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ABSTRACT

This study was conducted to search for an appropriate aquatic plant species and
density for treating water in goldfish (Carassius auratus) closed culture system. The study was
comprised of 3 experiments. In the first experiment, a comparative study was made to select the
most efficient aquatic plant species for nitrogen and phosphorus removal in the wastewater from
closed culture of goldfish. Three aquatic plant species, Hydrilla verticillata, Ceratophyllum
demersum and Utricularia aurea, at a density of 2.5 g/l were grown for 5 days in glass aquaria
containing 60 liters of wastewater from goldfish cultured at a density of 1 fish/3 1. It was found
that U. aurea was the most efficient for removal of ammonia (20.13%), nitrate (28.78%) and
orthophosphate (27.62%). The highest uptake rates of ammonia (0.349 mg/g-fw/d), nitrate (1.085
mg/g-fw/d) and orthophosphate (0.212 mg/g-fw/d) were found in U. aurea while the highest
efficient for removal of nitrite (72.96%) and the highest uptake rates of nitrite (0.735 mg/g-fw/d)

were found in H. verticillata.

In the second experiment, a study was conducted to determine the most suitable
density of U. aurea for removal of nitrogen and phosphorus in the wastewater from closed culture
of goldfish. U. aurea, at densities of 0, 1.5, 2.5 and 3.5 g/l were grown for 5 days in glass aquaria
containing 60 liters of wastewater from goldfish cultured at a density of 1 fish/3 1. The highest
removal of ammonia (27.21%), nitrite (23.42%), nitrate (33.24%) and orthophosphate (34.64%)
was found in U. aurea at a density of 3.5 g/l. Moreover, the highest uptake rates of ammonia
(0.267 mg/g-fw/d), nitrite (0.406 mg/g-fw/d), nitrate (1.141mg/g-fw/d) and orthophosphate (0.163

mg/g-fw/d) were also found at this density.
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In the last experiment, in order to determine the most appropriate density of
U. aurea and goldfish in a closed culture system, a factorial design with 3 replicates experiment
was carried out for 56 days in glass aquaria containing 60 1 freshwater and goldfish (2.5 g each)
stocked at 3 densities (0.5, 1 and 1.5 fish/ 3 liters of water) and 4 densities (0, 1.5, 2.5 and 3.5 g/)
of U. aurea. There was a corner filter and a plastic net for separating goldfish and U. aurea in
each aquarium. It was found that the goldfish stocked at 1 fish/3 liters of water with U. aurea
2.5 g/l showed the highest growth rate (0.057 g/d) and the removal efficiencies of ammonia,
nitrite, nitrate and orthophosphate were 24.06%, 18.15%, 45.09% and 29.32%, respectively. The
goldfish stocked at 1 fish/3 liters of water with U. aurea 3.5 g/l showed the highest survival rate
(98.33%). Moreover, the highest removal of ammonia (38.76%), nitrite (21.80%), nitrate
(53.97%) and orthophosphate (38.46%) was also found in this system. Therefore, the stocking
density of 0.5 or 1 fish/3 liters of water with U. aurea 3.5 g/l is recommended for goldfish closed

culture system.
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Genus Carassius

Species auratus
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9819320152 (AN, 2540; TR, 2542)

1) MHINYMNNINTZION (Hydrilla verticillata (L.f.) Royle)

4
Mﬂ15ﬂ°1l!uﬂﬁm®Hﬂilﬁ’muﬁﬂu (Jacono and Richerson, 2003)

Division Magnoliophyta
Class Liliopsida
Order Hydrocharitales
Family Hydrocharitaceae
Genus Hydrilla
Species verticillata

v
[ I o . .
amsenansesonidluiias1dii (submerged aquatic plant) (Bunluesin ez

al., 2007) e lAvesd uRe (Madeira e al., 1997) NSN3z AOToLAZ NS
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o 1 a o a a @ H
Wlumsnszanelug s eoaasiae Wadwaud wevlsn wazewsnuniio/1d (Gu, 2006) faden
v
IWanaMIunInTznevesantsevensysenluumasilszneudie siiavesnsnou (Gafay
Y
and Gasith, 1999) FEAUANNANYRAN (Wallsten and Forsgren, 1989) anu s aer (Canfield et
Y v )
al., 1985; Schwarz et al., 2002) ANUFUYDINUNDI1 (Duarte and Kalff, 1986) anHAULUDINAY
Y
(Hudon et al., 2000) 12 Benthic Algae (Weisner ef al., 1997) 8131911905 3ona1u150vu 1aa
v v v Y v '
Tuneunnannziaznnanmvesraai iy i ld uareuwsglniii szauanuani
1 a o Y AaAa A U a a FIEY <3 =
wimngeru 1iinu 3 0. (Langeland, 1996) a1dudidilionoou n3apanTalda uazsiaisa aulinam
y2 & A oA ' 4 v ¥t , o Y <
o111809 6 . dluimnihinuaenisuldountasanmuaadonlaa unsveneiusg 1asaa157

(1139, 2546; Werie tiag WUBIA, 2550; Wang et al., 2007)
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’J%W‘Hu]‘lﬂﬂmmzaﬂﬂl‘W’ﬂﬁﬂﬂﬁlﬂm”lu!,ﬁiﬂllﬁzwﬂ’L’(W\IﬁiuuﬂﬁﬂiiQWfJT]J]ﬁﬁiMﬂi‘lJ“V]i
' v '

NWW%‘V]EJY&EJ"U’E]HLMH Lﬁﬁ]ﬁu’q{ﬂﬂ'li‘i/lﬂﬂf’NW“U’ﬂﬁﬂ’ﬁﬁlﬁNﬂi%iﬁ]ﬂﬁﬂﬂWNﬂunluu 2.5 n./a.

asoaasuia luasnan 28.80 un/a. iMaoiiie 18.94 un./a.
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WNANEA 50909WIADE NI B INTZTON LazAnLIU a9 TaelilSinamsazaylasiion

M 5.991, 0.548 Az 1.317 ¥A./nN. i auia ey

2) ﬁﬂ’i‘f"lm’!&‘liﬂﬂ (Ceratophyllum demersum Brenan)

Y
UMITWUAMNOYNTWITIUAIN (3101, 2542)

Division Magnoliophyta
Class Magnoliopsida
Order Nymphaeales
Family Ceratophyllaceae
Genus Ceratophyllum
Species demersum

] 1< oy { o <
amewre Taduiyldiniongdwdl Srdwduaronausersn

E4
A 1

A o y 3 ' o
uannaduen luidnvazduludewanseudodiuig Uszum 7-12 lusedeo dnuuzans
g 2 g & ' A & 2 M H
luazuanilusuandareweniluaoaunn (dichotomous) WuNluNuamilusSIUTAUS 1-4 F1

2 ) 4 o oy 4 o o A < ' .
vouvesslumuniaseud i tandnduiludesiane (serrulate) 135% 10 (exstipulate)

U

Y = Y

o I3 { g a 1 a
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v A
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4 1 1 < A [
Wieun 1Al aentaa (achene) HANWULUWAY 1-3 OU (F¥W18, 2538; 191, 2542) ¥OU

1
o

Pj Y ' £
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etal., 2004)
Aa =3 o oy Qy dﬂl 4 Y
FIU nazamy (2545) ANBINITIITANININNITIAB9NU1IAY
= Yo ¢ a o < 4 2 '
n3zUIUMINFImnlaglddaas iriinnuan 0 ppt WaAUTANITNAABINTI
A 0NIre Tannunuuiu 2.5 n/a. Bilssaniamange TasaunsoanlsuamenTuiie

14 0.04 wn.-TuTasu/mn. /.



15

3) MHNeINHI (Utricularia aurea Lour.)

4
UNINUUNANOYNTHITIUAIL (3101, 2542)

Division Magnoliophyta
Class Magnoliopsida
Order Scrophulariales
Family Lentibulariaceae
Genus Utricularia
Species aurea
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AT 1091 U e 0.545+0.002" 0.322:+0.006" 0.292+0.001° 0.248+0.004° 0.223+0.007° 0.196+0.002°
M@ mmaeluszeznadesuiimiudedisnysaaiuiinnuuandediited fymadda (p<0.05)

L8



1 4
=

H a 4 { (% g’ g} a { [
ms1amarund 2 s lulasv-lulasnu wnsa) aasradaldluihnlfaesslaimesdrensiin 3 sdafanuruiy 2.5 n./a.

149195282781 5 U (AURAB+SD, n=3)

7282901013 NAADN (}JJ‘L!)

YANIINAAD
0 1 2 3 4 5
YANIVAN 0.846+0.030" 0.397+0.018" 0.37140.004" 0.325+0.006"  0.304+0.007" 0.274+0.006"
FAA TN NNTZTON 0.829+0.012" 0.289+0.008" 0.263+0.011" 0.228+0.005°  0.207+0.003" 0.194+0.005"
FATN TN 1A 0.827+0.028" 0.316+0.006° 0.292+0.011° 0.252+0.005°  0.226+0.005° 0.215+0.007°
LRI ERIA IR LTI 0.820+0.019" 0.289+0.003" 0.244+0.003" 0.22140.011"  0.207+0.003 0.195+0.005"
HUENTiR) aundvluszeznandersuiimiudiessnesmeiuiinnuandisedeiiiodifymadda (p<0.05)

38



4

Y

v 1 Y 1 v
ams1amanuni 3 Usualuasn-Tulasnu @n/a.) nasiaiala i lgaealamesdisiianii 3 siananumuudy 2.5 n/a.

149195282781 5 U (AURAB+SD, n=3)

7242101N1INAADN (EJIIJ)

YANIINAAD
0 1 2 3 4 5
YANIVAN 2.005+0.070" 1.712+0.076" 1.647+0.064" 1.584+0.068" 1.520+0.052° 1.473+0.049"
FAAIHI YW NNTZTON 1.904+0.014" 1.405+0.097" 1.230+0.061" 1.034+0.026" 1.002+0.017° 0.969+0.015"
FATN TN 1A 1.958+0.054" 1.483+0.051° 1.365+0.010° 1.180+0.009° 0.971+0.005" 0.888+0.011°
gaa I eI 1.961+0.062" 1.443+0.063" 1.311+0.029™ 1.170+0.009° 0.942+0.009° 0.864+0.013°
HUENTiR) aundvluszeznandersuiimrudiessnesmeiuiinnuandisedeiiiedifymadda (p<0.05)

68



1 4
=

H a o [ y (% g‘ g} a 1 ]
MIMANUINN 4 151003 Isoama-weaesa (wnsa.) Nasrnialdluinldassamesdrenyin 3 siananuruILY

2.5 n/a. luaaszezinal 5 Ju (ARae+SD, n=3)

7242101N1INAADN (EJIIJ)

FANIINAAD
0 1 2 3 4 5
YANIVAN 0.256+0.005" 0.170+0.003" 0.15140.006" 0.138+0.002° 0.125+0.003" 0.105+0.005"
FAAMIWUNNTZTON  0.263+0.005" 0.121+0.003" 0.108+0.003" 0.094+0.005" 0.089+0.003" 0.080+0.005"
AAAI NIV In 0.260+0.005' 0.115+0.005" 0.098+0.003° 0.090+0.002" 0.085+0.002" 0.074+0.001"
gaa et 0.264+0.006" 0.106+0.000° 0.085+0.002" 0.074+0.004° 0.06340.003° 0.052+0.003°
M@ mmaeluszeznadesuiimiiudedisnysaaiuiinnuuandediited fymadda (p<0.05)

06



E4 Y

v ' Y 1 v
MIMANUINN 5 Uszaninmnistiiauon Tudle-TuTasau (%) nasiadald lhnldasalamesdlredisii 3 suananurnuimiu

2.5 n/a. luaaszezinal 5 Ju (AURae+SD, n=3)

72421901N1INAADN (EJILl)

FANIINAAD
1

2 3 4 5

YAHINWHNNITETON  11.98+2.18"
FAAHI WY 10 16.47+1.13"

YA 1310917 20.13+1.36°

9.18+3.14" 7.77+2.08" 3.97+1.12° 4.15+0.50"
12.83+1.50°  9.98+1.66" 4.66+1.14" 6.83+1.29°
15.53+0.43°  12.92+4041°  7.77+1.10° 9.45+0.35°

v E4
=

H a a o % J { [ g’ 2’ a { 1
MIMANUINN 6 Uszaninmnisiiia lulasi-TuTasnu @) nasrialdluinldasslamesdrenyin 3 siananuruy

2.5 n/a. JuE9szezna 53U (ARag+SD, n=3)

7282901N1INAADN (’TL!)

YANTINAAD
1 2 3 4 5
FAAINI YN IINTEION 46.57+1.52"  65.1241.60"  66.91+0.55"  72.57+0.56"  72.96+0.99"
YATINTIONITE I 43.19+2.29"  61.52+1.93°  63.84+1.83"  70.13+1.59"  70.32+1.78"
AT 1091 UM e 46.03+1.32°  67.08+0.54"  67.40+1.83"  7227+0.79"  72.46+1.04"
HIENTA) mmdeluszeznadesuiimiudiesisnysaaiuiinnuuandediited fymadda (p<0.05) tazmfiiuidmmn

I 1 { v
HuMgINgAveIAaz ¥ANIINATDA

16



4 Y

d' a a o w A @ 4 09; Aq ¥ & Y A o a A ]
ANINNANUINT 7 ﬂi%ﬂﬂ‘ﬁﬂ”l“l/\lﬂﬁ‘]_l”l‘]_lﬂllulﬁﬁ‘iﬂ-ll‘LlT@]iLil‘L! (%) msam@"l@iuum%mmﬂa‘meqmawwm 3 YUANANUUUUIUY

2.5 n/a. JuE9szezna 53U (ARAg+SD, n=3)

7282901N1INAABDN (}JJ‘L!)

