9 une 338 'U11'Utli'1l/~~'j ~111ti1~'U 

''UiJ'iI~,j'U'j::~'U~tJmJi''U'~ (threshold level) '\JeJ~'lJ~1Jlt1!Cl'n~eJeJCl'ij'U f)eJ 0.9 

1111mtli'1l/n1" tli'll (Robertson et al. 2006) tm::'lJ~1J1t1!Cl'1'jtgll'eJii f)eJ 0.6 1111mtli'1JIn1"tli'1l 

~ ~ J d 11)911 .e::t...::t I 
(Persson, 1980) ttf~'iI1tl N"tll'j'Yl~ "V~flH'U 'iI::m'U l~ 11N"'\JV~'j::'U'Utll'j N"~l.l N"~ Vtll'jCl'::Cl'll 

II •• 

'lJ~lllt1!Cl'n ~VVCl'ij'U U,,:: ~gll 1vii''U~UV'lJ"lU" 'il1tltll'j1tm1:: M'I-1 1'lJ~1J1 tI!Cl'n'Yiriv'..r~n~tl~'U 
JI r II JI 

1fl"'U''U~UeilmiJ"fi ~~ tJ~''U,j V~'U 'j::'U'UU1~;jtJ1 'W'U11ijrns Cl':: Cl'1l'\J v~ Cl'1 'j~ VVCl'ij'U u,,~ tgll 'vii 

~~tl11'j::~'U~tJVlli''Ul~(threshold level = 0.9 1111f1mi'1l/n1"tli'1l) 'lJ'j::tll'j~v''lJriV'UVi1tll'j 

'j 1'U'j 111 N" N~~ ilmiJ" ff~" 1~ ~'Unflfl'il::~V~ijtll'j~'j 1'ilffV'Utlg'U1 fI "'U ~fftJriV'U tV: V~~tll'j"~.. .. 
tl~'U 1f1"'U I~Vfh~ij'lJ'j~iY'Ylifll'W~v 1'lJ 

t-"'-'*._.-..Q,~"-"""'-"i'7\~ ....- 4 ·1.1'l~~"" 

ff111 i''U~tI!fll'WU l'j::'1-11Htllm ~"V~, 'Um:: i~u,,::,jv~'U 'W 'U 11fl1111t;j 'UtlHl ~ 1~ 
II • • 

'\JV~Ult'i~~tJ 7.5±0.0 u,,:: 8.1±0.2 i'iV11V~''Uttltl!cn'lJtl~~11Ifi t~'lf1 (2543) mh11~11fh pH 

'j::1111~ 6.5-9.0 t;j'U'lf1~~mlJl::Cl'llff111i''Utll'jtitJ~ff~1J1 d1'Ul'"hVVtl;t'il'U~,,::mtJ,'UJ1 (DO) 

m~tJ 4.6±0.1 U,,:: 9A±O.6ij"~tli'll/~~'j ~~~~11V~''Uttltl!cn~mlJl::Cl'1l~Vtll'j~lH~1~'\JV~ff~1 
JI I ,tI I 

u1fillifl1'jijI'"i1VVtleift'il'Ufi,,::mtJ''UU119i1tl'J1 3 ij"~tli'll/~m (Swingle, 1969) ff1'U1.J~1l1t1! 
I JI JI II 

unuhltumll ~tJ OAO±0.02 U":: 0.63±O.1O ij,,~tli'1JI~~'j i'iV11U1ij'lJ~1J1t1!UVll 111~ijtJlJltll1~ij 
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" . " 
tVl~1~V1'111~11 'l1ihl1v{t~'W ~111 ~~'\.HY -:J (30%) ~hn1-:Jil fJ~Vfl'illflfflPllli 1:Y~ 1:Y:IJ i 'W UVt~ fJ-:Jl1 cnurl 

~ . 
I ~ ~ ~ 

ff-:J HrllPlVfll1 tVi:IJ111:1J1W Yil9JV1'1111 i 'W Um~fJ-:JfflPllill~-:Jvll i Mil-I' 'W uvihl9J1'W 11P1~t'il'W 'Q; -:J ~1 
o JI JI • 

UV:IJ 1:IJtU fJ1:Y -:Jt<ti'W n'W 1J'W ff'WUrl~ 1VlVl11W (2539) flriT:l':h' 'W UmlifJ-:JfflPllillliijm~''I1' V1'111~ 
~ 

l1~~Ul'l'H d'vfflPll~ij 111 ~~'W 1:Y -:J'\J V-:JtfffJ~tnlPl~'W 'illflm~'liu~lfJ'\JV-:JtfffJ'illfll1rll'111Vm'l11~~m ~v 
~ 

. i !lI""" I"" 'i '" .1 " "I d 'i '" "I'?t "" I .,.. ..,J "" , !lI
'il~'Yl1 'I1:IJlJ~:IJ1WUV:IJ t:IJt'WfJ'Q;-:J'\J'W UIPIVfJl-:J unmuueu t:IJt'WfJ'il~ l:lJt'U'WWI:IIPIV1:YlPll'Vl:IJm~ '11 

V1'I11~11 ~~tfl'Vl tifvfflPll~ij 111~ ~'W 'Q;-:J'\J V-:J tfffJ~tn\P1~'W 'illnn11'Iimil fJ'\J V-:Jt fffJ 'illmlrll'111v V1'111~ ~ 
.a 0 ild.t:::ll d J I I "l d ,. d 11) I d .e:::t. • Q,I fI: .a I

mrlV'il~'Vll''I1:IJl1nJ1WUV:IJ 1:IJt'WfJ1:Y-:J'\J'W UIPIVfJl-:J lmlPll:IJUV:IJ t:IJt'WfJ'il~ l:IJtll'WWl>IIPlV1:YlPll'Wlt:IJVm 

" 
~ 

" pH ~-:Jt~'Wflrll-:J (pH=7) Url~fflPllillUl-:J&JfiJ\P11:Yl:IJ1~{)11i'U~l' 'I1't~ fJ~'W nU1:Yfl1l~ttV:IJ 1:IJtUfJ' 'W ill 

1:Y-:Jl~ ffl'W~ll'WllPI~'ti'm~fJ0.12±0.00 Url~ 0.24±0.09 1Jrl~fli':IJ/~IPI~ 
~ 

" " 1\P1fJum~fJ-:Jl1rllm~ij~ll'W llPl~'Vl1lJtn'W 0.02 1Jrl~fli':IJ!~IPI~ 'I11flUm~fJ-:Jl1rllVd''W 

1:Yfl1Vl~'\Jl\P1VVfl~t'il'W 1'W llPl~'ti''il~1:Y~1:Y:IJ' 'W UmifJ-:J:lJlfl~'WHIPl'illfl~lVVfl~t'il'W ~rl~rllfJ' 'W J1VlU';h 

mil 'Wtflwcn~m:lJ1~1:Y:IJ~-:JllJtn\P1fl1~1:Y~1:Y:IJ'\JV-:J1'W lm'ti':lJlmrmtrl~' 'W 1:Yfl1Vl~~11:IJt,j':IJ,j''W~-:J llJ 
~ 

" . 
riv''I1'tn\P1fl1~mfJ 1'W llPl~'ti'ijHrl'l'11 ''I1'l1rllt~'W h~~\P1t'l1v l~41fJ m~t'il1\Yt~U 1\P1rl\P1rl-:J Url~li~11:IJ 

" t,j':IJ,j''W~~~1J1:Y-:Jriv' 'I1'tn\P1m~mfJffl'11 i'1Jl1mill~\P1VV' 'W "lh-:J 0.66-2.00 1Jrl ~fli':IJ!~\PI~ ffl'W~l 
. ~ ~ 

" 
~11:IJ~'Wm~fJ 24.67±1.86 Url~ 215.50±47.62 NTU U1:Y\P1-:J''I1'n1'W-jli'Wuv~'Wt~fJ-:Jl1rllUrlij111:1J1W 

~11:IJ~'Wi'W~~~1J'Q;-:Jfl-jli'Wm~i'-:J ~-:J1:YV\P1~"'V-:Jn1J~lfJ-:Jl'W'\JV-:J Bardach et al. (1972) mhl-jl~'W 
. . " 

ill tU\P1 '\J v-:Jl1 rll\! rl1 \P1 fJYi11:IJ &Jfl~ vdli&JflfJf1-:JulJ ill'\JV-:JUVvJ1 mlPld''W vvm~ fJ-:J i~~-:J'l'11 i 'I1'l1rllij 

~11:IJV\P1'Vl'WIPlV~11:IJ~'W l~~1\P1fJ~lll1l1rlliJrlijfl1~ uVl~m ~'illfJi 'W 1J1nw ~t~:IJ ll1~lfJ1~rl'W 

Balarin and Haller (1982) ~lfJ-:Jl'W-jl tilapia 'Vl'WIPlV~11:IJ~'W'Q;-:Jfl-j1 13,000 

1Jrl~fli':IJ/~IPI~ UIPlVV1-:J1~ ~1PI1:IJ~11:IJ~'W'il~rl\P1fl1~ ~l'W'Vl~'J'\JV-:JU1:Y-:J~ffV-:J i 'WUVV1'ilff-:JHrlm~'Vl1J 
" . . 

IPlVHrlHi11P1 i'WUVl1rllt,jV-:J~'W tijvltml~,.r111:1J1W~rlV hrlmf io Vlu-jlij~lm~fJ 401.35±21.11 

url~922.08±143.74 1Jrli1fli':IJ/i1m 1\P1fJ fJ'W~ (2539) flrill-jl~rlV hYlmf tV 'I11v111:IJ1WUVlrl-:Jn 
" .

IPIV'Wyt&Jf1:Yl:IJ1~m'il1\lH~1J 1IP1l~~'I11vij111:1J1w 1:Y-:J''W illliij111:1J1W YillP1V1'111~ 1:Y-:JUl-:J&Jf\!\P1llIPlV'\JV-:J 
U IV q" 

tfffJ~t~'W1:Yl~ fl'W 'Vl~ VU rl~1:Yl~ t~ ij fl1~ij111 :IJ1WUVlrl-:JnIPlV'W yt&Jfi 'W UVtifJ-:J 'il ~t~ 'W m'l11~ '\J V-:J fflPllJl 

i-:J '\J'W l\P1t~ nun ~'\J'W 1\P1 i '11 WUIPlti'lij111:IJ lW:IJ1mn'W 'lil ~'il~'l'11 i 'I1'tn\P1iJW'I11fll1 rl\P1~ 1'111V'\Jl\P1 
u u 

" VVfl~t 'il 'W 'lu ill' 'W <til-:J flrll-:Jfl'W '111moMlij\P1 tVl ~ 1~ UVlrl-:J nlPl v 'Wyt&Jf~ V-:J i oMV en~t 'il 'W i 'W m~ 'I11fJ i 'il 

ffl'W111:1J1Wvv{hvJv1:YlvJ\PIt'ij~fJ 0.15±0.01 Hrl~ 0.45±0.08 1Jrli1fli':IJ!i1IP1~ 1\P1fJ111:1J1wvv{h 

vJvmvJIPI~l~ij~l1~'I1-jl-:J 0.1-0.5 1Jrli1fli':IJ/i1IP1~ O!'Wff'W une lVlVl~~W, 2536) ffl'W l:IJIPI~ une 
". " 

'ill~l11W (2538) flrill-jl111:IJ1W vv{hvJV1:YtvJIPI i'Willt~'W~lli llJt~'WV'WIPI~lfJIPlVffIPl1'l111\P1fJIPIH 

HlPlt~'W ~lm~ 'l'11 i 'I1'tn\P1 rm 111~ fJ'W uil rl-:J'\J V-:J U'I1 ri-:JJln'1V-:J 'illn m ~ t'il1Wt~1J 1IPI'\J V-:J yt&JfU rl~1:Y1'I1 ~ lfJ 
u 
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jld I : I .c:I~ ,J ~ 
~ tn H'lfl WYl~ 'lfl'U!ff~~111 tl1 '\.J 11f1tufl1~'\.J 11 ~111H rnr 'VI~ 'l fl~ :lnJ13.11tuff11 flll1l'i 'VI ff ~ GIf ~ 1113.1 1~ 

q .. 

ffll11'Uf1l1 I~ 1tyl~'U i ~'U fl~ II~ 'l~ n~ fl'\.J~'lf1 m~ ~hjri ~H'lm~'VI'U~fl1J'l 1 
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.cd 4 '" C\ G 4 C\<Ci' u.e::t 
fll1n~118~n 2: Atl'ljlND'U8~81Q'lJ8~8'tiU~'U8~&&'Vt11~tl~8U'Vt'tiUl1:l:&&8A~ lUSJfJGlftT 

I , 'Ill' I If 'Ill' 
.cI , Gl v ~ C\ t' ~ 4 _I C\.cI .c:::I SI 'ct. 0 .cI 
ntl8l'tntl~tll1U lADUlU&U8lJD1UDn&l1fJ~~lfJ'lJ8~U1:l:'lJ'lJU1&'UfJl 

'JI , I 'JI I 

il '11'11 ,n~'U ff'~1U lvHifl '..mHhi'it1!'Vll~1ff':ifl ~ n'ilbUfN 'illfHtJ 'U ff'~1U l'ViiillJ':i~'U'Q; ~ 

':i lfll~ vh1'11'& ~ 'U ~ '11 tJ:JJ 'IJ'nflflUCl:l:titJ~ ti'UVVHU vd'l1 ClltJ 1 ~ tJil 'il ~u'U il CIlUCl ffl:JJrsn~~&~'U 
" " 

ff'U~lff~ enn1il ffl9i l~lJ ':i:l: b'VIfI'l 'U ~flll W:l:'Uv~lJ murltUv ul9i mr t~ tJ~ ilCllUCl ~ml ':i:l: ff'IJilW'I11lJrn 
OJ " 

iifl~'U 1flCl'U ff::: ff:JJ l'Ut.am,1v~ 'illflfll':i t'iliWt~'IJ 1~ VV1~':i1~ t~ 1'Uv~uYl Cl~n~v'U~'ll'UCl:l:U'lJflVh~ tJ 
" 

I I I I II 

bbvfl~l 'U~tJ~ffViff~l~ffl':ilJ':i:::flV'lJVirlv l'l1'tn~fl~'U Inau l~tJuYlCl~n~v'U~'ll'Vit'il~t1!t~'IJ l~iin~ 
, , , :II I I 

'll'u~vh~'UlJ ':i:l: 1tJ'll'.wuCl:::'ll'U~Vil '11'1'VIll fflt'l1~'I1~flVivh 1'I1'tn~ilw'I1l'thuv~ 'illfllJi:JJ1W'UV~&fftJVi. " 

lJrlVtJCl~ffuvlJCll:JJlfl'il'U bn'U Iil 1~tJ'UV~bfftJ~Cl~ffuvlJClllJ':i:l:flV'IJ~1tJffl':iVl'l11':i t'li'U l'U1m&'il 'U 
OJ OJ 

UCl:l:'rl Vff'rlvi'ffl 'UlJ~:JJlW'Q; ~ ~~ilt1!'I11if ~flYl 'IJuvtJflf~ 1'U 'li1~tJ~ ~ V'U rdv~ 'illfH~'U'lb~~iifll':i 
, : v ~ ;f ... 1 ~ oJ" v .a 0 'I y QI rI:.c::I"i 

mm'VI'Ul'UVtJUCl:l:&1J'Ufll':ibCltJhJCll'UCl'VII'll'tdCll'Ul'UlJ':i:l::JJlW 8-12 t~V'U 'VIl 'I1ff~1'Ul:JJ IVfllff 
, II '" II 

ff:l: ff:JJfl~'U 1flCl'U vh1'I1'tflllmm ~t~tJ~lJClllJ':i:l:ff'IJilw'I11':ilfll'UltJViCl ~~lCl ~ tUV~ 'illnms&~ tJ~lJ en 
OJ " 

'11 Cll'U u V~'U ~ ~l b~ 'U ~v~Yi 'ill':iWlil 'il~tJ~ b'l1:JJl:l:ff:JJ"h'l1 i''IJfll':i titJ~ l'U ':i ~'IJ'IJ if:JJl fl~~~'U Vl~UV 

bitJ~lJ rn ~~t ~'U ff1'Uffli'it1!~fl 1':iVi'ill':i W1 ~~iiu'U 1fl~ ~ 'il:l:~ ~ ~ 1:JJ fl11:JJff'm:r'U 'til:l:'I1 "h~ v l~U vl9i v 
• II I II II 

'll'U~'UV~HYlCl~n~v'U~'ll' uVfl~l 'U~tJ~ff UCl:l:fl~'U 1flCl'U 'l'UbUVlJCllUClVit~tJ~~1tJ':i:l:'IJ'lJU 1&~tJ1 

d. ,. .... ...1 'I "''''' "~I ,. I "" "" 

flCl'U lflCl'U\!flff~&ml:::'I1'U'U 1'U1(lt'VlV':ilJ'U (terpene pathway) l~tJffl'l1':iltJff&'UtJ1 

" ." 
Ufl:JJU lb~'U'I.Jl~ 'll'U~UCl:::U 'IJflVit~ tJflrl:JJuvfl~l 'U~tJ~ffffl:JJ1':i(l ff~l~ fl~ 'U 1flCl 'U ff:l: ff:JJ 1'U&Ueilm 1~ • 
(Klapper, 1991; Yamada et al., 1994) 'illmltJ~l'U Yl'IJ",hlJmfl~Vt:JJ~ti'Uiifll':iff:l:ff:JJ'UV~~VVffiJ'U 

" UCl:l:tg:JJ lviil 'UtUV 0.25-0.5 l:JJ1mfli':JJIn1Clfli':JJ UCl::: 0.1-0.2 l:JJ1mfli':JJ/n1Clfli':JJ ~l:JJth~'IJ 
. " " 

(Casey et al., 2004) ff1'U Whangchai et al. (2008) ':iltJ~1'U11lJCllUmt~~Vit~m~1tJ':i:l:1Jmhl~tn 
"i 111 'COl Y dod.c.t .cS ~ d d ~ QI

(l~tJ 1:JJ I'l1Vl'l11':it:JJ~ffl&':i'illlJ) :JJfll':iff:::ff:JJ'lJV~'ilVvff:JJ'Utm:::bv:JJlv'lJl'Ut'Uv 4.6-41.0 l:JJ1mm:JJI 

