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Abstract

Screening and biodiversity of blue-green algae and photosynthetic bacteria in
9 hot spring areas of the upper part of northern Thailand was investigated between
October 1999 to September 2000. Samples were taken from San Kampaeng in Mae
Orn sub-district, Pong Dued in Mae Tang district, Thepanom in Mae Chaem district,
Mae Fang in Fang district and Pong Nam Ron Doi Saket in Doi Saket district, Chiang
Mai province; Jae Son in Muang Pan district, Lampang province; Tha Pai in Pai
district, Mae Hong Son province; Pong Nam Ron Mae Jan in Mae Jan district and
Huay Mak Lium in Muang district, Chiang Rai province. Algal samples were
collected at the temperature ranged from 30 to 80 °C. Eight species of blue-green

algae were isolated in axenic culture e.g. Chroococcidiopsis thermalis Geitler (68°C),

Lyngbya limnetica Lemmermann (46°C), Lyngbya perelegans Lemmermann (43°C),
Mastigocladus laminosus Cohn (41 and 49°C), Phormidium sp. (42°C),
Synechococcus bigranulatus Skuja (62°C), Synechococcus lividus Copeland (50°C)

and Synechococcus sp. (73°C). Cultivation of the eight isolated blue-green algae at 30,

45, 55 and 70 °C indicated that they were thermotolerant organisms, The
photosynthetic bacteria was collected at temperature ranged from 60 to 80 °C and
cultivated at 70 °C. One species, Chloroflexus sp. could be isolated. -

Twenty-one genera and thirty-nine species of blue-green algae were found.
The majority was in the Order Chroococcales comprising 18 species followed by the
Order Oscillatoriales 14 species, the Order Nostocales 6 species and the Order
Stigonematales 1 species. The most diversity of algae 32 species could be found in
Thepanom hot spring. The dominant species in all hot springs were Phormidium
boryanum (Bory ex Gom.) Anagn. et Kom. were found at the temperature between 55
to 57 °C and Synechococcus bigranulatus Synechococcus lividus and Synechococcus
sp. at the temperature between 65 to 72 °C. At the temperature ranged of 40-49 °C,
thirty-eight species of blue-green algae were found in the highest number followed by
30-39 °C, 50-59 °C, 60-69 °C and 70-80 °C respectively. The biodiversity of algae in
every sampling site was positively correlated with the dissolved oxygen, and
negatively correlated with temperature and sulfide content in the water at 99% level
of significance.
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yu volszmeine Fuineugainy 2542 §3 fue1u 2543 ( frequency species = +++, moderate
species = ++, rare species =+, non detectable =-)

atlddemae ¥a9gaumgil ( °C)
30-39 4049  50-59 60-69  70-80

Aphanothece bullosa (Meneghini) Rabenhorst + + + - -
Bacularia thermalis Frémy + + - ¢ .
Calothrix thermalis (Schmidle) Hansg. + ++ - - -
Calothrix-sp: + -+

Chroococcidiopsis thermalis Geitler + ++ ++ - -
Chroococcus globosus (Elenkin) Hinddk ++ ++ + - A
C. minor ( Kiitzing) Négeli ++ ++ - - 1
C. minutus ( Kiitzing) Négeli ++ ++ - - -
C. thermalis (Meneghini) Kovécik ++ =+ - L -
Cyancbacterium minervae (Copeland) Komarek + ++ + - + -
Cyanosarcina gelatinosa (Emoto et Yoneda) + ++ A - -

Kovécik

C. spectabilis (Geitler) Kovacik + + + - -
C. thermalis (Hindék) Kovacik + ++ - - -
Gloeocapsa gelatinosa Kiitzing +-+ +. - - -
Homoeothrix sp. + + - - -
Lyngbya majuscula Harvey ex Gomont ++ 4 + - -
L. perelegans Lemmermann + ++ ++ - -
Lyngbya sp. ++ ++ 4 - -
Mastigocladus laminosus Cohn + ++ ++ + -
Merismopedia sp. + £ - - -
Onkonema compactum Geitler + + - - -
Oscillatoria chiorina Kiitzing ex Gomont + + + - -
. limosa Ag. Ex Gomont + + - - -
O. sancta {Kiitzing) Gomont + + - - -

