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##4989128420: MAJOR ENVIRONMENTAL SCIENCE
KEYWORDS: WATER QUALITY/ CHI RVER / YANG RIVER / CAGE CULTURE
PRACHYANEE TRIYUANG: EFFECT OF FISH CAGE CULTURE ON WATER
QUALITY: A CASE STUDY OF CHI RIVER. AND YANG RIVER, ROI ET
PROVINCE. ADVISOR: ASSOC. PROF.SOMKIAT PIYATIRATITIVORAKUL,
Ph.D., CO-ADVISOR: ASSOC.PROF, THAVIVONGSE SRIBURI, Ph.D., 98 pp.
The study was aimed to determine effect of fish eage culture on water quality of Chi and
Yang rivers, in Roi Et Province. In Chi river there were 92 cages of Tilapia culture. Each cage
culture 1,200 individuals. In Yang river 20 cages of Tilapia culture with size of 60-100 g were
culture at the beginning of the study. Three stations upstream, fish cage and downstream from the
cage culture, were collected during January (winter), April (summer), July (early rainy season) and
October (late rainy season) between 2007-2008, The result showed that water quality of Chi and
Yang Rivers were significant difference (p<0.05), but ammonia, nitrite, nitate, total nitrogen,
chlorophyll a and total organic matter were not significant difference. Water quality among
sampling stations was not significant difference. Water quality among seasons were significant
difference. For sediment of Chi and Yang rivers average 0.86 and 0.69 mg/l respectively, pH
average 6.65 and 6.23 respectively and % organic matter average 35.83 and 33.15 respectively. For
sediment among sampling stations total nitrogen, total phosphorus and pH were not significant
difference, but %organic matter was significant difference. Organic matter was higher downstream
43.94, low in cage fish site 35.58 and lowest upstream 23.94 respectively. Sediment among
seasons was significant difference, but total nitrogen was higher in the winter and summer season
with an average 0.83 and 0.93 mg/l, total phosphorus was higher in the winter season with an
average 6.25 mg/kg, pH was higher in the winter season with an average 7.23 and %organic matter
in the winter season was average 42.99. Comparative studies of species diversity of phytoplankton.
Showed 3 division, 19 family. In Chi river with 26 genus, 28 species. In Yang river with 20 genus
with 21 species. The present indicated that fish cage culture both in Chi and Yang rivers was still
not harmful to environmental of the rivers,
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Organic C + Chemical Oxidizing Agent A CO, + H,0 + Reducing Agent
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415 anmsinlulih (Conductivity)
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4.1.6 Usnaeenmouazaraiil (Dissolved Oxygen)
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4.1.7  aNUAN (Salinity)
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4.1.8 11of (Biochemical Oxygen Demand, BOD)
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A = 4 A aa o .. 4 1
POUNNIIAY 2551 NNNMIANEINUVLNAINABUNY 3 AIYU (Division)26 NA (genus) 1aun

Cyanophyta, Chlorophyta, Chromophyta M331tunldmiiadevesdani(2545) Hs1eaziden

9
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d' a 4 A A 100 4t
M1319N 4.7 %umam‘wmﬂmuwwwﬂmmuw