~ """ n1Clfli':JJ une 10.0-74.0 l:JJ1mfli':JJIn1Clfli':JJ ~1:JJ~1~'IJ C)f~ 1'U fll':i~flfllfli' ~ih'l'l.J11tUVlJCllU Clii 

lJi:JJl Wffl ':i~ VVffiJ'U UCl:l: bg:JJ 1viii 'U 'lh~ 0.00-5.91 l:JJ1 fl ':i fli':JJIn1Cl fli':JJ t&Cl::: 0.00-12.44 

l:JJ1 fl ':i fli':JJIn1 Cl fli':JJ m:JJ~ 1~'IJ ~~ 'il:l: bif'U l~11lJ~:JJlW ffl':i~ VVffiJ'UUCl:l: tg:JJ 1viiii~l~ lfl11 
, II 'JI II tJ 

~1'U1~tJ'lJV~ Whangchai et al. (2008) &Utl~'illflfll':i'VI~ClV~fli'~ijtiJ'Ufll':i&~tJ~~1tJ':i:l:'IJ'lJU1&~tJ1 
" . .a "".1 ""...." '" 'I 'ii 'I " dod. Iod/ "" 'I1':i Vfll':i bClmlJ m'VIVlfl'tlfll':i ff':i l~V 1'l1l':i'li ':i':i:JJ'll'l~'ill flfll':i Iff. mtCl~ I'llVl'l1l':i t:JJ~fflb ':i 'illlJ 'il~:JJ 

~ "I.I"I"d 'I" dod 0'1" '" dd' "I"'" d.
fl11:JJtlJ'U llJ 1~'VINCl'IJV~fll':i I'l1Vl'l11':i&:JJ~fflt':i'il':ilJ'VllI'l1lJCll'UCl'VImtJ~ 1~':i'IJflCl'U 1flCl'U'illflVl'l1l':i 

OJ 
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• >I 

tl~'W i m'l'W!fi~'illtlffl'"dlrJff!;jrJ1UtllJth!~'Wm'l~Uflfl~i 'W ~rJCJ1fflJl.:1'll'U~ ffl'"d lrJff 

d :.:::..d", d 111 1 .:9 ...1 ~1IIi1 I 

!'UrJ1UtllJ'Wl!.:I'W'VIff~l.:1tl"l'W ~lJ~.:IlJ~~ff.:lfl ~~Utl Anabena sp., Oscillatoria sp., Lyngbya sp., 

Symploca sp., Microcystis sp., Phormidium sp. (Tabachek and Yurkowski 1976; Lovell and 

. "" ""i Q,I d d iI oCt Q d "I d "1 iI I

Broce, 1985) ff1'W'll''W~'Ufl.:lUflfl\Pl 'WlJrJCJfff'VIff~l.:1'ilflflfflJ'W U"l~WlJ iau ~~Utl Streptomyces sp., 

Nocardia sp., Actinomadura sp. U"l~ Actinomycete sp. (Jiittner and Watson, 2007) 'illmlrJ.:Il'W 

'Ufl.:l Sugiura et al. (2000) ~1J11fflmlPJ'Ht1.:1'Ufl.:ltl1~!fi~tl~'Whj~.:IlJ~~ff.:lr1lJ1'illtlUflfl~i'W~rJCJ1ff 
.J ~, eI eI .del 'j/ 'l v ~.d 'j/ eI "" ~ 11) eI 

CJf.:lnJ'W neu 'U fl.:lU1Jfl'VI! ~ rJ'VIlJ!ff'W rJfl"llm'll'fl~ l'V1ffllJ lHI ff~ 1.:1 'il flflfflJ 'WU"l~WlJ lnu• 
'ill tl tl1 ~ fftl1l1fl f.:l if~ 1J11ffl 'H i1rJ ff!;j rJ1Utllllf1!~'W ~ ff~1.:1 tl ~ 'W 1 li ~ .:IlJn ff.:l r1 

Q "1 'j/ r 3 cI Q QQ

4 'll''W~ l~Utl Phormidium sp. (0.00-236.67 xl0) !CJf"l"l/lJ"l"l"l\Pl~, Oscillatoria sp. (0.00
J cI Q Q.e:t. 3 cI Q QQ 

103.33 xl0') !CJf"l"l/lJ"l"l"lIPl7, Anabaena sp. (0.00-203.33 xl0) !CJf"l"l/lJ"l"l"l\Pl~ U"l~ 

3 cI Q Q Q 0 QI' ... IQ ..:!I 
>I 

01Qi
Pseudanabaena sp. (0.00-253.33 xl0) !CJf"l"l/lJ"l"l"l1Pl7 \PlllJ"ll~1J U"l~~1JlJ~lJltIH'll'flUflfl\Pl 'WlJrJ 

>I • • 

CJ1ff'l'W~'W~'W~m'Q~rJ 6.09±0.46xl0
4 

(0.25 xl0
3-20.23x105 

!CJf"l~/tl1'lJ'Ufl.:l~'WU,r.:l) 'illml'W1~t1-n 
• >I >I 

~l'WlJl Whangchai et al. (2008) ~lrJ.:Il'W11 'l'WlJ"llU"lU~.:Ilh~rJ.:I i~rJ1li'l'l1'm'Hl~'l'W~~1J1JtJl!;jrJ1 

ii rnsff~fflJ 'U fl.:llJilJ lW'4lfl flffiJ'W rvilJ~'W \PlllJlJ~ lJ1W!4m!flfl~i 'W ~rJCJ1ff'l 'W ~'W If'W ~ fl 
>I , 

f.]W.fl1~tJl~~'H11.:1tl1~'VI~"lfl.:l ~1J11filfl11lJt~'W m~-~l.:1m ~tJ fl~'l 'W'lh.:l 7.4-8.7 
I "1 " , 

lJilJ1W flfltleif!'il'W-n"l~"llrJ'l'WtJlm~tJfld'l'W'lh.:l 7.41-10.22 fJW'H fJiJtJlm~rJ fl~'l 'W'lh.:l 30.8-31.4 
eI 

fl.:lffltCJf"ltCJfrJff 25.44-28.89 Balarin and Haller (1982), Chervinski (1982), Philippart and Ruwet 
>I 

(1982), and Wohlfarth and Hulata (1983) ~lrJ.:Il'W11 flW'H.fliJtJlii~'V1n~"l~fllJ"ll i~tJlJtl~lJ"llU"l 
• OJ 

>I , 

'il~~lH;1\Pl 1~~'l 'W fJW 'H fJiJtJl~~'H11.:1 28-35 fl.:lffltCJf"l!CJ1rJff ffl'H1'1Jfl11lJ~'Wm ~rJ fld'l 'W'ih.:l 

235.50-347.88 NTU Balarin and Haller (1982) ~lrJ.:Il'W11 Tilapia 'V1'W~flfl11mi'W~.:Itl11 13,000 

iJ"l~tl1'lJ/~\Pl~ ";1'l'I1'lJ"llij"liifl11lJfl~'V1'W~flfl11lJ';'W 1~~ u~mh.:l 1 ~~\PlllJfl11lJ';'W 'il~"l~tl1~ ~1'W 
.:9. I Q :~'" CjJQI

'V1~'J'Ufl.:lUff.:l'il.:lff.:I~"lm~'V11J\Plfl~"lF·m~ 'l 'W'W lt1Jfl.:l\Pl'WflmrJtl'lJlJ"lllPl7~fJ"l Cichlid 'l 'W Tilapia 

lJilJ1WtWlJ ilJti1m'Q~rJ mj'l'W'lh.:l 0.35-1.10 iJ"l~tl1'lJ/~\Pl~ ueiueu ilJti1rJiifl11lJt~'W~lIff.:l~ 
OJ OJ 

fJW 'H fJiJ~ .:I~'W 'l'W1lJU1J1J~ 1liii 1flflfl'W~~W'HfJiJ 24-32 fl.:lffltCJf"ltCJ1rJff ~filfl11lJt~'Wm~-~1.:1 
!l'11f11J 7 ~ltl11 I tlJfl{t~'W~ 'Ufl.:llJilJ1WUfllJ ilJti1rJlr.:l'HlJ~!~'W~1I'l'W1lJU1J1J~1liii1flflfl'W~ pH 

rt'hf11J 8 fillJ~~lJ1W 5-9 !lJfl{!~'W~!~'W~lJU1J1J~1liii1flflfl'W~ pH rt'hf11J 9 ~~'H11.:1 30 U"l~ 50 

tlJfl{!~'W~ ~ pH 10 'illtl 80-90 tlJfl{!~'W~fld'l'W'tu NH3 ~.:I,r'Wfl11lJtn'W~1I'Ufl.:lUfllJilJ!i1m~'W 
JI I I • 

;Jty'H un tl ffl 'H 1'1J 'l'W ilm~ rJ.:I-n ii,)'vJ rwfl{911'H i fl1li ii (fi lfl1 llJ!n 'W ~ 1.:1 alkalinity 911 tl11 30 

iJ"l~tli'lJ/~\Pl~ CaCO) 'l'W'lh.:l!v'W!~'W1lJ1~~~~~1JpH fl~'l'W~~~1J 9-10 ~filfl11lJ!~'Wm~-~1.:1 

i~ rJlJim W1 'W 1\Pl~ ...1t'Q ~ rJ fl d'l 'W 'lh.:l 0.06-0.14 il eil "llfll 'il~1J 1 'W '\Pl~ ...1'~~.:I~.:I 0.5-5 

http:7.41-10.22
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iiCl~ni'l.I/~IPl':i eJ'Uff'U ltCl:::hn'lnw, 2539) ff1'UlJ11J1w1'U11Pl':i'Ylm~fJ {l~1'U'lh~ 0.05-0.06 

iiCl~ni'l.I/~IPl':i lJ11J1w{l{l11nvJmnvJ\P1l\!~fJ {ld1'U'lh~ 0.07-0.23 iiCl~ni'l.I/~IPl':i llPlfJlJ11J1W{l{l11n.. 
vJmnvJlPl~l':iii~l':i:::'W:h~ 0.1-0.5 iiCl~ni'l.I/~IPl':i eJ'Uff'UllCl::: h'l'V'l ':i':iW , 2539) ltCl:::lJ11J1W 

't ~.. d IIJ 't '" '" _ I'" 't ~.. <!i cI 
~Cl{l t':il"lClCl m l'ilClfJ 460.76-778.05 11.1 tmm1J/ClIPl':i lJ':i1J1W~Cl{l t':il"lClCl re 1H)nfl~1J1Cl'lf1ill'V'l 

tI A!t 4=i tI I : ~ tII: dd 
'U{l~1l'V'l Cl~ nlPl {l'U 'V'l'lHICl:::'lJ {Infl~~111JfJIPl1J~1J\!':i W'U{l.:llt'H Cl~'U1C)f.:llt 'H Cl~'U 1'Yl1J~ 111J~\P11J ~lJ\!':iW 

_I'" 't ~ .. I '" '" w ...6 "I'" 't ~ .. 
1J1n~:::'V'l'lJlJ':i1J1W~Cl{l t':il"lClCl m snnrm 14.3 l.IClClml.I/~n'lJ1ffml.IlPl':i C)f~lJ':i1J1':i~Cl{l t':il"lClCl m 

II II 

~:::ltlJ':iH'UlPlllJ~ill'V'lln\P1~{llJ lJ11J1Wlt~1il~m'Hl':i1'Ult'H~.:Ithu'U e-U'U'Yl'Ul, 2536) 
II II • 

~lnm':iffmJ1~i'~ij 1~'V'l'lJ~111JfflJ~'U ,r'U{l~n~'U 1~Cl'U n'lJ"lrU\P1'U{l~~l'H ~lfJiMjfJ1 
" "" SI 

lln1JlJ 11~'U li~~1.:1 n~'U 1~V1.:1lJ':i::: ~ .:It1'1 'UIU{llJCll 11i'V'l'lJ~ 111JfflJ~'U ,r'U{l~lJ11J1WI:;;mm~~1 'U,j'fJ 

CM~~m~,j{llPil.:1n'U ltCl::: 1~'V'l'lJ~111JfflJ~'U,r'U{l.:ln~'U 11iV1.:1lJ':i:::~~t1'~mQ,j{l1Pi1~n'U 1~'U 1lJ1~~ 
II. II 

reuums l~fJ~lJ Cll1'U ,j{l~'U lim ~,j{l1l1PlnlPi 1.:1 n'U'H lnii mn11~111J~:::m\P1~'U,jm~'U {ldl.:1~ -.11 n 1':i 
II II II 

cilmhVi~ltCl:::i'm:n,j{lI~fJ.:I1~l'yh "l n'U {l1~,j{l~.:I11iiiHCl 
" I 1 " 

;{~-U'U rrn1..rlJ11J1Wm'H l':ilil'HlJ 1::: ~lJn'lJlJ11Jl WilCllUCllil~ fJ.:I 1'U,j{l~:::l ~'U rm 
• II 

"lf1fJCl\P1fl~'U 1 ~Cl'U 1'UIU{llJCllltIPi11i~11J1':ifltll~\P1 1..r'H1J\P1 1lJ 1~ m~ ~:::mfffJm':i~\P1m':i mehnle 
II • II 

l~ fJ~~llJ~1fJ 1"lf'U ~ l':iVi~1':iW lfllPl':ilff1'U1'Ufl1':i1ff~fJ~ ClfflPl1 m':i IlJ~fJ'U cilfJoWlillfJ1'U ,j{l~1'lJ~ 
Q,I \11 ...1d 0 1 'j) Q,I tI: d I ~ d oC:\ d "l .:::1111 'j)nu nmsem 'H~1Pl1'U1Cl\P1~111JlfffJ.:IlPl{lm':i~:::~lJlJ':i1J1W~1':i~{l{l~1J'UllCl:::mlJ W'lJ !\P1 



• • 

, 
unn <=l 

6 

"l"b.H.ltl1"ilcUtl 

, J/ J/ I J/ 

'I.hnih,.Vit~ eJ~ 1'Wti V~'W (p:s0.05) 1~eJ'!J~1I1W~vvffiJ'Wnjv 1'W '!JtlliJ ,,.Vi t~ eJ~ 1'W 1'W m~i'~Utl~tiv 

" ~'W 0.66±0.11 Utl~ 2.61±0.51 '11lfl'H1i'wnLtlni'1I \Pll11"1~'lJ tm~'!J~1I1Wtg1l'vijl'Wt'uV'!JtlliJtl 
I J/ J/ • 

vh~eJ~1'Wm~.jf~tm~tiv~'W 2,45±0.50 Utl~ 4.55±0.59 \Pll11"1~'lJ ff1'Wfl1'jllml~,.r~1v~H.hYi1~ 
"" " "" t~eJ~'!JtlliJtl ~'lJ 'hvl~~vvffiJ'WUtl~tg1l 'Vij'\JV~l11 1'Wm~.jf~~'lJ..r VeJwh'u 1'illntiv~'W l11'illn 

m~.jf~ij'!J~1J1W~VVffiJ'WUtl~tg1l 'vii 0.92±0.08 uae 3.10±0.15 '111mni'wi1\Pl'j \Pll11"1~'lJ ff1'W 
". " 

;)1V~1~l11Vil,*t~eJ~'!JtlliJtl 1'Wtiv~'W ij'!J~1J1W~vvffiJ'W Utl~tg1l 'vii 24.56±7.11 Utl~ 26.26±6.56 
II , J/ t 

'111mni'1I/i1\Pl'j ~~..:r'W ff'j'!J'~';h'!JtlliJtlVit~eJ~ 1'Wm~.jf~ (1'Wtiv~'W) ijflwm~~n11t'ihwillnij 
• J/ J/. J/ 

fl1'jff~ff1lni1'W 1fltl'W 1'Wt'UV'!JtlliJtlUveJn11t'Uv'!JtlliJtlVit~eJ~ 1'Wtiv~'W 1~eJ\Pl'j ~ 
. " 

2. fl1'jff~ff1l'\Jv~ni1'W lfltl'WtUV'!JtlliJtl ~'lJ11ij'!J~1J1W~vvffiJ'W 1.46±0,40 (0.00

5.91) '11lfl'H1i'1I/nLtlni'1I Utl~'!J~1J1Wtg1l'vij 3.01±0.72 (0.00-12,44) 111lmni'wnLtlni'1I 

" ff1'W;)1V~Hl11 ~'lJ11ij'!J~1J1W~vVffiJ'W 15.02±7.04 (0.38-292.21) 111 lfl'jni'wi1\Pl'j Utl~ 

" '!J~1J1Wtg1l'vij 45,46±11.88 (1.12-399,42) '11lmni'wi1\Pl'j Utl~;)1V~1~~'W~'Wtiv~'lJ11ij 

'!J~1J1W~VVffiJ'W 3.68±2.30 (0.56-77.12)'11 lmni'wnltlni'1I Utl~'!J~1J1Wlg1l'Vij21.29±9,41 

(1.15-115.89) 1111mni'wnLtlni'1I ~~ '2.i~'lJfl1111ff1li'Wn'\Jv~n~'W1fltl'W~meJ~v9il~t1'WUtl:• 
, J/ I • 

'2.i~ 'lJfl1111 ff1l ~'W n '\JV~ ni1'W 1fltl'W t1'lJ'lfiJ~'\J V~ff1'td 1eJih~ eJ1 unu l11 t~'W Vi ff~ 1~ ni1'W 1flnu1'W 

" " tunil tlliJtlt 'If'W t~ eJ 1t1'W u9iv~ 1~' 'j ~\Pll11'illnfl1'j \Pl'j 1'ilffV'lJ 'lfiJ~ '\J V~ ffl'l1~ 1eJfft~ eJ 1Un1ll11t~'W . . 
d!JI .. 1 3 cI.e:::t. ct..e:::t. 

'V1ff'jl~ntl'W fltl'W ~'lJfffJtl Phormidium sp. (0.00-236.67x 10 ) tCJftltl/1Itltltl\Pl'j, Oscil/atoria sp. 
3 o'.e:::t. .e:t.ct. 3 0' Co .e:t.ct. 