YANIINAAD

1 2 3 4 5
YATIHIOHNNILION 10.85+4.69" 16.61+3.42° 23.53+0.81" 21.85+0.36" 21.16+0.51"
RAAHI WYL 1A 9.31+2.11° 11.96+2.14° 18.1542.46"  25.57+1.81°  27.46+1.51"
YAe 110917 11.47+3.17" 14.38+3.14' 18.8142.25"  27.15+2.67°  28.78+2.89"

v E4

H a a o @ o @ { [ 2’ g’ a { ]
MIMANUINT 8 UszanTmnnistiiaees Iswema-Woanesa (%) nasrialdluinldasslamesdrenyin 3 sianaNurUILLY

2.5 n/a. Jur9szezna 53U (ARag+SD, n=3)

7242101N1INAADN (EJIIJ)

FANIINAAD
1 2 3 4 5
YATIMINBHNNTETON 21.28+0.54" 18.91+1.40° 19.27+3.30° 16.09+2.54° 12.24+2.96"
FAAINIIONIBL 1A 22.54+3.10° 21.66+2.61" 19.85+2.14° 16.91+2.25" 13.54+2.15°
gae1I1ed1 e 2721+41.63°  27.62+1.08°  27.14+0.69" 26.34+0.30" 23.33+0.53"
HIENTA) mmdeluszeznadesuiimiudesisnysaaiuiinnuandediited fymadda (p<0.05) nazmfiiuidmmn

< 1 { 1
AUAGINTAYDIUAAZFANITNAADY

6



v E4
~

d‘ o o ~ g‘ o o g‘ Yy A Y A g‘ A A
AINNMANHINN 9 @@]51?715@@6]5‘”“91111]!,1!EJ-"lUI@]iﬁ]u (UN/HAUMUNTA/IU) Twihnlmaeseamesdrenesin 3 ¥UANAIY

WUIUY 2.5 A/a. JUr952e219a1 53U (AR ag+SD, n=3)

728201013 NAADN (’TL!)

FANIINAAD

1 2 3 4 5
YATIMINBHNNITETON 0.178+0.012"  0.219+0.018"  0.269+0.012"  0.301+0.006"  0.320+0.003"
FATINTIONITE 19 0.202+0.006"  0.238+0.008"  0.280+0.009"  0.305+0.006'  0.334+0.007"
a0 Undlen 0.223+0.008°  0.253+0.003"  0.297+0.002°  0.322+0.006"  0.349+0.002°

E4 Y

4 [ o J g‘ o @ g‘ { o a !
msmanuIni 10 sasimsgadululasi-lulasu @asnadminge/fu) Tuihilhasalamesdeiini 3 sianianw

WUUY 2.5 A/a. JWE952e219a1 5 31 (A1RA8+SD, n=3)

7242001N1INAADN (EJILl)

YANTINAAD
1 2 3 4 5
FAAINI YN IINTEION 0.538+0.017°  0.566+0.019" 0.601+0.010°  0.62240.013°  0.635+0.017"
FANHIONIB A 0.509+0.031"  0.535+0.031" 0.574+0.033"  0.600+0.033"  0.612+0.034
AT 1091 e 0.530+0.019" 0.576+0.017" 0.592+0.024" 0.613+0.020"  0.624+0.021"
HIENTA) mmdeluszeznadesuiimiudiesisnysaaiuiinnuandesiitfed fymadda (p<0.05) nazmfiiumidmmn

I 1 { v
HuMgINgAvIAaz ¥ANIINATDA

€6



1 4
=

d' o o c?} o o g‘ Y A 9 A 3’ A A
AINMANHINT 11 am‘nmi@ﬂ«m"lmmw—lluTmmu (UN./DAURUNTR/IU) Twihnlmaseamesdrenesiin 3 YUANAIY

WUWUY 2.5 A/a. JWE952e219a1 5 31 (A1Rag+SD, n=3)

7242001N1INAABN (EJILl)

FANIINAAD

1 2 3 4 5
FATINI YN INTEITON 0.495+0.088" 0.669+0.069" 0.863+0.007" 0.895+0.004"  0.928+0.011"
FANHIONIB A 0.470+0.043"  0.586+0.048" 0.769+0.057°  0.976+0.050°  1.058+0.045"
AT w7 0.51340.067°  0.643+0.071" 0.783+0.056" 1.006+0.069"  1.085+0.075"

E4 Y

4 [ Y o o :’ o [ g‘ { ) a {
MsMaRWINA 12 dasimsgaduees Isnema-Woaesa (un/nihminae/n) Tuihnldhdsslamesdeiini 3 wiian

ANUNUWUY 2.5 A/a. JUr9Tzeznal 5 Ju (ARAL+SD, n=3)

728201N1INAADN (’TL!)

YANTINAAD
1 2 3 4 5
FAAINI YN INTEION 0.142+0.002"  0.155+0.004°  0.169+0.009" 0.173+0.007" 0.183+0.008"
FANHIONIB A 0.145+0.009°  0.162+0.008"  0.170+0.007" 0.175+0.007" 0.186+0.006"
AT 1091 U e 0.158+0.006"  0.178+0.004°  0.190+0.003°  0.201+0.002"  0.212+0.003"
HIENTA) mmdeluszeznadesuiimiudiesisnysaaiuiinnuandesiitfed fymadda (p<0.05) nazmfiiumidmmn

I 1 { v
HuMgINgAvIAaz ¥ANIINATDA

v6



a a - A o Y o Agys ¥ "y a A '
MINNNIANHINN 13 ﬂ5N1mLLﬂNTNLH8-1UTW5Lﬁ]H (un./a.) ‘V]G]i'Jﬁ]'Jﬂllﬂbluu”mGl“]ﬂaEJ\‘HJﬂ"ITI’ENﬂ'JEJfﬂ‘Wi"IEJGU"I’JL‘WHEJ’J‘W?"I’JﬁJ“ViiﬂLLLlu

0,1.5,2.5 uag 3.5 n./a. JBI52e2Ia1 5 T4 (AURAE+SD, n=3)

mmwmuﬁumm J2YLINTINITINAADN (EJ/Ll)
A8 AN (n/a.) 0 1 2 3 4 5
0.0 0.403+0.012"  0.284+0.007" 0.270+0.003" 0.251+0.007" 0.22340.006" 0.205+0.004"
1.5 0.406+0.006"  0.250+0.007°  0.234+0.005° 0.205+0.008" 0.187+0.003" 0.168+0.003"
2.5 0.385+0.003°  0.213+0.004° 0.17340.005° 0.156+0.003° 0.14340.005° 0.127+0.003°
3.5 0.384+0.006"  0.175+0.004°  0.147+0.010" 0.132+0.006" 0.122+0.005" 0.117+0.002"
M@ mmaeluszeznadesuiimiiudedisnysaaiuiinnuuandediited fymadda (p<0.05)

S6



H a 4 { [ g’ { J 1 { [
ma1amanuni 14 Ysina lulasn-luTasou wnsa) fesradaldluinld@esamesdreamdeduviiennanumuiuiy

0,1.5,2.5 uag 3.5 n./a. JPI52829a1 5 T4 (AURAG+SD, n=3)

mmwmuﬂmm 32YLINTINITINAADN (EJ/Ll)
et umiien (n/a.) 0 1 2 3 4 5
0.0 0.738+0.005" 0.651+0.001" 0.616+0.004" 0.587+0.005" 0.529+0.005" 0.468+0.008"
1.5 0.734+0.004"  0.614+0.003°  0.580+0.006°  0.499+0.008°  0.473+0.006°  0.396+0.005"
2.5 0.728+0.004" 0.587+0.006° 0.538+0.006° 0.477+0.009° 0.41340.006° 0.350+0.006°
3.5 0.730+0.005"  0.571+0.002°  0.50140.004°  0.423+0.004°  0.349+0.006°  0.324+0.005
HUENTiR) aundvluszeznandersuiimiudiessnesmeiuiinnuuandisedieiiiodifymadda (p<0.05)

96



a a A Y 4 o” A Qldy Y ' 9 ~ A ]
A1TNNANUING 15 ‘1J'53J1mhlumi1n—”lu1mmu (un./a.) 1/]9]5'3%’3@]1@11!1!11/]1%@EN']JaTV]ﬂ\?ﬂ’JEJ?(”IW518%1’3!;141!837]?’131%%1!1“1!1!

0,1.5,2.5 uag 3.5 n./a. JBI52829a1 5 T4 (AURAY+SD, n=3)

ﬂ?]"lll‘ViLlHL‘Lj‘LlGUBQ 32YLINTINITINAADN (EJ/Ll)
et umiien (n/a.) 0 1 2 3 4 5
0.0 2.029+0.003" 1.785+0.011° 1.7204+0.012° 1.680+0.015" 1.638+0.018° 1.560+0.020"
1.5 2.030+0.008"  1.491+0.014°  1.447+0.016°  1377+0.015°  1.283+0.013°  1.236+0.005"
2.5 2.011+0.009" 1.424+0.007° 1.37640.021° 1.295+0.019° 1.20140.019° 0.997+0.024°
3.5 2.022+40.012"  1.298+0.027°  1.229+0.023°  1.205+0.010°  0.999+0.022"  0.880+0.022°
M@ mmaeluszeznadesuiimiiudedisnysaaiuiinnuuandediited fymadda (p<0.05)

L6



H a o [ { (% 2’ 1 J 1 { ]
MIIMANUINN 16 USiaeos Isweama-vearesa (un/a.) Nesradaldluimldaesamesdreandedruviiednanumuy

0,1.5,2.5 uag 3.5 n./a. JPI52829a1 5 T4 (AURAY+SD, n=3)

mmwmuﬂmm 32YLINTINITINAADN (EJ/Ll)
et umiien (n/a.) 0 1 2 3 4 5
0.0 0.203+0.005" 0.170+0.003" 0.15140.006" 0.138+0.002" 0.12540.003" 0.107+0.004"
1.5 0.209+0.005"  0.128+0.002°  0.118+0.003°  0.104+0.003"  0.095+0.005" 0.080-+0.004"
2.5 0.207+0.005" 0.115+0.005° 0.105+0.004° 0.095+0.001° 0.083+0.002° 0.067+0.003°
3.5 0.210+0.006"  0.106+0.000°  0.085+0.002°  0.076+0.004"  0.064+0.003" 0.047+0.004"
M@ mmaeluszeznadesuiimiiudedisnysaaiuiinnuuandediited fymadda (p<0.05)
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M3IMARUINN 17 Uszansmmmsiiniauen Tudle-Tulasnu (%) Tasamseiuntiernanumuiuuy 1.5, 2.5 uag 3.5 n./a

Y I Y v
T ldasalameslugieszeznar 5 u (AUnae+SD, n=3)

ﬂ’J”IiJ‘Vi‘Ll”ILL‘Li‘L!GUﬂQ 32920 1N1TINAAD (‘Eu)
et umiien (n/a.) 1 2 3 4 5
1.5 9.10+2.88" 9.65+0.59" 12.08+0.84" 9.51401.53" 9.37+1.63"
2.5 13.9040.96°  20.63+1.01°  20.31+0.56" 16.18+1.77° 15.00+0.78"
3.5 23.48+1.28° 27.2142.49° 26.91+1.36° 21.20+1.85° 17.44+1.84°

d‘ a a o 4 1 9 ~ A ]
A1TNNANUINT 18 ﬂizﬁmmwwwnsmm”lu"lmm—"luhmu (%) Tﬂﬂﬁmsmmnmumwmmwumuu 1.5,2.5 uag 3.5 n./a.

Y I Y v
T ldasalameslugieszeznar 5 u (AUnae+SD, n=3)

ﬂ’J”IiJW‘L!”ILL‘Lj‘LHJﬂQ 32YLLIAINITINAADN (’ﬁl)
' 9 =~
1INV UYD (ﬂ./ﬁ.) 1 2 3 4 5
1.5 4.50+0.74" 433+1.25" 11.32+1.57" 6.96+1.29" 9.20+0.21"
2.5 7.47+0.58" 9.32+1.22° 13.75+1.12° 14.45+1.23" 14.86+1.28"
3.5 9.85+0.80° 14.60+0.23° 21.294+0.86" 23.42+1.04° 18.65+0.61°
M@ Anndeluszeznarfsnuinnualeno

1 Y ' l v o w aa 1 { A Y
AYTANAUNANULANAINDE1 TN UNNTDN (p<0.05) HATAMANUNAINU
<3| ' A 1
Lﬂumqmqﬂmaumazmmsmam

66



M319MARUINN 19 Uszansammsiinialuasn-Tulasou (%) Tasamsiedrmileananuruiniu 1.5, 2.5 uag 3.5 n.J/a.

Y I Y v
T ldasalameslugieszezinat 5 u (AUnag+SD, n=3)

ﬂ’J”IiJW‘L!”ILL‘LjWUﬂQ I2Y2IAINITNAADN (’qu)
et umiien (n/a.) 1 2 3 4 5
1.5 14.5240.69" 13.48+1.14" 14.97+1.09" 17.48+0.95" 15.97+0.58"
2.5 17.03+0.52° 16.20+1.42° 18.23+1.33" 20.774129°  27.05+1.02"
3.5 23.72+1.09° 23.97+0.90° 23.18+0.87° 31.27+0.67° 33.24+0.69°

d‘ Aa A o o o @ 1 9 ~ ~ []
A1INMANHINN 20 Uszansmmmsiitaess IsWeda-eanesd (%) Taea 1131991 UM HEINANUHUILUY 1.5,2.5 uag 3.5 n./q.

Y I 9y v
T ldasalameslugieszezinar 5 u (AUnag+SD, n=3)

ANUHUWUUVDI FLEL1IAININAADY (TU)
' 9 ~
AN ANHD (0./0.) 1 2 3 4 5
1.5 23.30+2.10°  18.63+1.76' 19.1042.20" 17.68+1.82"  16.02+1.60°
25 28.36+3.76'  23.96+3.57  22.831238"  2239+3.00°  21.12+2.58"
3.5 34.14+1.86°  34.64+120°  33.20+0.62° 32.85+41.19°  31.94+3.65"
M@ AunagluszeznatdsTuifiiudleddnsAtulinnuuanaeseiiiod1iyneana (p<0.05) tazmniuRAIMN

I 1 { v
WuMgINgAvIAaZ EANIINATDA

001



v Y [
M3 1MARUING 21 dasimsgaduuen Tudie-TuTasou wn/nshminaa/iu) Tasamsiedumtiernanumuuiy 1.5, 2.5 uaz 3.5 n./a.

Y I 9y v
T ldasalameslusieszezinal 5 u (@unde+SD, n=3)

ﬂ’J”IEJTi‘L!”ILL‘LjWIJGQ I2Y2IAINITINAADN (’311!)
A8 AN (n/a.) 1 2 3 4 5
1.5 0.155+0.012"  0.17140.003"  0.200+0.003"  0.218+0.007" 0.238+0.007"
2.5 0.171+0.004"  0.212+0.004"  0.230+0.002°  0.242+0.007" 0.258+0.003"
3.5 0.208+0.006°  0.237+0.010° 0.25240.006°  0.261+0.008" 0.267+0.008"

4 [ 53 J g‘ o [ 1 { ]
MINMANUING 22 am‘nms@mm"lull@31/1—"l,uimms (UN/HAUMUNTA/IU) IﬂEJET”I‘WS”IEJ%)”I’JMﬁEJ’Jﬁﬂ’J”IiJWH”ILLuu 1.5,2.5 uag 3.5 n./a.

Y I 9y v
T ldasalameslusieszezinar 5 u (@Unde+SD, n=3)

ﬂ’J”IiJW‘Ll”ILL‘Lj‘L!‘UﬂQ 32YLLININITINAADN (’ﬁl)
1 9 ~
A1 IYVIUN U (ﬂ./ﬁ.) 1 2 3 4 5
1.5 0.115+0.006" 0.154+0.009" 0.234+0.012" 0.260+0.010" 0.337+0.001"
2.5 0.13840.004" 0.190+0.009" 0.251+0.008" 0.31540.010°  0.378+0.010"
3.5 0.157+0.006° 0.229+0.002° 0.307+0.007" 0.406+0.005° 0.406+0.005°
M@ AunagluszeznatdsTuifiiudleddnsAtulinnuuanseseiiiodiyneana (p<0.05) tazmniuRAIMN

I 1 { v
WuMgINgAvIAaZ EANIINATDA

101



v Y v
M3MANKING 23 daimsgadu Tuasn-TuTaswu wn/nahminge/iu) Tagam e unieINaNuuUIUY 1.5, 2.5 uag 3.5 n./a.