v

Division Class Order Family Genus
Cyanophyceae Chroococcaceae Chroococcaceae Microcystis
Cyanophyceae Nostocales Oscillatoriaceae Oscillatoria
Nostocaceae Anabaena
Chlorophyta Chlorophyceae Volvocales Volvocaceae Eudorina
Chlorococcales Hydrodictyaceae Pediastrum
Tetraedron,
Oocystaceae Treubaria
Crucigenia,
Scenedesmaceae Scenedesmus
Ulotrichales Ultrichaceae Ulothrix
Zygnematales Zygnemataceae Spirogyra
Closterium,
Desmidiaceae Desmidium
Euglenophyceae Euglenales Euglenaceae Phacus sp.
Biddulphiales
Chromophyta Bacillariophyceae (Centric Diatom) Melosiraceae Melosira,Diatom
Chaetoceraceae Chaetoceros
Bacillariales
(Pennate Diatom) Fragilariaceae Fragilaria, Synedra
Cymbella,
Cymbellaceae Gomphonema
Nitzschia, Gyrosigm
a, Pleurosigma,
Pinnularia, Navicul
Naviculaceae ar
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Division Class Order Family Genus
Oscillatoria,
Cyanophyceae Cyanophyceae Nostocales Oscillatoriaceae spirulina
Nostocaceae Anabaena
Chlorophyta Chlorophyceae Volvocales Volvocaceae Eudorina
Chlorococcales Hydrodictyaceae Pediastrum
Zygnematales Zygnemataceae Spirogyra
Desmidium,
Desmidiaceae Staurodesmus
Euglenophyceae Euglenales Euglenaceae Euglena
Biddulphiales
Chromophyta Bacillariophyceae (Centric Diatom) Melosiraceae Melosira
Chaetoceraceae Chaetoceros
Bacillariales
(Pennate Diatom) Fragilariaceae Fragilaria, Synedra
Eunotiaceae Eutonia
Cymbellaceae Gomphonema
Navicula,
Pinnularia,
Naviculaceae Pleurosigma
Bacillariaceae Nitzschia
Surirellaceae Surirella
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N y ¢ ¢
MIUNWD(BaARBGNUIANINAT)

FHauwaInnOUNY
991U fgasou auggay
wii®
Division Cyanophyta
Anabaena sp. 30,902 1,646,643 -
Microcystis sp. 106,041 23,481 9,025
Oscillatoria sp. 5,950 15,769 -
Division Chlorophyta
Closterium sp. P58 467 29
Crucigenia sp. 17,654 4,813 -
Desmedium sp. 171 578 -
FEudorina sp 157 453 139
Pediastrum sp. 937 41,002 -
Phacus sp. 935 1,109 203
Scenedesmus sp. - 749 -
Spirogyra sp. 706 578 214
Tetraedron sp. 106 356 287
Treubaria sp. 1247 - 1,000
Ulothrix sp. 402,134 12,543 10,700
Division Chromophyta
Chaetoceros sp. 824 1,423 -
Cymbella sp. 814 1,675 2,004
Diatom sp. 5,876 8,000 4,098
Fragilaria sp. 34,112 30,561 13,213
Gomophonema sp. 8,678 11,542 -
Gyrosigma sp. 457 292 -
Melosira sp. 990,563 189,644 10,655
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o y ¢ ¢
MIUNWD(BaARBGNUIANINAT)

FHauwaInnOUNY
g9HUM fgasou auggiy
wii®
Navicula sp. 34,132 30,302 11,205
Pinnularia sp. 2,318 927 3,245
Pleurosigma sp. 800 698 -
Synedra sp. 1,887 3,098 1,006
3 1,650,639 2,029,709 67,023

Y a J ! 1 09/ o
M3197 4.10 USunavesnwasnaounsiny luniihdwmwggnia

o Y ¢ ¢
MIUNND(BaaNBgNUIANINAT)

FHauwaInnoUNY
gt q@%’au ﬂuq@vlu
wivindls

Division Cyanophyta
Anabaena sp. 4,485 7,659 4,006
Oscillatoria sp. 3,643 45,368 3,285
Spirulina sp. 563 786 189
Division Chlorophyta
Staurodesmus sp. 316 453 -
Desmidium sp. 260 509 -
FEudorina sp. 985 2,015 76
FEuglena sp. 1,408 3,975 -
Pediastrum sp. 1,355 4,041 756
Spirogyra sp. 22,206 11,340 2600
Division Chromophyta
Chaetoceros sp. 310 459 -




76

H a 4 { ] :I [
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R , B ﬁ‘immﬁwu(waﬁﬁagnmﬂﬁmm)
BHALNWAINADUWY
ganuN» ga3ou Augary
wivindls