(0.00-103.33x10) tCJftltl/1Itltltl\Pl'j, Anabaena sp. (0.00-203.33x10) tCJftltl/1Itltltl\Pl'j une 

3 cI Q, .e:t..e:t. .e::t. fl'ft I.e:::t. .e:::t.l ...
Pseudanabaena sp. (0.00-253.33x10 ) tCJftltl/1Itltltl\Pl'j 'illnfl1'j\Pl'j1'il1tml:'I1u'j1J1WUVfl\Pl 'W1IeJ 

" .
~ff ~'lJ11ij'!J~1I1WUVfl~1 'WiJeJ~ffl 'W~'W~'W~Vt'il~eJ (0.25x 10

3-2.02x 
106 

tCJftlr;1/ni'1I'\Jv~~'Wml~) 

~~ '2.i~'lJfl1111 ff1l ~'W n'\J v~'!J~1J1Wl:[vuvfl~l 'W iJeJ~ff~ VleJ~ v9il~ t1'W• 
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, " 
1.� ffl'11 i''UfI1'.ifffl'}n~H'l'UV.:.l'.i~'U'UfI1'.i~ii\PI1Pi Vf11'.iLY~LY1Jnii'U 1fl'Cl'U 1'Ul'umJ CllUCl 

. " 
fI1'.iij fI1'.i \PI '.i 1 'il usn 'lfU~ lWfI ~1 'U iTU~LYfi LYl1J1'.i n LY~l.:.lLY1'.i~ Vv LYiJ 'U UCl ~ 1~1J Lvii e rmi Vl~U.:.liJen 

" . " 
UCl'.i~'U'U'I111~U1UCl~1.iv~'Ufiijfl1'.ill'U1'UClvum~i.:.ll~U.:.liJCll 

"� ." 
2. ms l~U.:.liJCl1UCl 'lu m~i.:.lUCl~ 1.iv~'UiJ.:.l\PIn'il'Vi'Unii'U 1f1Cl'U 1'Ul'uviJ CllUCl 

"� ,
~.:.l,r'U ~.:.lfl1'.i'l11n .o~fI1'.i Cl~ nii'U 1f1Cl'U tiv'U .o'UiJCll'U1U 

d.e9 9J c/ ~ d d C\ cv rI: d, 91 
3. fI1'.i1J fI1Hl'f1fll'Yl1.:.l~ l'Ulff'.ifl i fflLY\PI '.i 1'Vi nul '.i U'U 1'V1 U'U ~Cl ~Cl \PI'U V.:.l LY\PI 1'U1'Y1 ~ 

" " 'illnf11'.il~U.:.l 1'U'.i~'U'UfI1'.i ~ii\PI~\PI1'111 



fl·nJlh~ll~. 2546. fll·H'Wl~l~t1~1.hnih'l. [':i~'l.Jm)tl'UimJ]. 1l'l1ri~~1l1 http://www.fisheries. 

go.th/it-networklknowledge/type%20ofOIo20fish/typeoffish.htm (15 llmlflll 2553). 

m1l1h~1l~. 2547. a'iigjfll1'1.h~'IJ~1l";~'lh~1'YIft''YIt1 'W.ft.2545. fl~~l'Vl'W1l'l11'Ufl':i: m~'Yl':i"H 
~ 

~flfl~':illt'l~ff'l1mw. 91 'U. 

• 1 .......1' .1 ~ I......... ~ ......� muuseus. 2549. tf{Jg)fll1'U1~'IJ~ll'tH'U1~1'YIft I'YItI 'W.ft. 2547. fltJ1l1\ltlUt'l~ltml~'I1fftl~fll':i 

1l':i~1l~ lj''UVffl':iff'Ut'Ylff mll11':i~ll~. fl1~t'Yl'W'1. 96 'U. 
I 'II • W '" 

~ d' QI ~ d' ~,.. ~ 4 _I ~ q q 11 0 q

m'Yl'WtI nuums. 2550. fll1a~tf'IJ'U~Hflau ~flau ~U1U0'UalUallYl~'YIn'1t1~Ylltl1~'I.J'l.JU11'Utll. 

1'Yltll'U'W'Un1l1qJtyl1'Yl. 1l'l111'YltJ1t1mt~1~. 130 'U. 

~~1Oi' t'W'If':it'il1W une ff1l1f1'lfU 'Yl1ffl 2525. fll':ititl~1lt'l1'Ut'l111ln'I.JLri. ,jnfl1'IJU1~'IJ~ 4 (24): 
"� 

9-11 'U.� 

-=::. ~ d'.c:::ll. QI d' 
1'YltJ1 flW~l'Yltllfflff~':i ll'l1n'YltJ1t'lmflfl~':ifflff~':i. 120 'U.� 

...'" ""'" ~ ~.I • .1 " ....� 
'lft'ltl t'llJq'l':i':iW. 2536. U'Ul'Yll~fll':imtl~fJ~'I1'U1H'U. lna110~flllTtl1'IJ'IJ~ 5: 30-36. 

tfl'lfl 'Ul11'4tml~,". 2543. fJtlun'WJ1'Y1Hfll1U1~'IJ~. VJfltl!Inn. ffm,j'Ul'Ylfll 'UIt'lV':il'lfll~flt'l 

1'YltlWU~VJfltl! Inn. 104 'U. 

'I1'U'Yl'Ul fl'lftffiL 2536. tiij0UamJfll1Ullftl'YItl1Jl~Yl. fl1~t'Y1'W: "h'l1flVJll.w~Wlt'l~mW. 

117 'U. 

... ~.1 ... ~ ~ ... ~ ~'1 ~.I .1 "" "" "" 
1'Yl'W':i~'U tl~tff':ifli'W'U1i, q't'Yl'W 'U'U1il~ff, ffll\J':iW !'illJ'U~l, u':i~'ill'I.J Q1t1'l.J, q'fllJ':ilW llWff':i Ut'l~ 

i ~fl1'U1Oi' ihL'W'W~ff. 2545. llUl'YIHfll1~Ylfll1ifty't11fl11~iig)1Ia~fll1g)alYlUalJl~Yl 

~~'t11Yll;t1~1't11.i. ':ilt1~1'U1~mh'l1fl~1'Ufltl~'Yl'Uff,r'I.Jff'U'Ufl1':i1~t1 PDG45N0008. 85 'U.. . 
... 1 d' r ... 1 Q ~ Q d' d' fA .: _I Q 

umw ~'UU':i~tff':i!, l1W':i~'Utl~ ff':iWHfl Ut'l~ mmw tJ'Utlll. 2541. fl111'Wl~latl~'Ualua. 

[':i~'I.J'l.Jtltl'U LmJ]. ll'l1ri~~lJl http://www.fisheries.go.th (11 n'Ul1flll 2552). 

'WlfJ'W fJ~t1flii. 2542. ilmiln. l11tfl1NVllJl1O (1): 175-180 'U. 

1':i'W~t1 'U~'Ul'U'U'ti'. 2545. fll':iih~Ylfl~u'1.ift~U1~a~fl'Uld0UalUa. 1'YltJ1'U'W'Un1l1wwl1'Yl. 
" " 
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tI Clto tI.c::I Q,I Q,I tI Q,I 1q Clto 3J .... 1� 0 QI 

1'.iTI'I'I:J 'U'l'Ul'U'U'YI, ll~'.i 'iW1Wl'U, 'U'I~'I1 '.iflfffJ'l b'YIti U'l~ 'iI'.i11'.i'.iW UtllllJ'.i~~'.i. 2545. fIl'.ifll'il~ 
I ,iI� • 

f1~'U Vi hj~ '11J'.i ~ ff '1rl1'U ti1fl1J'l ltJn. 1'U fll'Hl'iJ'iJll'til fll':i'Mii''1fll ':itfhHfl£!1'Mii''1fll'U~t;\JI 
, ~:, J� Q,I Q,I co. ~ CltoQ,l i i..... d 

U'M'I"l\JI f1H'fI� 1. f1Ht'YITI<1: iflHfIl'.iTIWl'UllJWCV1\P1MfI'l:Jltt'l~1'i1t1t'YIfl 'U 'ltl'l1'l'lfll'.itfllJ• 
.c:I 0 cal Q,I QQ,I 

tfIt11U'l~ffl'UfI'Il'Uf1fl'll'J'U ff'U lJff~'U fIl'.i1'i1t1. 85-92 'U. 

... .,t :J 1V:J '<:I_I ... ... i" i" 
llfl~l "l'Uff1ff~. 2543. ~£!Utl~fll':i" ~mmH'iJU':i~iJ'fI1i.fll'Vt. f1~'1t'YITI<1: m~t1'Uff \P1'.i. 69 'U.• 

WWW.ll. 
Q,I tI cv 0 0 Q.I 0 ct ~ ' ct _I cv J 0 

\P1W C¥J 'l t1ff'U. 2539. fll':i;)Y1 fll':i~W.fIl'Vt'U1Utl~ fll ':i'Ul'UYI'Ul!iJ£! &'U'Ufl!tl£!'1utllUtl~iJ\JI1'U1. 

OQlCltotl� Clto Q,I tI 
f1Ht'YITI<1: ffl'UflTIllTIll'l111'Y1t11'lmfl'I:J\P1'.ifflff\P1'.i. 214 'U .• 

Clto� II tI Clto QI 

1ff1f1'.i'.illfflff\P1'.i ~Wl'l'lfl'.iWll'l111'Y1t11'lti. 319 'U. 

Lll\P1~ ~1'1fflff~ 2530. UlWcrl~W.fIl'VtJW~8fll':i~'iJfI':i8'1'f1~'Vtmfl':iN~1Jl~Y1.f1~'1t'Y1TI<1 : 
., 

ffmU'U1J'.i~1l'l'l11~~Ul1'1'111~ fl'.i1l1J'.i~1l'l. 38 'U. 

Q,I e:t� ,evel ~ ':: Q.qQ. t! 0 Q.I .q Q.I 

~1'1ff1ff~ U'l~ 'ill~1'.i'.iW ffllff'.i. 2538. fJWiJ'iJ'U\JI'U8'1'U1Utl~11i1!f1':i1~'MiJl'M':i'Uflln;)£! .� ., ., 
memnheua. f1~ '1t'Y1TI<1: ~ltll'itliY '1U1~~flllff\P11'l11 ffmu'U 1J'.i ~1l'l'l11~~U l1'1'111~ fl'.ill 

tJ'.i~ll'I fI'.i~'YI'.i1'1tf1'I:J\P1'.iU'l~ff'l1f1'.iW. 115 'U. 
., . 

~'.iTI'.i~ffl'l une lllllmw tJ11ff~'4\P1'.i. 2546. dij8tJii'lfflfll':iiJl'M~1£!1'f1m. ~llvrfli''1Vi 5. 

mfll'lfl;hl'YItil f1W~1'YItllfflff\P1111'l111'YItll~m;ftl'l1mj. f1~'1t'YITI<1: "hufl~m{ 

"'... " 1l'l111'Y1tll'ltltfl'I:J\P1'.ifflff\P1'.i. 112 'U. 

tI Clto� :' cv Q,I '~Q.I c!: Clto J0 Q, 

t1'U\P1 ~f1fffl. 2539. fJW.fIl'Vt'Ulfl'Uflltl'lfll':iNtl\JI'U8'1'U8!t1£!'1iJ\JI1'U1. f1~'1t'Y1TI<1: mm'lfl!TI1~tCW'l 

Q,I� Clto Q,I tItI: 
ff\P11'Ul f1W~1J'.i~1l'l1l'l111'Y1t11'lmfl'I:J\P1'.ifflff\P1'.i. 180 'U. 