Y I Y v
T ldasalameslusieszezinar 5 5u (AUnde+SD, n=3)

ﬂ’J”IiJTi‘L!”ILL‘LjWUGQ J2Y201N1TINAAD (EJIIJ)
A8 AN (P/a.) 1 2 3 4 5
1.5 0.538+0.014" 0.582+0.024" 0.625+0.023" 0.746+0.021" 0.792+0.013"
2.5 0.586+0.012" 0.634+0.030°  0.715+0.028" 0.809+0.028" 1.013+0.020"
3.5 0.724+0.021° 0.793+0.018° 0.817+0.020° 1.024+0.010° 1.141+0.010°

d‘ o 53 o [ :’ o [ 1 9y ~ A 1
AT NNANUINT 24 ’EJGIi”Iﬂ”ISQﬂGB‘LI@ﬂiT‘ﬁ?\lﬂﬁlﬂ@]-ﬂ@ﬁﬂﬂiﬁ UN/NUIMUNTA/IU) Tﬂstdm518mnmuammmwmuuu 1.5, 2.5 uag

Y ] Y [
3.5 n./a. i ldasa)amedlugiaszezina 5 54 (Aunas+SD, n=3)

ﬂ’J”IiJ‘Vi‘Ll”ILL‘LjHGUBQ 32927 IN1ITINAADN (ngLl)
1 9 ~
A IV UYD (ﬂ./ﬁ.) 1 2 3 4 5
1.5 0.081+0.005" 0.091+0.004" 0.105+0.005" 0.114+0.004"  0.129+0.004"
2.5 0.09140.009" 0.101+0.009" 0.112+0.006" 0.124+0.007" 0.139+0.006"
3.5 0.1054+0.006" 0.125+0.004 0.135+0.002" 0.147+0.004"  0.163+0.009"
M@ AunagluszeznatdsTuifniudleddnsatulinnuuanaeseiiiodiyneana (p<0.05) tazmniuiAIMN

I 1 { v
WumMgaNgaveIAaz ¥ANIINAGA

01



Y 9 [

v Y v
Ms1MaRuIN 25 gauvgithn dasalamesinnuvusiu 0.5, 1.0 waz 1.5 @41 3 a. Swduamsedmiisafianuruuiy

0,1.5,2.5uag 3.5 n./a. JHIT28LI81 55 W (ARAY+SD, n=3)

ANUPUUY ANUPUUY
velames UYBIEHI Y o)y il S S S S S S i S il i
@nhza)  dominoe) gudy s 10 15 20 25 30 35 40 45 50 55
2555  25.67  28.00 27.67 2850 2850 2850 28.50  29.00 2883  28.50  28.50
02 ’ 026" 029 +1.00" +0.76° +0.50° +0.50° +0.50° +0.50° +0.50° +0.76' +0.50°  +0.50°
2565 2583 2683 2650 2667 27.00 2667 2667 2667 27.17 2750  27.00
0.5 1.5 N N y N ) § § ) y w o §
+025"  +0.29" +0.76™ +0.50° +0.76° +0.50" +0.76" +0.76° +0.76" +0.76 +0.50"" +0.50
2635 2630 2600 2600 2633 2600 2517 2500 26,67 2600 2633  26.00
0 : 5 2 ) 5 ab ab abc b be be ab ab cd be c be
+024"  +026"  +0.50™  +0.50° +0.76" +0.50° +1.04" +0.50" +1.04 +0.50° +0.76°  +0.50
2645 2650  24.67 2450 2533  24.67 2533 2483 2500 25.00 2483  25.00
- > +0.77" 4087 +0.76°  +0.50" +0.76° +0.76° +0.76™ +1.26" +1.32° +0.50" +1.26" +0.50"
26.10 2600 28.00 2833 2867 29.00 2833 2850 28.00 2883  27.50  28.17
1 ° +0.40°  +0.50"  +1.00"" +0.76" +0.76° +1.00° +0.76° +0.50° +0.50° +0.76 +0.50"" +1.04"
2640 2650 2733 2733 27.00 27.67 2817 2650 27.00 2733 2650  26.67
1 b +1.10°  +1.00°  +1.04° 4076 +0.50% +0.76° +0.76° +0.50° +0.50% +0.76° +0.50°  +0.76°

€01



MININANUINN 25 (AD)

ANUMULUY ANUNMLLY gungil (° O)
velamed YOIAINIY o)y S S i S il S i il S S S
@hsa)  domionma) S8y s 10 15 20 25 30 35 40 45 50 55
2612 2633 2767 2600 2650 2650 2650 2600 2650 2633 2567  26.63
1 22 +0.25"  +0.29" +1.26""  +0.50° +0.50° +0.50 +0.50°" +0.50™' +0.50° +0.76" +0.76° +0.76"
2528 2533 24.83 2450 2600 2550 2450 2433 2417 2417 2433  25.67
1 > +0.22"  +029"  +0.76°  +0.50" +0.50 +0.50" +0.50° +1.04" +1.26° +1.04° +0.76" +0.76"
2555  25.67 28.50 2833  28.00 28.67 27.50 28.17 2850 27.83  25.60  28.33
- ’ +023" 027" 4050  +0.76" +0.50° +0.76" +0.50° +0.76° +0.50° +029" +0.10° +1.04°
2610 2600  29.00 27.00 27.00 28.00 2650 2650 27.00 27.00 2577  26.33
2 t +0.52"  +0.50"  +0.50" +0.50°" +0.50° +0.50"" +0.50°" +0.50 +0.50° +0.50°° +0.15° +0.76"
2670  26.67  28.00 2600 2650 2600 2500 25.17 2600 2600 26.17 2433
2 > +1.14°  +1.04"  +0.50""  +0.50° +1.00° +0.50 +0.50° +1.04™ +0.50° +0.50 +0.06° +0.76"
2685 26.83 2583 2483 2467 2467 2467 2450 2433 2500 2633  24.00
- > +0.60" +0.58" +0.76" +0.76' +0.76' +0.76" +1.61° +0.50° +0.76" +0.50° +0.06° +0.50'

WANEYi aundeluszeznandesuiimsudiesisnysmeiuiianuuandsedeihiodfyneada (p<0.05) tazmiiiuiinmn

<3| A A 1
Lﬂum‘nqmqﬂmaumazmmsmam

Y01



v Y v Y 1 Y v
MIIMARNUINN 26 USaeendiuazarerin l4@aselamesianuruniu 0.5, 1.0 uag 1.5 §2411 3 a. Swduam e urtiernany

WUWUY 0, 1.5, 2.5 g 3.5 n/a. Tuaieszeziian 55 74 (Anag+SD, n=3)

ANMUHUMUY

ANMUHUMUY

E4
USunueenaauazaisi (wn./a.)

vo1lames VYBIAINI Y o)y i il i i S S i i i i S
@msa)  domiinme) 5584 5 10 15 20 25 30 35 40 45 50 55
6.50 653 6.60 680 663 673 663 653 650 620 607  5.63

. ’ +0.12° 4015 4020° 400"  +0.12"  +0.15° +0.15° +0.15" +0.10° +0.10° +0.15° +0.06"
683 693 6.90 720 737 713 673 663 673 650 617 617

" - +0.13°  +0.15° 4020  +0.10°  +0.15"" +0.21™ +0.15° +0.15° +0.15*" +0.10° +0.15"  +0.06°
720 730 7.07 730 740 697 720 693 693 670 640 637

- = +0.15%  +0.10°  +0.15°  +0.10™" +0.10™" 021" +0.10" +0.25" +0.15" +0.10° +0.10°° +0.12
745 750 7.50 750  7.67 740 753 750 730 720 670  6.53

- - +0.11°  40.10° 010"  +0.10f°  +0.06° +0.10"* +0.06° +0.10° +0.10° +0.10° +0.10"  +0.12°
670  6.67 6.80 690 720 693 693 680 663 633 670 557

1 ’ +0.11° 4015 4010 +£0.20  +0.10"  +0.15" +0.15" +0.10" +0.15° +0.15° +0.46" +0.06"
725 723 7.43 7.33 757 730 720 743 680 687 640 587

1 - +0.14° 015 10150 +0.157  +0.06® +0.10°" +0.10" +0.15° +0.10° +0.06° +0.10°°  +0.06’

So1



MININANUINN 26 (AD)

9
sunaesnanuazaisi un./a.)

ANURUUY ANNHUMUY
ﬂlmﬂfmm YDIAINIY Tu Sudi Sudi Sudi Sudi i SuR i i SuR S Sudi
@nhsa)  dawmilnom)  gydy s 10 15 20 25 30 35 40 45 50 55
730 737 750 760 770 760 740 750 720 720 660 6.0
1 - +0.12° +0.15  +0.10"  +0.10°  +0.10° +0.10 +0.10® +0.10° +0.10° +0.10° +0.10° +0.10°
725 730 747 770 177 7.63 757 747 740 750 697 640
1 - 011 £0.10°  +0.15°  +0.10°  +0.15°  +0.15"" +0.06' +0.15° +0.10° +0.10" +0.12° +0.10®
645 643 627 650 707 720 640 627 626 580 560 520
- ’ +0.13°  +0.15" 021"  +0.10" +0.15" +0.10°° +0.10° +021' +0.15° +0.10° +0.10" +0.10"
6.60  6.63 673 670 693 740 7.0  6.73 640 613 577 550
- - +0.22"  4021°  +0.15° 4020  +0.15°  +0.10™ +020° +0.15" +0.10° +0.06° +0.15" +0.10"
699 690  7.00  7.07 723 750 730 680 653 633 617 567
- = +0.12°  £0.15° 026" +0.15 +0.06"° +0.10™" +0.10 +0.10" +0.06™ +0.06" +0.06" +0.06°
754 752 720 720 743 770 740 7.3 680 643 633 590
- * +0.10°  +0.10°  +0.10°  +0.10° +0.15" +0.10" +0.10® +0.06' +0.10° +0.06° +0.06" +0.10"

HUENTiR aundvluszeznandersuiimtudiedsnesmeiuiinnuandsedieiiiodifymaddn (p<0.05) uazmfiiumidmm

<3| A A 1
Lﬂuﬂmqwqmaumax“}gﬂﬂﬁwﬂam

g

901



a | J g‘ o ¥ dy A ] @ g‘ 1 Y 1 Y = A ]
A1TNNANUINT 27 mwmﬂumﬂuumhmmﬂamammmwmuuu 0.5, 1.0 ez 1.5 /11 3 . 3UNUA NIV UIINANNUULUU

0,1.5,2.5 uaz 3.5 n./a. IBITLELI1 55 W (ARAY+SD, n=3)

I [
ANulua1g (wn./a.)

ANUHUMILY ANUHUMILY
w9amed VOIAMIY Ju Jun Jun Jun Jun Jun un JUN un un un Jun
o 2 ) = A
@nnsa)  NwmunIMa)  Gudy s 10 15 20 25 30 35 40 45 50 55
7123 7063 7147 7289 7377 7481 7408 7233 7156 7001 6821  66.86
0.5 0
139" 42590 4246"  +1.86°  +1.74°  +1.19°  +2.04°  +1.84°  +223° 4224 4186 +1.50°
7333 7437 7533 7645 7746 7842 7891 7889 7742 7157 7835  77.58
0.5 1.5 \
+0.85°  +0.85° +1.07°  +1.04°  +0.81° +0.72° +0.61° +0.88° +0.53“ +1.02" +0.52° +0.34%
7210 7250 7440 7559 7659  77.74 7887  79.44 7859 7948  81.01  79.96
0' 5 2 . 5 ab ab ab bed be be d de de def e ef
+1.32° 212" 4174 128" 41.10°  +1.32"  +0.85" +1.05° +0.60° +0.36™ +0.80° +0.60
7345 7275 7429 7563 7630 7741 7866 7926  79.68  80.56 81.26  81.09
0.5 3.5 ab ab ab bed abe be d de de efg e f
134" 148" +1.29"  +1.13™" 4096 +0.67° +0.81° +0.80° +0.86° +0.59% +0.50° +0.91
70.04 7064 7176  72.64  73.88  74.85 7341 7390 7327 7238 7124  69.58
1 0
201" #2210 4179 4201 +1.87°  4229° 4233 +2.12°  42.16° +1.84° 4207 +2.50°
7134 7157 7324 7423 7522 7648  77.10  77.64 7831 7733 7694 7637
1 1 : 5 ab ab ab abed abc abc cd cde de d d d
F1.57° +1.70°  +1.117° #1317 +1.07 4123 +1.03°  +1.16° +0.55% +0.56" +0.16° +0.58

LOT



MININMANUING 27 (AD)

ANUWUWUY  ANURUIUY anuilua wn./a.)
vaeilames VOIA 10 o1y Ui Ui i Ui Sudi S Ui S Ui S i
@nhsa)  dominom) dudy s 10 15 20 25 30 35 40 45 50 55
7254 7266 75.03 7626 7694  78.07  79.07 7931 8049 8145 8193  82.33
1 = +2.19" 42.99" 263" 244" 42365 +2.12°  +2.52°  1233° +1.73° 1222% 14204 +2.70%
7398 7301 7441 7575 7672 7755  79.12 7971  80.66  82.02  82.87  84.02
1 - +1.51° +1.60"  +1.14°  +1.16°  +1.01° +0.89° +0.16' +0.60° 4035 +0.78° +0.60°  +0.66°
7239 7244 7349 7410 7501 7588 7487 7589 7541 7487 7391  72.15
1 5 0 ab ab ab abed abc abc abc be be c c c
+0.57° +0.67" 115" +0.92™" +1.01™ +1.23™ +1.80™ +1.68" +1.55° +1.78° +1.75° +1.29
7195 7124 7243 7336 7437 7563 7651  77.09  77.54 7734 7657 7693
2 = +1.12° #1.05"  +1.15° 075" +1.04°  +1.18° +125° +£1.09 +1.25° 1059 +0.81° +1.13°
7246 7211 7352 7469 7592 7686  77.66 7838  78.63 79.57 7881  77.70
1.5 2.5 N R R . o N ) N N o ) .
+1.64° +1.77° £1.32"  +0.87" 1039 +0.92"™°  +0.51° +0.54°° +0.62° +0.54™" +0.89' +0.73
7172 7182 73.64 7448 7557 7634 7671 7693 7746 7871  78.08  77.36
- - +1.23" +147°  +1.07°  +126™ +1.17 076" +1.03" +1.28% +134° +1.01° +1.10"  +0.99°