Cymbella sp. 4,423 3,542 2,033
Fragilaria sp. 18,643 57,942 7,243
Gomophonema sp. 1,534 47,692 6,146
Melosira sp. 1,054 1253 -
Navicula sp. 8,975 31,453 1,101
Nitzschia sp. 1,087 1,482 507
Pinnularia sp. 3,065 7,854 1,386
Synedra sp. 4,462 3,658 1,878
3 79,543 231,481 31,206
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@ @ < J 3 an o @ Il 09;
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4 09.:} a { 13} [ 4 09//
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Y
1 o a Y 1
TaownTuniti g 20 yia 1aun Anabaena sp., Microcystis sp, Oscillatoria sp, Closterium sp.,
Eudorina sp., Eudorina sp, Pediastrum sp., Phacus sp., Scenedesmus sp., Ulothrix sp, Diatom sp.,
Fragilaria sp., Gomphonema sp., Melosira sp., Navicula sp., Nitzschia sp., Pinnularia sp.,
< 9 lg} 93 a Y
Synedra sp. Wudu wazwolunsithds 14 viia 1un dnabaena sp., Oscillatoria sp., Eudorina
sp., Eudorina sp., Pediastrum sp., Pediastrum sp., Eunotia sp, Fragilaria sp., Gomphonema sp.,
< 9 yw
Melosira sp., Navicula sp., Nitzschia sp., Pinnularia sp., Synedra sp. Wudu naguenanids
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551z viuenTantie (Ammonia)
a 4 =1 3’ gJasa 4 A & o .
msuasizrsey Tuiialuih 1935 3m51enuen luilesaaanilasu1ainved Strickland
<3 o 1 g’ ) a Y [ ] o
and Parson (1972) Tagifud1961911 10 ml A2391013AT1ZHNUN S1da luenusariimsg
a N Yo A P 3 A a ° A L) Aa A T a g’
Ans1zd lanuiinsuandanguugil -15 C vioumoulao@niluea 1 ml aodiuiasii
] (] £ Y I w 9 ad o 1 < [ 1 YR ] 4
#9813 25 ml FIAUNVSTAYIALITAIRA Iz AT UA0E19 1dD 4 2 Filaw
Y Y
a o w 1 a o I a
Ydarhidree191/581935 1 ml Taeldiii De-Tonized (D.I) (1% Blank 1A% phenol
- 4 a L] [
solution (phenol 20 g 11 95%V/V tefatieanoaed 200 ml) Y3183 0.04 ml e 119w 1a7
Y
1913 Sodium nitroprusside solution (Na,Fe(CN),NO.2H,0 1.0 g1‘Llﬁ1 D.I. 200 mD)511895 0.04
Y
U Y 9 o v A .. 8 2 3 . .
ml e IR U N LAY oxidizing solution (W&/¥ alkaline reagent (sodium citrate 100 g (1Q1g

NaOH 5 g 1111 D.I. 500 ml) 11ag sodium hypochlorite solution 1489351831 100 ml #® 25 ml)

U o
v a

Y [ 3
U511@5 0.1 mLwd1 lidiudnnss uazdsne ANgumgines (2027 ©) Uszum 1 92 Tus @
A A dgj 1 I ay, i O aaa ) [ 1 A 9 ﬁ'
mnaduazasegniely 24 4 Tusvavhlgnser ilddamnmisgandunaidlunies
] [ Y ]
spectrophotometer ANNNENIAAY 640 nm INUUIATYN standard ammonia solution NAIY
WuTuNa19iy Ao 0.01,0.05,0.1418& 0.5 mg-NH,-N/L AINAIAVIN stock ammonia solution

AT 100 mg-NH,-N/L

0.45 -

0.4 1 y =0.8193x
0.35 4 R? =0.9874

Absorbance

0 0.1 0.2 0.3 0.4 0.5 0.6

concentration(mg-N/L)

