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lf11'1 n111~EJd't~-rU'Vl'UeJ 1il'VI'U'U n 111 ~EJ~ 1 n b~'U'IUU1::::IJ 1rubb~ 'U ~'U U1:::-;ij1U'IUU1::::lJ1 ru 2555" , 

c:I I OJ Q d 4 Q.II 4 I OJ 

~EJ1:IJU1:IJ11'!!mJ11 'VI'U1 EJUru'1l1n11~'1m1:IJl'lbi'l~'Vl1'1 b 1€l neJ'Ib1eJEJ'Vllin11 n €l'l'Vl'VH1eJ 'VI'U18Uru'1l1n11'Vl'VI11 , u • .., 

~VlJ'U1 m~n11~i(U~'U'Ubb~::: ei1'U1EJfI11lJ~:::1il1 n1'Un11vi1'11'Ul~EJ1'U~'U~ bb~~'UeJ'lleJUflru.fl1fll'1l11'Vl81i'11~\1li, , 



f1 f1~lf1l'Htl ~mmtl~'1'IJ€l'la1,)€l1'V11')Y;'ll1u,)€l'\..r)\J'1J€l'llhVI~ Lfl1U-«U~~iiLL~ ~hJii LL Ultl ~f11i''1 'VIlJLf11~ 
" 

LLamn~ ~'1'V11V1'll{ltJ1 LVlmiitJv11eJ~1'1LL{l~1'!,)1~lLf1,)1~"hhVI~L~V1f1 2 -B'11lJ'I ~m~eJ'ILtJUL1~1 24 -B'lLlJ'I 1t.lfW'1 , , VI" 

J1'V1~lmL~~ 48 -B'lLlJ'I1U'l~LL~'1 fjtJi1-«U~~iiuultl~f11-r'liif1l'mtJ "icrUl'!llJm1lJ~mL~~1U"ieJtJ1U'IJ€l'lU~~El 
V11'1f11EJ.fI1fjLf'lii U~~a1"ieJ1'V11 ,)~lu1 'VIqi lJ 1f1 f1i ltJ~L1 ru~llJiiLLUl tl~m-r'l UeJf1~l f1d€llJVl1~yjeJayj €li'G1~ 

~~~1f.JJ11lJLLlJltl~f11i''1iif11,)LLtl"ie1lJllJ"i€ltJ1ULL~~1ll1n~~tJm1lJ~f1J1a'l LVI f.J LvilJ~lJ1Ul'!eJU f1~ l'1f1lJU~~~V1~'1 
" 

1U~1'1Li1iiVl f11V1i1tl~lJ1ru~LvilJlJ1f1~ud'\.h~~tl~mJ€l€lf1lJ1~1f1U~f11i''1 '.iI1f1rhe1uLLU')lU"ieJtJllJ'lJeJ'I pH LL~~ 

m)f1~L~U~~~lEl U1~~ L~eJ'IlJ1~lf1lU-tll 'I f1{l1'11U Zooxanthalle 1 u~i'1u~f11i''li.l'lLm1~~LLa'l 1~fj~'1'11t.1fltJ 

tl~f11-r'lhJ1mUf11"i~'1 carbonate ions ~1f1J1V1~L~lJ1a~1'1Lf1"i'lG111'1LLf1m~f.JlJf1l'ftJmUI'! 'Yill~f111lJallJl,)fI 

1'\.Jf11"iLtJ'\.J,ryjLyje:J{~V1~'1 ci'lt:.J~l~ pH 1'\.JJ1V1~L~tJ~LlrudLLU"iU"ilUlJlf1f1il'\.Je:JmL'\.J1U~f11i''1 eJ~l'lhii~ f11"iij 

f11"if1m-mil alkalinity L~eJ~mj'UU,)lf1!lf11";jru 



Abstract 

Diurnal changing of nutrients in seawater inside and outside coral reefs in Mo Ko Same­

San, Chonburi Province was investigated. Seawater were collected and analysis every 2 hours for 

24 hours in wet season and for 48 hours in dry season. The results revealed most of the 

physicochemical parameters and nutrients in seawater of inside the reef showed higher variation 

through depth and time than those areas of outside the reef. The dissolved organic phosphorus 

(DOP) exhibited a highly diurnal variation and also with depth. The DOP increased at night and 

decreases in the early morning. This increasing DOP probably was released from the corals. 

Diurnal variation of pH and dissolved oxygen may be interpreted that photosynthesis of 

Zooxonthalle in the coral polyps gave energy for corals to uptake carbonate ions from seawater 

to build up calcium carbonate reef. The loss of carbonate ions induced a decreasing buffering 

capacity of seawater. Therefore, seawater inside the coral reefs had a highly variation of pH in 

comparison to outside the coral reef. However, alkalinity is recommended to study to confirm 

this phenomenon. 