O. splendida Grev. Ex Gomont + + + - -



21

M1513 1 (6l9)

129gamgii (°C)

aigdemie 3039 4049 5059  60-60  70-80
0. terebriformis Ag. + ++ ++ - -
O. willei Gardner .em. Drouet + ++ + - -
Phormidium boryanum (Bory ex Gom.) - + et +++ v, -

Anagn. Et Kom.

P. laminosum Gomont + ++ - - 3
Pseudanabaena catenata Lauterb + ++ ++ - -
Ps. gateata sensu Anagiostidis F ++ R S =
Rivularia dura Roth + + - - . -
Seytonema coactile Mont. ++ ++ - - -
S. mirabile (Dillw.) Bomn, ++ ++ - - \,
Sympioca thermalis (Kiitzing) Gomont + 4 + - -
Synechococcus bigranulatus Skuja | i + - et
Sy. lividus Copeland s ++ 4+ 4+ +
Synechococcus sp. ' B + ++ -+ el

Synechocystis minuscula Voronichin + ++ ++ - -
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1. Aphanothece bullosa (Meneghini) Rabenhorst MMM6nNa6Ya)
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2. Bacularia thermalis Frémy
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4. Calothrix sp.
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5. Chroococcidiopsis thermalis Geitler
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7. Chroococcus minor ( Kilizing) Niigeli
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9. Chroococcus thermalis (Meneghini) Kovacik
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10. Cyanobacterium minervae (Copeland) Komarek (AMWEND,6UD)
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12. Cyanosarcina spectabilis (Geitler) Kovacik
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14. Gloeocapsa gelatinosa Kiitzing
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16. Lyngbya majuscula Harvey ex Gomont (MWe6ni,evi)
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17. Lyngbya perelegans Lemmermann
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18. Lyngbya sp.
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25. Oscillatoria splendida Grev, Ex Gomont
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29. Phormidium laminosum Gomont
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32. Rivularia dura Roth
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waniidnyazdhudume 3 sheath dunun molu Dwadienme lsdae fnisuan
uvuunL liufaga (false branching) ags iy thallus nmmﬂmsmwdunuﬁﬁu NTRY
3 =£ - " e
tszina 12-20 Um rader9azemde 4 tm wioannn i
[ ¥ v ¥ 14
uvastiegord wumwAudy iy fiwiauds waewy it lvady YouUe gangllszinm
35-45 °C
34, Scytonema mirabile {Dillw.) Born. _
wadiidnuailudumey § sheath Y molufmadionme lsFad fimsuan
34
Hvtauw Tuue3s (false branching) ofs sy thallus IddvanSedemnniuiu fvua
v
Ussanes 6-12 [m A1 anaduaioenenIie 1-1.2 om
1 ¥
wraaiage iy wumuiudu, fy uinszediuuinunts gaungilsyanm 3545 °c
35. Symploca thermalis (Kiitzing) Gomont
gt o o3 9 ' W T w 3 = 3 det o
wanianyszludume agsmiummaiu mivwadonimsaeah madisS
' =2 A e 9/ s
DRUIINYT EFRliA NN 12 Um 87 2-5 Um Unteeadnay
uvidsfiegernis wummSuveuie Snegsudummseiiasy q
36. Synechococcus bigranulatus Sku ja
d= 1 <3| . o A ' 2 o :’ = ot
wanNgUsdlumsdy 9 dawn RRUTIDOUIUD IS WNITY  vadl

