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& 4. . & d . o
uaznduillaliud azindeudaun lugtesfiasiumnandruilangninasauiiudes ifiawn

Y L3 d A 2 s .o o
el Tetrahymena sp. anunsaiadaufdn il ludawiasuazadaoznalundAnyls

NANTENUNRY Tetrahymena sp. Aalamwaungs
Y @ ' 14
Tetrahymena sp. fuilsdanludnfuieneuen uaznelu wuldvnldluindn Tas

o - d , 4 d
wnwzluilennafevesuuddTimFaiananuude Tnewudn Tetrahymena sp. avindaud
¥ [ é’ = ey = = = [ =] =] ° 2/ o
adagnindvyuduingen  uwsdldd@slunsdiainizfionls  viaudenawinlilaninnig
24 14 1’4 v
smaiAasauiiuuna wenanlifeanusnteuladnllludler Inedidetindmidenlilsfiv
. X A\ L/ fr o
(protease) aanavianaiiia@aran uaziafeunlUivadtavhu annasi Tetrahymena sp.
a o : @ e < - o <
ansaindauldetinsmFadcenasuLvsa luewsianysnl A Wilanidulsmansla
a o [ ¥
fidlueneluszazinandudu
Hatai et al. (2001) ldMnn1sAnKANszNULaY Tetrahymena sp. siatlamiaungs Tu
L 1 A Lo} = aa
sreiziog 14 AU wudnBunosde Tetrahymena sp. f 1x10° - 5x10° |iadsatianans Tullad
A s e 1
wunging Uawnaungunadasesiuide Tetrahymena sp. Wndaanvneunsemeag

wazTudamnaungen liFuuamay Anannslunsfu e vaasmAas biunnsngiy

n1sAuaaslsA

tlamneungaheiulzaunamaseulaenislduiuiinglasyaidoudiensaalad
falimenndassinundasaanseay q:wuéﬂﬁﬁgﬂémﬂugﬂuws indauitasvpuiuinden
Ghiledes 2 Tuna Ae mwalng uwarawisidn dednlfenaadlagnissiclualad 3
aunsousntiinasilsiasaaiiaiils ffuseunisfionalad 2 ww Ae

w1 flangnieuanitendide sililaagaidenn 30 lulasdns innsades ukase
Wwke waeaniidld 2 wefidud aneslumm (AgNo,) 9 wiitviausesiaiins &renandaei
fan 15 3w ldthfanauranusiualad thlumnuanannndn 15 wiil mrheen seauudis
fildesndasqansami fndeaene 4x iWegqnladinglan @ihnne) Wegaatitinreddide

wuuit 2 flangnelu Weglawdns wlflaugadamn 30 lulasins snmaafied ufs
salviusie wieamiuudlu 10, 20, 30, 50 uaz 70 Wefirudienues vgn%uwauuﬂi 1177 uaz

] g . -i’ s =) '
utsialuBafiiu (carmine) Inasraznanauiugunmaesd uazn1sindecaad tnelszann



Y v

azud 24 Falue udnsshialdauuia vinldendesqanssad fndsene 4 win 1vagIuIu uey

o = e«
ANBOUSTAIUNAREIA

d o/ = 3 d' ] Qs
A1519% 2 SR3nsinide Tetrahymena sp. NIZHZIRTIANT NU

s8m 10° MULA R8s uland

' o d. e L1 [ A o
LIARFD SYEZAMMAIRINT LATL I (M) ATB/ATUIU

WA anwidan Dedams 6 7 8 9 10 11 12 13 14 ;W

g Uni 0 o o 0 0 0 O 0 0 O 0/6
1 O NO\\\D///8, 0 NNO 0 0 0/6

5 O NN 71" 0 RYNO 1 3/6

7% 0 G-z 0 SWP—D_0 Y\ O 0/6

UALRY 1 0295 % \ SN\ O~ e 0\\! 3/6

5 (A W \6 DN =y 1\ & A 5/6

) Unf 0 O 10 8 Of et liNAC 7. I 0/6
1 0 V1 QEAREAANANN 0~ N7 L(H 1~ P 2/6

5 O BT T IO TR (28 7.4 3, = JO 3/6

75 0 0 s @y s oJ Y90 @ J 0 0/6

UAIAL 1 RN, BATSL 0 0o o/ 0 4/6

o W2 189 /74 o 6/6

N : Hatai et al. (2001)

arsniitngiiaftauianldiidaldslada
1. asu1au (Formalin)

1.1 AUANLANINNENIN

WeRnAu Wennsunngiendn “Thenaean’ dneniallvesasazarenesnau
Ae fuarazanela Lifldvisedau e lifuuwaiininuandainm (Platinum cobalt scale)

e A o o '
[was 10 Wansagaun Iy ASTMD 1209 ﬁnauguquzm mAandsuilanidasy a1:1309m
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Wi wazilulnawefuiafiguunivesuazanusmulng aouvunwiule 1.08 azaneléinly
i uszuaanazed Taeallarsezanemedinailagiignimu istaninnune Wy s
el (disinfectant) WdunAY (deodorant) Wilaefulsilsiamuindes (Tn, 2540)