tlQ,I tI 14 ~ t!� ClIo Q,I

~~~l 1'1ff'.i\P1'U. 2539. t)'iJ8fll':i!tl£!'1!!'Vttl'lfl\JI8'U. f1~'1t'YITI<1: f1W~1J'.i~ll'l. 1l'l111'Y1t11'lti 

"...tfl'I:J\P1'.ifflff\P1'.i 1'Y1t1lt'U\P11J1'1t'U'U. 133 'U. 

------. 2542. U'Vttl'lri'\JI8'U.w". fI'.i '1t'Y1TI<1: mfll'lfl;f11'YItll1J'.i~1l'l f1W~1J'.i~ll'l• 
"'... " 1l'l111'Y1t11'ltltfl'I:J\P1'.ifflff\P1'.i. 787 'U. 

Clto tI ~ \II loeS _I ~ _I .q� J ~ SI 
1'Y1t11 'YI11 'Iff.� 2551. fll':itlYlfltl'U &'iJ'Vt'lu':i~iJ'Ifll'UUtll'UtlHYI'I (Oreochromis sp.) 'fI!tl£!'1Y11£! .. 

o <:I '" '" "_ I'" 1 "'... -!1 'JI
':i~'U'U'Ul!'U£!1.	 1'Y1t11'UTI'UlilJ'.iqjtlJ1 'YI. 1l'l111'Y1t11'ltlHJJ 'iI. 133 'U. 

,. II Q,I� dQ,l tI _I Q,I J: \II tI " 
ffll b.f)'lf'U flflfl~V111Wl'U. 2540. .fIl'VtutllHtl~iJ\JI1'U1'U8'1ma, f1~ '1!'YITI<1: fl'lflfll'.im'UtN~lffm, 

325 'U. 

"l1J'.ilW lfli't1\!'.iW. 2552. Ntl'Ufl'l181Clf'Uvi8H'Vttl'l~\JI8'U.w"H8f1Al'U~£!ejfiJHtl~fl~'Ulfltl'Ul'UJl .. 
, ct _I .q� Clto Clto tI.... (Clto.,. Clto QI ',. 9J 

;J1fl'U8!tl£!'1utll'Utl. 1'Y1t11'UTI'U1ilJ'.i\\j\\jl b'YI. 1l'l111'Y1t1l'ltiUll b'il. 116 'U. 



99 

ff'Vl'j'j'tJ1 l1'lJ'Vl1n1'W. 2552. N't1'Utl~BVl11m11'"tll't'l11\litlfll''H{)'ity!~'UlVl!nl~fl~UlfHrulu'lhnufl
• 

U't1~U't1TU't1U~H. 1'VltJliJ'Vl'W1i'U1f:Uf:Ul1'Vl. 1J'Hl1'VltJl~tJmn~. 110 'W. 
" " 

Ackefors, H. 1986. The impact on the environment by cage farming in open water. J. Aqua. 

Trop. 1: 25-33. 

Armbrester, W. 1972. The growth of caged Tikupin cturec1 (Steind.) in fertile farm ponds. Proc. 

Annu. Conf. Southeast Assoc. Game Fish Comm, 25: 446-451. 

Avault Jr., J.W. 1996. Fundamentals of Aquaculture. USA: AVA Publishing, Baton Rouge. 

Lousiana. 899. 

Balarin, J.D. and R.D. Haller. 1982. The intensive culture oftilapia in tanks, raceways and 

cages. In: J.F. Muir and R.I. Roberts (Editors), Recent Advances in Aquaculture. 

Westview Press, Boulder, CO, USA, 265-355. Cited by William L.S. and J.P. Thomas. 

2006. Tilapia: biology. New york: Food products press. 49. 

Bardach, J.E., J.H. Ryther. and W.O. McLarney. 1972. Aquaculture, the farming and 

husbandry of freshwater and marine organisms. New York: Wiley Interscience. 

Beveridge, C.M. 1984. Cage and pen fish farming: Carrying capacity models and 

environmental impacts. FAO Fisheries Technical Paper No. 255, FIRI/222, FAO of the 

United Nations, Rome, 131. 

Bhyra, D., R. Schwarz, A.R. Grossman. 2000. Molecular responses to environmental stress. In: 

Whitton, B.A., Potts, E. (Eds.), The Ecology of Cyanobacteria. Kluwer Academic 

Publishers, Netherlands, 397-442. Cited by Kirilovsky, D. 2007. Photoprotection in 

cyanobacteria: the orange carotenoid protein (OCP)-related non-photochemical

quenching mechanism. Photosynth. Res. 93: 7-16. 

Boyd, C.E. 1990. Water Quality in ponds for Aquaculture. USA: Agriculture Experiment 

Station. Auburn University, Alabama. 

Boyd, C.E. and C. S. Tucker. 1992. Water quality and soil analyses for Aquaculture. USA: 

Alabama agriculture experiment station, Auburn University, Alabama. 183 p. 

Bruton, M.N. and R.E. BoItt. 1975. Aspects of the biology of Tilapia mossambica Peters 

(Pisces: Cichlidae) in a narural freshwater lake (Lake Sibaya, South Africa). Journal of 

Fish Biology 7: 423-445. 



-------

100 

Cache, A.G. 1978. The cultivation of fishes in cages. A bibliography. FAO Fish. Circ, No. 

714. 

. 1982. Cage culture oftilapia. In: R.S.V. Pullin and R.H. Lowe-McConnell 

(Editors), The Biology and Culture of Tilapia. ICLARM, Manila, 205-246. 

Casey, C. G. W.L. Steven, and V.Z. Paul. 2004. Instrumental versus sensory detection of off

flavors in farm-raised channel catfish. Aquaculture (236): 309-319. 

Caulton, M.S. 1978. The effect of temperature and mass on routine metabolism in Sarotherodon 

(Tilapia) mossambicus (Peters). Journal ofFish biology 13: 195-201. 

Caulton, M.S. and RJ. Hill. 1973. The ability of Tilapia mossambica (Peters) to enter deep 

water. Journal ofFish Biology 5: 783-788. 

Chervinsiki, J. 1982. Environmental physiology oftilapias. Cited by R.S.V. Pullin and R.H. 

Lowe-McConnell (Eds.). The biology and culture of tilapias. ICLARM Conference 

Proceedings 7, Manila, Philippines. 119-128. 

Cichra, M.F., S. Badylak, N. Henerderson, RH. Reuter and E.1. Phlips. 1995. Phytoplankton 

community structure in the open water zone of a shallow subtropical lake (Lake 

Okeechobee, Florida, USA). Arch. Hydrobiol. 45: 157-175. 

Clark, K.E., AP.C. Gobas and D. Mackay. 1990. Model of organic chemical uptake and 

clearance by fish from food And water. Environmental Science and Technology 24: 

1203-1213. 

Cohen-Bazire, G. and D.A Bryant. 1982. Phycobilisomes: composition and structure. Cited 

by Carr N.G. and Whitton B.A(Eds.). The Biology of Cyanobateria, Oxford, Blackwell 

Scientfic Publications. 

De Silva, S. S. and T. A Anderson.� 1995. Feeds, feeding and the environment. Fish Nutrition 

in Aquaculture. Chapman & Hall. London 269-277. 

Dew, T. L. 2005. Ozone Degradation Of Off-Flavors In Catfish. Master's thesis, University 

and Agricultural and Mechanical College. 

Dionigi, c.P., D.F., Millie., P.R, Johnsen. 1991. Effects offamesol and the off-flavor derivative 

geosmin on Streptomyces tendae. Appl Environ Microbiol 57(12): 3429-3432. 

Dionigi, C.P., P.B., Johnsen and RT. Vinyard. 2000. The recovery of flavor quality by channel 

catfish. N. Am. J. Aquae 62: 189-194. 



101 

Dionigi, C. P., T.E. Lawlor, J.E.M. Farland and P.B. Johnsen. 1993. Evaluation ofgeosmin and 

2-methylisoborneol on the histidine dependence ofTA98 and TA100 Salmonella 

typhimurium tester strain. Water Research 27: 1615-1618. 

Dittmann, E. and C. Wiegand. 2006. Cyanobacterial toxins-occurrence, biosynthesis and impact 

on human affairs. Mol. Nutr. Food Res. 50: 7-17. 

FAO. 1980. Report of the ad hoc consultation on aquaculture research. FAO Fish. Rep. 

238, FAO, Rome, 26. 

FAO. 2007. Aquaculture only way to fill the coming "fish gap" ['j:::1J1Jflfl'W1,nJJ. 

U'Hri,:j~lJl http://www.fao.org/newsroomlen/news/2007/1 00070 l/index.html 

(9 n'W11fllJ 2552). 

Farmer, L.J., J.M. McConnell, T.D.J. Hagan and D.B. Harper. 1995. Flavor and off-flavor in 

wild and farmed Atlantic salmon from locations around Northern Ireland. Water 

Science and Technology. 31 (l l): 259-264. 

Form, J. and V. Horlyck. 1984. Site of uptake geosmin a cause of earthy-flavor in rainbow trout 

(Salmo gairdneri). Can. J. Fish. Aquat. Sci. 41: 1224-1226. 

Glaze, W.H., R. Schep and MJ. McGuire. 1990. Evaluating oxidants for the removal of model 

taste and odor compounds from a municipal water supply. J. Am. Water Works Ass. 

82: 79-84. 

Gobas, F.A.P.C. and D. Mackay. 1987. Dynamics of hydrophobic organic chemical 

bioconcentration in fish. Environmental Toxicology and Chemistry. 6: 495-504. 

Goodwin, T.!. and E.!., Mercer. 1983. Introduction to plant biochemistry. Pergamon Press, 

Oxford, England. 677. 

Grimm, C.C., S.W. Lloyd and P.V. Zimba. 2004. Instrumental versus sensory detection of off

flavors in farm-raised channel catfish. Aquculture 236: 30-319. 

Haney, J.F. 1987. Field studies on zooplankton-cyanobacteria interactions. N.Z. J. Mar. 

Freshwater. Res. 21: 467-475. 

Ho, L., F., J.P. Croue., and G. Newcombe. 2004. The effect of water quality and NOM character 

on the ozonation ofMIB and geosmin. Water Sci. Technol. 49: 246-255. 

Hu, B.T.� 1994. Cage culture development and its role in aquaculture in China. Aquaculture 

Fish. Manage. 24: 305-310. 



102 

Izaguirre, G., C.J. Hwang, S.W. Krasner and J. Micheal. 1982. Geosmin and 2-methylisoborneol 

from cyanobacteria in three water supply system. App. Envi. Micro. 43 (3): 708-714. 

Izaguirre, G., Wolfe, R.L. and Mean E.G. 1988. Bacterial degradation of2-Methylisoborneol. 

Water Science and Technology 20: 205-210. 

Job, S.V. 1969. The respiratory metabolism of Tilapia mossambica (Teleosei) I. The effect of 

size, temperature, salinity and partial pressure of oxygen. Marine Biology (Berlin) 

2(2): 121-126. 

Johnsen, P.B. and S.W. Lloyd. 1992. Influence offat content on uptake and depuration of the 

off-flavor 2-methylisoborneol by channel catfish (Ictalurus punctatus). Can. J. Fish. 

Aquat. Sci. 49: 2406-2411. 

Johnson, P.B. and CiP. Dionigi. 1994. Physiology approaches to the management of off

flavor in farm-raised channel catfish (Ictalurus punctatus). Recent Development in 

Catfish Aquaculture. New York: The Haworth Press, Inc. 141-161. 

Johnsen, P.B., S.W. Lloyd, B.T. Vingad and P.C. Dionigi. 1996. Effect of temperature on uptake 

and depuration of2-methylisoborneol in channel catfish (Ictalurus punctatus). J. World 

Aqua. Soc. 27 (1): 15-20. 

Josman, V. 1971. Some aspects ofthe effect oftemperature on the respiratory and cardiac 

activities of the cichlid teleost Tilapia mossamblca. Master's thesis, Rhodes 

University, Grahamstown, South Africa. 

Jiittner, F. and S. B., Watson. 2007. Biochemical and Ecological Control of Geosmin and 2

Methylisoborneol in Source-Waters. New York: American Society for Microbiology. 

Kirilovsky, D. 2007. Photoprotection in cyanobacteria: the orange carotenoid protein (OCP)

related non-photochemical-quenching mechanism. Photosynth. Res. 93: 7-16. 

Klapper, H. 19~ l...."CoBU~utrophication in Inland.MZatea. Neuc.:w:>rk: Ellis Horwood. 

Klausen, c., N.O.G. Jorgensen, Ole. Nybroe, B.W. Strobel, J.L. Nielsen and F. Warnecke. 2004. 

Occurrence of actinomycetes and geosmin in freshwater aquacultures in Denmark. 

(Poster N-065). 

Klausen, C., M. H. Nicolaisen, B. W. Strobel, F. Warnecke, J. L. Nielsen and N. O. G. Jorgensen. 

2005. Abundance of actinobacteria and production of geosmin and 2- methylisoborneol 

in Danish streams and fish ponds. Appl. Environ. Microbiol 52: 265-278. 



103 

Klemer, A.R., J.J. Cullen, M. Mageau, K.M. Hanson, and R.A. Sundell. 1996. Cyanobacterial 

buoyancy regulation: the paradoxical roles of carbon. J. Phycol. 32: 47-53. 

Kutty, M.N. 1972. Respiratory quotient and ammonia excretion in Tilapia mossambica. Marine 

Biology (Berlin) 16(2): 126-133. 

Lalezary, S., M. Pirbazari. and M. J. McGuire. 1986. Oxidation of 5 Earthy Musty Taste and 

Odor Compounds. Journal American Water Works Association 78(3): 62-69. 

Lall, S. P. 1991. Digestibility, metabolism and excretion of dietary in fish. Cited by C. B. 

Cowey, A. M. Mackie and J. G. Bell (eds.). Nutrition and Feeding in Fish. London: 

Academic Press: 21-36. 

Lampert, W. 1987. Laboratory studies on zooplankton-cyanobacteria interactions. N.Z. J. Mar. 

Freshw. Res. 21: 483-490. 

Lee, G. F. 1973. Role of phosphorus in eutrophication and diffuse source control. Water 

Research. 

Lee, R.E. 1999. Phycology. England: Cambridge University Press. 

Lin, C.K. 1990. Integrated culture of walking cattish (Clarias mcrcrocepharus) and tilapia 

(Oreochromis niloticus). Cited by R. Hirano and 1. Hanyu (Editors), The Second Asian 

Fisheries Forum. Asian Fisheries Society, Manila, Philippines, 209-212. 

Lin, C.K., K. Jaiyen, and V., Muthuwan. 1989. Integration of intensive and semi-intensive 

aquaculture: concept and example. Thai Fish. Gaz. 43: 425-430. 

Lin, C.K., K. Kaewpaitoon. 2000. An overview of freshwater cage culture in Thailand. In: 

Lin, C.K., Liao, I.C. (Eds.), The First International Symposium on Cage Aquaculture in 

Asia. Asian Fisheries Society, Manila, Philippines, 237-242. 

Ling, S.W., 1977. Aquaculture in Southeast Asia. University of Washington, Seattle, WA. 

Lovell, R.T. 1976. Flavor Problems in Fish Culture. FAO. Technical Conference on 

Aquaculture Kyoto, Japan. 9. 

Lovell, R.T. and D. Broce. 1985. Cause of musty flavor in pond culture penaeid shrimp. 