HUEYLHA

v

v v

<3| A A 1
Lﬂum‘nqmqﬂmaumazmmimam

aunasluszoznaufeItuNAINUAIeA9NEIAAUTANULANA1IE 1T
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aa 1 A A LY
08 (p<0.05) LAZAMMWUNAIN U
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d' a ~ g‘ A sldy A ] @ g‘ 1 @ 1 9 =} A ]
A1INMANHINN 28 Usuawen Tudelwihn lmassamesianunuiy 0.5, 1.0 48z 1.5 9/41 3 a. IINNUFT 1M IV TUUHIINANYUUILUY

0,1.5,2.5 uaz 3.5 n./a. JYI528LI81 55 I (ARAY+SD, n=3)

ANUARUWUY ANUHULUY UsinamenTuile (un/a)
vaailames VOIANI 10 o1y Ui Ui Ui Ui S Sudi S Ui S S il
@nhsa)  domin o) g8, 5 10 15 20 25 30 35 40 45 50 55
0.327 0319 0296 0271 0233 0209  0.187 0175 0153  0.145  0.144  0.135
. ’ +0.014°  +0.014" +0.010° +0.007° +0.009" +0.011° +0.015° +0.009" +0.009" +0.005° +0.004" +0.005"
0.334 0323 0300 0259 0233 0209  0.184  0.168  0.148  0.128  0.119  0.109
0.5 1.5 ) ) ) ) . . ) . ) . ) .
+0.012°  +0.011° +0.007° +0.007° +0.008" +0.014° +0.014° +0.011" +0.011" +0.018° +0.013° +0.014
0338 0324 0279 0229 0188 0152  0.129  0.106  0.090 0077  0.074  0.064
- - +0.016"  +0.016° +0.008" +0.008" +0.008" +0.004" +0.008" +0.010° +0.008" +0.006' +0.012" +0.011"
0.350 0313 0267 0209 0163  0.143  0.111  0.095  0.077 005  0.042  0.033
- > +0.006° +0.009° +0.007° +0.008" +0.008" +0.004" +0.006' +0.012" +0.018" +0.020° +0.012" +0.008"
0.501 0494 0468 0444 0412 0380 0352 0328 0307 0292 0271  0.261
1 ’ +0.009"  +0.006° +0.013° +0.234° +0.029° +0.018° +0.023° +0.009" +0.010° +0.006° +0.006° +0.005"
1 s 0.512 0492 0464 0425 0373 0320 0299 0266 0244 0220  0.198  0.183

+0.014"  +0.016° +0.011° +0.006° +0.008" +0.004° +0.008° +0.006' +0.012° +0.016° +0.016" +0.016"

601



MININANUING 28 (AD)

a =
ANUARUWUY ANNHU MUY UsinamenTuile (un/a)
. o o - o - o - . o o o o o o o A o A
vo3ames VDITINIY oiY un un uUNn uUNn UNn Un un UN UN UN UN
o 3 ) = A
@An3a)  Mmiema)  5ydy 5 10 15 20 25 30 35 40 45 50 55

0.501 0.473 0.443 0.375 0.332 0.304 0.275 0.229 0.201 0.171 0.150 0.139

1 - +0.012°  +0.014°  +0.01° +0.011° +0.013° +0.004° +0.004° +0.009" +0.002° +0.007° +0.007° +0.003"
0.510 0475 0422 0315 0264 0216  0.82  0.148  0.28 0.0l 035  0.076

1 - +0.015"  +0.015°  +0.015° +0.012° +0.010" +0.011° +0.007° +0.004" +0.010° +0.003° +0.468° +0.005"
0.670  0.662  0.636  0.614 058 0558 0534 0511 0494 0476 0466  0.453

- ’ +0.015°  +0.014° +0.012" +0.012° +0.008° +0.008° +0.011° +0.010° +0.010° +0.010° +0.014" +0.011°
0.676  0.657  0.622 0595 0552 0514 0484 0458 0444 0423 0412  0.399

- e +0.010°  +0.013°  +0.020° +0.022° +0.019° +0.011° +0.011° +0.012° +0.014° +0.008" +0.010" +0.007°
0.680  0.655  0.611 0559 0520 0481 0440 0405 0397 0378 0365  0.352

- . +0.013°  +0.009° +0.017% +0.011° +0.053° +0.002° +0.016° +0.006° +0.007° +0.008" +0.004" +0.007°
0.685  0.654  0.618 0555 0511 0449 0415 0388 0363 0343 0325 0311

- > +0.006° +0.008° +0.014% +0.018 +0.012° +0.007° +0.007 +0.006' +0.005° +0.009° +0.014° +0.011°

HIENTA) mmdeluszeznadesuiimifudiesisnysaaiuiinnuandediitfedfymadda (p<0.05) nasmfiiuigmmn

<3| A A 1
Lﬂum‘nqmqﬂmmsmazmmimam
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d' a L g‘ A sldy A ] @ g‘ 1 @ 1 F) ~ A 1
A1INMANHINN 29 ﬂimmhlu"lmm“luumhmmﬂamammmwmuuu 0.5, 1.0 48z 1.5 /41 3 a. IIUNUFAIUT VTR UIINANUHUUY

0,1.5,2.5 uaz 3.5 N./a. JYI9528LI81 55 I (ARAY+SD, n=3)

ANUUUWUY ANNHULUY Ui lulasi wn.a)
vaailames VOIANI 10 ol Ui Ui i Ui udi S udi Ui Ui S Sudi
@nhsa)  dominoe gdy s 10 15 20 25 30 35 40 45 50 55
0.611 0594 0513 0475 0412 0364 0325 0289 0251 0221 0230 0239
. ’ +0.013" +0.011° +0.012° +0.012° +0.011" +0.004" +0.004° +0.011" +0.014™ +0.007° +0.007° +0.003"
0.601 0521 0498 0425 038 0321 0282 0250 0211 0181  0.150  0.154
- - +0.012° +0.015° +0.011' +0.012° +0.010" +0.011" +0.007° +0.004" +0.010° +0.004" +0.002" +0.005"
0.623 0501 0460 0423 0328 0289 0232 0201 0.8 0173  0.153  0.121
- > +0.011" +0.013" +0.013"  +0.011° +0.003"° +0.005° +0.011" +0.010" +0.010" +0.014" +0.011° +0.011"
0.631  0.531 0450 0421 0320 0270 0224  0.197  0.167  0.153  0.143  0.114
- > +0.016" +0.013" +0.021° +0.012" +0.016° +0.012" +0.012" +0.015" +0.014" +0.008" +0.010" +0.007"
0923 0812  0.801 0.767 0701  0.645  0.601 0567 0501  0.483 0451  0.465
1 ’ +0.015" +£0.009° +0.015° +0.012° +0.023° +0.005° +0.016° +0.002° +0.009° +0.004° +0.006* +0.007°
1 s 0951  0.802 0783  0.701 0.673  0.602 0576 0501  0.467 0402 0398  0.391

+0.006" +0.001° +0.013° +0.013° +0.011° +0.002" +0.004° +0.003° +0.002° +0.010° +0.014™ +0.011°

—
—_—
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MININANUING 29 (AD)

USalulasyt wnsa)

ANUAHUILUY AUHULUY
voet/ames VDIANI 10 ol il Ui i Ui S S S Ui S il i
@nhza)  dominom) dd s 10 15 20 25 30 35 40 45 50 55
0911 0756  0.701  0.685  0.612 0587 0562 0503 0489 0396 0350  0.321
1 - +0.014" +0.012° +0.012° +0.021° +0.011° +0.003° +0.012° +0.012" +0.013" +0.011° +0.015° +0.004°
0965 0742 0681 0630 058 0550 0523 0467 0402 0345 0301  0.295
1 - +0.015" +0.015° +0.011" +0.012° +0.012" +0.012° +0.005° +0.001° +0.011° +0.012° +0.013° +0.006°
1270 1.134  1.023 0945 0901 0875  0.832 0764 0723  0.684  0.650  0.590
- ’ +0.015° +0.012° +0.012° +0.012° +0.008' +0.005" +0.011° +0.010" +0.010' +0.013° +0.014° +0.013"
1256 1012 0982 0901 0867 0834 0783 0723  0.698  0.650  0.601  0.551
- e +0.010° +0.011° +0.020 +0.022° +0.019° +0.011" +0.011° +0.012° +0.014" +0.008° +0.010° +0.007"
1205 0998  0.891 0756  0.702  0.698  0.603 0589  0.550  0.504 0489  0.425
- . +0.013° +0.010° +0.016° +0.012" +0.051™ +0.031° +0.012° +0.012° +0.013° +0.012° +0.002° +0.014°
1223 0934 0823 0798  0.689 0623 0567 0512 0501 0467 0421 0411
- > +0.006° +0.003° +0.012° +0.014° +0.011" +0.012" +0.017° +0.021° +0.012° +0.013° +0.011° +0.015°
HIENTA) mmdeluszeznadesuiimifudiesisnysaaiuiinnuandediitfedfymadda (p<0.05) nasmfiiuigmmn

<3| A A 1
Lﬂum‘nqmqﬂmmsmazmmimam
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d' a g‘ A sldy A ' Y gl 1 Y 1 9 ~ A ]
A1 NMANHINN 30 ']J’iiJ1i1!l11!m'51/]11!1!”l‘1/1‘161ﬂaENTJE]”I‘VIE’NTI?’YJ”I%JW“L!HLUH 0.5, 1.0 g 1.5 /41 3 9. IINNUFT NIV TUUHIINANNUUILUY

0,1.5,2.5 uaz 3.5 n./a. JYI528LI81 55 I (ARAY+SD, n=3)

ANUARUWUY ANUHULUY Usinaluasn (wn.a)
vaailames VOIANI 10 o1y i Ui Ui Ui Ui Sudi S Sudi S S i
@nhsa)  domin o) g8, 5 10 15 20 25 30 35 40 45 50 55
1550 1453 1281  1.072 0913 0813 0718  0.640  0.647  0.808 0878  0.936
. ’ +0.095°  +0.115°  +0.010° +0.026° +0.012° +0.012" +0.030° +0.040° +0.023" +0.040° +0.032° +0.019°
1552 1346 1.173 0791 0676 0553 0457 0468 0456 0463 0560  0.680
- - +0.123°  +0.116° +0.010° +0.057° +0.045° +0.061° +0.058" +0.063° +0.061° +0.061° +0.059" +0.089"
1468 1254  1.051  0.635 0421 0313 0252 0248 0242 0250 0440 0417
- - +0.074"  +0.054°  +0.060" +0.115" +0.093" +0.099" +0.062" +0.057° +0.054" +0.052" +0.128" +0.084’
1.541 1305  1.001 0517 0241 0141 0111 008 0085 0103  0.114  0.113
- - +0.095" +0.111°  +0.107° +0.057° +0.061' +0.062° +0.037° +0.014" +0.019" +0.006" +0.006' +0.011°
2135 2045 1907  1.723 1614 1542 1450 1350  1.389 1482  1.645  1.710
1 ’ +0.097°  +0.097°d  +0.106° +0.098° +0.086' +0.135" +0.120° +0.077° +0.165 +0.142° +0.115" +0.075'
1 s 2171 1981 1792 1475 1291 1192  1.104 1016 0916  0.639  1.041  0.994

+0.121°  40.126™  +0.145°  +0.145"  +0.041° +0.060° +0.064" +0.018° +0.062° +0.467° +0.076" +0.042"

€rl



MIINANUING 30 (D)

ANUHULUY  AUHULUY Ysnaluasn unJa.)
voet/ames YOI NIY ol Ui Ui i i S S Ui S Ui il S
@nhza)  domin o) gdy 5 10 15 20 25 30 35 40 45 50 55
2274 2070  1.687 1201 0977 0.843  0.690  0.617  0.656  0.743  0.083  0.822
1 - +0.074"  +0.096" +0.078" +0.080° +0.040° +0.027° +0.062° +0.015° +0.117" +0.103 +0.101° +0.076°
2166  1.890  1.509  1.035 0839 0739 0530 0412 0379 0479 0507  0.620
1 - +0.112°  +0.126°  +0.057" +0.102° +0.081° +0.121° +0.120" +0.108° +0.165" +0.129" +0.125" +0.154"
2744 2640 2503 2271 2148 2003 1911 1780  1.863 1916 1985  2.106
- ’ +0.086° +0.055" +0.095 +0.134" +0.150" +0.135" +0.099° +0.126° +0.057° +0.055° +0.067° +0.130°
2774 2547 2275 1828 1.693 1589  1.515 1468 1443 1392 1450  1.580
- e +0.058° 1+0.048° +0.073"  +0.027° +0.034° +0.058" +0.089° +0.050° +0.086' +0.207" +0.107° +0.049°
2741 2451 2139 1.624 1519 1357 1286 1207 1261 1308 1479  1.499
- - +0.086° +0.068° +0.092" +0.100° +0.104° +0.088° +0.098" +0.089° +0.199" +0.092" +0.133° +0.110°
2767 2421 2094 1351 1163  1.043 0680 0913 0918  1.053 1154  1.271
- > +0.074°  +0.094°  +0.082° +0.044° +0.062° +0.051° +0.500° +0.067° +0.091° +0.087" +0.114" +0.075"
HIENTA) mmdeluszeznadesuiimifudiesisnysaaiuiinnuandediitfedfymadda (p<0.05) nasmfiiuigmmn

<3| A A 1
Lﬂum‘nqmqﬂmmsmazmmimam

148!



q' a o 3} A aldy A ] @ 3’ v @ ' 9 ~ A
A1TNNANUINT 31 ']JiiJ1%1!‘0‘051‘5‘1/1661,1/\]@11!1!11/]16]5!,@ENTJE]WI@QTI?’YJ”I?J‘H“LHLLHH 0.5, 1.0 18z 1.5 /U1 3 Q. IUNUAINIV1ANUIIN

ANMUNUMUY 0, 1.5, 2.5 118 3.5 n./a. 1U%I1952821981 55 U (AURAY+SD, n=3)

ANUARUWUY ANUHULUY ood Invlomla (un./a.)
vaailames VOIANI 10 ol Ui Ui i Ui udi S S Ui S S i
@nhsa)  dominoe gdy s 10 15 20 25 30 35 40 45 50 55
0257 0215 0.172  0.119 0132 0129 0.141 0134 0165 0280 0276  0.300
. ’ +0.066° +0.065" +0.063" +0.025" +0.024" +0.024" +0.019" +0.021° +0.012" +0.072 +0.006" +0.069"
0235  0.150  0.123  0.098  0.096 0094  0.099  0.097  0.198 0246 0254  0.289
- - +0.054"  +0.058" +0.029° +0.013" +0.005" +0.005' +0.007° +0.003" +0.093" +0.061° +0.044” +0.033"
0.249 0.8  0.133 0088  0.087 0083  0.089 0084 1173 0245 0261  0.265
- - +0.049° +0.063" +0.046° +0.012° +0.003° +0.012" +0.004" +0.003" +0.011° +0.071" +0.043" +0.063"
0262 0.173  0.137  0.097  0.089 0082  0.08 0083 LI16 0.195 0210  0.243
. - +0.044"  +0.067° +0.060° +0.016" +0.018" +0.014" +0.008" +0.010" +0.019"° +0.086" +0.077° +0.085"
0.577 0430 0374 0305 0308 0313 0330 0349 0494 0496  0.507  0.561
1 ’ +0.090" +0.079° +0.078" +0.062" +0.048" +0.049° +0.046" +0.038° +0.082° +0.023° +0.037° +0.061°
1 s 0.570 0413 0345 0223 0214 0207 0208 0214 0327 0319 0341  0.350