n3 N 1 N3 1IAIgIUeN Ty (Total ammonia)
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d
53z lulase (Nitrite)
a L 091 AadAa SR @
mMsua1er 1 lasa i 193512 1 T sddadauaannninves Strickland and
< o ] 3’ Y o ] o a NY o A 3 A
Parson (1972) TaatnufA10619111 10 ml d1de liawisaBiin1s s ien lanuiasuasudan
Aa ° N 2’ @ I a Y g} M IS a . .
gungil -15 ¢ Ynlarirdiedialsunas 1 m Taglyinduily Blank 1Ay sulfanilamide
Y v
solution(sulphanilamide 5 g nsalalasnasin 50 ml 1uiinaw 500 ml ) US1195 0.02 ml tven
Y Y o Qy JYq Y a aaa = 1 1A = 09.1} a
Tddnnurazna 1A 1dRala5e1 2 widine 11 10 117 9171711AN naphthylethylenediamine
Y
reagent (N-(1-Naphthy)-Ethylenediamine Dihydrochloride 0.50 g @011 500 ml) Y511@15 0.02 ml
4 9 [ 1
i lmdndu @aneld 10 wianselunu 2 9w i lddaninisgandunasdionios
v ' k4 v
spectrophotometer NANE1IAAY 543 nm NAUUATEY standard nitrite solution NANMTUYU

N9y Ao 0.01,0.05,0.11tag 0.5 mg-NO,-N/L AINAIAVN stock nitrite solution AN

100 mg-NO,-N/L
1.8 4
1.6 1 y = 3.1835x
1.4 4 R? =0.9934

Absorbance
o
(o]
1

0 0.1 0.2 0.3 0.4 0.5 0.6

concentration(mg-N/L)

p3wlf 2 nanesguulesd (NON)
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539121 1A (Nitrate)

a, a o q'J { a k4
35015 91A3129 Laen 11 191 e s n( Strickland and Parsons,1972) o A133A% 1

o P 1 I 4 1 @ [ @ P
wanluarsazaretinmes niduara ity lu'lasnalrenisniudrednaldIuaeduing
A& A Y ' S o A VY  am L N oA
upalsusunaeURIenowatad 1InUIa 1ulasin 1aA107F diazotization WAN5 UATIZHN

I qgj P 1 @ 1 o qaj a 4 =KX o & Y
lavzsmia luasnuas Tulasiiliegludaede auiunmsinsizim lumsndduiludes
a s JY aa . ¥ N ] F & s ¥ o v Ay Y P o
Magzin lu'lasnde73 diazotiza- tion 28 e lu'lasnn lduinauain 1da1n35i94

< 1 A Y a
ﬂglﬂuﬂ'lvlu!ﬁiﬂﬂllﬂﬂiﬂ

y=2.1338x
R?=0.9905

Absorbance

0 0.2 0.4 0.6 0.8 1 1.2

concentration (mg-N/l)

nsn 3 ﬂiwlmmgm"lumm (NO,-N)
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35 nTzH IuInsIauNauA (Total Nitrogen, TN)
a qaj Jaa P
M3 a1 lulasnuianue 1935 3m512dFedaniaana1nveq Grasshoff (1999)
) g} o ] 4 a J 3 a
Tagiinhidedsidesnisiasizi luTasnunanuau 50 ml U559y flask vagi@y
oxidizing reagent (2£@1¢ purified potassium peroxdisulphate (K,S,0,) 5 g tag boric acid

(H,B0,) luasaza1v NaOH 0.375 mol/L 100 m! 11 I3figaingiesluvianaadniiiudae

U Q
a

. e Y9 o g A o
aluminum foil) 151105 5 ml wau Iy 910w 11 autoclaved Ngaivigd 105 °C ifluna

U

30 Wi udnh 13n 57 lumsadie35ued Greenberg et.al. (1992)

25
) y=0.2146x A
9 J R%2=0.9788
€ 15 |
3
2 1
<
05
0 T T T T T 1
0 2 4 6 8 10 12

Concentration(mg-N/l)

v 4
n3 A 4 nslinasguluTasaunvue
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FEmsdnnzrivlearleSanaviua (Total Phisphorus,TP)

a td [ 3 aa . . Jaxa d g}
mMsuazrnoanesaianualasds Ascorbic Acid Method 193571A512119A1N

a

@ 1 a aa 1 i Y i a A o [ a J aa 9
AIDYN 25 Uaaang 1’(3114%'3@]8@‘(’1@]3@81\1 LG]iJﬁ'lilﬂiJﬁ'lﬁiﬂflflﬂclfllﬂﬁ Suaaansd ﬂﬂl‘(’lulﬂ!ﬂﬁ