1.2 pruaniEnanluacnand

esndufigastena CHO Fwintuana 3003 Wussazansilsznaudos
Wasunalad 37-40 wefidus uiazAniuefnaudndu 100 wWefidud Fulnfazfineues
nanagszanns 10-15 wefidudl ieflasiulal e finfunlAaupiflumismesunailadie
WuRrunnndnnefundunnn Aefududuansiaadasineuss (strong reducing agent) u‘jﬂqn
amAazgnaand laddne waswdlunsanasfin (formic acid) frAuiflunsafluing (oH)
Uszanmy 2.8-4.5 Weunaufiausnsnlunisaaiut ueanaged (alcohol) uazaszdinu
(acetone) ansielliluianunsnldautunafnauls 1¥ud venluidle dannlas (alkaline)
wnudin (tannin) @nqUsenauvdn waniy (gelatin) ludalws (bisulfide) infanasuas an [u
lalasiauulafaanlad (H,0,) lalafu uazdnsiuiin (5, 2540; Windholz, 1976) Wafudu
u’i’mﬁu"l"a’muq u’%’*mﬁu‘luﬁqmuqﬁﬁiﬂnfh 4.4 asAaaded (40 asrvusulad) Wafunauas
wiasup iduwisafnaitles sileiFandedn neanfumiitu  (tioxymethylene)
anrrouflusznandann Ranaudiufivgendefindunin (Roberts and Shepherd, 1979;
Wellborn, 1979; Kabata, 1985) mazazfludunmesedndin

s e RnauinallamBunneandiauiiazaei ilaens  Taanns
Lﬁmﬂg‘jﬁ?‘mﬂfan%m%uﬁqmnmnﬁ']u.z’a’qLﬂ?wul,ﬂunmw‘ﬂ?'ﬁn Wialif pH anas Fevlefundudl
szuAdnge] sunsoemBnneentinuiiazargluhasinnndrfiszauaadiu
uananimefnaudefinaluanBunneantiaufiazare i ldmneden Tnanissitunasimeu
Arudouinlinisnaneanfiaulnenisdunmziuasatunasinauisanas TuaniFaaiud
nslfeandiauiatessaainaumaulnesduid  Adlnain i ueenfiauiiazanenii

anadlinnndlnd (eydng, 2543)

grilasaafrmainiizawafungdu uavamusuiRLwLszng

M=o

e
H

gnslnsaai1amaall CH,0
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gnminAn WY (auto-ignition temp.) 80.6 asrWisulas

ST -3 asmsulas
AU 1.0
winluang 30.03

1.3 M7 ldWefunauluniswizidesdndiin

WasnAuaz i lunstlastu uazindmlsdnsmanluslnds uastuludy sonaden
WAzULATIGY (Wright, 1976; Kabata, 1985) Aanasiinanld Aanequ (dip) nsutszezdu
(short-tembath) uazn1TUdszaIze9  (indefinite treatment) nsldnefunauianndnilsan
mevandasdenlflussifimnzaniuane uasaiareslan (WBuAN, 2529) ilesanilanit
Fudarunefinauiissiunrududugeds 200 A asildRamaAsusmatiede
uaaisy uiaenaniilananels (Wedemeyer and Yasutake, 1974; Williums and
Wootten, 1981)

msliefnaudningazutunaen luliesinauaaesllies Taaaoudidu
Wfuiaisalanlunsnmisaladasefuiunatasedfludas 2550 RSy ufausitia
1eeUlsAn (Anid, 2524; nuaws uazqunill, 2526) lunsasuAuilsAminldvasunAufiszin
Aadindy 125-250 ARBN L 60 unh vitaldaonudndu 25 ARBN udszazan (Wright,
1976) esunauii i lunseaupuiesulilafirawididuges 1600-2000 AN udutu
15 Uit (189, 2528) MsldWaRnaulunsmaedniinnsenas liwa funaudadu 200-250
A wigniansgwernaanaidniuszazioan 60 win esindalsn (@ uazitudng, 2528)
msayusgnienaiaiudeliwesindwdniu 3050 WEn tlasiunacinulsn usinasli
amaetaieme uazpiswRauaacaerefinaulminng 24 ol nmswefndusy
aanuinlémdledudaanna @nia, 2524) uenaniinslinefnduindnlsn uassdnlugnis
fu  enadluainligniweenanudiniind  WRnsuusi lidvesunaulunstleaiuuas
SndnTusinda Wun an (Ichthyopthirius multifilis) \WU5=84 (Trichodina sp.) Epistylis sp. 14l
nstlaaiu uszindmdasla (Monogenetic trematode) ludiy (nuaws wazqusndl, 2526)
UANANTIRINNTIINTNAREITRY Ponpornpisit et al. (2001) nanelinafnauTiAc g

< o s ) A -3
0. 50, 100 uAz 200 AREN Wun s Hindnde Terahymena sp. wudi M 50 AREx
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Wafunduawnsoinana@alanely 24 4ol acnadindu 100 AREN aunsavnanede
nreflu 3 4ol daufimomdindu 200 AN ewnsovnanadeldnaety 1 4ot

vananimefnaudaunsotinunliiauazen awiedld uaznrulunig
MnziadRdn Taeldeihdeluthreufiasdwnta viraayuagnia (Bus uailsehing, 2530)
Wunafusnsidledle  (Humason, 1979)  uasshuuafiGamaiedeiTAnmumanTut
(Kabata, 1985)

nsanfreefindvluiefedndii  WerndanildRunedudatune fnauid
prmdiuduge  wmmafniuameiinduludla  wudhifinnmmndraasmeandud
néwitle fU uaznIzLAIREN (Silis, 1979) WtuREafUNIMARe LU (Penaeus stylirostris) A4
faduiunailumsiiahidelifndunne  elamrasamemefnaulusunegusing
dnfinftnunisidnefnaulunnstlasi uasindalsn (Hose and Lightner, 1980)