YINALAN Uzl 3-9x 153 Lim



39

]
£ =

unaaftegeids  dnszagianfuduuinandi (may vudu, Fu wumnangumgiilszun
50-70 °C
37. Synechococcus lividus Copeland
o't 1 v 2 = ¥ i = - :’ L)
waaigUhathumedy q daewu asenSean i iadlfmfiernudatieuwnuiiEu

flyua 5-15 x 1-3 Um

=

] a 1 d 13 [
uniasfiegorde  ewfudu  imzegawdeudiy luueni  dewhdeu wuannhiguugdl

sz 50 °C
38. Synechococcus sp.

o' T T u’: st 9 n’: v ]
waangﬂﬂaﬁ‘luumﬁu 9 daieuu adeiunsINTEUENdY 9 0190UMET 9 e lay

14

= 1 v o o ] o« ) ar ' [ detat A o = :’
YO A ﬂThUmﬂmmy_!‘ﬁmmWﬁ

ay

o=t
afuYUIA 5-7 x 8-10 flm

v ot @ = ﬂ = 7 j’ 3/ :’ ! 3 3 = o o <
BHRBINDEDIAY  LVTVUVINIWUNINATHNUNDIU UBN"I?E]HT]QEHWQ‘N@:Q (msmu"lﬂﬂqmm_]u
60-75°C )
39. Synechocystis minuscula Voronichin mmend 6vd)

o' ] -] LY ] Y 1 A t s t d rar [}
L“ﬁﬁﬁﬂgﬂ‘iﬁﬂﬂn U WUINHUDYUN 9 UNBDYIRET <) mmi‘lu@, (umwammm"lmwﬂ

29NINFL) HAATIYUIA 2-3 [im

1A 1w o ' 4 v Yy Ve W Ad a et el P
uﬂaﬂﬂga'lﬁﬂ ﬂqﬂﬂﬂgﬂ'lnwuﬂﬂqu’] uﬂwuﬁluu'ﬁaau']WTE]u“ﬂlﬂuﬂ-N L’ﬂiﬂlﬂﬂﬂ‘lﬂ’t}ﬁl&ﬂ{]ﬂ

40-50 °C



40

scale 10 um

¥ . 8 o
a6 n amedEeunuhiunadiddnd e lutmieouns o unas

(a-d) Chroococcales; (a) Aphanothece bullosa (Meneghini) Rabenhorst (b)
Cyanobacterium minervae (Copeland) Komarek (¢) Cyanosarcina gelatinosa (Emoto
et Yoneda) (d) Symechocystis minuscula Voronichin (e¢) Nostocales; Calothrix
thermalis (Schmidle) Hansg. (f) Oscillatoriales; Pseudanabaena galeata sensu
Anagnostidis (g) Stigonematales; Scyronema coactile Mont. (h-i) Oscillatoriales;
(h) Phormidium boryanum (Bory ex Gom.) - Anagn. Et Kom. (i) Lyngbya majuscula
Harvey ex Gomont
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(a-d) Chroococcales; (a) Aphanothece bullosa (Meneghini) Rabenhorst (b)
Cyanobacterium minervae (Copeland) Komarek (¢} Cyanosarcina gelatinosa (Emoto
et Yoneda) (d) Syrnechocystis minusculcc Voronichin (e} Nostocales; Calothrix
thermalis (Schmidle) Hansg.,  (f) Oscillatoriales; Pseudunabaena  galeata sensu
Anagnostidis (g) Stigonematales; Scyionema coactile Mont, (h-i) Oscillatoriales;
(b)Y Phormidium boryanum (Bory ex Gom.) - Anagn. Et Kom. (i) Lyngbya majuscula
Harvey ex Gomont
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nonparametric statistic 19 UWL‘IJ?U‘UI.ﬁUmm‘U kruskal wallis test