+0.085" +0.099° +0.098° +0.091° +0.084 +0.086" +0.082" +0.090° +0.087° +0.091° +0.086" +0.081"

SII



MINIMANUING 31 (AD)

o
ANMUHUMUY ANUHUUUY 03 IsWeaila (un./a.)
. o o - o - o A . o . o o o . o .
ve9tlames VDITINIY U UN UN UNn uUNn UNn uNn UNn UN UN UN UN
o 2 ) = A
@MA3a) MU (1/a)  (5ydy 5 10 15 20 25 30 35 40 45 50 55

0.527 0.335 0.232 0.143 0.132 0.122 0.125 0.141 0.293 0.349 0.366 0.376

1 - +0.086" +0.084° +0.057" +0.040" +0.036" +0.035" +0.041' +0.037" +0.072° +0.050° +0.061° +0.041°
0.562 0306  0.197  0.110 0102  0.095  0.103  0.113 0269 0336 0341  0.354
1 - +0.074" +0.019° +0.021" +0.016' +0.023" +0.019° +0.009" +0.008" +0.053" +0.022° +0.086" +0.015"
0.958  0.828  0.698  0.604 0616 0609 0643  0.654  0.833 0843 0821  0.829
- ’ +0.057°  +0.069° +0.057 +0.015° +0.017° +0.024° +0.046° +0.049° +0.059' +0.061° +0.067° +0.051°
1.029 0872 0728 0599 0592 0576 0554 0570  0.664 0753  0.751  0.742
- e +0.183° +0.121° +0.105° +0.101° +0.096° +0.102° +0.085 +0.085° +0.085° +0.077° +0.066° +0.071°
1.041 0818  0.647 0503 0512 0502 0483 0507 0612 0629 0618  0.654
- . +0.232°  +0.165° +0.185° +0.132°  +0.133° +0.135° +0.148° +0.148" +0.112° +0.128° +0.087° +0.069"
1.065 0742 0544 0409 0396 0384 0364 0377 0529 0545  0.600  0.616
- > +0.248° +0.187°  +0.155° +0.176 +0.156° +0.156" +0.092° +0.091° +0.083" +0.057" +0.068 +0.070"
HIENTA) mmdeluszeznadesuiimifudiesisnysaaiuiinnuandediitfedfymadda (p<0.05) nasmfiiuigmmn

<3| A A 1
Lﬂum‘nqmqﬂmmsmazmmimam

911



] Y v
MIaMaNUINg 32 dszaninumatiniauen Tudie-luTaswu lurimnl

Yy A
FLAYI

SRV ITIINRGIMNANUUULUY 1.5, 2.5 uag 3.5 n/a. TugI9Tzeal 55 31 (ARAS+SD, n=3)

1 Y
Uamesnanunuiiy 0.5, 1.0 0% 1.5 @21 3 a.

szansmmmsiidauen Tudie-TuTasu (%)

AMURULUY ANURUUY
vo1lames UYBIEHI Y i Sudi udi Sudi i Sudi Sudi i Sudi i Sudi
@nhza)  Fmier (/) 5 10 15 20 25 30 35 40 45 50 55

1.08 0.86 5.64 2.04 2.01 2.82 4.16 3.64 6.92 9.71 9.86

. = +0.93°  +132°  45.00°  +6.06° +7.84" 777 +6.63°  +687° 4878  +7.09°  +7.62"
1.87 8.25 1542 1642 1986 2008  23.69  21.64  23.12 2384 2398

. = +1.02° #4177 494" +535°  +481°  +589°  +640° +6.01° 4558 4628  +6.24°
8.21 1451 2409 2625 2532 27.83 2941 2999  30.19 3569  35.75

02 - +1.12° #0.67°  £1.04°  +1.15°  +0.04° +1.89" 42.75°  +3.90°  +1.98°  +2.04°  +1.08
2.19 2.65 5.38 9.37 1344 1214 1368 1399 1572 1587  16.92

1 2 +0.41"  +0.81"  +1.49%  +1.84° 42,08  +3.73°  +3.11%°  +4.44"  +503"  +522°  +4.89"

L11



MININANUING 32 (AD)

ALY AL dszansammsthiianen Tuie-TuTasou (%)

w9amed YOIAINI Y Jun Jun Jun Jun JUun JUN JUN Jun JUN Jun Jun
@nhsa)  dmdier (/) 5 10 15 20 25 30 35 40 45 50 55
3.98 4.67 13.29 15.72 14.90 15.05 1918 2075 2386  23.65  24.06
1 2.5 ‘ ‘
+0.84° 4070 +1.48°  +2.99° 1275 43.12% 43487 41677 +1.81° +3.05  +2.18°
5.04 1037  26.60 30.39 33.61 3477 3656 3643 3876  15.63  37.66
1 3.5
+0.18"  40.62°  +024°  4030°  +0.92"  +1.70°  +2.51" 278" +1.99"  +0.94°  +2.97
1.57 2.92 3.69 5.90 7.32 8.22 8.61 8.25 8.69 8.98 8.68
1.5 1.5
+0.50"  +1.74° 4195  +1.69°  +0.83°  +1.09° +0.58" +0.78" 4032  +0.63" +1.26"
2.43 5.10 9.55 11.04 12.68 15.21 1694 1556 1572 1625  16.28
1.5 2.5 ab b be cd be be cd cd be b be
078" 41.30°  +1.33%  +1.14b° 148" 249" 4237 4253 4290  +2.12°  +2.28
337 4.97 10.86 13.18 18.12 19.61 2012 2135 2161 2283 2292
L5 3.5 be b cd cd cd c cd de cd c cd
+028%  +1.18"  +1.70 4094  +0.71 1395 +0.84  +0.92°  +1.63°  +2.09° +1.49
HIETA) Aunavluszeznardnsuifmiudioddnusaesulinnuuanasedeiiiodiaynieana (p<0.05) tazmiRuiAIMmN

I 1 { v
AuMgINgAveIAaZ EANIINATDA

811



:; a a o W 4 3’ Aq ¥ :? A 1 v 3
A1INNMANHINN 33 ']J§$ﬁTI‘ﬁﬂ”lWﬂ”li‘]_l”l‘]_lﬂllullﬁ'iVl-lluiﬁiﬁlu Twihnlmaesamesianumuiu 0.5, 1.0 oz 1.5 /U1 3 4.

SV UNRGIMNANUHULUY 1.5, 2.5 uag 3.5 n/a. TurI9T2e2a1 55 31 (ARAS+SD, n=3)

ALY ALY Yszansammaiialulasi-lulasou @)
voa1/ames YOI MIY Jun Sudi Jum Sudi Sudi Sudi Sudi Sudi Sudi Sudi Jum
@nhza)  damier (na) 5 10 15 20 25 30 35 40 45 50 55
1.19 0.24 0.07 1.27 2.44 6.15 3.74 3.44 3.51 3.08 3.52
. - +156° 230" 43.13" 42510 4394 45.00" 458" +4.04° 4295 334" 1221
3.18 7.22 6.92 6.68 5.79 2.51 1.52 1.39 0.18 0.07 1.12
. 22 +3.79"  +4.90™ 4458 +436" 4372 351" 4258 335" 1463 44150 +4.22°
13.91 16.30 11.47 13.05 9.76 7.42 6.25 6.29 4.85 4.66 3.25
0.5 3.5 N N N N N N . " N . N
406"  +2.72% 339" 45.64° +4.62"™  +478"™ 1493 4510  +4.98"  +4.50°  +4.92
| s 2.80 3.94 7.31 6.50 6.28 8.85 10.13 9.11 10.95 11.10 10.24
: abed

£3.02°  41.90° 4194 148" 41317 +1.84°  +1.48" +1.64"  +1.03"  +0.81" +0.49

611



MININANUING 33 (AD)

dszansmmmaiindalulasn-lulasmu @)

ANVHUULUY ANUHUMILY
volames VDIANI 1Y UR uh UN Juh Juh Juh UN UN UN Juh uh
@nh3za)  dnomiler (/) 5 10 15 20 25 30 35 40 45 50 55
2.68 6.73 10.55 12.38 13.17 14.21 15.30 14.58 18.15 17.50 16.45
1 25
+1.80° 4159 4229 4119 41.75% +236°  +1.64°  +1.54° 297"  +341° 273
8.69 15.56 16.33 16.63 17.80 18.39 19.06 18.95 21.80 21.15 20.53
1 3.5 : : : : : . . : ibe
077 42,00 +2.80° 45777 42.02° +123° 4235 +2.21 2.56° 4657 +2.86"
7.32 6.79 4.10 4.05 1.24 1.80 2.24 1.97 0.99 0.56 0.17
L5 L5 abc abc ab ab ab ab ab ab a a abc
+0.98 +0.74 +1.05 +0.45 +1.40 +1.53 +1.29 +0.24 +0.46 +0.59°  +1.78
9.62 9.11 9.66 10.13 7.14 8.14 8.60 8.60 7.49 6.97 6.34
1 . 5 2 . 5 abc abc abc abc abc abc abc abc abc abc abc
+0.78 +0.75 +2.28 +2.48 +3.04 +1.61 +2.70 +1.72 +1.49 +1.25 +1.60
14.95 18.59 19.11 19.98 17.15 18.14 18.38 18.48 17.13 17.19 14.11
1.5 3.5 : : : : : : : .
+1.58° 4278 4020° +0.53° +2.90° 4048 42765 4226  +1.52°  +1.73b°  +2.04"
M@ Aunagluszeznatdsuifiiudleddnsatulinuuanaeseiiiediyneana (p<0.05) tazmniuiAIMmN

I 1 { v
AumMgIngaveIAaz ¥ANIINAGA

0l



d' a a o o 3’ A aldy A 1 v gl
A1INNMANHINN 34 ﬂizammwmsmm“lumsw—“luimmu Twihnlmaessamesianumuiu 0.5, 1.0 oz 1.5 /U1 3 4.

SRV UNRSIMNANUUUUY 1.5, 2.5 uag 3.5 n/a. TugI9Tzeal 55 31 (ARAS+SD, n=3)

szansmmnsiinda luasn-luTasou (%)

ANMURULUY ANURULUY
vo1lames UYBIEHI Y i Sudi udi udi Sudi Sudi i il i i Sudi
@ha) il (e 5 10 15 20 25 30 35 40 45 50 55

6.95 6.89 18.11 1514 1661 1661 1093 1216  22.09 2036 1639

. = +243° 4477 43.03" 4418 609"  +626° +524"  +532°  +5.00"  +627"  +6.83"
7.87 9.94 2434 2793 2854 2608 2107 2192 3236 2444 29.66

. = +1.55° 145" 14.07°  +2.89° 43277 +0.66°  +0.72°  +124°  +1.02"™  +4.92™°  +5.98%
9.08 1758 3526 4295 4295 3872 3515 3569  45.03 43.88 5272

02 - 42,600  +3.75°  +5.81°  +2.95°  £3.00° +3.03" 43.71° 455 4337 43.63°  +2.54
4.60 6.94 13.03 1640  17.66 1742 1685 2336  39.62 2923 3439

1 2 071 379" 427" 42.82° 2,09 +3.01°  +3.87°  +141° 42414  +£7.05"  +5.23°

14!



MININMANUINN 34 (AD)

ANMUHUMUY

szansnmmstinia luasn-Tulasou (%)

ANMURULUY
vaailames VY9N3 Y i Ui Ui i S Sudi udi Ui udi i il
@nhza) e (a) 5 10 15 20 25 30 35 40 45 50 55
5.04 15.65 2896  34.03 3677 3943 3830 3818 3844 4161  45.09
1 = +1.63°  #6.11° 4583 4378 +2.70° 42870  +1.34°  £7.00°  +6.52° 1638  +3.04°
8.52 1975 33.12  37.15 3846 4384  44.64 4793 4764 5397 5175
1 - 241" +151°  +423"  43.52° 4507  4539°  +496° +6.02° 1647  +522°  +631°
4.50 9.42 1702 1749 1599 1530 1231 1626  20.06 2043  20.09
- b +1.64° 409" +235° 4231 259" 42.68° 1126 +146" 578"  +2.61"  10.55°
6.84 1333 2351 2289 2346 2263 2077 2194 2205 1837  21.98
2 = +0.50°  +1.29™  +1.43™  +1.52°  +£126°  +126° 079"  +4.98°  +3.16"  +247°  +4.62"
8.87 1576 3404 3645 3551 4531 3212 3494 3202 3086 3101
- - +1.84° 4351 1248 +2.92°  +281°  +17.91" +3.58°  +421°  +3.44™ 1405  +2.81°
HUENTiR) aundvluszeznandersuiimtudiessnysmeiuiinnuandsedieiiiodifymaddn (p<0.05) tazmfimumidmm

< 1 { 1
AUAGINTAYDIUAAZFANITNAADY

14!