Keywords: coral reef, nutrients, phosphorus, nitrogen 
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lJf111fllJ 2537 
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(n) ~m,lLfhJ~la~1'IlJ1lvlaPifl'l~lm'l~tllLthltl'H)Urtl 3 ~m'il (ltlLltllU:::mf'l 2 7 

~mu fia v11L1m"IJ1",l.mm (MJ) LL~:::Lfl1:::u~l",un (PM) ll~:::tlanLLtllu:::fl1f'l 1 

" ~mu fia v11l1mrn:::lL,UJ~1'l (SP» LL~::: ("IJ) ~mijlfiul1i'la~1'1U1'lmfl1:::lL~lJ~1'l 

n'J1'rlLmCJU LVi CJUI'l11lJ lll'l n ~1'1"IJ e:J '1i1~~CJ'vm fl1 CJ.Il TV'! Lflli Ll~ :::U1lJ1ru~1 'lm",11 
13 

rio/ll tlJ1LL tllu:::mf'lL"!J1"'lJ1~ eJ1tlq~J1"'~1nu~ :::q~lLGi''1 
fhl\l~CJ pH, 1'l11lJL~lJ lL~:::aUm.lliJ 1t1lL~~:::'lh'lllm ru ~~lfiul1i'la~l'1 L"IJ1",lJ1

• OJ • 14 
~a (liutllU::: rn1'1) LLG'1:::Lm:::ll~lJ~l'l (hJ:lJLLtllu:::mf'l) 1 tlq~J1"'G'11n 

('I'lqP1~fl1CJtI 2554) LLUU~LVl1LL~~'1fi'l'1l1'1l1m~bJlilL~'1 

r11L\l~mJVn'1iL~tlG'l:::G'llmL~:::flG'1abVlG'1~ La 1t1LL~G'l:::'1l1'1L1G'l1 ru ~~LnU~lmh'lL"IJ1. 16 
"'lJ1~a (:lJLLtllu:::rnf'l) LLG'1:::Lm:::LL~l.J~l'l (hiliLLtllu:::mf'l) 1tlq~J1"'G'11fl 
('I'lqP1~fl1CJtI 2554) LLUU~LVl1LL~~'1fi'l'1l1'1L1G'11~hiliLL~'1 

r11L\l~m'la~LvlIil1t1LL~G'1:::'1l1'1l1G'11 ru ~~Lnul1i'lB~1'1L"IJ1"'lJ1~a (liLLtllU:::fl1f'l) 17• 
LLG'1:::Lfl1:::LL~lJ~l'l (hj:IJLLtllu:::mf'l) lt1q~J1",mn ('I'lqP1~mCJtI 2554) LLUU~LVl1 

LL~~'1fi'l'1l1'1Ll~lvthJi'kL~'1 

r11l\l~CJ'1i~m~:::mCJ1t1LL~G'1:::'1l1'1Llm ru ~~Lnul1i'le:J~l'1L"IJTVIlJ1~e:J (liLLtllu:::mf'l) 17• 
LL~:::lm:::LL~l.J~l'l (hjliLLmu:::mf'l) 1tlq~J1",mfl ('I'lqP1~mCJtI 2554) LLUU~LVl1 

LL1.'l~'1fi'l'1l1'1 L 1 G'11vh~:IJ LL~'1 

r11L\l~f.J ~1'leJ1"'1'l1tllmL~tl1tI'lUaUtlVl1V'lllJ 1 tlLL~G'1:::'1l1'1 LlG'11 ru :y~ Lnu~l a~l'1 18OJ • 

L"IJ1"'lJ1~a (:lJLLtll'u:::mf'l) LLG'1:::Lm:m~l.J~l'l (1~:lJLltllu:::mf'l) 1t1q~J1"'G'11fl 

('I'lqP1~mf.JtI 2554) LbUU~LVl1LL~~'1fi'l'1l1'1Ll~lvh:iJliLL~'1 
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20 
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~ al~ 

FLUXES, TRANSPORT PROCESSES AND CYCLING OF NUTRIENTS AT REEFS OF MO 


KO SAMAE SAN - 1. DISTRIBUTION AND DAILY, SEASONAL AND ANNUAL 


VARIATION OF NUTRIENTS IN WATER MASSES 


Penjai Somponschaiyakul, Patama Sinshruck and Voranop Viyakarn 

Department of Marine Science, Faculty of Science, Chulalongkorn University, Phyathai Road, Pathumwan, Bangkok, 10330 

(nutrients) ~.:JLiJ'i.Fil~L~lJ!~\J'lJeJ'Ifll1~lCJVleJ~yj~'1.:nu1u1~tJtJiib11'l'lf1CJ~'1 mil'll1n~ Vl1m'll1€llVl11Yi'lffl11lJ, 

L iflJifu 1 ulJdmhumJLf1u1unhJLYiCJ'I'WeJ~ eJfll1,,,rtJi.'l1iWm(:.J~Vl1UVl~b~ (marine productivity) ~'1'l111u~fld1lJ 

eJl'IlJi.'llJmru'lJeJ'I~!1l1J1 bb~Vl1 flij fl11lJL iflJ'ffulJl mnu1uVl1mn~m1~ tJ1Vl1~Lfl-tlU (eutrophication) 
, " " 
na1vtLf1V1'UruVl1flruJllyjJ1~hJLVllJl~i.'llJ~ €I fll1vi11'1~1!1l'lJeJ'I ~!1l1J1 

~ . 

1~tJtJiib11"1bbU1U~fll-r'l~I'ILiJu1~tJtJ~ijfll1lJ~lAru~€J'j~tJtJiiL1 i'1Vl1'lVl~L~lJ1n~?lvn~tJtJ'VI~'1 L tieJ'I'llfl 
~ . 