1.4 pruiflufise e s Ausedadin

Wafunaugnihandisylrmiatwndeandumtiasiu uszindnlsn usidldazsiad
Aureinredtlunasidensiunu iz anfudadin

nsulaeuulamimeaaniwluitederedndiln prulufivseslasinduiinnly
24 datususn ua::‘lé’ﬁm?ﬁnmmﬂﬂﬁﬂuuﬂaﬂu@nﬂmh uasiladeufwdesaameannnis
nasesRE@aLnAY o lifinsnAeules  uigniemziReuanadimafndiususednia
widen uazsulllefufadu @ usziRndnd, 2528) nisudian steelhead trout WA chinook
salmon TunefnBuaandindu 200 AREN W 1 Falu ﬁwaﬁw‘lﬁ’maﬁuﬁwm‘?’nmi'iﬂnmm

Ly % A ! x ; D

taiie 2 9fin Rawalugiu Wanswulludwisnmadeauann ussfinsanareugesy
Boresdviden widenueslan steelhead trout gnvinatEmAnndatian chinook  saimon
(Wedemeyer and Yasutake, 1974) ﬂ’aun'lﬂ"ﬁﬂﬂi"uﬁuﬁ?:ﬁumwL‘i'l'ui’uﬁ 200 AMEN 1w
lan 72 dalie Tutlan rainbow trout wudnadRLTRaBans@esan el lananads
(cytoplasmic degeneration) (Williams and Wootten, 1981)

uanszvusenayFnln wuddlaliwefnaulusziuaudiudu 25 waz 50 AR
B Anseruiiunan 8 &at Bifluasan ngydularanlerly witaowudidu 75 ARdy

MRnsaiuuu 4 dland Tuavinlvilanlusddulndias (Fune, 2529)
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2. AINUNN (Potassium permanganate; KMnO,)

2.1 @mmuu“ﬁmqmﬂmw

1
aal o

arwvivfinduinaelefussnuenilusadanduesdlszney  Wuasadnddns e
unansoudn iuwwimieulans dmaainnau Weazaisiazldaisazansdanyiegdng

<

4?’ [ v v o A g a a‘ = 3 1 = |
Feauagiuaududy  Wiaduudesunesntumiiueandladdiiaiaus ANHITOHNIATW LT

U

} %

wwaiie  uarlofald  RfmBenilUsadedesuneniua i lunisinanuazeadnniau

[l ¥
uilna  uaslddunaleeidnglsvasAinesinge  nsldluda@asdesusantunlugenis

v
0 = a o o

LWW:Lémﬁmmmmqﬂi:mﬁlﬁﬂmqmwm’ﬁmﬁuﬂﬂ du- e Tsladn uazuuafiGena
AR DS!

2.2 pruaNtTREnIdAR LAz AN

THupdiFanileFuuannuminanueniun 1 asnen ufrdansaudqueandiau 4
BTADN ﬁ'mﬁniuLaqﬂmmLﬂm‘umn'numwhﬁu 158.04 niuralua . 31U 9r09/afinaniiug
auL tetrahedral (A 3) Tildadeitlofiasns winifuiee ndladiis TaadunuATiuen
Wl 1659 neiiilusesndladaciiniuanansalunnesinsadueandiay  lanazianas

indeufinelalagiau vi3ed ANATENAINS BN ALIENAY

gnslaTaaianIaARiaes Potassium permanganate

] : e
AN 3 3119180 BFUNIN WA

AN http://www.caruschem.com/permanganate.htm?sec=permanganate

=l

nsnllsad@endasunanunidueandladdeaudiy - Wearane i idiun

a o

uviaans  viseIAcdveauReguInasi aaesetrnie  Tnadnvindisenduans

panarudafiavilasugliifuuenitialasenlad (MnO,) Teliuavnliduesansazaneilug
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11 vireuimaunuuaey  nslidadanulesusniusiiaszarenitazuanan illsaaidan

laeeu (K) uaswlefnnualanau (MnO,) daumsi (1)

KmnO, — K"+ MNO, .o (1)

wefusnunlasauluihazdadloselfitaeendinduifluatnamin  Inavdsainda
ufisenudaazgninod e luplusenitislaaentas
A I y . . 4
Tuansazarafdunsasuaueandndu (oxidation number) 2@9uNINTRAaERANDY

+2 Fadnnnei 2)

MnO, + 8H' + 5  —> Mn

Anluasaraeiidunans  viewa wnuunleeauasgnifadlvag luguaes

< d
wannilalaaanladneannisi (3)

MnO, + 4H" + 3¢ —> Mn

Weagnanufeudaldds@ennlefuinnumazamedaieantiaulileanse  thun

3 L3 A - o H
faﬂn%ﬁuﬁ'lé'qmuﬂqnuqmmumaum?ﬁ (4) uaz (5)

2KMnO, 2 K,MNO, + MnO, + O, ....ccoveveiinnneee. (4)

(aouuniisiangn 200 avAnTaTea)

2KMnO, — 2K,MnO, + 2MnO, + 30, ...cccceennn.e. (5)

(run)Rgandn 200 aeAaITas)

luszezusnifae@afuinldfadane funeniunifineandiau (molecular oxygen)