MIMANUINT 35 Uszansnmmstiniaeos Isveama-veaesa lu

SRV UNRGIMNANUUUUY 1.5, 2.5 uag 3.5 n/a. TurI9T2ea1 55 31 (ARAS+SD, n=3)

Y H

o _Aq YA =
Wnlmaeselamesn

Y
ANUUUULUY 0.5, 1.0 thag 1.5 @1 3 a.

dszaAnsnmnstiniaees Isema-woaresa (%)

ANUAUILUY AUHUWUY
vod1lames YBIAHI Y i Sudi Sudi Sudi Sudi Sudi i i i i i
@hsa) il () 5 10 15 20 25 30 35 40 45 50 55

1926  10.66 2.24 3.05 3.12 6.10 3.90 28.72 2.99 .03 7.34

02 - +5.99" 276" +1.97°  +1.09°  +1.97°  +141° 4146  +5.66° +0.75'  +036" +2.40°
9.60 12.43 7.49 12.57 13.69 15.85 15.01 9.43 0.88 085  9.87

02 22 +2.67°  +1.80"  +1.06°  +1.75°  +1.57"  +1.78™  +1.54" 237" 038" 241" +2.857
1945  16.10 9.53 17.79 18.87 2104 2076 2026 2844  27.83  24.87

0.5 3.5 ) N N . o N N N L . .
+1.65°  +1.81 028" +1.11° +1.79 126" +1.52"  +2.82°  43.19™  +233° +2.81

1.72 3.68 13.00 15.24 17.34 2006 2236 2137 2331 2514  28.85

1 - +0.10°  +1.19"  +0.12"  +245°  +223™  42.89™ 4125 4123 +6.71F  +2.08° +8.70"

€Cl



MININANUINN 35 (AD)

ANMUHUMUY

Uszansmmnstiniaees Isemua-woarese (%)

ANVHUULUY
volames VDIANI 1Y Juh Juh Juh Juh Juh uh UN uh uh Juh Juh
@nh3za)  dnomiler (/) 5 10 15 20 25 30 35 40 45 50 55
8.39 17.05 20.20 23.12 25.98 28.80 29.32 28.58 17.79 16.72 2497
1 25
+1.22°  +4.84™  49.92° 1990 48667 224  +7.48™ 4440 +420™  +4.49°  +4.66"
18.61 28.19 31.24 33.37 35.41 36.95 38.46 36.62 25.00  26.06  33.40
1 3.5 \
+2.41"  +848  +9.01°  +9.13° 4883 4945  +8.90°  +8.52° +4.82™ 4255  +7.95
1.91 3.20 6.63 8.55 9.36 14.94 14.26 22.75 14.79 12.76  14.39
L5 1.5 a a ab a ab ab ab be abc b ab
+0.37" 40.47 +0.25 +0.68°  +2.71 +2.89 +2.03 +5.07"  +2.16 £2.16°  +4.99
8.17 12.54 16.55 16.98 17.19 22.34 21.15 27.85 27.52 26.13 23.24
1 . 5 2 . 5 ab ab abed ab abed abc abc be abc c ab
+1.38 +1.53 +2.62 +3.85 +3.79 +3.46 +1.09 +3.53 +5.60 +5.84 +5.87
17.75 23.89 28.11 30.45 30.86 35.11 34.89 37.54 3640 2842 2725
15 3.5 \ \ \ \ i ) )
3357 4556 44237 256" 4241 +738"  47.68°  +6.39°  +9.45°  +7.54°  4932°
M@ AunagluszeznatdsTuifiiualeddnIAtulinnuuanAeseiiiod1iyneana (p<0.05) tazmniuiAIMN

< 1 { 1
WUAGINTAYDIUAAZFANITNAADY

14!



d’ U o = 3’ dl
M3MANUING 36 onsimsgaduon Tuie-TuTasau Tl

9y A
FLAYI

E4

ANUIGTIUNTEINANUAUUY 1.5, 2.5 1A% 3.5 0./8. JIFTLE21981 55 U (AURAGESD, n=3)

v Y
amesnanunuY 0.5, 1.0 uag 1.5 62/ 3 8. 59U

ANMUHUMUY

ANMUHUMUY

4
snsimsgagunen Tude-TuTasou wa/nahminae/iu)

@

v9)ames VOIA MY il il Ui Ui il Ui Sudi S S Ui
@nhza)  amiler () 5 10 15 20 25 30 35 40 45 50 55

0.011 0.034 0.075 0.100 0.124 0.149 0.165 0.185 0.205 0214  0.223

- = +0.003"  +0.005"  +0.017°  +0.020°  +0.026"  +0.026"  +0.023"  +0.023"  +0.030"  +0.025"  +0.026"
0.014 0.059 0.108 0.149 0.185 0.208 0.231 0.246 0.259 0262 0272

- = +0.003"  £0.016°  +0.019°  +0.021°°  +0.019° +0.023%  +0.025" +0.024°  +0.023"  +0.025" +0.025"
0.036 0.081 0.140 0.185 0.205 0.236 0.253 0.274 0.289 0305  0.315

02 - +0.004"  +0.002"  +0.002°  +0.003"  +0.002°  +0.008°  +0.009° +0.012"  +0.005°  +0.005" +0.002°
0.020 0.048 0.086 0.138 0.190 0.212 0.244 0.266 0.290 0312 0.320

1 2 +0.011°  +0.005°  +0.008"  +0.010"  +0.012°  +0.021" +0.018"" +0.024°  +0.027°  +0.028" +0.027°

¢l



MININANUINN 36 (AD)

9
sasimsgaguuen Tudle-TuTasu wn/nahwinge/iu)

ANURUUY AMURULUY
vod1lames YBIAHIY i udi Sudi i Sudi Sudi udi Sudi i i i
@hsa)  frmdien () 5 10 15 20 25 30 35 40 45 50 55
0.028 0.058  0.125  0.168 0196 0225 0.270 0298 0328 0.349 0.360
1 22 +0.004"  +0.003"  +0.008° +0.016°" +0.015° +0.016°  +0.019°  +0.011° +0.011"  +0.018"  +0.014°
0.034 0.087  0.194 0244 0293 0326 0.360 0380  0.406 0.419 0.431
1 - +0.000  +£0.004°  +0.003°  +0.006° +0.007° +0.013°  +0.018"  +0.019° +0.016°  +0.466°  +0.021°
0.018 0.053  0.080  0.123  0.160  0.190 0.216 0230 0251 0.262 0.274
b b +0.003"  +0.011°  +0.013" +0.011° +0.006° +0.008°  +0.004"  +0.005°  +0.003"  +0.004"  +0.009"
0.025 0.068  0.120  0.158 0197 0238 0.273 0.281 0.299 0.312 0.326
b 22 +0.006  +0.009%  +0.010™ +0.009° +0.012°  +0.018°  +0.018°  +0.019° +0.022°  +0.017°  +0.017°
0.031 0.067  0.130  0.173 0235 0269 0.295 0.321 0.340 0.358 0.372
b - +0.002°  +0.008  +0.011%  +0.006" +0.005" +0.010°  +0.007°  +0.007 +0.012"  +0.015"  +0.010"
HIENTA) mmdeluszeznadesuiimifudiesisnysaaiuiinnuandesiitfed fymadda (p<0.05) nasmfiiumigmmn

I 1 { v
AumMgIngaveIAaz ¥ANIINAGA

9¢l



d' [ [ 4 : a sldy ~ ] Y] gl [ [
A1INMANUINT 37 amwmi@ﬂ«m"lullmsm—"luimmu Twihnlmasslamesianumuuiyv 0.5, 1.0 g 1.5 /U1 3 9. 53UNY

AT UNTINANUAUUY 1.5, 2.5 1A% 3.5 0./a. JFTZE219a1 55 U (AURAGESD, n=3)

[ Y] 4 c’o‘ o @
oasimsgadylulasi-lulasou @wa/mnabhwinaa/iu)

ANUUUIUY ANUHUIUY
vod1lames VYBIA NI Y i Sudi Sudi udi Sudi i Sudi il i Sudi il
@hsa) il (/e 5 10 15 20 25 30 35 40 45 50 55
0.023  0.058  0.136  0.153  0.168  0.176  0.195 0203 0210 0218  0.226
02 = +0.007°  +0.010" +0.013" +0.010" +0.016" +0.020" +0.019" +0.016" +0.012" +0.013" +0.009"
0.040  0.088  0.163 0185 0202 0212 0216 0223 0225 0231 0.237
- = +0.015°  +0.020" +0.019" +0.018' +0.015° +0.014" +0.010" +0.013" +0.018" +0.016° +0.016"
0.084  0.124  0.182 0212 0219 0232 0236 0243 0244 0250  0.254
- - +0.017° +0.013" +0.016" +0.025' +0.021" +0.021" +0.021° +0.022" +0.021" +0.019" +0.021"
0.056  0.158 0216 0232 0240 0269 0283 0289 0297 0309  0.317
1 = +0.025° +0.016" +0.018" +0.014" +0.012° +0.013" +0.010" +0.012" +0.008" +0.006" +0.002"

LTI



MININMANUING 37 (AD)

Y] 1% I'd g’ @ o
oasmigasu lulasi-lulasnu @n/mnahwinaaiu)

ANURUUY ANMURUULUY
vod1lames YBIAHI Y Sudi Sudi i Sudi udi Sudi Sudi i i udi il
(i3 ) uniien (n/a.) 5 10 15 20 25 30 35 40 45 50 55
0.054 0180 0242 0277 0294 0311 0323 0332 035 0359  0.366
1 22 +0.013° +0.016" +0.022" +0.015° +0.020™ +0.023"° +0.016" +0.016" +0.029" +0.032" +0.033""
0.100 0223 0287 0310 0329 0243 0352 0366 0389 0387 0397
1 - +0.007°  +0.021"  +0.060™ +0.053° +0.055" +0.058" +0.051" +0.057" +0.062"" +0.061" +0.063"
0240 0339 0374 0393 0417 0431 0447 0456 0464 0474  0.486
2 b +0.109° +0.127% +0.128% +0.133°  +0.128 +0.131° +0.128™ +0.128" +0.129° +0.129" +0.131°
0267 0364 0439 0464 048 0506 0523 0535 0541 0551 0559
= 22 +0.119° +0.116° +0.148 +0.149 +0.152° +0.160° +0.162 +0.161° +0.158° +0.166" +0.158"
0329 0476 0548 0577  0.601 0621 0653 0649 0652  0.668  0.645
2 > +0.114°  +0.136°  +0.142°  +0.135°  +0.135°  +0.142° +0.145" +0.151 +0.152° +0.154"  +0.115°
HIENTA) mmdeluszeznadesuiimifudiesisnysaaiuiinnuandesiitfed fymadda (p<0.05) nasmfiiumigmmn

I 1 { v
AumMgIngaveIAaz ¥ANIINAGA

8C1



v Y v Y ' Y
M351amaRuIn 38 oasmsgas Tumsn-Tulasou lwhnldasalamesianuvuusiu 0.5, 1.0 waz 1.5 @t 3 a. Sy

NG AN TEINANUAUUY 1.5, 2.5 1A% 3.5 0./8. JBITZE21981 55 U (AURAGESD, n=3)

2
oasmagady lumsn-Tulasu wn/nahwinge/iu)

ANMURULUY ANMURULUY
Y931)amoq YOIAINTIY U JUN udi i Sudi Sudi Sudi i i i Sudi
@hza)  frmdion () 5 10 15 20 25 30 35 40 45 50 55
0204 0374 0752  0.864 0985  1.079 1.066  1.079 1.074 0979  0.860
02 - +0.041"  +0.078"  +0.068" +0.081" +0.113" +0.115" +0.093" +0.096' +0.101° +0.119" +0.123"
0.211 0.411 0.823  1.034  1.141 1.199 1202 1.208 1203 1015  1.038
- 22 +0.028"  +0.025"°  +0.042°  +0.024° +0.028° +0.014™°  +0.020° +0.028" +0.028"  +0.055" +0.095"
0.235 0.536 1.014 1288 138 1415 1437 1439 1425 1415 1416
- - +0.039"™  +0.059™°  +0.114°  +0.069° +0.069° +0.077°* +0.088° +0.101° +0.093" +0.101° +0.089"
0.188 0374 0.687 0870 0967  1.053 1.139  1.240 1519  1.120  1.168
1 - +0.012°  +0.082"  +0.093"  +0.081' +0.066' +0.085' +0.104" +0.059" +0.578" +0.182" +0.155"

6¢Cl



MININMANUING 38 (AD)

4
oasmigady lumsn-Tulasu wn/nahwinga/iu)

ANUHU MUY ANUHU MUY
voaames VDAY UR Juh UN UN UN UN UN UN uh Juh Un
@nhsa)  domiler (/) 5 10 15 20 25 30 35 40 45 50 55
0.202 0583  1.066 1287  1.419 1.570 1.642 1.603 1.518 1.430  1.443
1 2.5
+0.033°  40.151%  +0.153° +0.109° +0.086° +0.081° +0.059° +0.187" +0.177° +0.175° +0.080"
0.275 0.653  1.123 1317 1415 1.623 1.739 1.772 1.675 1.649  1.538
1 3.5 \ \
+0.061°°  +0.055™ +0.108° +0.101° +0.123°  +0.136°  +0.132°  +0.165% +0.171° +0.124° +0.135°
0.225 0494 0937 1069 1.171 1.243 1.288 1314 1.366 1.311 1.182
1.5 1.5 abc ab ab b b abed b bed abe be b
+0.047™  +0.117"  +0.074° +0.072° +0.077° +0.075"° +0.038" +0.032™" +0.151"™ +0.065° +0.019
0.288 0597  1.108 1210  1.369 1.438 1.515 1.462 1.417 1247 1229
1.5 2.5
+0.019  40.034"  +0.026° +0.027° +0.030° +0.018" +0.005°" +0.116° +0.096" +0.053" +0.139"
0.345 0.669  1.107 1293 1310 1.472 1.353 1.432 1.599 1570  1.484
1.5 3.5
+0.049°  40.105° +0.090 +0.101° +0.101° +0.492° +0.120° +0.133"  +0.105" +0.117° +0.087"
M@ AunagluszeznatdsTuiiiualeddnsatulinnuuanaeseiiiod1iyneana (p<0.05) tazmniuiAIMN

I 1 { v
AuMgINgAveIAaz EANIINATDA
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v E4
MIIMANUINT 39 SasiMsgatuens IsHemvla-Weavlesa luihnldae

]
=1

NG AN TEINANUAUUY 1.5, 2.5 1A% 3.5 0./a. JUFTLE29a1 55 U (AURAGESD, n=3)

v Y
amesnanumuy 0.5, 1.0 wag 1.5 82/ 3 a. 59U

2
damigaduens Isvleama-eavesa wn/nahwminaa/fu)

ANUARUILUY ANUHUMUY
vo1lames VBIEHI Y i Sudi Sudi Sudi Sudi Sudi Sudi Sudi i i Sudi
@hza) il (/e 5 10 15 20 25 30 35 40 45 50 55
0.084  0.111 0.135 0136 0139 0134 0.136 0035 -0.011 -0.019  -0.053
02 = +0.008"  +0.027°  +0.043" +0.050" +0.049" +0.050" +0.053" +0.18"  +0.013" +0.026"  +0.059°
0062  0.114  0.158 0.159 0164 0158 0.163  0.075  0.005 -0.011  -0.015
- = +0.015°  £0.021° +0.037" +0.049" +0.042° +0.046" +0.047° +0.059" +0.079° +0.052"  +0.060"
0088  0.123 0.162 0.171 0177 0171 0.177  0.145  0.068  0.052 0.020
- - +0.026"  +0.024™  +0.028" +0.028" +0.035" +0.036" +0.035" +0.030™° +0.073" +0.064™  +0.069"
0.154 0221 0342 0351 0358 0358 0352 0241 0170  0.228 0.219
1 1 : 5 be be b b b b b bed ab bed cdef
+0.043"  +0.067° +0.056" +0.053" +0.052" +0.063° +0.071" +0.097™" +0.031° +0.032™" +0.057

Iel



MININANUINN 39 (AD)