LtlULL'VI~'1~eJ~ LL'VI~'1'V1~tJ.nCJ LL~~LL'VI~'111'11'll'lJeJ'I~!1l1J1U1U1'lfii~ ~wh1vtLL U1U~ fll-r'lLt1UtJ1L1ru~iim1lJal'llJ" . 
i.'lllmru LL~~iifl1111Vl~ln'VImCJV1l'l~1Jll'Wi.'l'l ueJn~lfldu~fll-r'l6'1ijfl1111~lAru~m~tJtJiiL1i'1~U L'liu fll1Lf11'1 

" " v 

~ 'VI11'IVl11CJ fll1ila'lnu~U~'1jlCJ~'1~lnfl~U(;1lJ (1~ i.'l'VI'1jl~l.flfll,rUv1 LL(;1~flru~, 2539) i:1~~UULLU1u~rn-r'lL~eJll• 
1V1111~1 n?llL'VI!1lfll11-ffu1~lCJ'lfU~'1'Vll'1!1l 1'1 LL~~eJeJlJ l~CJLtl'Wl~ eJ~l'1~'1 b~ €I fll1 vi €I 'I L~m LL~~C.J~!i1(:.J~V11'1n 11• 



2 

'VIllLfI1~LL~lJ~11~,:jL tJ'U'VIll LfI1~~e:1tI1tI~'U~ ihrilu'Uiin\lfl'j1lJ fI11v1€J'I L~tn'Vll,:j'Vl~ Lii'lL~lJ~'U€J ~1,:jlJ1 fl ~,:j
'U \I \J , 

m\lcl,:jt.Jii'lfl'j~'VI'Uvi elMl1~ LL 'UTt.l~f111,:j '\.h~flel'U n'Ut.l~fll'r,:j1'U'U~L1rudLU'UtJ~f11r,:j1fl~~,:j ih~"IlJ1L~t1\11fl 

n\l fl'j1lJ'UtI~,:j~'1cl'lt.J ii'l vielfnllJeJ ~lJ~lJ'lJ'jru'1la'l LL 'U1tJ~f11r'l1'U'U~L1rudL~'Un'U LL:U11tJ~f11r,:j\l~LU'Ui.rV11 LLvil1'U , " 
\I~ii Zooxanthellae ~,:jLU'UGil'V111m"llii'l~L~ til mPltleJtll'ULirm~a LL(;l~iifl1l:W~lJ'W'UTILL'U'U~,:j~ln'U hw 

" 
~l\,dlt1\1~1-tl~11m'VI1'l'Yl'll1'UJ1L vl el~1'l,:jt.Jii'lt.l ~ V1.rr'UtJ\i:WfllJ~tJ~fI1r'l1-tlLU'UeJ1'V111 ~'1tT'UmlJ1 ru~11m'VI11Vl'll1 'U 

~ " 
" i11~,:jiit.Jii'lvi afll1lJeJ~lJ~lJ'lJ'jru'1l eJ'lU'U1tJ~f11r,:j, " 

f11 'li'1mntJ1lJ1 ru~l'lm'VIwVl'l1LLii'l ~ ~m t.J ~V1.rr'UtJ \i:Wfl m 'ULL'U1tJ~f11r'l cl1'U1'VI ru~'U11tJ1lJ1 ru~1'leJ1'V11'l 
... " u 

Vl'll1'ULL'U1tJ~f11r'liiFil FieJ'U-ifl'1~l L~mtJ~t1'ULVlfJ'Un'U'U1L1 ru~'U1'U'VI~Lii'l L 'Ii'U 'U1L 1ru'l11fJ~'1LeJ~'VI~ 'VI~eJ1iJL'1l1'l 
" 

'Vl~Ln~n'Ul'1'U~L1ru LLvi~'U11t.Jnt.J~V1tJ!wJmiJLL'U1tJ~f11r'lfl~'U~Fil~'l:lJ1fl (Gordon and Kelly, 1962; 

Polovina, 1984; rliJeJ:WPlfl~ 'Uru.nfl~, 2537) LLGi~'l1~Li1iJ~,:jfnllJGillJ11f:l1 iJf11 1'V1lJiJLi fJiJii11'lm'VI1'lLU'l~, u , 

fll1lJG11Aru"lJa,:j LL'UltJ~f111,:j1 iJf111L Uti LL'VI~,:jt:.J~ 1'l~G11Aru1iJ'l~'Uui1LIf'l'Vl1'l'Vl~Ln 
u u 

i'1m·J11'U~tI~'VIllLf11 ~LLii1:W~11 ~ '18,:j'1l1Vlifa:w n~iJ\il'ULMtn n'UtJ~lJ1ru~11m'VI111 iJU iJltJ~f11r.:] bVl fJ LtJ~fJ'ULVlfJ'U
" " '" 

n'U\lVl ell,:j ~.:]vttll~ LLiJl tJ~f11r.:]a el iJafl\ll fltlf11 'li'1mnflru1l1~Jl LLn~l'l~ fl aiJ 1 iJ~iJ~'VI~ Lf11~LLii1:W~11 uvi L~lJtTiJ 
, \J , " 

1vi'LLfJ fl~1t1'l~'VI11':] ~:W'VI'lP11~1'14 a'Vlfli'Vl fJ1 Lfl~ LLfl ~~16'lruLfl~ 'Yil1~ifeJlJfl~~a el1~m'U lbiJ~\I~i11lJ1tJ'l~LlJtI 
" \I \J 

PlflfJfI1~f111'leJ'l r'Ut.Jflt.J ~V1'Vll,:j~11l1~"lJa,:j~tI~ 11 \I ~GillJ1'lf:l1-tltJ'l~bfJ'lliJ1~\v111':iLLfl~ mh,:j1'l~':]\1~1~ Ln~t.J~ 

L~t1'V11t1V11lJlJ1 bVl mU~l~a ell,:] ri'l f11'l~ruL~ t1fl11lJ'VIfll fl'VInlt1'V11':]~1 fl1~'1la.:]liJ~ ~'ltTiJiJafl\llfl\l~i'1mn 