Wunirlnemradsaunisi (6) willaRarsanaingunish (8) azwudnFunaludadanes
Y 3 o o N @ o ¥ ¥ o

unanansasnsldivalildaendian 1 AREN atnsiasazfasliAnAcufasnisidasusen

WATRNNN 6.58 ANEN Feapnuidndussiuilananilddndinmsle
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2KMnO, + H20 —> 2KOH + 2MnO, + 1%0,..............(6)
MnO, + 4H" + 3¢ —> MNO, + 2H,O...cccoverrrerrnnen ()
4MnO, + 2H,0 —> 40H + 4MnO, + 30,..ccceceeennenne. (8)

Boyd (1982) Na191UUIANARYAY Mathis et al. (1962) TWHAMMNA WeTiwete
aandiauluianaannsafisiuld  Srhisdulidadeefuenunadlfetuwinans
wdrulfeuglifuwnidalaeanled  (aun1edl 7) Feznaneduingal§iien uniado
aandauluiang (aun1d 8)

LwiLﬁmmndwﬂﬁﬁ?ﬂﬂuaum?ﬁ (6) Alanaiinlsdasnnn Tneiannzlude@ealan
maznlefusniualeaauiifnasiazgnic Wunainl fisemndareu andulunsd
fdutiadnlefunanuunadinniuwasufidefiusmunlessumdeny  UffRelu
aunmafi (8) FaAnulE uananiifionudieendauitlannaunistifniutasnnauuouia
1116 (Boyd, 1982)

AnuanR lunaiuineandladaestdadaulefuenimalFgniinh s lenmd
TumstndneiuriuasifianaiR duiidfefowetin Wy wesaleesu (Fe® wwmilaleaau
Mn™?) lalanaudalid (H,S) Lﬁﬂﬂ%’ﬂﬂq‘a@mauﬁﬂmﬁﬂﬁﬁ% (Adams, 1960; Humphrey
and Eikleberry, 1962; Lay, 1971; Welch, 1963; Willey et al., 1964) ﬂ"mnm‘.i‘ﬁiﬂ‘lﬂ‘ﬁ

3Fe(HCO,), + KMnO, + 7H,0 —> MnO, + 3Fe(OH), + KHCO, + 5H,CO,...........c........ ©)

2.3 anuFAasn1Tilefunensiumn e (potassiumpermanganate Demand; PPD)
] 90’ o .4 A
A1 PPD 78911 wnnefieanadinduzesildadannlafventun (@nde) agnldllly
o ace o a = A aea & d‘ ° ' c’ﬂ’ ] s
maindfifenfudunidasns  viiesAcdaueauinalunaiinimue - Ailazusnsieiulnng
) 1 3 1 es = = ala (3 o a
anzaduvanly  IneasanegiulFunnduinans  F0daeud  uassTuzaFnas

(Boyd, 1979; Tucker, 1984)
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N1TMIAT PPD 1e9tinsinatineatam idlagddnnsuuudnaees Boyd (1979) #4andw
E 4
[-74 o [ 8 3 Qs [} A 4
uannndFaufeufaesdnsazatallfsdaulefunannualuiidladeidfuldiaanu
o ¥ o A ¥ v o . P
iindusine) Miluvaan Nessler  firnnnuidndurasansasaradauiugauydauludisioan
¥
Avum Ar A1 PPD Tasdseanniaatinfnasing
,_-§'., aa] [ % & . .
uananilfeaunsom i lnedinmianoudinduaedd  (colorimetric method) 2129
-4 [ ¢ A 1 o o - [ od %’ . .
asazaelifadaulafusenusfivdent Tneiwnindfideniiniren Orthotolidine (azl&
d 4 A % .
A17aTANEANAeY) ARANENIRRY 432 uTuwms 380151 Engstrom-Heg (1971) Anulaun
¥
RINAENIUIANIANNABINITARETULRNUN (chiorine demand) 224 Loeb and Engstrom-Heg
(1970) ANNAFFINAEIANTAAUIDIMNANERIINNTARNEF  uazAudnduresTifadan
- Ao & W o s
wafusanunidunaeet lurhansos
Ar PPD  Huslamilunnssinduladenltliddgdenasumentun Wilanmudadu
[} A o 1 o~ A A
wiReag udosiimdiesnis soadn 1w lunisanaouiiluiiteedisiiuew (rotenone) lfida
13 o 1 o 1 2’ A = (% d [}
Umeuwiinssiveniusiecidr PPD 1asiifedinlldadanulafueniuailivaent)
’4 A o acs as =y 9 o 2’, = = al =) ' ° W =J ]
Tuhwanazindfjisenfulsiveulivuall  fasduimedsiusunvaeetarainlilatnay
174 k4
10 =y A Q d o
Usawieels  lunsdllldfifanduiriasionanilda daunlefunaniunasludiansaun
-3 Ac‘ [~ s 1 a .3 = [ . .
wnhinafudeatneieeldlshvewau  Fundn potassium  permangnate  dispenser
] v
(Schoenecker and Rhodes, 1965) dnldiindmuluwn (peddie wheel) arnnisluaaaaiy
atlsfimuarasiesiintifedasranisdiulpanuanielfmnsiumsdauluaungsau
(NIUW, 2528)
2 14
2.4 m i ddadanlefusnuunluniswisipesdndin
1 ¥
2.4.1 msMludadundesuiannumietlasiy wazindnlsadndin
¥
s lilddadEsuefuaniunlunistlasiu uasnndanlsadnduniniundiu
' , 2 X
nAatIUIULAY ARsFL A.A. N1 19 (Snieszko and Axelrod, 1970) TmaBuauluilssina
o’ [ . . A
wasfy seazusnldudiatrndn (carp, Cyprinus carpio) #fliudlan (argulus) luils@m 38n9s
PP o . o ¢
AMeaniunnn Aen1rwirangsazaedindu (stock solution) 2edlUsadanasuueniiun 1
v & v
nfusietn 100 Raaans wazinansazaeiliudludmnsdou 1 Heddmssialn 1 Ams W 30
y g Ja X o o e .
W uananiinani Mudeateaasmananudndunfinty  AennldfinastinTudadeulas
o -4 Z’/ i -y o A
uanuan lunindaisatlan iafsanndsannneuen wazuuafiFe Aannsnldlunng