ALY ALY damigaduens Isvloama-eavesa (uﬂ./ﬂ.ﬁymﬁﬂﬁﬂ/’iu)
vo1lames UYBIEHI Y i Sudi i Sudi i Sudi i udi Sudi Sudi Sudi
@hia) il (e 5 10 15 20 25 30 35 40 45 50 55
0.189 0291 0378 0390 0400 0397  0.381 0232 0096  0.160 0.150
1 2 +0.023° +0.035  +0.63°  +0.065° +0.062" +0.052" +0.058" +0.029" +0.036" +0.045™ +0.047"
0253 0361 0447 0455 0462 0454 0444  0.291 0.145  0.220 0.207
1 - +0.058"  +0.071' +0.076° +0.078" +0.078" +0.083" +0.080" +0.084° +0.077° +0.067" +0.068"“
0.155 0296 0424 0431 0446 0470 0453 0363 0274  0.276 0.284
1.5 1.5 N y N N N " N N N B "
+0.074"  +0.079"  +0.082" +0.088" +0.087" +0.101" +0.101° +0.098° +0.106" +0.122"° +0.114
0220 0388 0531 0523 0532 0551 0528 0426 0409  0.420 0.385
= 2 +0.067  +0.046" +0.126" +0.128° +0.127° +0.142° +0.137°  +0.181° +0.149° +0.166"  +0.170"
0320 0515  0.648  0.662  0.674  0.693  0.681 0.532 0515  0.462 0.445
2 - +0.067°  +0.104°  +0.085' +0.094° +0.094° +0.162° +0.164° +0.165° +0.194° +0250°  +0.286
HIENTA) mmdeluszeznadesuiimifudiesisnysaaiuiinnuandesiitfed fymadda (p<0.05) nasmfiiumigmmn

I 1 { v
AumMgIngaveIAaz ¥ANIINAGA

43!



v v Y Il Y v
MIIMANUINT 40 oa5IMINTaAL Tnvest/amesiseauanuvuIY 0.5, 1.0 uag 1.5 #2411 3 a. Fudesswiua et mteianu

WUWUY 0, 1.5, 2.5 g 3.5 n/a. Tuaieszeziian 56 T4 (AUnag+SD, n=3)

ANUHUWUUVDI ANUHUIUY

oM an Tavesames (n./u)

1Jamed VBIA1H I8 ) , . , , . . ,
U = [ = [ = U = U = [ = [ = [ =
(é‘h/ﬁ”w 3) il (e un 7 uNn 14 uNn 21 uN 28 uN 35 uN 42 uN 49 uN 56

0.5 0 0.009+0.002  0.014+0.002%  0.021+0.003  0.027+0.004"  0.03240.004°  0.034+0.005"  0.038+0.006"  0.040+0.005"

0.5 1.5 0.012+0.001°  0.022+0.001°  0.027+0.002°  0.032+0.003°  0.038+0.002°  0.040+0.002°  0.044+0.003°  0.047+0.002°

0.5 2.5 0.017+0.004"  0.025+0.002"  0.031+0.001"  0.042+0.005"  0.047+0.006'  0.051+0.005"  0.053+0.004'  0.055+0.004"

0.5 3.5 0.01540.002"  0.027+0.003"  0.034+0.003  0.040+0.003"  0.0444+0.002"  0.048+0.003"  0.050+0.004"  0.053+0.004"

1.0 0 0.007+0.002™  0.010+0.003”  0.015+0.003%  0.025+0.007™  0.0284+0.006  0.031+0.006  0.033+0.005™  0.036+0.005"

1.0 1.5 0.007+0.002™  0.013+0.005%  0.025+0.006™  0.032+0.007%  0.034+0.008™  0.038+0.005  0.041+0.005*  0.044+0.005™

1.0 2.5 0.01240.002°  0.024+0.011%°  0.03140.006"  0.041+0.008"  0.046+0.011  0.050+0.012°  0.053+0.010°  0.057+0.012"

1.0 3.5 0.01540.005  0.026+0.002"  0.033+0.006°  0.042+0.008"  0.045+0.008"  0.047+0.006"  0.046+0.031¢  0.050+0.028"

1.5 0 0.003+0.003"  0.006+0.005"  0.009+0.005"  0.013+0.006"  0.017+0.004"  0.019+0.005"  0.022+0.003"  0.023+0.003"

1.5 1.5 0.006+0.003™  0.009+0.007°  0.017+0.013™  0.019+0.016™  0.026+0.015"  0.030+0.020°  0.033+0.021°  0.035+0.002""

1.5 2.5 0.007+0.010™  0.012+0.012%  0.018+0.013%  0.023+0.012™  0.029+0.005%  0.032+0.012°  0.034+0.014"  0.036+0.015™

1.5 3.5 0.007+0.007™  0.01240.007%  0.020+0.020"  0.025+0.006™  0.033+0.005%  0.035+0.007™  0.038+0.007™  0.040+0.010™

winemg  aundslunuaideaduimiudiedidnssaenuiinnuuandedniitediyneada (p<0.05) tazmiiuid et nunigalutdazyanisnaaes

eel



v 1 1 9
MIIMANUINT 41 6a5IMInT Al Tavesa et mtoanszauaNurUILLY 1.5, 2.5 1ag 3.5 nJ/a. Fudessauiulames

[ Y v
NAANUHUIUY 0.5, 1.0 waz 1.5 62/ 3 a. Tugeszezial 56 Tu (AMae + SD, n = 3)

ANUMULUUYRY  ANIHUIUIY oaT 1M AL Invesa e umiion (n./)
SIGRNGE YDIAIN I8 ) } , , . , . ,
U = U = q./ = U = [ = [ = [ = [ =
(53/1{1 3a) Frumiion ) un 7 UN 14 uN 21 UN 28 UN 35 UN 42 UN 49 UN 56
0.5 1.5 0.267+0.061™  0.395+0.092"  0.557+0.103"  0.652+0.084"  0.712+0.088"  0.776+0.086"  0.867+0.045"  0.942+0.044"
0.5 2.5 0.250+0.042"  0.396+0.064"  0.510+0.064"  0.713+0.134"  0.803+0.117"  0.858+0.121"  0.928+0.108"  0.968+0.095"
0.5 3.5 0.398+0.085"  0.547+0.051°  0.659+0.054"  0.727+0.018"  0.799+0.033" 0.876+0.034" 0.969+0.062"  1.042+0.072"
1.0 1.5 0.31440.045°  0.464+0.104°  0.663+0.017°  0.841+0.023°  0.978+0.024°  1.095+0.041°  1.174+0.034" 1.270+0.018"
1.0 2.5 0.342+0.064"  0.554+0.049"  0.699+0.078" 0.881+0.082" 1.064+0.054" 1.217+0.048" 1.353+0.041° 1.3114+0.111°
1.0 3.5 0.289+0.024°  0.428+0.048"  0.590+0.098"  0.719+0.092"  0.868+0.095°  0.969+0.088" 1.09140.056"  1.176+0.056"
1.5 1.5 0.454+0.101°  0.61240.111°  0.793+0.076°  0.941+0.084°  1.04140.067" 1.149+0.110"  1.268+0.021°  1.328+0.008°
1.5 2.5 0.440+0.095™  0.659+0.083%  0.787+0.044%  0.899+0.065* 1.005+0.095™ 1.117+0.041% 1.19840.058" 1.256+0.070"
1.5 3.5 0.480+0.095"  0.677+0.057°  0.773+0.115°  0.919+0.122°  0.969+0.057°  1.038+0.036" 1.13240.052%  1.174+0.047"
1 d' = [ d'o v Y v @ 1 v A 1 L] A v o w aa U d't: d v
HUEITIA annay luuuIReIAUNMAUAIEAIDNYTANATULANUUANANDENNTITIAYNINTIA (p<0.05) LazAMNNUHAINLN

=2 1A A 1
wmamﬂmmﬂwqaiuuwaxmmwmm

vel



v ' k4 1 b4 '
AMTINMARNUINN 42 FATIMINga TNV IMOINTLAVANUUUIUY 0.5, 1.0 1ag 1.5 @241 3 a. Fudesswduam et miernany

WUWUY 0, 1.5, 2.5 g 3.5 n/a. 1us95zezal 56 T (Amae + SD, n=3)

ANVHUMUY  ANUHU LY Sa3IMIMmoEzay (%)
sUi‘)\‘l“IJTJTVI'EN *Ui’)\iﬁ"lf’l:ﬂ 4 4 2 2 2 2 A
({5]0"3/15‘1 39) (n/a) AUN 14 AUN 21 AUN 28 AUN 35 AUN 42 AUN 49 AUN 56

0.5(10 8/ 0 6.67+5.77°  10.00+0.00°  10.00+0.00™*  10.00+0.00""  10.00+0.00"° 10.00+0.00™ 10.00+0.00"
0.5 1.5 3.33+5.77°  10.0040.00°  10.00+0.00°®  10.00+0.00™"  10.00+0.00° 10.00+0.00" 10.00+0.00™
0.5 2.5 3334577 6.6745.77°°  6.67+5.77°"  6.6745.77°°  6.67+5.77°  6.67+5.77"  6.67+5.77"
0.5 3.5 0.00+0.00" 0.00+0.00" 0.00+0.00" 0.00+0.00" 0.00+0.00°  3.33+5.77"  6.67+5.77"
102064 0 333+2.89°  10.00+0.00°  11.67+2.89°  13.33+2.89°  1333+2.89"" 1833+2.89° 21.67+2.89"
1.0 1.5 1.67+2.89"  3.33+2.89™°  3.33+2.89"™  3.33+2.89™  3.3342.89"  6.67+5.77"° 10.00+5.00"
1.0 2.5 1.6742.89°  1.67+2.89"  1.672+.89"  3.33+2.89"  3.33+2.89"  3.33+2.89"  5.00+0.00"
1.0 3.5 1.67+2.89" 1.67+2.89" 1.67+2.89" 1.67+2.89" 1.67+2.89" 1.67+2.89°  1.67+2.89"
1.530/Y4) 0 444+193"  7.78+1.92°  11.11+1.92%  13.33+0.00°  16.67+0.00" 18.89+1.92° 23.33+0.00'
1.5 15 22241.92°  6.67+0.00°°  8.89+1.92"%  11.11+1.92"  14.44+1.93" 16.67+3.34° 17.78+1.92%
1.5 2.5 2.2241.92" 4444193 5.56+1.93™°  8.89+1.92°"  12.22+1.92°" 12.22+1.92% 13.33+0.00"
1.5 3.5 2.2241.92"  33340.00°°  4.44+1.93""  556+1.93°"  8.89+1.92°  8.89+1.92°  10.00+0.00™

@

1 { @ Io o v @ 1 @ 1 1 @ o w Aan 1 PN s 1 y y 1
Annde lunadsiuiiiudledsnysautulinnuenawed e livedvaneada (p<0.05) wagmniuidmueimfnge luudagyanisnaasa
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MANUIN V.

ada d e
'J%'J!ﬂﬁ]%ﬁﬂmﬂ]ﬂu]

MUIABNI5Y09 Boyd 1az Tucker (1992)
d
1. MIIAIIZH Dissolved Oxygen (DO)
=
astadl
1. @¥199¢018 Manganous sulfate: 82018 MnSO,.4H,0 480 f. (MnSO,.2H,0 400
v ' Y '
n. 1130 MnSO,.H,0 364 1.) A20111nau nesrIunszaEnIed uduantiinauld ddsuas
ATV 1 .
2. #1502y alkali-iodide-azide (AIA): a2@18 NaOH 500 1. 1ias Nal 135 1.
Y '
#3014 KOH 700 n. az K1 150 n. lininauudanl5ulsinasdasy 1 a. udrazato Na, 10 n.
Y v v 4
Tusindu 40 wa. ud uAvaITAza1 NaN, Nauiua15aza1e NaOH-Nal a3 en Tineumnithil
3. nIARMEY (H,S0,) 1Hud
Y Y v
4. viwtla: aza1e Soluble starch 2 . 1A salicylic acid 0.2 7. AI1INAY 100 1A,
9
auauasazaela
5. @1992219819M531U Sodium thiosulphate: 82018 Na,S,0,.5H,0 6.205 0. LA
J & Y (v (a v v v
NaOH 0.4 n. Tuthnau ud5udSmasldasy 1 a. mianududuvesarsazaioniaggiu
Na,S,0, Tﬂallmmmﬁumsazmammgm potassium dichromate
6. €139 A1BUINTY U potassium dichromate 0.025 N: aga19 K,Cr,0, 0.6129
Y '
a. Twihnau udrlsudsuasldasy 500 wa.
Y '
7. 91502018 potassium iodide: aZ018 KI 2 1. Turinau 100 wa.
Y
degniwssgasluuia BoD wenewed1 1¥iivese1ns iaua1sazalo MnSO, 1 ua. A
Arpansazans AlA 1 wa. udrarhvianauaisazarsliidiiulaenanvianduiialadun 20
c?/‘ 09/’ 1 Y 4
a5 nmivdaeelvinzneuueudu
ada d
e LRI E A
a o o Yy 9 a a o o A 9
1. @unsanuedudutu 1 wa. Yachviauaznanuianduiuiie lazane
Y
o w 1 @ I
aznouILKNA A291A10619 200 wa. T lamsniuaisazaio Na,s,0, awwmsazaraiud
J a 3’ 1 { 3’ a I ]
waeseau uannileaslyl 8 viea udr lawsnaesuasazaraaounndrindudu lund
=R A AAqQ Y (a S o 1 Yy
ueraeniegaga lunsainldlsmasiiedis 200 wa. lawmsniuaisazats Na,S,0, 0.0250

N 1 1@, 1951150 DO [yt 1 un./a.
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2. WIANU NV TAZA1eNINTFIU Na,S,0, TagiAua1saza1eu1nsgIu
K,Cr,0,0.025 N 10 wa. ldlurlmad@aussyasazats KI 100 wa. in H,50, idudu 2-3 voa
g3 udfiaduna s it vnudmihndul?1dEmnaes 250 va. udnh i lan s
13821013 TIN Nay8,0, 1R rfuns Tamsnmanududuves po  Tuideds
AuumanudureImTazaeuIAIFIU Na,S,0, Tagldgasiiuin
N,V, = N,V,

Tae N

Y 9 A Y v 1
. ANV NUUHUDN KZCr207 NNITUANUVNVULUUDU

Y v Ay Y Y A
= ANV NUVUHUDN N2128203 NADINTITHUIAITNLVNVUNUUUDU

N

1

N
\% = 31159049 K,Cr,0, 714
v

a o Hq 9
, = Usmasnanuavesd1sazans Na,s,0, 114 lamsn

=2 a
IUDIYAYA

DO (un./a.)

(8. Na,8,0,)(N)(8)(1,000)
1911019814

131 N = Normality Y84 Na,S,0, 114 laiasn

2. mia!ﬂﬁwﬁ Total Ammonia Nitrogen (TAN)

=
a1y

Y v
o v

1. hnduisiaeinuen Tutie (ammonia-free distilled water): 1038 Ingildaon
shnauruaedind 41539 cation exchange resin fiilunsaun

2. @5aza100end 1A% (oxidizing solution): wanhodniaun @nasiy
59%) 20 1@, furhindy 80 wa. ndUSY pH Wegluze 6.5-7 Tavldarsazarensa HCl (N3 1
dAuserNdY 3 §91) AISIF3EN oxidizing solution Tviainn 4-5 Ju

3. nsazyaeiluea: azaw NaOH 2.5 n. uaziluea 100 n. Turindu 100 va.
ﬂaim%umiazawfhﬁﬁnﬂ 4-5 U

4. 91502101030 Rochelle: aza101na0 15198 (KNaC,H,0,.4H,0) 50 1. T
ndu 100 wa. udaduliideauio lauon Tufisfionuidonlunde sul5asamsazais
maeilszane 70 wa. e ldiEy anvudy MnSO,2H,0 50 un. udydnthnduanld

151195 100 wa.