\J U 

V1~ fl€JtI LL~ ~~11al'V11 'lVl'll1 iJ V1~ f1 aiJ LL 'VI~':] rl1 L ii VI'1l eJ '1~11 eJ 1'VI 1'lVl'l1 LLn~vl~fl'1l a'l ~11al'V11 'lVl'IJ\l1 fl LL 'VI~'l rll Lii Vl 

vi1.:]1 LvleJ1~'Vl'llm'U (budget) LLfl~Ymll'l (dynamics) '1lm~11m'VI11Vl'l11iJ~iJ~i'1mn 

bm'l m 'ld ~'l~11'l f:l,tJ1~~'lA~ \I:; i'1 f1'I~l f111 LL ~ 1 f1'j:;\ll fJ LL~:; fll 'l LtJ ~ fJ iJLL tJ c;'!.:]1iJLL vifl:;~l'l L 1 c;'!1 'tIa.:] 

~11a1V111Vl'll1iJlJl nJ1 LLc;'! ~ I'l~ f1aiJ~iJ i'1f1~1 LL VI~,:j rll Lii~ tJ~lJ1 ru LLn ~ f1'j~·tJ1 iJf111'lJ'Ucl.:] ~11a1'V111\l1 fl 

LL 'VI~'lrllLii~ L-iflcl~iJ~i'1f1~l i'1f1~1 Plfl t1f11~'1lml'l~ fla'U~'U1'Uf11'lLU'ULL'VI~':]~~~:W'VI~af111LUiJLL'VI~'lrl1Lii~'1la.:]
" 

~1'l€J1'V11'l1'UlJ1flJl V1neJVI\liJl!l~fl'jLLfl~~flll'l'l"lJeJ':]Gil1m'VI1'lYi'l11'U~'U~i'1f1~1 Lvla1-tlLutlifalJn~iJ!l'UL iJf11'j 

Q "f'tJ ~ Q..I f'aJ .. :;' ..J 1 % ~cl 
'lh::LlJ'U'l'UU'U'U f111L'lltJ'l::1tJ'l1'U~liJtJ1:;lJ'I f11'lL~1::Lc;'!t1':]LLfl:;"lJCJ1t1~tl5~1'l1'Ul LLfl::f111'V1eJ'1L'VIm 'U~'U'Vlf'lfl~l 

\J • 

.. " cO. • 

~iJ'VI'VI:WLf11 ~LLii1lJii11 1 
" 
1fl'j':]fI1'ltlLtJtlbfl1'lfl11i~t1vim~a'l 5 tJ Lvla~\I~a6'Ult1flii'l1fl~neJ1~Lil~~fllV1'lJa'lGil1€J1'V111Vl'!l1'U~iJ~ 

1vltJi'1f1 ~1 fl1 1LL~1f1'j:; \11 tI ~ (j~ f1'j1lJ vl~fl LL(;l ~ f1'j~ Ul'U fl1 'lvi 1,:) 1 'tI a.:] Gil 1eJ1'V11 1Yi'lltJ 'l~LfI'Vl 1'U1mL\l'U 

y.ja~y.jarii1 LL(;l~6B~fI1 \llmL'VI6i':)f11Lii~vi1.:)1 ~L-ifl~~'U~i'1fl~l 1tltJ~ 1 vilf111rifl~1f111LL~1fl'j~\llmL(;l~f11'l 
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It.l~t1Ullt.l~,,hJ'm'tr1u 'l~fll~ ll~::;'HJUtJ'lJeJ"~l'H:nVll'JV;'IIlum~J'l l~eJVI'J1Ut.l~lJlru 'Vi'l~m'JlJ llG'1::;~fl~ru::; 
f11'Jllydm::;~1£.I'll eJ~~1'JeJ 1VI 1'JVl'll 

'JllJ'lJeJ~luuUlt.l~fll-r,djt.l~lJlrulJlm~eJl'Vitlunm::;uU'ikH'I~UlUVI::;lG'1 (Gordon and Kelly, 1962; Polovina, 

1984) :u lfl~fl~ru::;~ luu-lieJ~VI~uyh111lVllJl:mrifll'JVI~u.tit1'lJ eJ~ iKVl1V1::;LG'1 c;1~t1Ull1.J1t.l::; fll-r~ ~~lUU~eJ~ LLG'1::;~
'Il 

t.l~iKlJ~1.Jih::;VI-.h~'J~uu 3 'J~uu ~eJ J1V1~L~ Jl~~ lL~~bL~U~U vhll1~U~'l!ltl~~bUuvfU~~~fl11lJ 
VlG'11flVlG'11t1 iu-neJu LLG'1~eJ~lJi:1lJmru UVlU1V1V11Jl~'lJeJ~)~UUULli'1'111tl~" ~~)1lJ~"'J~UUUL1i'1t.l~fll-r~~f111lJ, 'Il 

~1'JaUVl1~ (Nixon, 1981) 

llG'1~UVlU1V1V1ih~'lJeJ,:J)~UUUL1i'1'111t1~~ (Nixon, 1995; Cloern, 2001) ~)lmlUl~t1il'J~c;1U~1'JeJ1V11'JV;'l!~ 

l~lJ~UlUlJ1G'1J1LLG'1~ fll'Jm~~lt1"lJeJ~VI~ fl t!ULL'1J1UG'1t! t11mhUUi:11LVI (11111aml fllWil~ruL~UtVl"lJeJ,jt.l~ fll-r'llu, ~ 

lULLU1t.l~fll~~lfl~~~ tv! muYn~mh.:J~~luvfU~'IIl t1~~~vim~ eJ"~l mLcJu~u~~n:um'JlJVll~fll)Lfl~VI)~.:JlUU 