Kruskal-Wallis Test

Test Statisticssb

DRYSKP _| WETSKP | DRYED T WETPD DRYTPN" T WETIPN | WETME ]
| ChiSquare 10553 04 12790 13752 T4 532 13870 1097
df 4 4 4 4 4 4 4
Asymp..Sig. .035 033 .013 007 006 .008 027
Tast Statistics™t
WETHML | DRYDSK | WETD3K ORYIS | WETIS | ~DRYTP WET1D
oare 1 0.167 7.200 O80T | 11899 ) 170 T2 128
df '3 4 4 4 4 4 4
Asymp. Sig. __027 125 044 .018 025 020 018
Test Statisticsab
T DRYMJ WETMJ
[ Chi-Square 9.840 TO7
df 4 4
Asymp. Sig. 043 132

a. Kruskai Wallis Test
b. Grouping Variable: Water Temperatures

Median Test



78

i 22 Mmadereideynntiddamieauszdusagumgl aisudisusuggmalaeld

nonparametric statistic TaoldsSouiovuuy mann-witney test

Mann-Whitney Test
Test Statistics?
SKP30 SKP40 SKP50 SKF60 SKP70 PO30 PD40
- Tann-Whiney U 70500 T 000 13500 3500 2000 | 8500 [ 4.500 |
Wilcoxon W 48.500 42.000 35.500 9.500 5.000 21.500 25.500
Z -072 -1.003 -.565 -471 000 -1.261 -1.921
Asymp. Sig. (2-tailed) 943 316 572 637 1.000 207 055
St Si6. [2°(talled 9457 3667 588" 700°|  1.000° 222° 052°
. PD50 PD60 PD70 TPN30 TPN40 TPNG0 TPNGO
: Mann-Wﬁlany 3) 4.500) 2.000 3.000 13.500 3.500 10,500 4.500
Wilcoxon W 19.500 8.000 9.000 28.500 24,500 25.500 10.500
z -1.697 -609 -745 -276 -2.124 -427 .000
Asymp. Sig. (2-tailed) 080 543 458 .783 034 669 1.000
ggaf]t S it 095 8o’ 700° 792° 030° 690° 1.000°
1J. . . ) . K
TPN70 DSK30 DSKA0 DSK50 DSK60 DSK70 J530
Matn-Whiney U Z.000 B5.000 J500 7000 500 T000 500
Wilcoxon W 5.000 16.000 14.500 8.000 3.500 4.000 14.500
z -609 -584 -1.023 -1.124 -1.225 -1.000 -1.029
Asymp. Sig. (2-tailed) 543 559 308 261 221 317 .304
g?‘a‘ﬁt Sig. {2*(1-tailed 800° 686° 343° 400 333° 667° 343°
o \ . .
7540 JS50 J560 JST0 TP30 TP40 TP50
Mann-Whiney U 500 5000 3500 Z.000 3500 5,000 5500 |
Wilcoxon W 19.500 15.000 9.500 5.000 13.500 19.000 16.500
z -125 -877 -4T1 000 -1.340 -247 -.436
Asymp. Sig. (2-tailed) 900 381 837 1.000 .180 805 663
gi’;fff]t Sig. f2'(1-ailed 9085° 486° 700° 1.000° 200° 9057 686
TF60 TP70 MJ30 TJ40 MJ50 MJ60 MJ70
Mann-Whitngy U Z.000 7.000 5500 5.000 000 T.000 TI00
Wilcoxon W 8.000 9.000 15.500 16.000 10.000 4.000 4.500
z _ . 1,291 000 -1.126 -.988 -720 -1.000 -.408
gsymp. Sig. (2-tailed) 197 1.000 260 323 AT1 317 683
act Sig. [2*(1-tai
Sy o (2*(1-taited 400° 1.000° 286" 413 629° 667 6677

a. Not corrected for ties.