fdnazumnsinaiuaentyl 6un n19qu (dip treatment) udszaizdu (short duration treatment)
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viaudnaan (indefinite treatment) vislifiuagjfuaauduiuzesansazmeild slauazaunn
789147 muﬁ'\wﬁmm‘ismﬂuﬁﬁﬁm (Herwig, 1979)
2.4.2 melfTUFaEuuefunumiieLy @mauﬁmmqmzmﬂuﬁfaLgﬂqﬂm

2421 Vaahnussifiguemifuidaed feansmantiacinaiily
Fnneandiauiiazareluti (dissolved oxygen) anad un weFalesau (Fe™) wuannile
lanau (Mn) uazlalasiaudalvd (H,S) (Adams, 1960; Humphrey and Eikleberry, 1962;
Welch, 1963; Willey et al., 1964)

2422 Wumsuitlywiilaafuse waznaurenin Jufnaangmienng
1 uaziAngamiaLntinlutn (Cherry, 1962; Bauer, 1966; Fitzgerald, 1966; Kemp et
al., 1966; Rauch, 1964)

2423 Wunmsanufhifwsedimaeialuin  Wud  Tefiueu
(Lawrence, 1965) uaunsiedw 1 (Berger et al., 1969; Walker, 1967; Marking and Bills, 1975)

2424 udinsanseaeseantiaulutiaifalan Inalufm@ennlofuas
nusazinMUfise LA ueewsd  uazBuvnans %ﬁﬁﬂﬂ1‘l¢gﬂﬂﬂ?ﬁ:ﬁ’]ﬂ (soluble
organic matter) UAZAUNIALIIURAE (suspended organic matter) (Engstrom-Heg, 1971;
Lay, 1971; Boyd, 1982; Spicher and Skrinde, 1983) ez ifanmnslfeandiauluinanag

2.5 ananiufinresllfad@nnlefisnundedddin
wiinTudmdanlefumennumasgminn sl ufanssnamnzittedndia

wiffidadnfmaglsznamildifitasninsfaduRiay fe aowduiy upznadhafed fa
ann17ld (Boyd, 1982) lasmdnuiiluimaasldfadannlafunsniiunsauuaiiFafinainnis
ﬂﬁ’ﬁ?mmn%m%ummtﬂmﬂmmLum‘lﬂfaﬂu (MnO,) ﬁu?mmﬁqtﬁﬂﬁ:umﬁ (cell membrane)
Lﬂuna’lﬁ’tﬁﬂﬁ:umaﬁ@ﬂqmauﬂﬁ uazutiinnegisinanll (Boyd, 1979) TAa@aulasfuse
nmaziauilufiusawuafFuunsuaunInndaunsiLan (Stearn, 1930; Tucker and Boyd,
1977) usnanidadirnuiiiufuseddiinmunadninuaniin nglenizesneieddiTan
wARAEY U A mde (Kemp et al., 1966) muiades ualsdnnauananuaneiin
(Herwig, 1979) dwAnlaudriugnminfiazenalfadeulefunesnumasiinanailuie
Aaudnege (nunimid, 2538) u,a:mmLﬂuﬁm:ﬁﬂﬂmlﬁﬂLmroiqﬁﬁﬁﬂ?mm’ﬁuw‘?‘ﬂmmﬂmn
(Duijin, 1967)

e
o
fm
&2
|
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danassedslunnslflddadannla funaniium
2/ 1 o o ¥ Y 1 Ad ' 3 1 1 3 Y S
msliArsiuinanuduiugauianfuwasirauaueguunmiuananaliifiana@e fa
[} %’ d [ [ & = ] 1
miBuneandiculuinansy Wassnnlusadeunlefunsniunfuiwsagimialnenga
¥
Mldausemadusiuounan  midenmnisdaamsiussluiainanas  susiRenfuazia

=y %’ ] -3 A
aandiauluin i I lurwiunissiraareaesunastnauitinia il udqfos (Boyd, 1982)