lLVI~~f1'1lu~'lJeJ~i:11'JenVll'JV;'II (Udy et al., 1999; van Woesik et al., 1999; McCook, 2001; Fabricius et 

al., 2003) luvfu~'IIltl~.:J~1lJ1 '1lL'lJVl L~eJ'lVl~m'lJVleJVli:11V1fl'J'JlJ 'ViUillJ~~1'Jt.l'J~LflVli:11'JenVll'JV;'IIlumG'1J1, 

tJ1Vl)L~t1lJ1eJt~'JfIl1ueJU (Alongi and McKinnon, 2005) 

LlJJillLVI~~rilLUV!VI~fl'lJeJ~i:11)enVll'JVl'l!LL~~ VI::;fleJU~Lifl~V1~LG'1'111t1~.:J ~eJ mJJl ~lflG'1 eJ.:J (Humborg 

et al., 1997; Lenhart et al., 1997; Sierra et al., 2002; Perez et al., 2003; V6r6smarty et al., 2003; 

Zhang et al., 2004) LLVl1uU1~~U~llfl:::U1~'1l1~ L1f11Vl::;fleJu~uen~LUULL VI~.:JrilLU~'lJeJ,j~l)enVll)Vl'lllu)~uu 

UL 1 i'I L~ eJH 1 fl e..I fI e..I ~ VI ~ 1 n~ eJ tI i:1~ 1 t1?11 'J aUVl1 El ~?I::;?lll eJ~ t1U (11 ~ fH)U 1~ £.I 'Vi 1 m G'1:S'Vi ~ €I ?l1)t! lV11)
'Il , 

LLG'1 m t.l~EJU~l'JenVil 'jVl'll)~Vli1-1 (11::;n eJU t1uJ1 L Vl'U €I (il~fleJU ~,j~ aVl6'Vi~ vi €I fll )fl'J~:U1EJ'lJeN~1)enVll)lUll1f1J1 

(Kaspar et al., 1985; Takanayanagi and Yamada, 1999; Mwashote and Jumba, 2002) 

1UU1~vfU~'Viui1 LL mol" rilLU~'lJ eJ~ i.n 'j ellVI 1'JVl'll~ L'ihcim G'1 J'l'lll tI ~~ ell :U:U::;lJl:U 1ml11!X~u~1VlG'1 eJ€J fla 
'Il 'Il 

V1::;Lflt~EJm.:J (submarine groundwater discharge; SGD) (Buddemeier, 1996; Moore, 1996, 1999; 

Zektser, 2000; Burnett et al., 2003; Slomp and Cappellen, 2004) mllJfluL~eJ~ SGD lut.l'J~LVlfllV1t1ii 
UeJtlmfl ~~lUlJliiLVltl-1.:J1U'lJ€J" Burnett et al. (2007) LLG'1~ Burnett et al. (2009) ~'1'ViUil SGD dJu 

http:VllJl:mrifll'JVI~u.ti
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tOClrtoClOJ odt~.::::JVI~ ct~ 1 _::' I d1J,:: 
u.vm'l fIl L 'U!i1G11 Aru'tJ tl'lG1l'HJ1V11'J'Vj'llVl'lVl L'tJ1 G1'U1A {;1 tl'lVl'Jtl'U1 LLlJ'U1 fl tl'Utl tlflG1'Vl::: L{;I LL{;1:::Vl L'tJ1G1lJl{;1'Ul'Vl::: L{;1

v \J 'U '\I 

L!i1E1Vl'J.:I L!i1m\ml:::tl~1'l~'l1'U~'U~'lllfJ~'l~ihJlvhlV1{;1UmJ SGD 'l:::dJ'ULLVI~'lnlLU!i1'tJtl'lG11'JeJ1V11'JVi'll1'U'Vl:::L{;1~ 

~l~ru ufll']fJ~vil1']fJ1'U~'U~LL'U1'll::flli''l'tJtl'llVlt1 eJ1Vi c.J1"f.!i1'J.(j'J'JlJlii'fl~ ~iJ'U LL{;1:: c.J1"f.!i1'J. l'JWYl lcJnlru'ltJ 
v u 

YltJilil'll'Jlfl{J nl'HUA ill fJ fIl'J 1 'VI{;1 tl tl n'tJtl'lt111~~ 'U tltl fl ~t11Vl ::L{;I1 'U'Ul'l'U1 L 1 W'tJtl'l LL'Ul'll:: flli''l LLI'i nv'l hiLAfJil 

m'Ji'im~ltl~1'l'l1'l']'l 

'l1 flc.J{;Ifl1'JPin~l~cJl'UlJ 1 ril'U1Vlq!Yl'Ui l'll1lJ1WG11':itll'V11':iVi'll1'ULL 'Ul'll:: fll1'lil i'ili'i tl'Uii'l'l~l Lrltl 

L'll~EI'ULVifJ'U tl'U'U1LlW~'U1'U'Vl::L{;1 L'li'U LtlG1'Vl1 Vl1tl1'UL'tJ!PI'Vl:::L{;1~ fl'Ul'l'U1L1 W LLv1c.J{;1c.J~!PI'll~lJ.flm 'ULL'U1'll::fIl1'1 
" '" " 

n~'UilR1G1'llJ1n (Gordon and Kelly, 1962; Polovina, 1984) LLG1!i1'l1~Li1'Ui1'lA11lJG11lJ1':i1:l1'UfIl'i'VI1l'UL1t1'U" . 