Aquaculture penaeid shrimp. Aquaculture 50: 169-174. 

Lovell, R. T., L.A. Sackey. 1973. Absorption by channel catfish of earthy-musty flavor 

compounds synthesized by cultures ofblue-green algae. Transactions of the American 

Fisheries Society. 102 (4): 774-777. 



104 

Lundgren, B.V. 1988. Formation and removal of off-flavor. Wat. Sci. TechnoL 20(8): 237-244. 

Magalhaes, V.F., R.M. Soares. and S.M.F.O. Azevedo. 2001. Microcystin contamination in fish 

from the Jacarepagua Lagoon (Rio de Janeiro, Brazil): ecological implication and human 

health risk. Toxicon. 39: 1077-1085. 

Martin, J.F., C.P. McCoy, W. Greenleaf and L.W. Bennett. 1987. Analysis of 2

methylisoborneol in water, mud and channel catfish ilctalurus punctatus) from 

commercial culture ponds in Mississippi. Can. J. Fish. Aquat. Sci. 45: 909-912. 

Martin, J.T., L.W. Bennett and W.H. Graham. 1988. Off-flavor in the channel catfish ilctalurus 

punctatus) due to 2-methylisoborneol and its Dehydration Products. Water Sci. 

Technol. 29 (8/9): 59-65. 

Martin, J.F., M.S. Plakas, H. J. Holley, J.V. Kitzman and A.M. Guaino. 1990. Pharmacokinetics 

and tissue disposition of the off-flavor compound 2-methylisoborneol in the channel 

catfish tlctalurus punctatus). Can. J. Fish. Aqua. Sci 47: 544-547. 

Martin W. B., C. G. Lutz., and M. R. Durborow., 1994. Algae Blooms in Commercial Fish 

Production Ponds. Southern Regional Aquaculture Center. 466: 4. 

Matsuyasu, N., O. Takahoro, K. Yoshiyuki, I. Noriyuki, I. Taichi, A. Akiiro, S. Toshiaki, H. 

Euichi and S. Michio. 1995. Inhibitory effects of odor substances, geosmin and 2

methylisoborneol, on early development ofsea urchins. Elsevier Science Ltd. PH: 

S0043-1354(96)00104-2. 

McGinty, AS. 1991. Tilapia production in cages: effects of cage size and number of noncaged 

fish. Prog. Fish-Cult. 53: 246-249. 

Mendez, C., A. F. Brana, M. B. Marnzanal, and C. Hardisson. 1985. Role of substrate mycelium 

in colony develoopment in Streptomyces. Canadian Journal of Microbiology. 31: 446

450. 

Milie, D.F., M.C. Baker, C.S. Tucker, B.T. Vinyard and C.P. Dionigi.	 1992. High-resolution 

Airborne remote sensing of bloom-forming phytoplankton. J. of Phytocoloy. 

28: 28-290. 

Mironova, N.V. 1975. Oxygen uptake by Tilapia mossambica (Perters). Hydrobiologiccal 

Journal. 11(2): 73-74. 



------

105 

. 1976. Changes in the energy balance of Tilapia mossambica in relation to 

temperature and ration size. Journal of Echthyology 16 (1): 120-129. 

Mohsin, M., J. beker and J. Selamet. 1999. Cyanobacterial in the environment. Cited by Chorus 

I. And Bartram J. (Eds.), Toxic cyanobacteria in water, London and New York. 

E&FN Spoo. 113-153. 

Mur L.R., O.M. Skulberg and H. Utikilwn. 1999. Cyanobacterial in the environment. Cited by 

Chorus I. And Bartram J. (Eds.). Toxic cyanobacteria in water, London and New 

York. E&FNSpoo. 113-153. 

Onibala, H., T. Takayama, J. Shindo, H. Miki and S. Hayashi. 1997. Influence offreshness on 

occurrence of setting and disintegrating in heat-induced gels from tilapia. Fish Sci. 

63(2): 276-280. 

Pagan, F.A. 1969. Cage culture oftilapia. FAO Fish Cult. Bull., Z(I): 6. 

Payne, A.I. 1986. The ecology of tropical lakes and reservoirs. England: John Wiley & Sons, 

Chicester. 30 I. 

Pei, P. 2003. Methyl Isoborneol (MIB) and Geosmin Removal During Ozone-Biofiltration 

Treatment. Master's thesis, University of Arizona state. Cited by Pirbazari, M., B.N. 

Badriyha, and V. Ravindran. 1992. Microfiltration-powder activated carbon (MF-PAC) 

for the treatment of waters containing natural and synthetic organics. American Water 

Works Association 84(12): 95-103. 

Perez, J.E. and N. Maclean. 1975. The haemoglobins of the fish Sarotherodon mossambicus 

(Peters): Functional significance and ontogenetic changes. Journal of tish Biology 9: 

445-447. 

Persson, P.E. 1980. Sensory properties and analysis of two muddy of two muddy odour 

compounds geosmin and 2-methylisoborneol in water and fish. Water Research 14: 

1113-1118. 

1982. Muddy odor: a problem associated with extreme eutrophication. 

Hydrobiologia 89: 161 p. 

Philippart, J-Cl. and J-Cl. Ruwet. 1982. Ecology and distribution oftilapias. In R.S.V. Pullin and 

R.H. Lowe-McConnell (Eds.). The biology and culture of tilapias. Manila: 

Philippines: ICLARM Conferrence Proceedings 7: 15-59 



106 

Piumsombun, S. 2001. Production accessibility and consumption patterns of aquaculture 

products in Thailand. FAa Fisheries Circular No. 973 

Porter, J.N. 1971. Prevalence and distribution of antibiotic-producing actinomycetes. Advances 

in Applied Microbiology 14: 73-92. 

Pullin, R.S.V. and R.H. Lowe-McConnell. 1982. The Biology and Culture oftilapia. 

Proceedings of the International Conference on the Biology and Culture of Tilapias, 

Bellagio, Italy. International Center for Living Aquatic Resources Management, Manila, 

Philippines. 

Raps, S., K. Wyman, H. W. Siegelman and P.g. Fulkowski. 1983. Adaptation of the 

Cyanobacterium Microcystis aeruginosa to Light Intensity. Plant Physiol. 72: 829-832. 

Raven, J.A. 2003. Carboxysomes and peptidoglycan walls of cyanelles: possible physiological 

functions. Eur. J. Phycol. 38: 47-53. 

Raymont, J.E.G. 1980. Plankton and productivity in the oceans, 2nd ed. England: Pergamon, 

Oxford. 489. 

Robertson, R.F., A., Hammond, K., Jauncey, M.C.M., Beveridge and L.A. Lawtona. 2006. An 

investigation into the occurrence of geosmin responsible for earthy-musty taints in UK 

farmed rainbow trout, Onchorhynchus mykiss. J. Aquaculture 259: 153-163. 

Robertson, R.F., K. Jauncey, M.c.M., Beveridge, and L.A., Lawton. 2005. Depuration rates and 

the sensory threshold Concentration of geosmin responsible for earthy-musty taint In 

rainbow trout, Onchorhynchus mykiss. Aquaculture 245: 89-99. 

Rungreungwudhikrai, E. 1995. Characterization and classification of off-flavor of Nile 

tilapia. M.S. Thesis no. AE-95-24. Bangkok: Asian Institute of technology. 

Saadoun, L. EL- Migdadi F. 1998. Degradation of geosmin-like compounds by selected species 

of Graw:p,Q§itix~J~@.~a.Letters in Applied ML<in~bU!wgx._4§.;J8-100. 

Schreurs H. 1992. Cyanobacterial dominance, relation to eutrophication and lake 

morphology. Thesis, University ofAmsterdam. 

Shapiro, J. 1997. The role of carbon dioxide in the initiation and maintenance of bluegreen 

dominance in lakes. Freshw. Bioi. 37: 307-323. 

mailto:Graw:p,Q�itix~J~@.~a.Letters


107 

Shutrirung A. 2005. Pesticide Reduction Technology "Isolation and Identificantion of 

endophytic actinomycestes". JICA Training program 26 September to 25 October 

2005. Chiang Mai University: Faculty of Science. 26. 

Sijo, Y.� 1975. A method for determination of chlorophyll. Jap. J. Limnol. 36 (3): 103-109. 

Sivonen, K. 1982. Factor influencing odor production by actinomycetes. Hydrobioloia 

86: 165-170. 

Smith J. L., G. L. Boyer, and P. V. Zimba. 2008. A review of cyanobacterial odorous and 

bioactive metabolites: Impacts and management alternatives in aquaculture. 

Aquaculture 280: 5-20. 

Soderberg, R.W. 1997. Factors affecting fish growth and production. In H.S. Egna and C.E. 

Boyd (Eds.), Dynamics of Pond Aquaculture. Boca Raton, FL: CRC Press. 199-213. 

Cited by William L.S. and J.P. Thomas. 2006. Tilapia: biology. New york: Food 

products press. 49 . 

Stewart, W.D.P. 1967. Transfer of biologically fixed nitrogen in a sand dune slack region. 

Nature 14: 603-604. 

Stickney, P.R., J.H. Hesby., R.B. McGeachin, and W.A. Isbell. 1979. Growth of Tilapia 

niloticus in ponds with differing histories of organic fertilization. Aquaculture 17: 

189-194. 

Stickney, R.R. 1986. Ti1apia. In R.R. Stickney (Ed.), Culture ofnonsa1monid freshwater fishes. 

Boca Raton, FL: CRC Press: 57-89. Cited by William L.S. and J.P. Thomas. 2006. 

Tilapia: biology. New york: Food products press. 49. 

Sugiura, N. and K. Nakano.� 2000. Causative microorganisms for musty odor occurrence in 

the eutrophic Lake Kasumigaura. Hydrobiologia 434: 145-150. 

Suwanasart, P. 1972. Effects of feeding, mesh size and stocking size on the growth of Tilapia 

aurea in cages. Annu. Rep. Int. Cent. Aquaculture, Auburn Univ. 1971: 71-79. 

Swingle, H.S. 1969. Methods of Analysis for Water, Organic Matter and Pond Botom Soils 

Use in Fisheries Research. A1bama: Auburn University. 119. 

Tabachek, J.L. and M. Yurkowski. 1976. Isolation and identification of blue-green algae 

producing muddy odor metabolites and 2-methylisoborneo1 in saline lake in Monitoba. 

J. Fish Res. Board Can. 33: 25-35. 



-------

108 

Tanchotikul, U. 1990. Studies on important volatile flavor compounds in Louisiana rangia 

clam (Rangia cuneata). Doctoral dissertation. Louisiana state university. 96. 

Tanchotikul, U. and T.C.Y. Hsieh. 1990. Methodology for quantification of geosmin and 

Levelin raggia clam (Rangia cuneata), J. Food Sci. 55 (5): 235-312. 

Teichert-Coddington, D. and B.W. Green. 1993. Tilapia yield improvement through 

maintenance of minimal oxygen concentrations in experimental grow out ponds in 

Honduras. Aquaculture 118: 63-71. 

Tsuchiya Y, Matsumoto A., 1999. Characterization of Oscillatoria F. Granulata producing 2 

methylisobornea and geosmin[J]. Water Science and Technology. 6 (2): 245 - 250. 

Tucker and Roberson. 1990. Channel Catfish Farming Handbook. New York: Van Nortrand 

Reinhold. 128. 

Tucker, C.S. 1996. The ecology of channel catfish culture ponds in northwest Mississippi. Rev. 

Fish. Sci. 4: 1-54. 

. 2000. Off-flavor problems in aquaculture. Review in fisheries science. 

8: 45-88 

Tung S.C. 2006. Identification and Oxidation of 2-MIB and Geosmin in Source Water. 

Philosophy of Doctor National Cheng Kung University. Taiwan. 146. 

Uchida, R.N. and J.E. King. 1962. Tank culture of tilapia. U.S. Fish and Wildlife Service, 

Fisheries Bulletin 62: 21-52. 

Van Der Ploeg, M. 1989. Seasonal trends in flavor quality of channel catfish ilctalurus 

punctatus) from commercial pond in Missisippi. J. of Applied Aquaculture. 2(3): 

22-31. 

Van Der Ploeg, M. and C.E. Boyd. 1991. Geosmin production in cyanobacteria (blue green 

algae) in fish pond at Auburn, Alabama: J. ofthe World Aquaculture Society 22(4): 

207-216. 

Vining, L.C.� 1992. Secondary metabolites-inventive evolution or biochemical diversity- a 

review. Gene 115: 135-140. 

Waksman, A. 1967. The Actinomycetes: A Summary of Current Knowledge. New York: 

The Ronald Press Compamy. 250. 



109 

Walsby, A.E. 1987. Mechanisams of buoyancy regulation by planktonic cyanobacteria with 

gas vesicles. InFay P. and Van Baalen C. (Eds.) The Cyanobacteria. Elsevier, 

Amsterdam. 377-414. 

Walsby, A.E., and MJ. Booker. 1980. Changes in buoyancy of a planktonic blue-green alga in 

response to light intensity. Br, Phycol. J. 15: 311-319. 

Whangchai N, K. Kannika, S. Deejing, T. Itayama, N. Iwami, T. Kuwabara, and Y. 

Peerapompisal. 2008. Growth performance and accumulation of off-flavor in red 

tilapia, Oreochromis niloticus x Oreochromis mosambicus, cultured by green water 

system using chicken manure. Asian Environmental research 1: 8-16. 

WHO 2007. Who durveillance programme for control of foodborne infections and 

"l 0' , d 

intoxication in Europe. No. 57 ['i~'U'Uflfl'U ~"'U]. U...,,,,:jl1:lJl http://www.euro.who.int/ 

document/fos /news57e.pdf. (9 't'Iqf'l\ifmJ'U 2552). 

Wintermans, J.F.G.M. and A. de Mots. 1965. Spectrophotometric characteristics of chlorophylls 

a and b and their phaeophytins in ethanol. Biochem Biophys Acta 109: 448-453. 

Wohlfarth, G.W. and G. Hulata. 1983. Applied genetics oftilapias. ICLARM Studies and 

Reviews 6, Manila, Philippines. 