v
A o a o

Y o [ 13 A [~ Y % 1 =\ Y A
I,L'U'IJﬂ§$llh%(ﬂ'W]'J@EJ'I\HL‘]HEJHWTE]LL"BL!"U\WI'ENGLWQ‘EHViﬂNﬂl@ﬂu’lﬁ?ﬂﬂ’mﬂqmﬂﬂﬂiﬂalﬂENﬂU

gaunginesnou) gamsnasgiuvesoaila 0.05 mg-P/L 25 Hadans asluvindosudnau
o [ a J a aa o o a ) o a J
M3l dMIUoend lad 5 adans d1M5U reagent blank AN IzAIANT M VoINS lad 5
Aa aa ° [ 9 Yy = [ ~ 4 Qy I
Hadans i lldesdrendoilsnnuauga(121 esrisaded , 15 Yeua/m15191i7) ual 30
= @ @ ' < 9 ' o ' A 9 aaz} = 9
Wl NaInaledIuBuNEY 1wE1vIaAleg1uNe Iiaznenv1tazaty uveld e
. Qy SN 1 { ) a o a .
msazane lanaly 5 Tadaas duiuderi liamsgnniedmaniuiTnislu Strickland

and Parsons(1972)

0.6 -
y=0.4776x
R?= 0.9967

0.5
0.4

0.3 -

Absorbance

0.2 -

0.1

0 T T T
0 0.2 0.4 0.6 0.8 1 1.2

Concentration.mg/L

v 4
nsmln 5 asmmnasgiudeanesanvug
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a d ) =
Mm3anszrHmmiled (Biochemical Oxygen Demand, BOD)

1A = 9 as . Jax a a g’ v 1 1 :
A15¥1A10 1o 1aga1895 direct method 1535 1Au0nFAUAd UG08 19818111
[ L] d'Q' v Y =1 = o =1 = d‘ 1
$19819N0uAAeD1IMAad UVt 1o 2 v 1wl 1advIan 1 ¥1KHIA1 DO VDY
A 9 [ =1 = = ) [ d'9/l =\ =y = I ]
9A15uAY (DO, ) druvaiiTed vaah 2 i lliunduniiTed 20 osruaaidod 1Hunal 5 Ju
182111181 DO Y9 Tui 5 (DO, )

N3MUIUNIAIL 18R BOD, = DO, - DO,

q
MIBATEHIM T 0a (Chemical Oxygen Demand, COD)
L= =S 9Y ag o 3’ [ L] a 1 Y
MIMA%1eAAI8735 Close Reflux Method 111310179819131105 5 ml Talunasaudd
Y
YUIA 25 x 150 Wy @Nherdesaa1enio uamdon lalaswa awdrensasiuzdueeis
Y o Y ' v 9 YN o @ V9V & Y o M o
%19 Yarh Iiuiunazwenaunnne dmsunuasa v lsiinduuaiiunieuaieg1ann
I %) 1 3 a { I~ o 4
619 1enavaunluuden udr lddou Asguugii 19N 150 = 2°C iilunar 2 5 Tue ieasy 2
& Y _ o v ¥ s o E W3
%3 19 wdnireenvingoutassnaliion wasnniuiiunlamse Tasmeaisazaisn
v oMl o O dmery Y q9 v
vasauniadluviagnite lahnauaaduasazaelunasaunilvivue uaunsouaslu
a LY J Y 9 =
¥a3Un51e @ue TsBuduAmes 2-3 1o uad lawmsaalemsazmeowiond TV
' = A I A A J 4 =
msazavzAveasuanndnaey Wudderemmaes i nazihaauas ddasiniega

ga ansmasenooanly lansandninsiuan

% 1of, Naans NooNFIUABAAS = (A-B) x N x"8000

Y
1A, VDIN 29819111
4o A = wa.ved FAS N1 luns lewsauiass

~ FY @ [l :
wa. 194 FAS 19 1ums lamsadeg1aii

N = anuHutUuee FAS, Uo317a
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MIAANZHIIMAa8)35¥ad to (Chlorophyll a)