iflavannida Tetrahymena sp. Wuilgmasasennsnamizidealangaean Ineanis

2 Yyl o o o 4 |
damneungAglifigninnnmasesnisindn uazaauAuiTe Tetrahymena sp. Taawudalunig
fdmide Tetrahymena sp. RIMNNTNINIVAKEITBY Ponpompisit et al. (2001) $1e1wdnd
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arnanansnlusndaideldinneluenn 24 i Aratadiadiu 0.1 doufaidadud 0.2 uas
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melu 24 dalue wenTuidielansenladinnmmanesiinonududi 0, 50, 10 uaz 200 Wiy
wudnfianududu 50 AREy anansoiateide Tetrahymena sp. I wsfipanudindu 100
LAz 200 AN amnsoinanadaldnnety 1 4o Hefnauldinmasasiiaaauidudu o,
50 100 uaz 200 WdN Taewudnfiaoudnd 50 AREN WefnAuswsainanedeld
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100 200 UAY 400 AN BN WU Ndndu 400 AREN ansonane@alaniel 24 dolus
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P o 9 o P ° o &
nmsnaaasn 1 mamnanududuresssial  waznanfwunzanlunisindnde
Tetrahymena sp. ‘Wailfiinng Ineldnonnduduresmsed 5 roiu wieumisaaiugu
Tuudazpndinduiinimesesetines 4 41 Tnelf well plate 1wm 24 ugn Tunminng
nasedlundacugu i BunouaadiEnsiu - 2,000 Wedseiaddn? Aanan masesinesin
v eolaise ) . >
nsiuEadnNEInn el 48 $9lug Inautiintsnasadu 2 funeuda
[- 24 o or lz
1.1 mslsrAuamudiniidunsidade Tetrahymena sp. Twiiiagdu
fuuaszAuANduduresiasundui 10, 20, 30, 40 uaz 50 AREN LazszALIAIY
o/ [ ¥ A (-3 )
dnduresildnd@anulafuaniuni 1, 2, 3, 4, 5,6, 7, 8, 9 uaz 10 WiNEN wianudoaAsuAy
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L 74 [ < A (-4
Avuasziuaudndusaafundui 50, 100, 125, 150 waz 200 AREN wazszAn
o/ 5 ‘4 =3 1 L}
AN duasTusadanlafuseniuni 5, 10,15, 20 uaz 25 ARGy wiauudariuAN us
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1,000 Rindans Ineldin 800 findans whanriuldida Tetrahymena sp. Uszu1nd 1,000 1988
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ABn19NAaag
=l o o ar
NISVNAARMN 1: n'ra‘mﬁ'a'mu’i'ui'u WRSLIAMN Lﬂﬂ'\%ﬁ%ﬂ.‘l‘m'l‘a‘ﬂ'lﬂmﬁﬂ Tetrahymena sp.
Tuvasnlfiisnisg
s ¥ ¥ t=| 0 aos % 3 174
1.1. MIRITEALANITNTUN mmzau‘lumsmqm @ Tetrahymena sp. ’Lummmu
1.2. NITUITLALAIINAINY L%uﬁ'u HATTOES L’J'Z‘i']“?l mmmu‘lum?ﬁﬁm L%ﬂ
Tetrahymena sp.

¥
Qs

dRauNITIAENIAe Tetrahymena sp.

1. iiensniutindulugnmda 111 udatinllsinFedaieiasenussidlet

2. Vhtniuntseideifuudanuant 5 wefifus FBS (Fetal Bovin serum) uay
1 wiafifius P/S (Pennicilin / Steptomycin) AN TAETeTiGENd  APW
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Wil stock solution FaeN1sUIAY PPD ma@tinasaes Boyd (1979) fau udaasuian
Anadindu PPD udiniunnganidnfufuaaa gt stock solution Asmuals)

3. Yide Tetrahymena sp. fiReluamns APW Vunldlu centrifuge tube szu0u
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ass)
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6. vinaiuad (gaiTenn 2 lilashns udvanasualad Inevindy 3 qauualad
W) MWilaedudequ 1 wefduiesindu Ltﬁqﬁﬁ"l.ﬂum:u‘a‘mmnmmmL%ﬂﬁ@m‘%u v
vinlfaadugansiadoud

7. FmsiigadFaandesansaml ufanAnefzainic 3 wen Rnsdaan uay
Raanada Tetrahymena sp. i3 2,000 Frefindans

8. ﬁm'mlfil'u‘ifuwhﬂ Wdidn Tetrahymena sp. 1 {afans (Fnmsaudanaufiaz
mnld well plate) uaziingfn stock solution UsutFumenialu well plate WHlH 1.5
fadans YnszAuaudndwitmmasesatines 4 i

9. Wanedunansulaeuuiacesie Tneingdesgrasndasqanssamineuinnig
Lﬁuﬁé’fgﬂqéﬂﬁfqmuqﬁ 25 asANTAEng Lﬁﬂqmmmjﬁmummﬁﬂ nnmsdaunmuanielu

48 dalug

< [ ’ s ¥ W =
N1ENARALTN 2 : MenAtauAMUlaraaungsiasAUATIENTUATISIAN
e o as & a
malua g msanian Tetrahymena sp. laaassnsiading 2 oiin
v
1. Mdawnwngeiugluanmagnunaanuenolszinn 2.7-3.2 Ui wvin
] 4
A 2 nfu Sruoudininadas 5 6 InaldundssldingnilFuons 500 Aaddns lufininafawia
¥
500 NARAAT 47U 3 91 NFANNGUAILAN
2. wirenasail Tnaniswita iR zansesasafiainnimanesd 1
o < <
3. AwnBnmsrasmsieiinldmuaduduisenis Taeldgas Nova = Nave
a 9
4. FUNANGANTINTDILAAUATLITEHSIIATNFABINTNAGEL
¥ 1 14 )
5. fhedandugurazeanlifiarsail ukaBaelamudnfiflwean 2 Ju wedunn

A7

< o
NITNAKRING : ﬂ"l?‘ylﬁﬂﬂ'ﬂﬁ']'luﬂiﬁa‘ll%ﬂ"l“ﬂlﬂﬁﬁ'ﬁlﬁﬁ I.Lazn'nuﬂ'm'ﬁn’lun'ﬁm
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HANSNARDILAZINTI

= ] o o
nsnasamaud 1 : Mamanaduiu uasnamnzsiuntindaide Tetrahymena sp.