G'fl'JeJ1'V11':iLL{;I:::Al1lJalRru'tJ tl'lLL'Ul'll::flli''l1'Ufll'JLU'ULL'VI~.:Ic.J~ !PI~alRru1'U':i::'U'UUL1f'l'Vll'l'Vl:::L{;I

u u 

G11'ieJ1V11'iVi'll~~lRqJ l~LLri l'UL(;1'iL'l'U vltlG1v1t1i'G1 U{;l:::~~fll{;1:::mtl 1'U'Ul'1G1ml:::G11':itllV11'iVi'll~11!i1~1 

'VI~'1 eJ1'l'l::L U'Uu 'l']mil tl!i1 fIl'ia'l Lfl'Jl:::"; LLG1'1'IJ tl'l LL '1"1 {;I 'I !PI eJ'UVi'll !'l.:nl\Jfl11l.Je1'Ut:.Jl'U'tJtl'l'll1lJ1WG11':itll'V1T'jfj'll1'U 

LL m'll:::fl11'1 'l:::ri'lt:.J{;I1~c.J"c.J~ (;1'll~lJ.f1iJ~'l L U'U':il fl~l'U~lRru'IJtl'l'i::'U'UUL 1I"f'll:::flli''l e1'Ut:.J1'U(;11lJ1'll~lt1 L!i1t1 
4J \J .-.s IU 

'J::'VI'Jl'1!Pl:::m.l'Utl'Ut11 LU'U~'U (Szmant-Froelich, 1983) 

1'U'Vl:::L{;I L'IJ(;11nii''ll1t1 ~'1 m::: LLG1t11 v'lilt::mv1tlfll ':im:::'ll tI'IJ tl'l'll11l1Wi.'Il':ieJ1V11'iVi'llcJ l'Um::'\.J1'Um':i~lRqJ 

2 m::'U1'Ufll':i fltl fll':iYllL!i1CJm::LLi.'It11 (advection) LL"::fl1':iLWd (turbulent diffusion Vl1t1 dispersion) ~'l 
~'UeJ~fi''Urn':iL'll~tI'ULL'll"'1'IJtl'lm::LLi.'It11b'UL~'l~'U~ (current shear) ~'11 'ULL'Ul':i::'Ul'UU":::LL'Ul~'l LLm~flTHLU'l~'U 

" 
'!Itl'lt11 ~'1~'Utl ~tl'U'll1lJ1wt11vilmVI""'lri'Vl::L{;1 L!i1EJ~fll'm'I"I~LL"::fll':it:.JG1lJc.JG11'Umtl1'UlJ1"t11ilG1'1~'ULrltlfl111l 
"" " 

LL 'i'l'IJtl'ln':i:::LLG1t11lJ 1 n~'U 'UeJn'll nn8''lilfll1lJ LL(;1n ~1'l1 'UL :U'l~'UYi LL,,:::m'iUU'l~'Ut11nilc.J"vil1~elVl'Jlfll'j 

e-Ji.'Ille-Ji.'Il'U"!i1"'1 (Sentchev and Korotenko, 2005) m:::'\.J1'Ufll':i advection LL"::: dispersion V.:I~'UeJ~fi'u 
t11~Ut11"'1~1 EJ L'I"I':il:::1 1m:::LLG1t11~~U"'1 'l::: L U'UU'l'] EJ~l~ruYifl1'UfllJVii'l'Vll'1 LL{;I::el(;1 ':il n l':iLLYl1m:: 'llEJ'!IeJ'IG11'i 

u • 

(Bilgili et al., 2005) UeJn'llnn m:::LLG1t11L~eJ'l'lln"ll LL"::A11lJLL~nl'il'l'llnAl1lJVlU1LL'l1'UnLiJ'Uu'l~EJYi 
fI1Ufjllfll':iLLYl1m::'llfJ'lJtl.:J1.'Il':iL'!!'Utl'U (Li and Zhong, 2009) 

1'ULL'In'll:::n li''l'l:::il fIl'iG1::: G11l'IJ tl.:J ?fl':ie.J1'V11'iUtlEJ Lfl e.J LVi EJ 'U tl'UVl::: L"'lllEJ~.:Jvi'11'll m::'\.J1'Ufll'i~~noN'U'/JeJ.:j 

imvi (;11'U!PI:: nmJilril'U'lil EJ'VIllUL1 tI'Ui.'Il1e.J1V111Vi'll'll':i::L.fl'Vlvl e.Ji.'Ivltl1G11u LL Ul'll:: fIli''1 (Partrick and Khalid,• 
1974) 'UeJn'llnd~'1il:Sl!P1'V1Ul~'U1'ULL U1U::fll1.:JV.:J'lilfJ1~Lfi!i1fll':iLL{;I m 'll~fJ'Uvltli.'lLvI(;1tl~l'l':il!i1L~lLL":::Ln!i1~'U 

IIlm.l!i1 24 oN11lJ'l (Attkinson, 1981) Crossland (1983) M11'UYllJR1'll1lJ1W1.'Il'le.J1V1111uLL'U1'll::rn-r'l1'U 