1 a o a
MivIAnae 1sWaa 1o 1ae7s Spectrophotometric Method (Strickland and Parsons,
9 9
1972) 1i11118208191/51195 35 ml PTBINIUATEAIBATBY (GF/C) AT HIINTEAENTea laas
[ v [
TunaoANAaINN UL 1AL 90% Acetone solution (Acetone 90 ml UFVUTasd81I1naY
I a a o J o ] < M )
it 100 mi) YSuas 10 ml Yasiudaenszarmmlooandiirliusludidulszunm 24 ¥2Tug i
Y A Y A . v 1Y 1 A A
p0NUUTUATO9I UMDY (Centrifuge) HAI9ATITAZA10 1)AT19 TR INTAANAULEINAIY
P1INDU 645 AL 665 U1 THINAT LA8ATDY Spectrophotometer (Genesys 10ux, Thermo

spectronic)

35 AAZHimoamanA(Alkalinity)

4
=

a LY aan . Yan £ o @ @
N3 AATITIA19aA 18U fA(Alkalinity) 1535 H9A AL a9u191P VD9 5% NI TUFITA

a

< % v g‘ ~ o Y] (Y
LAYy UAYFUU (2535) TaeiNUEI9619111 100 ml @285 UHIA 250 ml KM IaA1dan

Aanad v A

) 091 g v { 1 o & o v 1 o
ananud nhdredis 100 ml Hegluiinnesyuia 250 ml #9317 pH probe uog 1a1i1m1

' Y
Tnmsadvensazarensadaynidudn 0.01 mol/L yuns2ie pH voedr019thlANMIND 4

E4
v A

Usiasvesnsadanin 0.01 mol/L N1glums lnmsavzailifinanionimdanaia aal

danana = Usumasvednsadayinildluns Inmsa (ml) x 1,000x0.01x2x50

9

5110511620874 (ml)

¢ o
BN HV UV INVINABT9%3A (Total suspended solids, TSS)

a 4 = & Ao q Y Y A ~
ﬂ15')!?]5’]31’7ﬂl@ﬁllmﬂllﬂlﬂuaaﬂ‘ﬂﬂﬂﬂﬂIﬂﬂﬂﬁﬂ’]iﬁl!‘ﬂ{lﬂ 103-105 93A LT NI DI

Fl ]
£ 1 o

9 v
Mod1NINNTzAIENT09 GF/C insiuthminaznounaneguunszamnsesaziilenln

]
~

9 A a o q U o ¥ 9w o & o Al a
uiaNgaIKgN 103 — 105 o3raaiFed wagin 1an lulonnda udrs hminimy as

E]

gJ @ < g 1 a @ 1 3} {
MMITNU0 WD WAL I UARUS MR TFpe19t N 14

bl F

< o o @ 1 0
VDUV IUADY(UN. /) = UIHUDNTLATHHA-NOUNTDIUI () X 106

Y [
1/531m5119n 599 (ml)
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da
ATHAU

[e))]
=)}
oD

d
5 AANHIIoUNIaIuAY (Organic Matter)

a

a 4 a o a a o
MIAATIEHAITOUNT 8 IUAY TA8IT Combustion method (Schinner et al., 1996) 11014

o ' £ Yy v v A wa 5 v ~ Y o Aa o ' ]
aregnamnaan Iiunaluesliians antivualiazi@eauaitianaiodna 2 g aaluge

a

L A S o Y o A ~ < o S o
AIZIUDINNIIUUINUN ua’mﬂﬂmmamﬂﬂn 550 pa AT 1U0a1 4 ¥4 Tue AU

gY]
9
A A a

RLORE mmmmmifuLm’J“lffcl,uTmammm%umaammwnmmmaﬂi maﬂmﬂmﬂu

Q

eY]
a a9 R o

ﬂ’J'liJﬁlfuinﬂﬂWEJu’E]ﬂ LSJ’E')ﬂ’JEIﬂi mmmmwﬂmmamwﬂ mmmmmumuﬂ L‘W?Ju'lﬂ'l

£ "1 U

mwuﬂ‘nmﬂ"lﬂmmmmmﬂimmmiaum §luau

9
o v

%Qrganic matter — thutinaunmela (g) x 100

Y
o v

MnnAUNBUHT ()