b. Grouping Variable: Season of sampling
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Correlations
Correlations
Water
Temperatu
res DRYSKP WETSKP
(Water lemperaiares  Pearson Lorrelatiion T.000 -GS =587
Sig. (2-tailed) R 006 .002
N 26 23 25
DRYSKP Pearson Correlation - 553*Y 1.000 617
Sig. {2-tailed) 006 . .002
N 23 23 23
RWEFSKP—————PearsonCorrelation— = NN 1666
Sig. (2-tailed) 002 .002 )
N 25 23 25
**, Correlation is significant at the 0.01 level (2-tailed). :
Water
Temperatu
res DRYPD - WETPD
"Waler Temperalures  Pearson Correlanon 1.000 125 - 510
Sig. (2-tailed) . 000 002
N 26 20 22
DRYPD Pearson Correlation - 725" 1.000 468*
Sig. (2-tailed) 000 . 037
N 20 20 20
WETPD Pearson Correlation -.819"% 468" 1.000
Sig. (2-tailed) 002 i 037 .
N 22 |: 20 22
**. Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).
Water
Temperatu
res DRYTPN WETTPN
Waler Temperalures  Pearson Correlation T.000 -.66 -.6b1"
Sig. (2-tailed) ; 001 001
N 26 20 23
DRYTPN Pearson Correlation -.668*" 1.000 .445*
Sig. (2-tailed) .001 ) .050
N 20 20 20
WETTPN Pearson Correlation -.661*" 445* 1.000
Sig. (2-tailed) 001 .050 .
N 23 20 23

**. Correlation is significant at the 0,01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).
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Correlations
Water
Temperatu
res DRYDSK WETDSK
“Waker Temperaires  Pearson Correaton T.000 . o ¥ o
Sig. (2-tailed) . 037 001
’ N 26 15 15
DRYDSK Pearsaon Correlation -.542¢ 1.000 .635°
Sig. (2-tailed) 037 . 011
N 15 15 15
WETDSK Pearson Correlation =787 635" 1.000
Sig. (2-tailed) .001 011 4
N 15 15 15
*. Correlation is significant at the 0.05 level (2-tailed).
**. Correlation is significant at the 0.01 level (2-tailed).
Water
Temperatu
e res DRYJS WETJS
( Waler lemperares Pearson Correlaton 1.000 122 -.838"
Sig. (2-talled) . o 000
. N 26 18 17
j VAL Pearson Correlation —722" 1.600 .765*
Sig. (2-tailed) 001 . 000
N 18 18 17
_ WETJS Pearson Correlation -.B38*" 765" 1.000
i Sig. {2-tailed) 000 000 .
1 N 17 17 17
**_ Correlation is significant at the 0.01 level (2-tailed).
|
Water
Temperatu
res DRYTP WETTP
[Waler Temperatures  Pearson Gorreranon 1,000 - - 8507
Sig. (2-tailed) . .003 .000
N 26 18 18
DRYTP Pearson Correlation -.658%1 1.000 .602*
Sig, (2-tailed) .003 . 0N
N 18 18 17
WETTP Pearson Correlation -.850* 602" 1.000
Sig. (2-tailed) 000 011 .
N 18 17 18
**. Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).
Water
Temperatu
res DRYMJ WETMJ
Watler Temperalures Pearson Correlalion 1.000 - 701" - 1087
Sig. {2-tailed) . .001 003
N 26 18 15
DRYMJ Pearson Correlation - 701" 1,000 .500
Sig. (2-tailed) .001 . 058
N 18 18 15
WETMJ Pearson Correlation -. 709 500 1.000
Sig. (2-tailed) 003 .058 -
N 15 15 15

**, Correlation is significant at the 0.01 level {2-tailed).
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*** %+ *HBTITERARCHICAL CLUST E R ANALYSIGS* +

Dendrogram using Average Linkage (Between Groups)

Rescaled Distance Cluster Combine

*

CASE 0 5 10 15 20 25
Label Num 4-—e————ee o —————— +- —— —————— e +
sample 1 60 21 :T—Mﬁ
sample 2 60 22
sample 1 70 24
sample 2 70 25 :]__—J
sample 3 70 26 S
sample 2 40 9 j
sample 3 40 10 —
sample 1 30 1
; Sample 1 40 8
sample 3 30 3
sample 4 40 11
sample 1 50 15
sample 2 50 16
sample 3 50 17
sample 2 30 2 ]
sample 4 30 4