E4
o

5. d1sazareuiasgiduen Tude-Tulasu:  TunsneSouaisazaie

4
wasgrusen Tutlo-TuTasausianua (Total Ammonia-Nitrogen 130 TAN) 19141 1,000
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Y 1 F4
un./a. Tasazate NH,C1 1.9079 n. lurthnau udrSulSunasIiasu 500 ua. 91ntiuimens
Y 1 1
50 . YDIAITAZAWNIATFIU TAN 1,000 un./a. a2e1inau auldU5u1asAsy 500 wa. ¥4
Y o A A o Y Qa: [
vz IdensazalenIasgiu TAN 10 un/a. thansazatemiasgiumen Tudlelason ldnsanas

dy = Yy Yy 9 ' Y v ! '
uhlﬂmiﬁmﬁﬁazﬁ1EliJWIiﬁWHGlT‘iﬂJﬂ’NﬂJléllllélluﬂEJNU’6El 6 3¢ @galumq 0.00-0.5 un./a.

Y
MUFATAIUIUAIN
NV, = N,V,
Y o v A Y '
Tﬂﬂ N1 = ANUNUNUVUHUBITITALATIAIAUNNITIUAN UV UUUULHUDU
Y v Ay a
N2 = ANUUNUVUUBITITALANINABDINITLIANTYU
a :1’ 9 ~ o A
Vl = ﬂiiJ1@5%@\1613@13aqﬂﬁQWUﬂﬂ$u11ﬂlﬂ@ﬂ1Q
a H Y Ay ~
V2 = ﬂill1@]57]\1‘”11ﬂellﬂ\‘]ﬁﬁliaza18@@%18%@@\1ﬂ15l@]583~1
ad a d
IBMIUAIITH

9 Y] ] 3’ A A A oy
1. 19 lnlagadredrahfiiiumsnses nioasazaloninsgiu TAN 130100
o 1 ~ s Y v . .
Nau (blank) 10 Wa. GLﬁGLLlTJﬂLﬂBSGU‘L!”Iﬂi] 50 Ya. UAINURIY magnetic stirrer
[ Y
2. vauzauwindiede auaisazaenae 1swaas 1y 1 vea oxidizing solution
0.5 ¥a. uaze1saza1eiuoa 0.6 ua.
1 3’ % v A g 4 a 3 {
3. daeshdredliegnailunar 15 nieliinad ldwun
Y 1
4. dnhdediaaraisazateuiasgiuldiannudunasdrunios
A A Y 3 1 A I
spectrophotometer N1A211819AAY 630 U1 TUWAT TAg 1y blank denimsganauuauily o
5. Weunvnasguuaasanuduiusszrianuduiuvesasyais
[ 1 = Y o 1 A A Y g‘ @ L =~ =
WAsgIURUAIMsganaunas uanhmmsganaunasioiu laninihdieds lunfseuien

v Y < Yy v ~ S o 1 &
ﬂULﬁUﬂ51V\I3ﬂ@]5§1H ﬂil$1/]5ﬁJﬂ']13JLmﬂﬂluﬂlﬂﬂllﬂuiﬂluﬂiuuT@'J@81\11!1!

a d
3. MINUAIEH AN (Nitrate) oz lulasn (Nitrite)
=
asndl
. Yy A A Yy v
1. copper-cadmium granules: 1UNAUAANIN (NTDULAINNUUALUNTIVUIA
Y Y Y
40-60 mesh) ¥111In 25 n. @reA1sazatensa HCl 6 N ud1a19a281i1)a1 antiudw
S J a v < = =
d15aza1e Cuso, 2 tosisud Usuas 100 wa. undudaunadionaudivesaisazaie

a 4 a ] 3 o 2’ '
CuSO,a3a3 mmsazmamuﬁ'amumiazma CuSO, LLﬂ’NLEJﬂLLﬂﬂLﬁEJ?J%ﬂﬂiQ NMEIIUNIN
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a S oy 09}1 = 1 Slcy 19 o =\ dy a
winaaznoudihmia 1Iniudsses q diwlaidwenznousen il Wuaadiont lihdulu
reduction column

1A a J 3 4 . . a
2. @15n0% (color reagent): 1) 85 11/051%UA phosphoric acid YTU1RT 100 WA, A
Y v ]
lutinau 800 wa. LLE%L@I&J sulfanilamide 10 . 14J® sulfanilamide azmﬂwmuﬁ’ﬁqmu N-(1-
Y v
naphthyl)-ethylenediamine dihydrochloride 1 7. aza1elrd1Aua uduansinauanlddsnasasy
< 3 <
1 a. muasazaned Bluaivuas swenunsanu 13141894 1 heu
3. 81582818 NH,CI-EDTA: aga1o NH,Cl 13 n. 11ag disodium EDTA 1.7 .
Y ' 4
Turinau 900 wa. Y50 pH vesd1saza1siiane NH,OH wWudu au'ld pH 8.5 udqdeilsy
Aa Y 2’ o Y
Ysmesdrnimauliasy 1 a.
4. 1302219199919 NH,CI-EDTA: 1909191502819 NH,CI-EDTA (4159 3)
Y 3
300 ua. AwinauauldlSuasasy 500 ua.
A Y 9 o 3’ o a ~
5. #13aza10nIa HCL 6 N: Taei@oaensa HCL Wudunuiinaululsmesh
AU
< 0 &
6. A15a2a18 CuSO, 2 1losIFud: aza1o Cus0,.5H,0 20 n. Tushindu 500 ua.
udrlSulsuaslnasu 1 a.
Y 1
7. drsazatennsgivluesn: azate KNO, 0.7218 n. Tushinauudalsy
a % <]
Ysuasgameliasy 1 a. s¢ldasazateniasgiududu 100 un. NO,-N/a. Fad1n3ony
Yq 9y ¥ = A 4 A ° g A
1A% 1Auuia 6 hou iedu CHCL, 2 wa./a. tharsazarouasgiu luasnil 100 wa. lilive
Y v
aedethinauaulalsmes 1 a. v ldesazarnasgiu luasndudu 10 un. No,-N/a. 1
A A & I ¢ ~ Y
msaza1euasgu lumsniwssuasanaei liheseuasazatenasgivluasnldinam
uduedieios 6 52AU ogluw9 0.00-1.00 wn. NO,-N/a.
s d & o
8. asazaromaigiu lulasd: azate 1232 n. NaNo, Tuihnauudalsy
a 4 % <]
Ysmasliasy 1 a. ez ldmsazannasgiululasidudu 250 un. NO,N/a. Feansony
Y Y v
Rdae 1118 Tamdn cHCL, 1 wa/a. vdisazatewasgivil ldivenesdrninausula
Yy o e v & o
d13azanenInsgIdudu 50 un. NO,-N/a. thansazateuiasgiu lulasinesenldnsinds
2
I 1 [y |l ]
ilwSovmsazaromnasgululasildfianududuediados 6 526 ogluwae 0.00-0.50

un. NO,-N/a.
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aa a d
IEMIIANY
Y
1. N399NAI081HIUYANTOITYAINIA

2. USu pH vouhnnsewdaleglugaa pH 7-9 A2ensa HCI n50A19 NaOH

=)
Db

RPN
Y
3. WawiIAI9619 25.0 WaA.AUAITAZA1e NH,C-EDTA 75 wa. udaunli lna
] v @ 2 3’ @ ll {1 4 3 o '
iunoautiuaalonuons 7-10 wa. i nuhdiedeidunedu 25 ua. usNINUAI9E19
A Y] g ~ = @ Y 9 4 = [ [] Y] 4
niuneduidiuimas Tl laanududuveslulasi melu 15 ifindenndunedd

Y 1
1 =

S o v o Y v ¢ o o w1 A
11!1@]3@81\11/]@@\1ﬂ”lﬁ’.lﬂﬂ']nJlsUiJsUu"UﬂQ]lullﬁﬁﬂ (MIUINIDYNNNHIUNIT

ﬁo

4,
S o VoA o 7 Y a o A Y Y o
aseuaziideteirmuAeaNind?) Ysuas 50.0 wa.naufuasned 2 va. wanlidiiu
v A L= 1 9 =1 1 1A c:/ o
5. MevaufAuasneded1tios 10 W1 ua linu 2 1 1ue vhesazately
TAMTAANAULEIAIBIATOI spectrophotometer NFIAINBIAAY 543 U1 TUINAT
[ o 4 1
6. 1oua U MNIATTINLEAIANUFURUT 52119 UTUVD
(% 1 A 9 o 1 A d’ 1 9 osl Y] 1
MsazaleuIAsgIUiUAINITganauuds udnhirinsaanaunasietu Idanidiedislal
~ = @ Y <3 Yy 9 4 oy o [l 09}1
Seufeunudunsivuiassiu Negnsuanuuduves lulasnluihdediaiv
Y 9 cy @ 1 9 o Yy 9 4
7. manuduIuves luasnluihdieda1d Tasthanududuveslulasi

3’ @ ] A o Yy Y L oy % 1 A v
Tuihded e NAIUMInT o9 ﬁﬂaaﬂmﬂmmmmumm"lu'lm‘wﬁlumm@mmmuﬂ@auu

a d G
4. m3anszrienslsweamn (Orthophosphate)
=
CARIGEY
Y v
1. 91502a18NTARNLOY 5 N: 1309 1ATAMULHUTUTY 70 wa. Are1inau

Y
davena131Mgu 1d15u151as 1931 500 wa.

1
2. @199201Y potassium antimonyl tartrate: ALY K(SbO)C4H4O6.E H,0 1.3715

Y '
n. Tuiinau 400 wa. udrlsuismasgaieliasy 500 a.
Y
3. @1302¢Q19 ammonium molybdate: asa18 (NH,)Mo.O,,.4H,0 20 . Tuain
M) 1< dy a ya o
AR 500 ¥a. e sazateil luvranaraan1in 4 ¢
Y v

4. 91582 A8 ascorbic acid 0.01 M: aza18 ascorbic acid 1.76 N. 1411NAYU 100
Y < o s A g {

wa. asazareiannsonu 1314 ¢ 1 dlasd dianu'ldn 4’ c

Y
5. 81309 HNANAITAZAY 4 FUALI NI UMN IR UAL FATIUAIT]
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A5aLaNIANINZOU 50 ya.
1302018 potassium antimonyl tartrate 5 ua.
1502018 ammonium molybdate 15 ua.
T130¢018 ascorbic acid 30 ua.

A o v " ad < Yq YN VY 1 a o
Wenauiuudd asaeatnnu 131418 Ty 4 279
ad a d
IEMINATY
v A v v & S = v oy v v 3
1. 819AT0duRIAenIANAD 50% AHuTIdedieidszah udrdrei
y v
ganedetinau
Y Y
2. aauhdedesauiiaisazateasgiuemalsuies 25 wa. lu
Erlenmeyer flask 4@ udnansnod 4 va. wanlivnnu Uase3ee1aiios 10 w1i ua linu 30 wi
o % A 9 A A A
1l IamsgAnauIEIRI81AToa spectrophotometer NH19AWEINAY 880 U1 TUIAT
[ o 4 1
3. [WeUEUNTNINATTIULEAIANNANTUT FEHINANUTUT LRI TAzaD
[ 1 A 9 o 1 A d’ 1 9 osl [ 1
waspudedlanuainsganauueas udnimimsganaunasieu ldainiidaediely

~ @ Y < Yy 9 o oy Y l 09)1
Lﬂ?ﬁmmﬁmﬂ‘umuﬂﬂﬂmmﬁm ﬂi]z‘wiTiJmme3J611uﬂlm’aaiTmf\lamﬂ@flumm@mmu

a d o
5. M3AATIZHANUTUA1INIHUA (Total Alkalinity)
=
a1l
J 4 4 s s .y .

1. thnaundsaanaisueu laoon lod (carbon dioxide-free distilled water):
A q9 o ' o o & Y q YA A " ¢
e lMassuasazateai q Taetinhinausssuannduliinen e lamsveu lasen lad

2. @15aza1eunIgIunsanue oy 0.02 N: Taeldnsawzdwduiulsuas

J & Y (a v Y 9 g A
28 wa. wawinauau 1d5ias 1 a. ez ldnsadiudu 0.1 N 9101199919 200 wa. voansA
Y v 1 4 4
0.1 N smetiinauaulddsmasasy 1 a. nsan lddugametiaziduduaszana 0.02 N viaw
[Wuduvesarsazareuiasgiunsaniuzdulaes lamsnduaisazateniasgiu ls@o
4
MIVOIUA 0.02 N
2 J 2 J

3. @15aza1vaITIu lsAounsuoun 0.02 N: aza1e luaeuns uoiua

{ o g’ o [ a
(Na,CO, 8ut#i 110°C) 1.060 n. luthnauuallsusinaslinsy 1 a.

a Ia A 4 a d g’
4. esazagniaoolsUIBUAIAADS: azaeTaolsus 0.05 n. luii

nAY 100 wa.
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ad a d
ABMIVATIH
Y
1. n911A9819 100 ¥a. Tdaelu Erlenmeyer flask

Y
2. mumsazmammaaaﬁu{fauﬂmma{4—8 noa a9 luiidled

'
v =R

Y
3. dnhanede I lawmsnivensazatsuiasgiunsaiiuz du aunszNinege
af = A A Ay
qﬁmmsazﬁmaﬂzLﬂaaumﬂamammuﬁﬁuaau
A A = 9 "o a
4. L‘L!i’]\ﬁ]1ﬂﬂ1ilﬂafJ‘L!fT"’IJi’Nﬁ1§agﬂ”IEJLLEJﬂLLfnglﬂllﬂJGHﬂH]u NITHIYAYAUVDINTT
louasneo1a 14 pH meter 30 pH v09a 150810 F9NYAGA pH VoIeITAZAWNIN 4.5
o ' IS U 3 o 1 dy
5. mmﬂmmamgﬂumﬂmwmmuqmmu’Jm@m"lﬂu
Y

manuduaaiavee wnsa) = ®a.nsan 4 lamsn)(Normality voansan14)(50)(1,000)

2. 11910819
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¥o afa

0% v v =

aszaninfny

v

AMSANEN
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J 1
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UNEIITTA NAVUIU

4910620090
d‘ U = Ad' o < =
¥oaolu UndusSamsanmn
PHINRIAIVAIUATUNT 2549

Menvanmalvig)

= (% = d' A o d' A o = 2’ d'
399 NAVUIU, T (HYYINTAVIS UASTUWUIY 1BYINTHIVL. 2552, WHUINHRUIS TN

dmsumsgasululasnunaseanosavinlames (Caassius  auraus)

weeluszuuie. msﬂ5$GlgzumuaNmmmaszﬂuummmﬂmmm 4 o

UMINIREYINT T9nIaway3 13 Juran 2552 il 31.