5 uanzilulasnunaviaalu@u (Total Kjeldahl Nitrogen, TKN)
4
M31ns1zy llasnunaualudy 1as3s Crude Protein (AOAC, 1990) 11Au
fedrannsan Iiunaazihunua liaziden uazFiandai0619 2 ¢ aslunasa Digestion tube
1A Protein catalyst (CuSO, 7 g 118z K,S0, 100 g waru1¥id1iu) wiin 10 g nazidy conc.H,SO,
9
solution Y1195 25 ml 1AM Digestion tube Talu Kjeldatherm digestion block 5o
UsznouneganiuszDUYQINIA HazAIguUuYNnT o 1idooaunaguuail 380 o
v v [
arFod Tdnanisnuaiszunm 6 47 Tue udavsilanioes asel Digestion tube guigiianas
= Ay a4 a Yy o 9 A & A4 A4
QU1 MyInas US1u103 10 ml4adt i uATad Vapodest 1 Wip1i1 unousuhon
1A1 conc.NaOH 131105 90 ml 1n5e9zsimihfinauauiedlunaoa Digestion tube THiAa
v 9 '

Ay NH, mmmu”lwmﬁﬁ’wq flask NUT37Y 4%Boric acid solution (Boric 4 g Tuiinau 100 ml)
a o A A a A I a 4
U31195 100 ml nauIY flask NU55Y 4%Boric. acid HUFuasINNTY 300 ml TellanToq
Vapodest 1 %1 flask T Tamsanu 05 N H,SO, Taol14d Tashiro indicator (Methyl red :

v

Methylene blue 9A3182U 3:2 Tag Methyl red 1 g 11 0.1N NaOH 37 ml U5uil5uasaaei
v g [ g} o a 2 A = =

Aaudlu 1 L wauiy Methylene blue 1'g Tuiinau 1 L) YSuas 2 vea Faziaeudandih

I A A :: o a o’j Y o
v nntudanlsna lulaseuiviua ldangassinoa

%TKN =0.1 N H,SO, (ml) x conc.H,SO, x 1400

Dry weight (g) x 1000
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aaa d I U a
I anzrinnuiunsa-ara luau

ada 4 a ad o A =y q'./ [
15n512% pH Tuau Iaed5uoe Yokokawa, 1984) iauidlenudedseuim 10-20 N5y

a oy M a a aa Y Ay a o : Y o Qy 9 ~ A
waurnaulsuag 20-25 yanang muimumummmmua ‘m"l’;ﬂizmm 20-30 UIN 1T

) { < 1 o {
1111 centrifuge 1213152591 2000-3000 5OURBUIT TA pH 9nE15aza1e lanegdruyy

U
9

A1833M3 99 pH Ve
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9
o A
Y

51 1 vhsudawSram

U
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519 2 vhsuila
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v Y

a a d
sz IAQvBINeNHNUS

! ] ]
= = a A v oA (% A o

[ [ J o a

WYY 03929 AN TUN 22 FUAN 2526 NTINTAYIHYIBIN T

=2 [ a aSa Jd o a a J % =~

MafnszAulIyaaTImenaastaga dranemaasmilszus aonjumalulad
Y 4 % = =< Y =X 1 @

NISIDUINAUITIAUNUITATIANTISUN 11!1Jﬂ1§ﬁﬂ19|’] 2548 uazmnﬁﬂymaiuwaﬂqm
a 4 @ a a a 7 A 4 a (Y

AINYIFNTATUNIUUNG E‘T’Viﬁ"lﬂl'l'ﬁﬂ?ﬂﬂ?ﬁ']ﬁ@liﬁﬁll?ﬂgﬁ]ﬂ YWIANNITUVHIINGIQY (11'!?]

= 1 = 9 a a 4
MsAny1 2549 Tuszranmsanet ldavenanulunsdszyuisnmsinemansuay

maTulad udeilszme Ine A399 34 (NN, 34) 5249199U7 31 @aIAuDa 2 WeAINBU 2551 O
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