~'U~~1'l1 ~'lil~Pin~lH !'l'l'JlfJ'llU(;11':il'l~ 1 al'V11'U'\..h:::L'Vli'llVltl l:l'UtllJlii'n~ '4qJ.nn~ (2537) 1~Pifl'\'m.J1lJ1fU 

LLe.JllLlJLiifJl'UlmVl l'ULm'Vl LL,,::vlm'iLvl~ bULL1.J1LL{;I::'UeJflLL'U1u:::m1'1 'U1L1WLfl1::mmL":::Lfll:::i.'Ilfl ~.:J'VI1!i1 

'll"U~ 'I"IU11':i::!'l'U'lJtl'l1.'l1':itl1'V111Vi'll1uLL{;I::'Ue.JflLL'Ul'll::fIl1'lU1L1Wv11'l" ili'iltlEJ"l'U'l::!'l'Umlii.'l'llJ1flUn (m'Jl.:J~, I 'U 'U 
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2) LIi1EJ~1'.l€llm'.lVi'!f1ULLtJdL.l~fl1-r-:I ~djrh~.:] rrllutlf1 LL U1L.J~fl1-r'l L~mrmJ LLvii1rh ~lf1i1rh Ltl~ EJ'IJ tI'I ~l'.ltlT'vn'.l 
" 

Vi'!f~(;l'.l1~WU1UU~L1ruLLtJ1~.:](;l~lU tltIll'lJeJ.:]tl111V1EJ(;leJUUU1u'li1'1mm1L~EJ-:InU ~'I'Jl EJ-:I1ULIi1EJ LeJUf1 ~ "Pl~w':]~f1~ , 
(2539) (1'11'.l1':]~ 3) 

amu'Vl
d 

luLln'wl lulmvl LLalJhJLUEJ YlmJLyjln Bl~mlJ Crossland (1983) 

Canton Atoll lagoon 0.02 0.03 Smith and Henderson (1973) 

Enewetok Atoll 

Off shore 0.02 0.03 Smith and Jokiel (1975) 

Reef 1 0.06 - 1.0 0.26 - 0.64 Odum and Odum (1955) 

Reef 2 0.08 - 0.30 0.20 - 0.29 Webb et al. (1975) 

Reef 3 0.11 - 0.17 0.24 - 0.29 0.17 Johannes et al. (1972) 

lagoon 0.07 0.28 Webb et al. (1975) 

Fanning Atoll 0.48 - 1.98 Krasnick (1973) 

Tarawa Atoll 0.05 -2.6 0.36 0.05 - 0.38 Johannes et al. (1979) 

Lizard Islands Crossland and Barnes (1983) 

• off shore 0.54 0.14 0.32 0.25 

• windward reef 0.22 - 1.02 0.11 - 0.17 0.22 - 0.26 0.22 - 0.30 

• lagoon 0.59 - 0.82 0.17 0.25 - 0.34 0.18 - 0.24 

• leeward reef 0.54 - 0.58 0.07 - 0.14 0.23 - 0.38 0.15 - 0.23 

Abrolhos Islands 0.79-5.17 0.01 - 0.50 0.07 - 11.0 0.16 - 2.92 Crossland and Barnes (1983) 
.I 
'YllJ1: Crossland (1983) 

l'11'.ll'lVi 2 L.l~J.Jlru~l'.l€llVll'.l~~m mJ1Ltl~EJ Uti flLL~~bLLU1L.l~fl1-r':]'U~L1ruLf11 ~fl'.lll LLflnf11~~1f11U1U~ 

24-25 i1U1AlJ LL~~ 15-16 (;l~lAlJ 2536 LLfI~luVi 29-30 lJf1'.llAlJ 2537, 

24-25 iiUlf1lJ 2536 15-16 V1mfllJ 253 29-30 lJn'llf1lJ 2537 
",thmtl'U 1lJ1fl'lUJ~1{ 

, 

'YllJ1: {lutJlJ~n~ 1iqJi1n~ (2537) 

uan lu uan lu uan ltJ 

Lfl1 ~ fl'l n 

LLalJh.lLUEJ 1.378 1.516 1.013 1.412 1.520 1.521 

l'Ullll'.lvl 0.017 0.020 0.053 0.043 0.005 0.009 

l'ULm'Vl 0.284 0.396 0.029 0.054 0.232 0.343 

yjaaLYlIn 0.292 0.345 0.149 0.073 0.223 0.154 

Lfl1~aln 

LLalJUJLUEJ 1.077 1.696 0.909 0.989 1.295 1.239 

ltJ1V1'lvl 0.006 nd 0.011 0.011 0.005 0.018 

lULVI'fVI 0.230 0.332 0.028 0.048 0.296 0.967 

yjaaLYlIn 0.185 0.246 0.235 0.259 0.053 0.064 
.I Q U q 

http:0.79-5.17
http:1'11'.l1