L) T [ ] o) o Mo
am 21 M3l eideynail@damienurzdurgungd wsudeuiuggma lne143

MsaSeuRAouUUY cluster analysis
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1. mMsimnzvlsmamsnms

1.1 mshnnevifSmauenliiielulnsiou

1. nyouiAIetNaI0NTLATY GF/C 1A1ma 61051195 25 ml 16 curvette 1
U tLﬂzﬂ’N‘lf’l deionized 151193 25 ml ety cuvette B0 1 09U

2. flantoq Spectrophotometer DR/2000 M&WAMIpailor Ut UABY SELF-TEST
uduniesiloauans Method 1N 380 READ/ENTER 1n393iloazuaninue1indu 425 nm
Ivyuslulsuanuernduii 1l 425 om 91mfunn READ/ENTER indeaifoziians mel
NNH,Ness
nnvhald Polyvinyl Alcohol Dispersing Agent 3 M@ 1111 ) tie W ensindineuiungnag
Nessler Reagent 1 ml 8914 cuvette Faeosduer Weaufu na SHIFT TIMER dionsy 111
wieafiesydudvuiion

4. Tavhundosiiold cuvette AT deionized neliTudosiauas Taduniosdioly
afinudana ZERO desiioazuans WAIT uaz 0.00 mgl NH,Ness. THifou cuvette 11
at1u41'l) na READ/ENTER a3 pailouans WAIT uazuenySutameyluiion'lu Taswu &

3 3
wsesioieusaialTinameuTudisy Tulasoulaluge 0.00-2.50 megi NHN

1.2 msamsznifSnatluain lulasou
¥ ¥
1. PIBNNRI9INANENTEATY GF/C BA2091a100191511m5 25 ml 18 curvette 2
w ar 1 . . o e ] o 1 a
du duusnld NitraVer 5 Nitrate Powder Pillow dnsunilue S suidou lideadumsla o
d'l ar d'! =] ] 6‘:
2. WA399 Spectrophotometer DR/2000 WAININIATBINDHMYUABY SELF-TEST
UAUN509809118AS Method 191na 355 READ/ENTER IA5045092UaAIAINE1IAAY 500 nm
N ¥ .
THmyuilnlsuanueeduld1d 500 sm 11n1una READ/ENTER n3oddioazuans megl N
NO, H
\ ¥y o t o A 3
3. ldf NitraVer 5 Nitrate Powder Pillow 831U cuvette thdaaganwsoy13na SHIFT
TIMER uduven cuvette ionsu 1 wifl  inJesloszdudvadoulivgaudy an SHIFT
3! a 1Y ¥ ¥ ”
TIMER Bnasauazaa cuvette 14 HAdlensy 5 i inJesieszdaudvafioudnnss uazozuaa

mg/l NNO, H

: ~r'-v~!M_
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4. Waruadsaiiold cuvette 7lsi14RNas1n q aslusesauas Tadniedield
aiin u#ina ZERO wsaflounas WAIT uaz 0.00 mgl N NO, H iAoy cuvette #ild
NitraVer 5 Nitrate power Pillow 1§111lna READ/ENTER niasflonans WAIT uazven
USuae lmsn 18 10%29 0.00-3.00 NitraVer 5 Nitrate powder Pillow

1.3 mﬁnmwﬁﬂ?mm Soluble reactive phosphorus (SRP)

1. Aeuiimsins1zHySunn SRP nﬂ:'?q asdanTaufafies19aan HCL 10 % n3g
Ti061980nsEAEnIe GE/C udndeietalsings 25 ml 14 cavette 2 $u Suusn
dw3uld PhosVer 3 Phosphate Reagent Powder Pillow 8nduniiuetIfnffvudenlidoudiu