TuiasiiEnns

1.1 nMemszauANMTNTuwanssNlunsiSaila Tetrahymena sp. Tusilasnu
ganafinau
wudsziuanudidugamesindui 10, 20, 30, 40 uaz 50 AEN Ligwnsomdn
e Tetrahymena sp. Wuantilu 48 dalus Tredevnisney WeuiunguacuaN uazlu
nns:ﬁummﬁl'uiu’uma'ﬁmﬂﬂ?\;ﬂuuﬂmﬁmﬂm'mmmma’iﬂummfmﬁ’u
dadenulafuseniiun
wudsziuanuddd 1, 2, 3, 4, 5, 6, 7, 8 uaz 9 Biflasmannsalunisindnideld
uiRszAuAaddy 10 BN swnzofndnida Tetrahymena sp. Mn1eluan 360 uf

o A d LA U
Insgadazanasizes WafinuiunguaaLaw

1.2 NsMsEAUATNANNLENTY wazssasaa s lunsteada Tetrahymena
sp.
gnsnafunfu
wudnssAuAdNduTamefnaulia N ddnde Tetranymena sp. 1§ Pl
svaupmdidL 100, 125, 150 uaz 200 ARIEN Inenus s IwTadRsAT AR UIUTIREAY

d [ o’al g’/ ) A o [ A A
Faer) uarhinuradnNTInAUAWIAT 60, 50, 40 UAT 45 AMNAFL (AT 3 uaznIWh 4)
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A [ 24 1 [ =3 3 o o 1 o
dnufsziuaududy 50 RREN nudmefnauliaunsaidadeldvan witduuanng
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] ] = o o a J o |73 [ = A =
Lmnmmmauuﬂﬁﬂmymmnmnunaumuqu TraWLd3EALAMNITNTUTDIND SNNAUN 50 N
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s

Al ﬁm'mu.mnwmﬁufaﬂwﬁﬁﬂﬁﬁﬁ’rymmﬁﬁnun@:umuquﬁmm 40, 45, 60, 360, 720 UAE
1440 Wi uazileduganimasemefinufisziuacudiduy 50 ARdu Tardnmnissen
\AEIUTARYINTL 5.33+0.88 iraduieiRums 6 lulasang
athslsfimusnmefinaufisziuaudidu 50 #Rdn anmmesestisdedugans
yaaedll 48 falue Tetrahymena sp. wadidwuantienas widiamnsiiinedld fean

. » 4 - A [ 4 ¥
NNSNARBITBY Ponpornpisit et al. (2001) wudnd@rswefunauiseiuil Sanauaunsalunig
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VinanalTe Tetrahymena sp. 1anelu 24 4alus Miluidutionaazifiesainaanugiuansineiu

A a v A
UTBNAINNANTNIL mﬂu@uq
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|
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—*%.200 ppml

SRS TR SR |

SR S e S

989 (WIN)

N\
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= ° - i i Yo c  a i o v v
NN 4 ANUIUAR Tetrahymena sp.- 138a1a881NNNT IH FuaAITWaS I AUNseAuA M dNd Y

LAZTZeC AR UANFANIAL



d o i 4 - 1 A -oa o 1 o o« _a
A1919N 3 dnINnsenIRRLLeNTE Tetrahymenasp-(6 Winsangse 1.5 Hadang) Tesefupnndindu uazsraziansine Maesesundu

ANdNduae9 AN (W)

Wafu1au (ppm.) 5 10 15 20 25 30 35 40
0 14.67+0.88"°""  8.67+3,18""" 13.33+0.67""" ‘6.67+1.67°" 11.00+4.00°"™ 6.33+0.67°" 13.33+1.76"™" 5.33+1.76"
50 13.00+1.15%, 13,00%1.15"" 11.67+2.60"" '7.3310.83""  1383+0:88"" ' 7.67+2.67"" 10.00+1.53"" 16.33+1.86""
100 10674167 16:33+0.67°% 18:67+1:20"" 1.67+0:88°% 2.6740.33°"" 1,67+0.88°™ 2.33+1.86™" 0.33+0.33""
125 17.33+2.33%% 119.3342.19” 1 0.6740.67°" . 1.00+0.58”" .0.67£0.33" | 0.33+0.33°"  3.00+1.00°" 1.33+0.33""
150 8.67+3.71°" (4.67+1.33 ;0,33+0.33°" 1 0.33+0.33%" 0:67+0.67"" | 10.00+0.00" 1.67+1.20°™  0.00+0.00°"
200 11.33+3.38°" ) 0.00+0.00°" . 1.33+0.88°*", [1/67+0:88°" 7 0.67+0.33°7 / 3.00+0.00""  0.00+1.20°*  0.00+0.00""




A9197 3 G

PRt L GAR TN, e (W)