Yamada, N., N. Marakami, N. Kawamura and J. Sakakibara. 1994. Mechanism of an early lysis 

by fatty acid from axenic Phormidium tenue (Musty-odor producing cyanobacterium) 

and its growth prolongation by bacteria. BioI. Pharm, Bull. 17(9): 1277-1281. 

Yamprayoom, J. and A. Noomhorm. 2000. Geosmin and Off-flavor in Nile Tilapia 

(Oreochromis niloticus). J. of Aquatic product technology 9 (2): 29-41. 

Yi, Y. and C. K. Lin. 2001. Effects of biomass of caged Nile tilapia (Oreochromis niloticus) and 

aeration on the growth and yield in an integrated cage-cum-pond system. Aquaculture 

195: 253-267 

Yi, Y., C.K. Lin, and J.S. Diana. 1996. Effects of stocking densities on growth of caged adult 

Nile tilapia (Oreochromis niloticus) and on yield of small Nile tilapia in open water in 

earthen ponds. Aquaculture 146: 205-215. 

Yurkowski, M. and J.L. Tabachek. 1974. Identification analysis and removal of geosmin from 

Muddy flavored trout. J. Fish. Res Board. Can. 31: 1851-1858. 



110 

_______ . 1980. Geosmin and 2-methylisoborneol implicated as a cause of muddy 

odor and flavor in commercial fish from Cedar Lake. Manitoba. Can. J. Fish. Aquat. 

Sci. 37: 1449-1450. 

Yu, S. Y. 1988. Fish noodles. Proceedings of the Food Conference 88 Bangkok, Thailand 24

26 October 1988. I: 121-125. 

Yu, S. Y. and L. K. Tan. 1992. Enzymic solubilitzation of protein of Oreochromis mossambicus 

by alcalase. ASEAN Food J. 7 (3) : 157-158. 

Zimba, P.V., and A.A. Gitelson. 2006. Remote estimation ofchlorophyll concentration in hyper 

-eutrophic aquatic systems: model tuning and accuracy optimization. Aquaculture 256: 

272-286. 

Zimba, P.V., and C.c. Grimm. 2003. A synoptic survey of musty/muddy odor metabolites and 

toxin occurrence and concentration in southeastern USA channel catfish microcystin 

ilctalurus punctatus Ralfinesque) production ponds. Aquaculture 218: 81-87. 

Zimba, P.V., and C.C. Mischke. 2005. Plankton: nutrient dynamics in shrimp and catfish 

growout ponds. World Aquae. 37: 27-31. 

Zimba, P.V., C.C. Grimm, and C.P. Dionigi. 2001. Phytoplankton community structure, 

biomass, and off flavor: pond-size relationships in Louisiana catfish ponds. J. World 

Aquae. Soc. 32: 96-104. 



mtunnfl 



illtl~'U1f) f) 



113 

do I : ~ J .a 1 .d tld.t::llll 1Qunu hH'\.wIuutI fl~ 'U II fWI 'tI'\.H'\.H)~ 'ill fIfll'HnW fffll V'tI tl ~ ff 1'H) 'U 'YI'W'YI1J 1'U 91'H'il 'U 
v ~ 

d~I'Utl~tllJ'n~flmJ"htitIJ 1'lf'U llJ'i~'UUfl~'illf1fll'i,j'UrilV'tItl~liYV'tItl~ff~rrtJl Htl1J11Jru vt 'U Uti rl~tJ 1 
u 

lJ'ilf1Utl~ 2 ~lJu'U'U fitl NH3 une NH4 'il~llJ~V'UulJMfl111Jl~'Um~-~H (pH) Ufl~qWtlfJiJ'tItl~ 
v • v 

Utlrl~tJl Utl1J11J1ijvt'U~lJ NH3 t'UlJi1J1wfil.,r1J.,r'U'il~lfl~ l'Y1lJ~tlff~ltJlt1fllvtlrh~ 1'lf'U rnr 

'i~ fl1 Vlfi tl~ 'tItl ~ ttI~ tl fI fI1 'i '111 V1'il flU,j'U ri1 V'tI tl~ liYVfl 111Jt~ 'U ns~ -~ H t'U 1~ tl~~ ~ 'i 'U fl1'U 

nseu1'Ufll su 1~ tldl~ 'tItl~ltl'U' 911J'U 1~~1 1~'U ~'U 'i~~'Ufl 111Jt~ 'U VllJ'tItl~ Utl1J11J1ij v9itlff~1tJ
~ 

1 

J lev ~ 'j/ .a _I cv 

'tI'U tl ~fI'U'lf'U aufl~ fffl1'VHn~fl eutl'U"l useneunu 

I. Spectrophotometer Hfl~ Cuvette 

2. m~~llJmtl~ 

3. qlJmw1fl~tl~Un'1 1'lf'U 'tI1~~lJ'lf1J~ 'lJllJ~ 

tJl11ftll'" 

I. Oxidizing solution� 

l~i V1Jffl'i 191l~V1J llJflfltl i 'i~ (5%) tlitl t ~J1VlyJtlfliY 1'lf'U 'm~ tl{ flfltl'itlflCJf~
 
v • 

ijflfltli'U lJ'i~1J1W 5 % ~1'U1'U 10 ml. f-.lff1Jti'UtJlf1~'U 40 ml. lJi''U pH 'tItl~ffUfl~f11V''lftl~ 
I ljJ a J.t::l I c:. tI

'i~tl1H 6.5-7.0 ~1Vm~lflfltl (HCI) ffl'ifl~fllV'UflTH~'iV1J 'tl1J'YJflm'YI~V 

2. Rochelle salt solution 
v • 

fl~fllVffl'i Rochelle salt (KNaC4H406.4HP) ~1'U1'U 50 fli'1J t'UtJlf1~'U 100 mI. 
II v I I 

~1J 30 'Ulfi Vl~t'lfl~'Um\/11~1J Manganous sulphate (MnS04) 50 iJfli\fli'1J l~1JtJlf1~'UfilJ'ilff'illf1 

Htl1J 11J1ijVt'lfi~lJi1Jl~'ifl'i'U 100 mI. 

3. Phenate solution 
~ 

fl~fllt11CJf1~V1J'~~'itlfl iCJf~ (NaOH) 2.5 fli'1J Hfl~ VJ'Utlfl (Phenol) 10 fli'1J t'UtJl 

.:, ""_I 1 '" 'I !illIJ !ii_I'" 'I !iI d lIJ!iI'I !iI d '" 'I I nnummrmnunu 1J1'UV ltI l~lJ'i1J1mfl'i'U 100 ml. nunu n 1'U~tfJ'U 
~ 

(fl1'i19l'iV1J 1t11J'YIfI. 
4. Standard ammonium chloride solution 
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I d 9J iI I I 

oM.:) NH
4Cl 

Vlfl1Jll'I1.:) 3.819 fli'1J ~~~lflh.n~hmi\l'Vil1~lfHl1flHfl1J l1Jt-Ufl 1'l1~~ 
• >I 

_I"" \I]!JI "i d dd!JI !JI '" 
lJ~1J1m 1,000 ml. 11~ t~'ffl~~~~lflUfl1J ~1JI'Ufl1J191~!1'UVl1Jfll11J1'U1J'U'U 1,000 mg/I 1I1fl'U'Utl~ 

>I • • 
o .II!!I 91 0 QI 'II) fJJ ,. do dd 

'ffl~~~mfl 1J1111'Ul'U 5 ml. tllfl1l1':)~lfl'Ulfl~'U 500 ml. 11~ ~~'ffl~~~~lmtfl1J ~1Jt'Ufl1J191~!l'U Vl1J 
!JI !JI ~ <!t !JI ': .;, \I]!JI

f1l11J1'U1J'U'U 10 mg/l 1I1fl'U'U~~'ffl~~~mfl 15 ml. 11lfl1l1':)~lfl'Ulfl~'U 500 ml. 11~ ~~'ffl~~~~lV 

Ufl1J l1Jt-Ufl1J191~!1'U~ijfll11Jt.,j'1J~'U 0.3 mg/I1~l'Ij'U Standard ammonium chloride solution 

...... 
11lfll' 

>I • 

1. ~~tll~lmh.:)'Vi~l'Utl1~mfl':)~lflm~~l£lmfl':) ~lh1l'U 10 ml. ~.:)1'U ijfllflfl{.. 
50 ml. 

Rochelle salt solution 'I1fl~
 

Oxidizing solution 0.5 ml.� 

Phenate solution 0.6 ml.� 
iI J/ , I 

3. ~.:)Vi.:)' 1fl~1.:)-u'flfl 15 'Ul'Vi I'Vlfl1lf'ffl~~~~lflv'ill1an~flll~1J'Vi 

4. tll'111~fhtl1~~~i'1JU'ff':)~lmfl~fl':) Spectrophotometer ~f1g'U 630 'Ul1'Ut1Jm 

!JI w "i 'l!JI ':.;, d "i 'l!JI 
(om) ~~fl1Jfl1J Reagent blank ~~fl ~')j''Ulfl~'U U~~I91~fl1J Standard solution ~~fl ~'If Standard 

>I 

Ammonium chloride (0.3 mg/l) fl~l':)~~ 10 ml. UVl'U~lfl~1.:)'W1H~~t~1J'ffl~~~~lfl1'U .,j'fl 2 

5. r'i l'UlW Pi1f1l11J 1.,j'1J.,j''U Hfl1J l1Jl-U til ~ m111fl1Jl 'Vi uu n1J'ffl~ ~ ~~ 1uu fl1J l1J t-U fl 
>I 

QI d 0 _I~ 9J 
1J191~!1'U~':)'U fI1'U1WlJ~1J1W Total ammonia nitrogen ~lfl'ff1Jtl1~ 

<!t 

CI=AI 'I1~fl C2=ClxA2� 

C2=A2 Al� 

CI = f1l11Jt.,j'1J.,j''U'Ufl.:) Total ammonia-nitrogen 1hl Standard solution (0.3) 

C2 = f1l11J1.,j'1J~'U'Ufl':) Total ammonia-nitrogen l'U Sample 

Al = ril Absorbance 'Ufl':) Standard solution 

A2 = ril Absorbance 'Ufl':) Sample 
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1 'U 191'i""trJlHnnh~fH)1J 1 'U 1m tiJ'U~1.1u1J1J11i1~ 1~mf)~~~ fl~H'i~w;h~fl1'i 

ttJ~ eJ'U U1.1 ~ ~ us u Iinil m ~ 'U1'U t91 'i 'VI (nitrification) U~ ~ 1'U t91 'i 'YIt tJ~ eJ 'Ufl ~1Jt~ 'UueuIinillJ 

(denitrification) trlJl)j1.1~1J1W'tJ'tJfl~tiJ'Ut~lJ~V'l'tJ1'U 191'i""iJ~'tJ'tJfl~1~rl' (oxidation) 1 1.1t~'U 1 'U 

!J/ d ,!J/: "" "" "'.. "''''' .. \I] \I] !'it \I] \I] ..
t91'i'VI1~'i1~t'i1 U91m'Ul'\fl~'tJ'tJfl9HiJ'UV'llfl~~'U'VI'ieJiJ~'i~19f (reduced) !'Ut91'i'VI l1.1tlJ'U 1'U Im'VI 

'til 'l~ ~ 1lJ 1 fl ~ ii 'Ut 'Ut~'tJ~ 1.1~ l)j 1.1 'i~ ff'VI nfIlV'l i'1Jee fl ~t iJ'UU' 'tJ rJ~ ~ fllllJ t~ 'U~ ll'\f 'tJ~ 1'U 191'i"" 

1'U191'itiJ'UI9i'tJtJ~1 U~~ff911\j
~

liJ~U91fll9il~n'U 1 1.191llJ'lfij~'\f'tJ~tJ~lU~~ ff911U 
~ 

1 ul9i1J'mf)~ t 'U1.1~1J1W 

~l 

1. Spectrophotometer U~~ Cuvette 

2. m~mllm'tJ~ 

3. 'tJtJmWtfl~'tJ~H~l t'l1'U '\fl~'i1.1'lflJ'V'i ih1.191.� .. .. 

1. Diazotizing Reagent� 

~~ffn Sulfanilamide 5 fli'lJ ~~~leJt'Uffl'i~~~lrJm~tfl~'tJ1~eJt~m~tfl~'tJ (HC!)� 
iI I� II I 

t,j'lJ,j''U tJ~lJl91'i 50 ~~iiii91'i ~~~lrJt'U,jlfl~'U300 ~~iiii91'iH~lt~lJ,jlfl~'Ut~1~1.1~1J1m500 

2. Coupling Reagent .� ~ 

oi1~ffl'i N-(l-napthyl)-ethylenediamine-dihydrochloride 0.500 fli'lJ ~~~leJl'U,jl 
~ d Gt d d� , <lI!I .4 add: nau 500 ml. inu 1'U'\f1~ff'lfl t91'irJlJffl'i~~~lrJtl1lJ'VIm~'tJ'Ul1'i'tJtlJ'tJffl'i~~~lmU'Uff'Ul91l~• 

3.� Standard Nitrite Solution 
'" ~ . 

tmeJlJffn~~~llJ sodium nitrite (NaN02) 0.4925 fli'lJ ~~~leJt'U,jlfl~'U 1,000 

.e:t..e:t.C\ '" iJ� 'jJ iJ C\ .e:t. QI I C\ 

lJ~~~m (l~ffn~~~leJfllllJt'\flJ'\f'U100 lJ~~mlJ91'tJ~91'i N0 ~~ffn~~~leJ standard Nitrite 2-N) 
~ . 

Solution (fl1llJt,j'lJ,j''U 100 ~~iifli'lJl9i'tJiim N02-N) ~1'U1'U 10 ~~iiii91'i t~'tJiJl~~1rJUlfl~'Ul~1~ 

1.1~1J191'i 1,000 ~~iiii91'i (1~ffn~~~leJfl1llJt,j'lJ,j''U1.0 ~~iifli'lJl9i'tJii91'i N0
2-N) 

toMffl'i~~~leJ . 
dod 'jJ 'jJ C\ C\ QI I C\ ~	 ~ 

'VIlJfl1llJt'\flJ'\f'U 1.0 lJ~~mlJ91'tJ~91'i tlJ'U standard Nitrite Solution tiJ'tJiJHffn~~~llJN02-N 

(91l'iH 1) 
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-� ~ ~ 
tI ':ilJ1~':i NOz-N fl1111t'\Jll'\J'U 1.0 

f11 Abs '\JU~ffl':i~~~ltJ
9J " .ct oQl

mg/I. t'ilU'ilH~1tJ'Ulm,'U 

NOz-N ~1~'~ (mg/l) 
l-Htlilllm 100 m1 (m1) 

0.00� 0.00 

1.00� 0.01 

2.00� 0.02 

4.00� 0.04 

6.00� 0.06 

8.00� 0.08 

10.00� 0.10 

15.00� 0.15 

20.00� 0.20 

- ~ ~ ... v� 0
" 

..,

. 'I ~tI- ~ 
tI ':illl~':i NOz-N fl1111t'\Jll'\J'U 1.0 mg/l t'ilU'ill~~1tJ'Ulfl~'U ~tt ':illl~':i 100 ml ~U~ 

" 't11fll':i~~~1tJ volumetric pipet ~~1'U volumetric flask 'illfl,:r'U~ltiJ'Ufll':iltml~..rffl':i~~~ltJl~tJ 
-<0 _ 0'1IJ IIJ 0' ~ ~ ••1 ... 0 • .1 .6 <0 

11ifllnlml~tt ~'U ~~':i'V1U~1ff':iHmln1Jlml!1'U (l~Ufl'V11mlnU1J1J XY m~'illtJ) C)f~ll 

fl1111ffll~'U,r':i~tt1Hfl1111l.,rmj''UNOz-N (Ufl'U X) n1Jf11fll':i~~~1Jttff~ (ttfl'UY) l~tJ'I.ht.,rl 

ffllfll':i regression ~~1'U Iihunsu excel 

_.... 

l1ifll1 

~	 ~ ~~ I GI 9J 9J QI ~ II) iJ cI " 2.� l~llffl':i~~~ltJ Diazotizing Reagent 1 ll~~~~':i l'\JtJl ~ttl'\Jlfl'U'V1"l n 2-4 'Ul'V1 

" U~1t~llffl':i~~~ltJ Coupling Reagent 1 fi~~~~':i t'\Jvll-Ht.,rln'Ul1"lHuvUUtltJ 10 'U1Vi U~':Jtf)'U 

2 i1111~ 'l.h'tl1~f11fll':i~~~1JUff~~1tJtfl~U~ Spectrophotometer ~fl~'U 543 'Ull'Utllm (nm) 
" . " 

.... ~ulln1J Reagent blank l~tJl,*tJlfl"''U U'V1'U~1udl~tJ1U~~t~llffl':i~~~ltJl'U.,rU 2 

3. til'U1Wf11fl1111t.,rll.,r'U nitrite nitrogen (NOz-N) 'illflml~lll~':i!l'U~'~ 

4. UtI~~f11fl1111t.,rll.,r'U nitrite nitrogen (NOz-N) l-Hlll'U Nitrite (mg/l) 1~tJt1w~1tJ 

3.28 
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1 'Utm 'YI t~ 'Uffl'jtJ 'j~m)1.J'\Ifl~1 'U1 \Pl'j t 'l'U ~'V'l1.J1J1fl~ "l\Pll'Uiillin 'YI ~t" mu ~~ 'l~ 

1 .1"" .o!l ~ .1 ... ... "".. 1~..; "" 1 ~ lq
'V'l1.J 'UlJHntlanfl'l1snufltJ'\I'Unu"fl1:l W~U"~llifll'j 'If'YI\Pl'U 'Umerrn lfl1:l \Pl'j I 'UV~ 'illfl ~ 'U191 n1 

, , JI JI JI 

l~ 'UffntJ'j~ flv1.JViernns Qfl'lf~~l~1~~ ltJ lijVij ms 1 '11"Hl'U '\IV~U 11.J 'UVl'U~'U fi~u'UtJi1J1W 
lq I ,: .l.,j..... "" "" lq l~~ 
~ 'Ul\Pl'j'YI'il~"~ t1U'I1"~'U unnuu 11W1Jfll'j'V'l~'YImtJ'\IV~\Pl'U1J1fl il 'j1J1W'\IV~ A'Ulm'YI rrumo 'IHlJ'U 

JI JI JI I 

fil;1ii~'j~fi1.Jfll11Jff1J\PW'\IV~ 1mri ~ U11 ~ 1 \Pl tJtJfl91'il ~nfll11J I~ 'UVl1:l \9i mY1l1u 1~vtJ lijVtVi tJ1.J ti1.J 

" 1'U 111H1U" ~ un1J11J I il tJ 'Uen 'illfl il 1'U 11l'j 'YIV~ ntJ 'j ~ ltJ'If,r \9i vVl'lfl 'Ufl U \Pl\Plcjf1J 1 il 1~l 'U.. 
~ ';. I .. .. ~ 1 "" 0'. I"" lq lq 0' "" 0',; ""..0 

'\I1.Jl'Ufll'jff'jl~~lJ'j\Pl'UVfl\PlltJ 'Ufll'jl1fln~'I1'111lJ'j1J1W~'U ~m'YI 'il~'YI1fll'jl1ml~'I1~\PltJllifll'j 

d d ... I ~ d tl ~ 0 l,d"l 9J 9J ,QI 

l'YItJ1.J nnumsu'j ~flV1.J1J1\Pl 'j j l'U 'YIt\Pl 'j tJ1J'\I'U 'illfl'U 'U'U lfl1'Y1 A\Pl1J1 ff'j l~m l'rJ1J1mlj l'U ffl'U ms 

... 0' .1"" lq ~ 1~... .. "" 0' lq 1~ ~I lq lq 0' I ';

11ml~'I1'111lJ'j1J1W~'Ul\Pl'j'YI\Plfl~ 'If'l1"flfll'j'j\PllC)f (reduce) ~'Utm'YI 'I1llJ'U A'U ~\Pl'j'YIflV'U A\PltJfln 
II I I " 

Hl'UtAl~lmh~" ~ 1 tJl 'Uflv"1J,rVi1.J n ~Ufl\PllijtJ1Jlfl~V1.J~ ltJ'YIV~U\Pl ~ 'illflU'U 'l11fll'j ilm l~"'l\PltJ 

i1ifll'j l~tJlti1.JfllnntJi1J1w1'U1\Pl'j11 

I. Spectrophotometer ll"~ Cuvette 

2. m~~l1:lmV~ 

3. vtJmWtfl~V~llnl1'lf'U '\Il~'jtJ'lf1J~ ihtJll. .. .. 
... 0' 

4. 'I1"V~flV"1J'U (Reduction Column) 

.. 
t1'l'UAll 

I. Diazotizing Reagent 

i~ffl'j Sulfanilamide 5 fli'1J ,,~mtJl'Uffl'j,,~mtJm\Pltfl~V l\PltJl~m\Pllfl~V (HeI) 

t~1J~'U tJi1J1\Pl'j 50 ml. ,,~mtJl'UJlfli'U 300 ml. U~11~hJJlfli'Ul,r1~tJi1J1\Pl'j 500 ml. 

2. Coupling Reagent 
. " 
i~ffl'j N-(I-napthyI)-ethylenediamine-dihydrochloride 0.500 fli'1J ,,~mtJl'UtAl 

fli'U 500 ml. 1~1.Jl'U'\Il~iY'lfl 11l~tJ1Jffn,,~m(llmj'YIfll~V'U'I1~mrlvffl'j,,~mtJl1J'UiYJl911"• 
3. Solution (l~1J~'U)NH4CI-EDTA . " . 
i~ffl'j"~"ltJ NH4Cl150 fli'1Jl'UtAlfl"'U 500 ml. 