15 1A%

2. 1an5es Spectrophometer DR/2000 MBS NR O UADY SELE-TEST Ui
1n3pailoziians Method 1%na 490 READ/ENTER #30eiioaziansnnue1inay 890 nm 1
mguﬂuﬂ%’ummmaﬂﬁu‘lﬁ"lﬁ 890 nm 11AY1UNA READ/ENTER (n3aailovziiang mg/l N
PO,” PV 30 mg/l PPV

3. ldf PhosVer 3 Phosphate Reagent Powder Pillow a91u cuvette ‘}flﬁ’aﬂd'ldﬁlﬂ?ﬂilll%
AR SHIFT TIMER U461 cuvette ilonsy 1 117 inFosioredadoudion

4. Bladunsesiiold cuvette il ldAuesndila q aslugesSaums adunsosiio
aiin na ZERO 1nnailovzuaas WAIT uag 0.00 mg/l N PO, PV %50 mg/l P PV Walaeu
cuvette ﬁskﬁ PhosVer 3 Phosphate Reagent Powder Pillow L‘i’fﬂﬂ 1dna READ/ENTER Lﬂém

flouans WAIT nazueny3ma SRP 1814994 0.00-2.50 mg/l N PO,

mmTsvfSnadala

I nseuiiIetdIonssmy GF/C LdInIwdIoe1a5inas 25 mt 1d curvette |
1 tagaIah deionized 151197 25 ml 161y cuvette Bn 1 84

2. ddlanos Spectrophotometer DR/2000 nRsnieissdiorudunou SELE-TEST
udunfealoaziiant Method 1%nA 690 READ/ENTER 193041i0921aman 108108 665 nm
Tmyutanlfunnunnn@uldld 425 am mnune READENTER mieefipoziant mg
NNH,Ness 7
2. 1d sulfide 1 reagent I ml. 3111y cuvette tu81IN 9 eIz dnaufumdenatiuld

sulfide 1 reagent 1 ml. 198w 9 el dansinTineuiu na SHIFT TIMER iifonsy sutF

& A A 5
BTNV TUT VU DY
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[ [ ¥ .
4. WaraSosiiold cuvette MU deionized aslilurasiauas Ynduasosiiold
4 T »
atinudIng ZERO n5osilorzudns WAIT uaz 0.000 mg/l S~ 1¥1ldou cuvette 1hdodadh
! a o 4 4 o o
11l nm READ/ENTER 1aTesilouaas WAIT sazuenidSinadalnd Funseailethanniada

Y5uradalvd 18104949 0.000-0.600 meA §*
2. MIUANZHYUNWIN(APHA,1992)

Y = ¢ = H : o
2.1 IEmsnnzndSunapendiounazaeninads Azide modification

¥ E
1. 19979 DO A 1A79619(rinse) 2-3 A

AP VRN S 1N IO VML T
walainvazeglii

3, @UAITaZaIe MnSO, 1 ml (ﬁWNﬁJEh‘il'Jﬂ) uazaInzate alkali- iodide azide
reagent I ml tarh

; ¥ &2y I ) &

4. wowandwaie B ldaznou 2 Tu 3 vesmsazaeimun widnafamzda
A3 Anasnou 2 Tu 3 vesmsazawlna '

5. @y concr.HzSO4 1 ml Varwerlidrdu

6. #1381 T0 5 11 100 ml lamsndan Na,S,0, 0.021 M lddmdesda
wdadmiudls 3 won weldidsu lansmdelydes q fiagnen swihidueemelle

Yswasilduazsi lldnoalugas
DO (mg/l) = $149U ml VBIAITAZAWUINGFIH 0.021 M Na,8,0, X 2

2.2 3§mﬁmﬂzﬁm1mﬂud1wmﬁﬂmﬁ'ﬁ' Phenolphtaein methyl orange indicator

1. a2a1h 100 ml. ey Erlenmeyer flask Y118 250 ml. wazthndnlSunaiiuly
Erlenmeyer flask ﬁﬂﬁﬁﬂu dwmsuviudu blank -