Wafu1Au (ppm.) 45 50 55 60 360 720 1440 2880
0 8.33+1.45°" 11.00+£0.58°"" 9.00+1.53"" " 9.00+3.561™""" 18.67+0.88°" 41.67+3.38" 26.67+4.91"" 19.67+2.60"
50 12.33+3.71""  8.83+0.88""" + 11:67+1.20" | 9.00£1.63""  1267+2.33"" | 533+1.45"" 4.67+0.67"" 5.33+0.88°"
100 3.00+1.15°"% 1.00+0.58°™ | '0:33+0.33°™ 0,00+0.00°™"*" 0:00+0.00® | 0.00+0.00°  0.00+0.00°"  0.00+0.00°"
125 13341835 1.0.004+0,00°" 0.00+0.00°" ' 0.00+0.00>% --0.0040.00" ' 0.00+0.00""  0.00+0.00""  0.00+0.00""
150 0.00+0.007~  0.00+0.00™" " [0:00+0.00°" " 0.00+0:00°"  0.00+0.00°" | 0.00+0.00°"  0.00+0.00""  0.00+0.00""
200 0.00+0,00”"~ 0.00£0,00°", 0.00+0.00* 0,00+0.00°" " 0:00+0:00°" | 0.00+0.00°*  0.00+0.00""  0.00+0.00""

NHBIUG) : ”q'ﬁnmmmﬁanquﬁumnmaﬁu uansdafinaNuAnAs TRt eflud A umaeaia (p<0.05) rzazandeniu lusziunnud

dupine fiu

anEINE e AUANFATY eI THANLANsN TR 1T A ATy n19alin (9<0.05) Asziuanududumaaiu Tusraziom
AN
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anslufaFe e funaniue

. o v o o = - i yo o A
WU'J']?:G]‘LIﬂ‘]’mL‘BN‘IIu'IIﬂGmﬂﬂt‘nﬂutﬂﬂ‘itmdﬂ’\I.uﬂﬂﬁ’m’ﬁﬂl‘nﬂ’l‘im‘nﬂ Tetrahymena Sp.

16 AanszAuAmdindL 10, 15, 20 uaz 25 AREN TALWLIISTUIUTIARNTAATIANAIUIL

o Y | cddda o 1 aa o v v pu]
uﬂﬂﬂ\'“s?ﬂﬂ'l LLﬁﬂNWULﬁiaﬂﬂu‘mﬂmuﬂuwm 360 1“7!“" TEALANIINYY (ANTINN 4 LA

NINT 5) daungesumnudndy 5 ANEn wudlddadanefunaniualugauisanidniaele

o o o '

vum  udiSuuanauaAnsvetitsdAgneataiunguacuan  Inawudiseiuan

o
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dindureslddadenilesunnuunn 5 ANdn JauuanseiueteldadiAynieatany
NGNAILIANTIIAN 5, 15, 40, 1440 uaz 2880 Wil uaziladuganimaseslUiadanilesun

d o Y o Aa g A a 1 e P
nuuaszAuANdndy 5 WAL -AANEATIN990AIRRE TBNEARWNTL 8.00+1.15 ITARAS

1313 6 lulnsans
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AnNg

6 laulng

TRR 0D

FTUIUL

S e S S e S

IR (UIN)

d o o dl dl o o I o d‘
AN 5 UIULTERA Tetrahymena sp. nranlRfeaINNITFuasllAaEuNa T uN AN

MIANITNTY LAYITZIANALANAITU



d o i 1 _ 1 _ - o 1 o/ o
A919N 4 ERIINNRAIRREIRNTE Tetrahymenasp. (6 Winsdnisia 1.5 Hadans) Tussduanudindu uazsraziasine Muvesludadan
WaTuNINILWR

ANdNduelUda a7 (A7)

- s
IR LB FUNIN LA

(ppm.) 5 10 15 20 25 30 35 40
0 11.67+1.867 10.33+1.86° - 8,0041.08"" 10.67+2.73™ 7.674+1.45"" | 12.67+2.60"™" 9.67+2.03""  7.67+0.33"
5 21.0044.62"7 .12.00+3.06™" 13.33+1:86°" 13.67+3.18" 12.33+1.67>"  16.33+2.73" 12.00+1.73"" 15.00+0.58""
10 14.67+2.40®" 10.33+1.33"°™ 11,67+0.88""" 16,67+0.88°" ,13:67+2.40°" | 15.00+0.58°" 9.00+1.15™" 9.67+2.19"™"
15 15.33+1,76" 2, 17.00£1.73°" 9.00+1/53°" 15,0042.00°" 10:33+5,49°7 /3.33+1.45"" 3.33+1.45™"  7.33+1.20”
20 16.67+1.76° " -9.33+1.45"" | 7.004058"" 500+0.58"™ 567+1.86°°"" 5.33+1.45™" 5.00+0.58"" 4.00+1.00°"
25 15.33+0.88° ' 10.00+2.087 7.00+0.58"" .3.00+145°" 2.67+0.83™" 1.00+0.58°" 0.67+0.33°" 1.00+0.58""




A5197 4 (@)

ANl dureslldia

180 (W)
Fenidefuneanium
(ppm.) 45 50 55 60 360 720 1440 2880
0 7.33+1.86™"  8.33+0.88""  13.33+0.88""" 6.33+3.88""  6.67+0.67°"  18.67+5.78"" 19.67+3.48"" 11.00+2.89°"
5 10.0041.157 _ 9.33+2.33% 1 1067+1.45"™" 6.33+1.20™" 13.00+1.73"" 15.33+3.18" 9.00+1.53"" 8.00+1.15""
10 5.0043.06™ -10.00+2.52M 9,33+1:33°™™ . 7.00+1.00%' | 0.00£0.00°" | 10.00+0.00"  0.00+0.00"  0.00+0.00""
15 5.33+2,19"  0.00+0.00°% | 3:33+0:88" ~ 3.33+0.33%" 1. 0:00+0.00°" | |0.00+0.00°™  0.00+0.00""  0.00+0.00"
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