4. A Solution (l~V'ill~)NH4CI-EDT
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.. .� 
~ ~ a ~ 0 '" 'I~~ 

~~ff1H'l~'llV NH Solution (t'U)J'U'W) 50 ml. t'inHl1.:1~1V'W1fl'l'W l'lHlJ'W4Cl-EDTA 

2,000 ml. t~)Jff1'J'l~mV Disodium Ethyenediamine Tetracetate ~1'W1'W 0.3 fli')J l11f11'J'lHlJ pH 

1..ri~ 7.5 (1~m~)Jff1'J'l~'llV NaOH) 

5. Stock Nitrate Solution (l~)J~'W) 
I I SII , 

i.:lff1'J'l~'llV KN03 n~l'Wf11'JtllJU..r.:l 0.7218 fli')J 'l~'llv1'Wthmr'W1..ri~ 1,000 

m!. 

6. Standard nitrate solution 

~~ff1'J'l~'llV Stock Nitrate Solution (t~)J~'W) 1'W~fl 5 ~1V volumetric pipette 
.. . 

~1'W1'W 50 ml. 'l~'llv1'WtJ1fl~'W1..ri~,j~m9l'JmlJ 500 ml. 

7. Copper sulfate 2% . .. . 
i.:lff1'J'l~mV Copper sulfate ~1'W1'W 20 fli')J 'l~'llv1'WtJ1fl~'W1~'~ 1,000 ml. 

a ~ ~ 

fl'J~tf1'lfl (HC!) t'U)J'U'W 6 N 

8. fol.:l Cadmium 

"" "" 1. fll'Jt9l'JV)JUfl~l)JV)J (Cadmium)� 

tJ1fol.:lUfI~lijV)J 25 fli')J u'lf1'Wfl'J~ HCI (fl'J~tf1~fl) l~)J~'W 6 N fl1'W~1VU'Vi.:lUfi'1
 
II JJ , J/ "I 

'il'Wff~m~ (,j'J~mw 5 'W1n) t'VIfl'J~Vi.:l U'l~~l.:l~1VtJ1fl~'W11'llV '1 f1i'.:I'il'Wl1)J~fl~'Wfl'J~ 'il1f1'l!'W 

tJ1ff1'J'l~'llV Copper sulfate 2% ,j'J~mw 200 ml. t'Yl'l.:li,j f11'W~1VU'Vi.:lUfi'1'W1'W,j'J~mW 5 'W1n 

a ~d.:~ tq d ~YIJ/ IJ/Q ~,
11'Jfl'il'Wfl'J~'tNff'W1t.:l'W'il1.:l111Vlil ff~t~~ff1'J'l~'llV 111Ul1.:1 U'l1t9l)J Copper sulfate 2% 'Ufl.:l 111)J 

"1 p v a ~ o,J :: ~ e!l "": ~,J ::I 

'l.:l hl fl1'W~l1VU'Yl.:lUfl1m)Jfl'Wl~)J 'Yl19l1)J'U'W9Ifl'W11'llV '1 f1H 'il'Wtf1~fol'lflff'W1m'ltf1~'U'W 'il1fl'W'W 
J/ I , 'J/ 

~l.:l~1VtJ 1fl~'W 'il'W fl'J ~ -.1.:1 iliij fol~fl fftJ 19l1'l~~fl~ 
do QI tI do 

2. fll'Jt9l'JV)Jflfl'l)J'WUfI~t)JV)J (Cadmium column) 
II • SII, 

t~)JtJ 1f1~'W 'l.:l1 'W fIfl~mrt,j ri1 'il1f1U'WI.;nufI~ tij v)Jn t9lj V)J'~'l.:l1 'W f1fl~mJ1..r, ~ 
.. 

f111)J~.:I,j'J~)J1W 18.5 tC)j''W~l)J9I'J i'mn'J~~1J'w11..r'Vi1)JUfI~lijV)J l11fll'J~l.:lUfI~tijV)J 1~v1~ 

a 0 'QI tI I j} GlY 
ff1'J'l~mV NH4Cl-EDTA Solution (l'ilfl'il1.:l) 'il1'W1'W 200 ml. fol1'Wflfl'l)J'W'l.:lflV1.:l'll'1 '1 U'l~ l11 

t9ljV)Jff1'J'l~'llV Standard Nitrate Solution ~1'W1'W 100 m!. tilJff1'J'l~'llV NH Solution4Cl-EDTA .. 
~ ~ '" 'I '" 0''1 ~"1 'I '" ~ ~~ "" 

(t'U)J'U'W) 2 ml. 'il1f1'W'Wt'VIff1'J'l~'llV'l.:l l'Wflfl'l)J'W l11 l11'l l'Wfl9l'J1 7-10 )J'l'l'l9l'J/'W1'Yl 
.. .. 

3. ms t9lj V)JtJlI9i1mh.:lu'l~fll'J ~l'WtJ l'l.:l 1'Wflfl~mr 

http:il1f1'W'Wt'VIff1'J'l~'llV'l.:l
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" .OQl 1.::11 9J 0� QI 

~~'Ul~1tltll'1'V1~1'Ufl11flH)'1~1t1m~~1}jflH)'1'ill'U1'U 100 ml. ~ffllfl'IJffl1":::"lt1 
'U 

9J 9J 0� ~ QI tI I GI Y"l r GI Q,I 

NH Solution (t'IJ1l'IJ'U) 'ill'U1'U 2 ml. 'illfl'U'Ul'VI"'11'Ufltl"1l'U 1J"tltll'l1I'l1"~l'U l'Utl~l'n4CI-EDTA 

d Y� d ~ : ~ d ~ d <l!!I "lil 
7-10 ml.l'Ul'V1 (1'lfn"11J1~1J1W 10-15 'Ul'V1) 'VI'1'Ul 25 ml. U1fl'VI'l H,,~m'IJ1J11J1m'VIt'l1"tl 11 

fj/d QlI .e::t. tll"l 

4. fl11ff11'1ff ll"~fl111~fI1 Abs (fl111lfl11~'I1m l'Ul~1'V1) 

~~ffl1"~"lt1'11€l'l'illfl~l'Ufltl€lmJ ~1'U1'U 50 ml.!~t1~l'Ufltl€lmJ~tl'l'1itn'U 15 
'U 

d QI..e::t.� 0 'Gl9JjlQI .e::t."l9J d 9J"� " 'Ul'V1 'illfl'U'Ul~llffl1"~Cl1t1 Diazotizing Reagent 'ill'U1'U 1 ml. l'IJtlll'Hl'IJlfl'U'VI'I 11 2-4 'Ul'V1 ll"1 

.e:::to� 0 I GI fj/ 9J QI .Ct, "l9J I fj/ d '''1 I .Ct, " 
t~llffl1"~Cl1t1 Coupling Reagent 'ill'U1'U 1 ml. l'IJtlll'l1l'IJlfl'U'VI'I I1tltll'1'Utltl 10 'Ul'V1 H~ unnu 2 
,JI� I 1 I 

i1!1l'l 'illflt1'UtJl'1Jl~fh~~i'IJllff'l(Abs) j{1mfl~tl'l Spectrophotometer Yifl~'U 543 'U-I!'Utll~1 

(nm) 

5. fl11'11-1 Recovery factor 

5.1 !~t1fl11~~ffl1"~"1t1 Standard Nitrate Solution (0.1 ~"ilfli'1l~tlil~1) 
'U 

o QI� 4!1 0 QI " 
'ill'U1'U 100 ml. 1J1~ffllfl'IJff11"~"lt1 NH4CI-EDTA Solution (l'iltl'ill'1) 'ill'U1'U 2 ml. 'illfl'U'Ut'VI"'1 

" "� . 
l'Ufltl€lmJ 1Jrltltll-H"'I1"~l'Ul'Uflml7-10 ml.~tl'U1Yi Vi'ltJl 25 ~"ililmH1fl u"~tn'IJ1J~1l1~1Yi 

t'I1~tlH 

5.2 ~~ffl1"~"1t1~tn'IJ'150 ~"ilil~1 t~llffl1"~"lt1 Diazotizing Reagent 

o 'Gl9J9J QI .e::t.� "l il d 9/.e::t, 0 " 'il1'U1'U 1 ml. t'IJtI1 1'Hl'IJ1 nu 'VI 'I 11 2-4 'Ul'V1 H"1l~llffl1"~"1t1 Coupling Reagent 'ill'U1'U 1 
"� .

~"ililmt'IJ~11-H'l,rlti'U Vi'l'1tl~1'1t!tltl 10 'U1Yi H~'1itn'U 2 cM1!1l'l '1Jl~filfl11~~i'IJHff'l (Abs)
'U 

j{1t1j{1mfl~tl'l Spectrophotometer ~f1~'U 543 'Ul!'Ulll~1 (nm) 

5.3� 'I11fil F (Recovery factor) = 0.1 mlll 'lJtl'l Nitrite nitrogen x 100 

fI1111t,rll,r'U'lJtl'l Nitrite nitrogen ~'111 

o I iJ 9J. Q,I d " 6. fI1'U1W'I11f11f11111t'IJ1l'IJ'U NItrate nitrogen ~'1'U 

Nitrate nitrogen (mg/l) = {(A-B) x F} /100� 

., d iIiI lI)lI) .. d,� 
1~t1'V1 A = fI1111t'IJ1l'IJ'U'lJtl'l 1'U 1~1'V1 'VI~1'U Column 

B = f11111t,rll,r'U'lJtl'l''U'~1'" ~'1i~1'U Column 

F = Recovery factory 

7. 't11fl11H1J"'1fil Nitrate nitrogen l-H't1:!'U Nitrate (~"ilfli'll~tlilm) !~t1tlW~1t1 

4.43 
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tH)f1nvJ~HnvJl9l-vJ~ffvJ~i'ff ttl'Wn1~m'YIl'.i~"hfi'ty~dl,n1it'l9i~~ '1ij;1I9l' 'Wtmrl'l 

"" ".J' 
lJ1 1~ tJ1Jt1~tm rl'llJ 119l 111 n ':i 'nl'lf1~ 'iJ ~V'l tln119lU''W lJ'i1l1W,rflrJ 9f'l,rtl t~'W 11 'iJ,jfJ'Vi ff1fi'tu9i m'H'lNiil9l

•� u 

" 'VIH'ihfllV'l 11 'iJ,jVfl111lt.J~ llffll 1J':i W'IJ~'1U '11 rl'llJ l''WU~ 'IJ ~ 'In 1~ ~ 1'YI1':i n ':i ':i 1l'lf1~ vJ ~ffvJ~i' ff' 'W 

tmrl'lJ1V'ltl 1~'11 "'I1V~1JUtltl vY'I' 'W~tJ'IJ~'1ff1':i~~~lVU~~ff1':i U'lJ1'W ~~V, 'W~tJ'IJ ~'1ffn~)'a'W'VI~6 

U~~ rrn fl'W V1~ 6u9i, 'W ~"1~'tJt11thttltl 'iJ~ff~ltJIPi1 11J~~, 'W ~1J'IJ~'1 ~~11nvJ ~fftvJl9l~'1!tl'W 1tJuuu 

_.1� _.I.... '" 'l V'l '" "1 I _ 1 dt v 0 ' 'l v...,
'IJ~'11"i~ff1"i~':iff 'VI &'If &'Wt1l':i1tfl':i1~'11'111 ~VI9lH ff1'W1uUtltl~'W "l 19l~'1'V11t1l':iV~V &YIff~lVI9l1~~ 

1'W1tJ'IJ~'1 ~~1i nvJ~fftvJl9ltl ~'W l11t11':i1tm1~..1 

"'...
'UiU'lJ'lJ Stannous Chloride 

1. Spectrophotometer U~~ Cuvette 

2.� m~~l'l:lm~'1
 

_I ".dt v' .1 '=-t_1�
3. f.JlJmWtm~'1um t'lf'W 'lJ1~1U'lf1l~ Ulul9l 

1. Ammonia Molybdate Solution 

bl9l~Vllff1':i~~~lV Ammonia Molybdate (NH4)6M07.4HP ~1'W1'W 5 t1i'1l ~~~lV''W 
"� . 

lJ1t1~'W 35 ml. lJ1ff1':i~~~lV~'1t1rl11 t~ll~'1''Wffn~~mVm~1 H2S04 (~~~lVm~ H2S0456 ml. 
iI� I )J I 

~'1 ''WlJ1t1~'W 80 ml.) bt~1t~lllJ1t1~'W ,..r1~tJ~1l119l':ifl':itl 200 ml. 

2. Stannous Chloride Solution 

" t"~Vllffn~~~lV Stannous chloride ~1'W1'W 2.5 t1i'1l~~~lV''WlJ1(SnCI2.2HP)� 

'l _I'" i <it", : JJ 0�Glycerol &'Wu':i1l119l':i 100 ml. ~tJ &'lf~1'l'W1':i~'W (water bath) ''Wt1l':i'VI1~~mV 

3. Standard Phosphate Solution 
"� .

tl9l~Vllff1':i~~~ltJ KH2P04 ~1'W1'W 0.2195 t1i'1l ~~mVi'WU1t1~'W 1,000 ml. (1~ 

v v� "'''I v 0

ff1':i~~~lm'IJ1l'IJ'W 50 mg/l P04-P) ~~ffn~~~lV Standard Phosphate Solution 'VI &~1l1 'iJ1'W1'W 50 

.... v:.;, 'l V.I'" '" "'''' "I v V v .dt v
ml. t'iJ~'iJ1'l~1tJ'W1t1~'W &YIu':i1l1I9l':ifl':itl 500 1l~~~19l':i (!~ff1':i~~~lm'IJ1l'IJ'W 5 mg/l P04-P) tV'l~''lf 

''Wt11':itl9l~Vllm1vJ1l119l':ii1'W (19l1':i1'l 2) 
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.::s d 9J 9J 
gJl"n:t.fl1f1NUlfl 2 fll'H~'HJ1J'Cl'l'H,g;~ltJ Standard Phosphate Solution 'Vlfl111J!~1J~'U 5 mg/l 

o ll!!t 0 GI 

P04-P 'Vl1fll'H\lml1'1~l1Jmfl'lJ 

~l Abs '\JV'I'Cl'l'i~g;mtJ 

P04-P ~1f1'~ (mg/l) 
100 ml (ml) 

0.00 0.00 

0.50 0.025 

1.00 0.050 

2.00 0.100 

5.00 0.250 

10.00 0.500 

15.00 0.750 

...c:. 9J 9J 4 9J: c:., i iJ... IQ 9J 
U'i1Jl\Pl'i P04-P f1111J!'\J1J'\J'U 5.0 mg/l !\IV\ll'lfl1tJ'Ulfl~'U 'I1u'i1J1m 100 ml. ~V'I 

o 'jJ ~O~ Q tI 1
'Vllfll'i~flfl1tJ Volumetric pipe ~'1i'U Volumetric flask '\llfl'U'Ufll!'U'Ufll'i1!mlg;'I1'Cl'1'i~g;~ltJ fltJ 

""'" "" .... 1 •.1.... !JI ~ • .1 "'I. ..1 ..6 '" 
1lifll'i1!mlg;'I1nV'Cl'nV'i'Cl' U~1'Cl'11'lmln1Jl\Pl'iil'U (!~Vfl'Vl1mlnU'lJ'lJ XY mg;'\lltJ) C)f'l1J 

.... ...... I !JI !JI .... 1.... .!JI1 
f1111J'Cl'1J'V'l'Uli'ig;'I111'lfl111J!'\J1J'\J'U P0

4
-P (Ufl'U X) fl'lJfIlfll'i~flC]$'lJU'Cl''1 (Ufl'U Y) fltJ'Ul!'\Jl 

'Cl'1Jfll'i Regression Mi'UIihumu Excel 

" . 
1. ~flUl~1Vdl'l~~1'Ufll'imV'I~1tJmg;fll'l:lmV'I 25 ml. ~'11'UiimflV1'\J'Ulfi 100 

ml. 

"" • I i!JI !JI ....2. !~1J'Cl'l'i~g;~ltJ Ammonia molybdate solution \I1'U1'U 1 ml. !'\JtJl 'I1!'\Jlfl'U U~g; 

"" I i 9J 9J CI.I Q" It) 9J .::s 1\f)' Q .0::1 
!~1J'Cl'l'i~g;~ltJ Stannous Chloride Solution 5 'I1tJfI !'\JtJl 'I1!'\Jlfl'U'Vl'l t1 10 urn U~ t1J!f1'U 12 um 

3. Ul'U1f1~lfll'i~flci''lJ!!'Cl''1~1mfl~V'I Spectrophotometer ~f1~'U 690 'Ull'U!1J~'i 
" . " 

'V'lfv1Jn'lJ Reagent blank lf1tJ1~ulfl~'U U'Vl'U~1Vdl'lU1U~~b~1J'Cl'1'i~~mtJi'U,rV 2 

• I !JI !JI • .1 • .1.... ..1
4. fIl'U1WfIlfl111J!'\J1J'\J'UnV'Cl'nV'i'Cl' (Phosphorus) \I1flmln1Jl\Pl'ii1'U 

5 . .yhfllmU~'1~l P04-P i..r!~'U P04 (rng/l) lf1tJ~w~1tJ 3.06 
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" ml1JlrhJ ~l~'tItl~U 1 'I11Jlt10~ f11l1Jffl1J1'j ()1'UIils\PI tl'U'11 ~ tl 1 ~ 1 \PI'n'l'U 6tltl'U'tItl~ 
"� " .

Ul'11~tlfl1l1Jffl1Jl'j ()L'U f\1'j't1l1JBn~t1lti'Um\PI f11l1Jl~'U~1~ 1'UUl1in1J'Ifl~l \PI fJl1111Jln\PI 'llfl11J 

fI1{'Utll'U\PI (HC0 ) 1~'U~h'U1my m'lijfl1{'Utll'U\PI (C0 ) um:1~\PI'jtlfl1C1f~ (OH-) 1'U'U1~fff111~
3� 3

. " .1 " 
l\P1m'U'rll~lijtl pH 'Iltl~Ulij~l~~'tI'U 'Utlfl'llflUm'lij'rl1fl'Utll'j\PI (Borates) 9i~1fl\PI (Silicates) une 

.� " 
vJtlfflvJ\PI (Phosphates) 1J'U tl~,rl~UIPi 1J~1J lW,rtlfJ tJWff1J,j~Vi ffl~ty'tl tl~f11l1Jl~'U~h~lPitlum,~u 1 

, 'J/.� 'J/ , 

1~'U~1flnVi'li1fJfl11JtJ1J 1~1l1'lm~~ulijflnl1J~fJ'U 111J'l~~1 pH 'j1\P11~11n'U 11J ll'l1~~U lViij~l 
~. d "" ... "" 'I iI _ 1"".1 .."" 

f11l1JllJ'U\PI1~~ ~fll'l11Jtl'U fl'U1Jfl1l1Jffl1Jl'j() ~ 'Uf\1'j\PI1'U mr llJ'lfJ'U lllJ'l~ pH ~~ ~flW CVI'VU'l11J1~ ff1J 

IPitlfln~l'j ~;1\P1't1tl~ff\PI1J1f11'jij~lf1111J1~'U~1~ 1m~'~t1fJ~ 100 mg/l fln1Ji''U~1f11l1Jl;j'U~h~'IlfH 
'J/� 'J/ I I 

u-11l1'~~ 1~wfln1ff~'U'tIl1 (Liming) lm~~ulViij~l pH ~lfl1l4.5 'l~1~'rlU~1f11l1Jl~'U~H'I1~tlij 
'j/ 'QI tI 

f11l1J m~\PI1~ l'V1l fl'UtJ'UfJ 

1. Phenolphthalein indicator 

,t~ffl'j Phnolphthanlein ~1'U1'U 0.5 fli'1J 'l~'llfJl'UltlYi'llltl'lfltl~tlcf (95%) ~1'U1'U 
". . 

"" 0 ... "" "" 'I illI] iI.I""
50 ml. l\PI1J'Ulfl'l'Utlfll'rltl I'll L\PIlJ'j1Jl\P1'jm1J 100 ml. 

2. Methyl orange indicator 
,� " . 

<M~ffl'j Methyl orange ~1'U1'U 0.5 fli'1J 'l~mfJ1'UUlfl",'U1l1'1J~1Jl\P1'jm'U 100 ml 

,. "" .. 
3.� ~Clfl\PIfJ1JfI1'j'Utll'U\PI1J1\P1'jil'U 0.200 N 

"" 1d t:I Qlci9J~ d ~ 
l\PI'jfJ1J'l~'llfJ CIfl\PIfJ1JfI1'j'Utll'U\PI 1.0600 m1J 'Ylll'l1~ff'U'YltlU'Yl~W'I1t.J1J200 C 'Ul'U 

'J/ I ,� JI , 

30 'U 111 'I1~tl 130 C 'Ul'U 90 'Ull1 1 'UUlfl"''Ul11J'jlf1'l1flfl1{Utl'U 11P1tltlfl1C1f~ l\P1fJf\1'j~1JU lfl"''U1l1' 

"" ""':lI]~ild iI "" '1i1l1]iI "" "" I iI ~ 
llPltllPl'Ul'U 10-15 'U1'Yl 'Yl~ n L'I1W'Ull'l11\PI1J ~'11 ~1PI1J'j1J1\P1'j 1,000 ml. OmfJ1Jfltl'UL'If 2-3 'If1 11J~) 

iI iI 
4.� H 2S0 4 (ml1J~'tI1J'tI'U 0.02 N) 

d 'j/'j/ 0 i: ~G)illIJ'j/~
lmfJ1Jffl'j'l~mfJH2S04 (~'tI1J'tI'U) \l1'U1'U 2.8 ml. 'l~'llfJ 'U'Ulfl'l'U ~'11 ~1PI1J'j1Jl\P1'j 

lI]iI v iI ~ "" iI iI 0 : 

1,000 ml. (LlPlfl1l1Jl'tl1J'tI'U 0.1 N) 'llfl'U'Ul'ltl'll~ H2S04 f11l1J~'tI1J'tI'U 0.1 N 'l1'U1'U 200 ml. 1'U'Ul 
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.:. '" • 1 '1 Y • I""� liJ Y Y Y Y Y
mltJ'VIlJ'jlfl''IIlf1 CO2 'VImlJlJ'j1J1~'j 1,000 mI. 'II~ l~ H2S0 4 fl111H'lJlJ'lJtJ 0.02 N fl11lJt'lJlJ'lJtJ 

0.02 N t~tJfh1J'j~1J1iUfifltJ hl'itm l~M'II~~fl,:j~'j1'111~fil~mj'Ufl'Ut1lJ 19ft~tJlJfll{lJmtJ~ 

1J1~'j!ltJ 0.200 N l~tJ~~ 19ft~tJlJm{lJflttJ~ 0.02 N ~ltJ1tJ 10 ml. 'lri'ltJ'lJ1~11J'lflJ~'lJtJl~ 250 
"� , 

ml.� t~lJ'l.hm;'U 90 ml. 'HtJ~ Methyl orange indicator 1J'j~ll1iU 4-8 'VItJ~ U"'1Vilf11'j'~!~'j~~1tJ 

Y� Y • I'" "" "'l ~ "" Y • ," '" H S0 4 fl11lJt'lJlJ'lJtJ 0.02 N 'IItJfflnl~CllmlJCltJtJ'IIlf1fft'HClfl,:jt'UtJfffflJmtJ1iU'VIlmtJtJ'jlJflCl (N) 'VI2

uiiueumn 

0.02xl0 

" 1. ~1,:j'l11~1mh,:j 100 ml. ~1tJm~lJflf1~1,:j t'VICl,:j'lJ1~'j1J'lflJ'V'l~ 'lJ'Ul~ 250 ml... .. 
2.� 'VItJ~ Phenolphthalein indicator ~ltJ1tJ 2 'HtJ~ t'lJth'll1't,j'lt1tJ 