2. AN Phenophtalein indicator 3 #1oa 2914 flask udavlidhiu

3. ddediindnmseu I lamimde 0.02 N 150, sudunaiudmsn/fou
wlaseemie luasuiinySiasile

4. 191y Methyl orange indicator 3 i@ 091U flask



87

5. Sdetaiiudmiedls lamsndae 0.02 N B,s0, audunatudnisnlfeuulag
970 blank wozoy 4 lammitaznea'ld end piont Wudmdswas snSiasiiidudnill
Anulugas

(methyl orange 3¢ 1 amAnslumsazawfisiuan aduluarazanefisiunars uay

Auasluensazaeiiunia)

Total alkalinity (mg/l asCaCO,) = $1aunsafi ity ml X 10




MANHIN A



ﬂ: 1 = ] : =Y AA W é
DU TIREE THI ATV IUAN U UIHUATUUA VI IBTUA IS KU

gn991%13 BG - 11 Medium (stanier et al., 1971) dsznounae

NaNO,
K,HPO,

MgSO0,.7H,0

CaCl,2H,0

1.5 nsu/ang

0.04 nIW/ANS
0.075 AFW/aNS
0.036 NTN/ART

0.006-A5WanT

F i 3 |
SAILLIG dvIg

Ferric ammonium citrate

Na, — EDTA.2H,0

Trace — metal mix A,

0.006 D5U/ARS
0.001 NSW/Ans

1 aaans / ans

v 1
@uihinduauasy 1 ans udauiy pH 1¥ivafy 7.4 A280.1 N NaOH

* ) ¥
Trace — metal mix A Usznauain

gM191%115 PE Medium (Hanada et al., 1995)

H,BO,
MnCl,.4H,0
ZnSO,.7TH,0
Na,Mo0,.2H,0
CuS0,.5H,0
Co(NO,),.6H,0

¥ '
WINHU

sodium glutamate
sodium succinate
sodium acetate
yeast extract

casamino acid

2.86 nSu/ANT
1.81 N5u/AAs
0.222 NIW/AA3
0.39 Asu/ans
0.079 NIW/AAT
0.049 AFU/AAT

1000 UOAART

0.5 NSN/ANT
0.5 NTW/anNs
0.5 Nu/ans
0.5 NTN/ANS

0.5 NSU/AnS
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Na,$,0,.5H,0
KH,PO,

K,HPO,
(NH,),50,

* yitamin mixtures

* basal salt solution

0.5 NFU/ANS
0.38 NTN/ANT
0,39 NTN/ANT
0.5 N3U/Ans
1.0 iadang

5.0 Haaans

» )
@induauasy 1 aes a5 pH 19 AU 7.5 418 0.1 N NaOH

* vitamin mixtures ﬂs:ﬂam’f W

nicotinic acid

0.1 /ANy

thiamine HCI
biotin
p-aminobenzoic acid
vitarnine B12
Ca-pantothenate
pyridoxal HCI
folic acid

* basal salt solution sznoudae
FeS0,.7H,0
MgS0,.7H,0
CaCl,.2H,0
NaCl
MnSO,.4H,0
ZnS0,.7TH,0
Co(NO,),.6H,0
CuS0,.5H,0
Na,Mo0O,.2H,0
H,BO,
Na, EDTA

0.1 NS/
0.005 NSN/ans
0.05 ASU/aN3
0.001 NFU/ANT
0.05 ASu/ans
0.05 P1/ans

0.05 A /aNS

1.11 3u/ans

24.65 ASU/ANT
2.94 NFN/ANT

23.4 NSu/ans

0.111 nfu/dns
0.029 N3V/ARS
0.029 Nu/an3
0.025 AFU/ART
0.024 NW/AAS
0.031 PW/ANS

4.53 NIN/ANST