- ~lffl'jCl~Cl1tJ'l ff (Uff~,:jl1 '1Jijffl'j1J'j:f1fllJm{lJmtJ~) Vil,j'fl 3 IPifl '~tCltJ 

Y "" "" '1 YliJ Y� "" "" '1 "". 1
mff1':iCl:ClltJlJff'lflJ~ 'H l~t~'j'VI~1tJ H

2S04 'IItJff1':iCl~ClltJlJff fflJf1~ 

('II~1J~1J1~'j H
2
S0 4 1J1~'j!ltJ 0.02 N ~'l~) 

3. m.l~ Mehtyl orange indicator ~ltJ1tJ 4-8 'VItJ~ t'lJth'll1't,j'ltitJ'l11lJl'~tm~~1V 

H 'IItJffl'jCl:Cllm1J~tJtJ'IIlf1fft'H~fl,:jt~tJfffflJ ('II~1J~1J1~'j H ~'l~)2S04� 2S04 

4.� f11tJ1iU'Hl Total Alkalinity (mg/l) = (ml.'lJfl,:jm~) (N 'lJfl,:jm~) (50) (1000) 

" (ml. 'lJfl,:j'l11~1flrjl,:j) 
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... If 1 ~I If 
fll111f111~'t'iI'U'ltl 1nllll Itl 

fl1'Jl~ fI111JfJ~1J ff1J\j 'Jw'U U-:J'J~'IJ'lJi1nfl'11 'H ri-:Jti'l vl11~1 ~ urn 'J1lfI'J 1~ M1J~1JlW 

f1"Ul'JVlm~' LU LL"~1J1";1fll'W'UU-:Jff1'H11tJ (algae biomass) i1i1'iJ1imhrity~fI'J'lJfl1Jfl1'Jfff1-:Jfiu 

ff1'JUl'Hl'J 1~m\1'W1~U~1-:JgnluffvJui'ff 1~tJ1J~1J1WfI"UhVlm1 LU 'UU-:JLL'W"-:Jtl~UhI'W'lfI~'U~'lfU 
I .s "".l iI I : .ek _ I"" "i ~ 0' .1 w 

'IJ-:J'lJUflt:l-:J~.m~.m~L'lJU-:J~'U (primary productivity) 'UU-:JLL'H"-:J'U1 C)j'-:JlJ'J1JlWfI"U ~'Jn"" LU 'iJ~'U'Ufl'IJ 

1J~1JlWLLU1J l1JtutJ 'lul~'Jt'iJ'U LL,,~vJUffvJUi'ff .,,,., 

~ d . 
2. Lfl'JU-:J'Hl.l'Ut'H1tJ-:J (centnfuge) 

3. Spectrophotometer Lm~ Cuvette 

.1 o'..,j iI 
4. UlJfl'JWLfl'JU-:JLLfld• 

1. Methanol 90% 
J/ 0 

~'Nl31fl~'U 100 i1"~~~'Jirii'U volumetric flask LL"'1L~1J methanol "-:Jl1J1Ji''IJ 

1J~1Jl~'Ji ~fI'J'IJ 1,000 i1,,~~~'J f11'JL~'IJHi'U'U1~ff'lf1 

...eI 
lfifll1 

1 ..'tQl 1 ~~~ J 'QI 9J ":::t 0' 
1. fl'JU-:J'U 1~1UtJ1-:JlJ'J~1J1W 50-100 1J"""m('U'U UtJfl'IJfl111Jt'U1J'U U-:JfI"U l'Jn"" 

OJ 

J/ • J/
"i.... "" 0 iI "'I 0 "i iii

LU l~tJff-:Jlfl~'iJ1flff'UU-:J'U1) ~1mfl'JU-:Jfl'JU-:J'U1 (vacuum pump) l~tJ 'lffl'J~~l'l:lfl'JU-:JLL'IJ'IJ GF/C 

"'I 
'H'JUU'IJ'IJ Membrane 

" . 
2. iri Methanol 90% i'U'H"u~1J'J~1JlW 10 i1,,~~m 'iJ1fltT'Ul31fl'J~~1'l:lVifl'Ju-:Ji'U 

~,,;,_·, ..._ .....,,··,t·'··-',_""l'I.l.~f ~':l,~-'~~''''''~' 

.uU 1. iri"-:JltJi'U'H"U~~L~1tJ1Jl~ l1U~1tJfl'J~m'l:lvJUtJ~l31l1J~1Ji'Uti'1~i1UW'Hfli170 U-:Jfl'l 
• OJ 

IC)j'''t~tJffL~'Un''l 20 'U1Vi 

3. 'iJ1mr'Ul31UUfl1J1~'U~1mfltU-:J~'Ut'H~tJ-:J i~tJi~f1111JL~1 3000 'JU'IJ/'U1ll L~'U 

n"110 'U1ll t~Ui~ff1'J"~"ltJ~fl~~flU'U l31ff1'J~~fl~~flU'UU"'11tJ ii-:J'~~UW'Hfli1~U-:Jtiu'U 
i v 

• OJ� 

w .... I "'I� 
'J~1J~ 'I~ 1-:Jem 'H'H"U~ fl'J~'YI'IJ fl'J~t'YIU'U 
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4. thr;yn hJl~~lnl'j~~ci1Jn~'Uu ff~~ "HltfittH Spectrophotometer ~'lfd~f1~'U 

750, 665, 645 U€l~ 630 'Ul1'Utll\P1'j 

5.� nlHl1'UdW 

f1€ltlhVlm,' ttl (ug/l) = (11.6 0665 - 1.31 0645 - 0.14 0630) x F 

•� >J 

F = ('l.l1ll1W'jdll'\ltl~ffl'jfiffn~ (ml)/'l.l1111W'I11\Pldmh~ (L) x lIf1dl11n~l~ 

Cuvette (em) 
I I� 1 , 

1 Q,I cl 1 a 'Q,I.d. I ~ 

0665 = fI1~~C)f1JUff~'t1'lfd~f1€l'U 665 om - fI1~~C)f1JUff~'t1'lfd~f1€l'U 750 om 
I ,� I , 

I Q,I d,I a I QI' ct • .a 
0645 = fI1~~C)f1JUff~'t1'lfd~f1€l'U 645 om - fI1~~C)f1JUff~'t1'lfd~f1€l'U 750 om 

, I� I , 

I QI' d,r.a I Q,I d,1 a 
0635 = fI1~~C)f1JUff~'t1'lfd~f1€l'U 630 om - fI1~~C)f1JUff~'t1'lfd~f1€l'U 750 om 



.flltlN'U1fl ,. 
.. 

fl1'nuJm';8u8tl~1 'U1JtI~hy1'U~'U 
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1. ~lfldl~~'U 
" " v 

2. m'l1l'H~tJ~t';mYl'l1i'1JUtJm';flttflfl~l'U~tJ9f'ff 1~uri IMA-2 medium 

~,~ .e:::t. 

3. \Ol1JlJt'lfflfltumUJ.. " . .. 

D-g1ucose 5.0 gm 

Starch (Soluble) 5.0 gm 

Beef extract 1.0 gm 

Yeast extract 1.0 gm 

Nz-case 2.0 gm 

CaCo 3 1.0 gm 

Agar 15.0 gm 

Deionized water 1,000 m1 

" ".
tJl~TI.H-l'fflJ't1~'l1lJ\Ol~~mtJi"rt,j'ltiuu~l~,rU11 t1c~ht';fl (Autoclave) l1fJtu'l1fJiJ 121 

d ~ d .e:::t. d .... 1 d .e:::t. 

fl~ffWI1~tC)m'ff ruunm 20 urn ':ifl'il'Ufltu'l1fl1IW'U~~lJ':i~1J1tu40 fl~ffWl1mCJ1tJ'ff t\OllJ Antibiotics. .. 

tll"UPltJ Antibiotics 

1. Trimethoprim 20 iJ~ilfli'lJ ~~mtJi'U 2 iJ~~~\Ol':i Dimethyl su1foxide-DSMO ~fl 

.. '" "I " " 
~\Ol':i'\Jfl~m'l11':it~tJWl1fl 

2. fl':i~ Na1dixic 10 iJ~~fli'lJ ~~~ltJiu 1 iJ~~~\Ol':i 0.1 N '\Jfl~ lCJ1t~tJlJ 'eJ~':iflfl 
. " 

'CJ1~ l1Hl'Ufll':ifl':ifl~u~~~ht';flrifl'UtJl1J1 i.u 

" " 3. Heritage 10 iJ~ilil\Ol':i~fl~\Ol':i'\Jfl~m'l11':it~tJ~t';fll~tJ~~~ltJ Heritage 1 gm iu 
" . 
tJlfl~U 29 iJ~~~\Ol':i 
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., 
~q a ~cr QJ q
lfifll1Uflfll'VtlUtlflYl ~'J.nJflC)fa' 

1. mj'l~lfl~l'1~h.J 1ril'U 'il1'\.H)l'Vl1'jtiV'H4'fJ~CJJll4'fJU~1 if'l 'l~~~W 'HfJiJMtl'lt~'U 
e: 1 o'..t'lil'" I iI 

nen 1 fflJ~l'Ht'V'l'fJ l'H1PI1'fJV1'1tm'l 

2. ~'I~'U 10 fl1:IJ 'V11fl1'jl~'fJ'ill'11'UJlfl~'UCJJlt4'fJ 90 iJ~ililm l'\l~'11MtoU'ln'U t~'U 
QI.a .d-I 

'j~~'l.H'il'fJ'ill'1'Yl 10 

". " 
3. lh1JlPI~l'fJ~l'1 1 iJ~ilillPl'j 'V11fll'j l~'fJ'ill'11'U Ulfl5'U CJJw:jf'fJ 9 iJ~ilillPl'j t'\l~11 Mt.fll 

n'U t1j'U'j~~'l.H~'fJ'ill'1~ 10-
2 

4. lhtJlPI~lfl~1'1~'fJ'il'UU'l'j~~1Jfll1:IJt~'fJ'il1'1~ 10-
6 

3 61J1
5. lhtJlPI~l'fJ~l'1 0.1 iJ~ilillPl'j 'illfl'j~~mr:I1:IJt~'fJ'ill'1~ 10- , 10-4, 10-

5 U~~ 1O

.c:s.c!l"" .:s. .c::t "I v 
spread 1J'U'ill'Um'Vl1'jl~V'Il"lf'fJ IMA-2 'YltlPl'jV:IJ n 

, " 
6. ,j:IJHViflW'HfliJM'fJ'I'Ul'U 71'U ml'il~fll'jt'il~UJt9l1JllPl'\l'fJ'Iltif'fJ 

4 '\I '\I u 

" " 7. U1J~1'U l'U 1fll~iA'\I'fJ'It~'fJU'fJfl9l1 'U2J'VCJ1ff fll'U lW tJ~:IJ1wltiffllt'fJfl9l1'U2J'VCJ1ff 

t:I Q,I C\,l 0 tI dilution factor 
ffm It)f~Mfl'j:IJ~'U''lf'U = 'ill'Ul'Utt)f~~/O.1 X 10 
'" 

., 
o ClJ'"

1. fll1'H1Ul'HUflYlU 

t'Ylffl'JU'\Il'U ~'fJtJ'\I'fJ'I~'U'\Ifl'lfl11:IJt~'fJ'il1'1~ 10-
1 ~m ~flfl~~'Il 'Uijmfl'fJ{~'Yl'jl1J 

" " ". 
U1'tn!fl Ulij mfl'fJfl tJ'fJ1J1'U ~'fJ1JflW 'H f1iJ 105 'fJ'Iffltt)f~lCJ1Vff 'il'UU1'j ~m V'H :IJ~U~~Ul'HU flfl'lVi 

'" q '" 
•• iI "" I " " 

i 'Iumufl'\l'fJ'Iijmfl'fJ{flflfl1'I fll'U lW'H 1'Ul'HUfl'\l'fJ'I~'UVil ~l 'Umsusrutiffl 'illfl H~~ 1'1'\1 'fJ"'UmUfl 

.d til QI 

1Jmflmfl'fJ'UU~~'H~'I'fJ1J 

2. fll1'HlmlllWfllUJ;U 
. . " 
i'l~l'fJ~l'1~'U tJ'j~:IJ1W 1-2 fl1:IJ 1ril 'U ~lfJtt)f'jliJ fl'H~'fJijmfl'fJ{fi'Yl 'jl1JUmUfl Ul 

", " 
ijmflflfl tJ'fJ1J 1'U ~fl1J flW'H fI iJ 105 'fJ'Iffltt)f~tCJ1Vff'il'UUmUflfl'lVi fll'U lW'HltJ~:IJ1Wfll1:IJ';;'U1'U 

'" q '"" .
~'U ~1'fJ~1'1 'illflUmUfl~'U Vi'H lV1il 

QJ' !JI ' 3. fllllYlfllflllllAuUfl1Y1Y1H 
. " . 
;r'l~lfl~l'1~'U 2 fl1:IJ 1riM l'Uijmfl'fJ{'\I'Ul~ 50 iJ~ililm rlflfJt9l:IJUlfl5'U 1tJVi~~ 

",. QI' l'I...IY GI .c:s Q.I" "<11 .a I j) d I ~tIQ.I

'U flV ! ~ Vfl'U 1PI1'fJV1'1 ! lJ~lt1 !'U'\IW~t~Vlfl'U~lV"lf'fJ'UlPI flffl'j'H'jflUneum 'il'U ff 'ItfllPlm'U UH'Un~:IJ 

" " .
1J1'111J'U~b~'I'V11fll'jl~rllfll1:IJl~'Ufl'j~t~'U~1'1 'V11CJ11 3 fl1'1 'jlV'Il'UH~ l'U'jtJrlm~~V'illfll'jl~ 

'" " " 'Vi'l 3 fl1'I 



.fllflN'U1fl fl 
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(Gas chromatography mass spectrometry) 

Q 

tT111f111 

1. nmmune (Methanol) 

2. ffl'j~~mfl~tltlffiJ'U (Geosmin, trans-1, 10-Oimethy1-trans-deca1in-01 'tItl~ 

Sigma) 

3. ffl'j~~~lm~lJltlU (MIB : 2- methylisobomeo1 'tItl~ Sigma) 

Q OJ , 

fll11V11fJllVl18fJH .. .. 
'" 0 <!I .1
VlU Ul m'~!U8'Ut11 

.. .. 
Yilf11'j IlPlitllJ~1tl~1~~'U th U~~lijtl'lJm !nU I ~1 'U'tIl~!nU~ltl~N'tI'Ul~ 100 

iJ~i1i1IPl'j !nUI~~mUlH1iJ ~lfY,h 4 tl~ffWlf~!C]ftlff 'jtln1'ji!f;l'jl~"f 'I1~tlYilf11'ji!ml~"fl'i'UVi 
.. • OJ .. . 

ff1'l1i'U~1tl~1~tJl 1oM'tJilJ1IPl'j 10 iJ~i1i1IPl'j ~1tl~1~~'U 10M' 5 ni'lJ HfflJt1UtJlnl:i'U111'hi'tJilJ1IPl'j 10 
.. . .. 

iJ~i1i1IPl'j ftl'U~ltl~N!ijtltJmYilf11'jU~"l~!VfJ~ i~lijtltJ"ll 5 ni'lJ !~lJllJ'Vl1il'Utl"l 10 iJ~i1i1IPl'j 1ft 

1'U'tI1~~ltl~N'tI'U1~ 100 iJ~i1i1IPl'j 'Vln~ltl~N'vllf11'j!~lJ 1Clf!~fJlJl'1"ltl h~ 1.9 ni'lJ U"l~'ft• 

Q 

fll11V11fJll Calibration curve 

Yilf11'j!lPlifJlJff1'jlJ1IPl'j!l'U~tltlffiJ'UU"l~!~lJltlU10 IlJ 1mi1IPl'j 'illn'tll~~ijmllJ 

!.,j'lJ.,j''U 2 iJ~i1ni'lJ1'UllJ'Vl1'Utl"l 1 iJ"li1i1IPl'j "l~~lfJ~lmlJ'Vll'Utl"ltJi'utJilJllPl'j111'mu 10 iJ"li1i1IPl'j . .. . 
.c:t\f) 91d.od f)J 3J .c:1..c::. d \f) d \f) 1 QI I e:t..e:t,A 4 

(1~fJffl'j"l~"llfJ'VlI~'UlJI'11llJ!'tIlJ'tI'U'tItl~ffl'j'iltltlfflJ'UU~~!tllJ mu 2 IlJ mmlJlPltllJ"l"l~IPl'j) !'Vw 
.. .. .

'I 'JI ~ <V <V 0 <!I 'I 'JI ''I <V 'JI 'JI '" 'I <V ,

1GJl'!lJ'U Stock solution 'I1"l~mn'U'U'UllJ1!'iltl'ill~l'l1tl~ 1'U'j~~UI'11llJl'tllJ'tI'U'VlffllJ1'j(1'nU~'UlPlltlfJl~ 
, .. . 

1~fJijI'11llJ!.,j'lJ.,j''U 20,40,60, 80 U"l~ 100 'lu 11'1':if1i'lJlPltli1IPl'j 'illn'l!'UtJlitJ~~ 1~ml'1~tl~Unff1m 

lJ11IPlml~IGJf'U!~fJlt1U~ltldl~ 

~Q.<Q J Ci Q c:1 \II.CI.IS/ ~ rN .et

1fifll111f111~'HtT11{)88tTllU!&t1~1811181.JVl1fJ1f118·UlfltTlfl11111't1fl11fl 

111'1'11llJ ~e 'Ut1U'tIl~~ltl ~l~ ~ U 'j'j ~ ~1 tl ~ N 1 ~ fJll~ 'tI1~~ltl ~l~U 'U 11'1 ~ namu 

I d 1'L.I_~ 'I 'JI 'JI d '" '" ~ '" ~ 
uumnn !1'rYil!&~~f.11~ ~'I11'11llJ'jtl'U'Vltlru'l1f1lJ65-70 tl~ffllClfmClffJff IlJ'U!1"ll 5 'Ul'Vl 'illtl'U'UU'Vl~ 

• OJ 

d 1iJ ••1 ..d. 1 'JI .1 0' 'JI 1iJ.11 I<V <V

l'tIlJ rrllUtl'j'VllJ'j~tltlUI'tIltlU~lJf1'jru SPME (solid phase microextraction) nn AlJ 'U'tI1~lPlltlfJl~ 
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t~'Wnm 12 'Wl'¥i tv1fl 'l,r1vJt1JflfYilfl1~~1Jn1Jffl'nh~fH)1J~m)ffiJ'Wtt~~tg~ 1fliji'W~1mh'l lh'lfl 

.1" II) .1"" ".J ~ '1 '1 ~I 1

{,llJmW SPME ~lJ1tml~'Htmfl'lttf1ff~mm tflf1Hn ~'W Agilent Technologies 6890 N Network 

GC System 1~11tJ~H~ltt'Hll'l~Qflffl~'Ufl'ltfl~fl'llfltJi~Splitless mode Hl'WttfltJiI~l~flfl~mr 

i !ll ~ ct ct "" ... !II(DB-DURABOND) HP-5 (30 m.xO.32 mm. 0.25 J.1m. film thickness) 'JfHf1fffH~tJ~t1J'W~1'Vll fl1tJ 
v 

fl'ml 2.5 iJ~ilil~Hlfl'Wl'fi {,lWl1tJiJ'Ufl'll~lfl1J (oven temperature) ~'lltJ~ttm~{,lW'Hl,JiJ 60 fl'lf11 

1C}f~tClftJff t~'Wn~l 1 'Wl'¥i 'iJlmr'Wt~~t~'W 220 fl'lf11tC}f~tClftJff ¢i'1tJfl'mlt~1 15 fl'lf11tC}f~tClftJff~fl 

'Wl'¥i H~~fl'lflW'H.flii1l~ 220 fl'lf11tC}f~tClftJff 'Wl'U 8 'Wl'¥i 
• OJ 
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v 

'W Vl'ff1l'lHJ1~\9l tf 'lHhnYTn t1J 

Miss Chayarat Pleumsumran 

1'Wl1 11 TI'Wl1fUJ '!"l.rY. 2527 

4/451 'VilJ 4 t'l'W'W !fHnJ'jl:lJ11l U'lJl-:lfftl'W l'lJ\9l~H)'Wljjtl-:l flHl'Vl'!"l"1 10210 
'lJ q� q 

Lunatic--'pink@hotmail.com 

1'Vl.'IJ. (f11'j~~flWlh~:lJ-:l) '!JU!cYi\9l'lh~:lJ-:l (i'W~ 13) 

:lJ'Vill'VltJ1~tJl'Vlfl!'W h1~Ht':lJ-:lfl~rY~litJ \9lf-:l 

2553-1h~'!J'W	 1'Vl.:lJ. (l'Vlfl!'W h1~f11nh~m) :lJ'Vil'!JU!cYi\9l'lh~mi'W~ 4� 

:lJ'Vil'!JU!cYi\9lUlJ!~ 19ftJ-:l1mJ ~'W~ 72� 
q 

" ~nh~fll yhm~~l-:l 'lftJ1~\9ltf '!J~:lJ1:Y1'j1t1J ltlfl'!"l-:lEJ lleJ'lJll~-:l fl\9l~itJ 

~'W'Vl{~fl {);'!J'j1tU lfl~tJ\Pu! lW~ lJ gl91J 'Vil-:litJ. vW'lJtl-:l~fl~-:l (Ipomoea 

aquatica Forsk.) ~tlf11'jfll'IJfJ:lJf11'jlll~t1Jl~'IJ !\9l'lJtl-:l'ff1'Vi~1tJ Microcystis 
" , 

aeruginosa. l'W'l1eJl~tJ-:l'!Jml1ii'!J~:lJlU!'ff1'jm'Vil'j~-:l. 2552. 1'W -:l1'W'!J'j~'!1:lJ 
.Q, .Q, Q.J QJ d ~ .d I Q.J.d Q.J if 

1'b'1f11'j:lJ'Vill'VltJ1~tJHt'fltll'b'tJ-:l'j1tJflH'Vl 1. 'j~'Vil1-:l1'W'Vl 18-19 fJ:lJfll'!"l'W'Ii 

2552. 19ftJ-:l'j 1tJ: :lJ'Vill'VltJ1~tJ'j l'b'Jltll9ftJ-:l'j 1tJ. 83-91 'W. 

" 'b'tJ1~\9ltf '!J~:lJ1:Y1'j1W lJll91J 'Vil-:litJ ~'j'!J'j~fll yhm~~1-:l1:Y'!J'j1tU lflftJ'IJ'jU!u q� q cu 

U~~ ~'jtU E:lJ'li1'j1U(ll. 2553. f11'j1:Y~1:Y:lJfl~'W'lJ.w-:l'!J'j~1:Y-:lf10itltl1:YiJ'W 
q 

lW~lS:lJ'tlU) l'W'!JmlJ~ (Oreochromis niloticus) ~litJ-:l~l-:ltl'W 2 'j~'IJ'IJ. 1'W 
" ,

f11'j'!J'j~'b':lJl1:Y'W tlVl~-:ll'Wl~tJ'j ~~'IJ'UwcYi\9l~mnm1-:l'b'1~ fl~-:ll1 16. 19ftJ-:l1'Vi ii: 
q� u 

:lJ'Vill'VltJ1~tJmJ!~. 'j~'Vil1-:l1'W~ 11-12 ii'Wlfl:lJ 2553. 56-57 'W. 

" 
lJll91J 'Vil-:litJ 'b'tJ1~\9ltf '!J~:lJrl1'j1W ~'j'!J'j~fll yhm~~l-:l Norio Iwami U~~ 

q� u 

,,:. 11] ,~ .1� "'9.1 "" 
Tomoaki Itayama. 2553. f11'j1:Y~1:Y:lJfl~'W ~:lJ'!"l-:llJ'j~1:Y-:lfl ~'WlJm'W~ 

, " 
(Oreochromis niloticus) l1l~tJ-:l1'Wm~i-:lu~~1'W'l1tl~'W. 1'W 11'j1:Y1'jl~tJll~~ 

ri -:ll1:Y~:lJ 1'b'1f11 'j f11 'j lflEl\9l'j. l9ftJ-:l1mJ: :lJ'Vill'Vl tJ1~ tJUlJ!~. 
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