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lIu1mtlu llJLfI,)LlJ~1{ L~tlUljU1f1lJ 2537 L~tlul;~lI1f1lJ 2537 L~tlU5U11f1lJ 2537 

~~LfWI 4.23 12.52 6.46 

LLtllJLlJLilEJ 1.05 5.64 5.06 

lul(;1')V) 0.38 0.45 0.30 

lUL(;IWI 1.10 0.77 1.30 

lutvm~u"l1lJ 11.97 3.20 9.46 

vlmm·l(;l 0.48 0.28 0.23 

vlm1Lvl(;l'l1lJ 0.91 0.89 0.90 

VlIn : LCllJfl ~i'l~Yi~';fl<l (2539) 

1I'1Cl'lh::a~fl, 
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neJ ,:rV('\AIb~eJ Vln~ 12° 35' 54" bVI'UeJ 100° 56' 60" (?l~l'UeJeJn - b~'Ubb'U1tJ~fll-r-:J'11ltJ~-:J~ 

1mi'n'U'1111'11'U~iJfll'J~,nJl~-:J1tJ~'VIn~1~ tJ{?l'J-:J, 

~'U~ 2 	 tJmtJ~~'\AIltn1lb~mfll~bb~:IJ~l'J Vin~ 12° 35' 12" bVlUeJ 100° 57' 19" l?l~l'UeJeJn - b~'U 

'U~b1 ru~llJ'\AI'U bb'U1 tJ ~m-r-l bb~ ~ eJ cJlnmll n '1111 '11'U1il n nll'U~b1 rub'1J lVllll'ileJ" , 
v 	 . 

V1'UVl 3 	 bfll~tJmVli1n Vin~ 12° 35' 16" bVlUeJ 100° 56' 36" - b~'Ubb'UltJ~m-r-ltill'U'UeJn 

'1J) 	 ~miibn'UWl1 eJ cJ l-:J 'ieJ'U bfll~ bb~:W?fl'Jb~eJPi f1'\~l fll 'im~ 'ill tJ '1J eJ-:JtJ~lIl ru ?fl'i eJlVll 'i 1'U~'U~"leJ'U bnl ~ 16 

~rll'u Vi n~~ r;n'ubn'UWl1 eJ cJ l-l"leJ'U bf1l~bb~:W?fl'ibb~ ~-:J1'U m"ll-:J~ 4 

" 
('1J) ~mUbn'UWl1 eJcJl-:JUl"leJ'U bf1l:; bb~:IJ~l"l 
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cO 

~mu m:~~\11 (~Vli1B)
" 

~B~ ~~\11 (1Jl:d'UBBfl) 

2 12' 35' 52.5" 100' 56' 43.8" 

3 12' 35' 38.2" 100' 56' 38.2" 

4 12' 35' 12.3" 100' 56' 30.4" 

5 12' 34' 45.4" 100' 56' 12.6" 

13 12' 34' 36.1" 100' 56' 33.1" 

14 12' 35' 09.8" 100· 56' 39.5" 

15 12' 35' 40.5" 100' 56' 42.0" 

16 12' 35' 37.0" 100· 57' 01.5" 

17 12' 34' 53.7" 100' 57' 25.0" 

18 12' 34' 30.0" 100· 57' 38.7" 

19 12· 34' 03.6" 100' 57' 43.6" 

20 12' 33' 23.0" 100' 57' 38.0" 

21 12' 33' 22.9" 100' 58' 01.1" 

22 12' 34' 03.6" 100' 57' 59.7" 

23 12' 34' 31.2" 100' 57' 57.1" 

24 12' 35' 34.6" 100' 57' 52.6" 

~ .J 
m fl1'1'YJ 1 	 l'UVl 26-27 'W'lf'1~fl1Cl'U 2554 

L{h.lv11LL'YJ'U'l~thVlmfl 
- LnUv11tl8l'lLL(;1~lLml~",~m~eJ'I 24 .ff1LlJ'I 

• iJLL'U1tJ~fll-r'l - tJ(;1lcJ'vhL~m'lJlVllJl'OJtl (MJ) 

• 1,JiJLL'U1tJ~fll-r'l - tJmm1lL~mfll~LL"'lJ"'l1 (SP) 
~ ~ v d d 

'lJ) fl1'1'YJ 2 	 1UVl 28 LmmJ'U rl'l 1 'W(j'I-JJllfllJ 2555 

LUUv11LL'YJ'U'l~LL~'1 

- LnuIil1tl81'1LL(;1~lLml~",~m~eJ'I 48 .ff1Lm 

• iJLLt.l1tJ~fl1-r'l - tJmClvi1L1tlL'lJlVllJl'OJtl (MJ) 

• iJLLU1tJ~fl1-r'l -Lfll~tJmVliifl (PM) 
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c::;: QJ I ~ 
3) fll'JLf11Jl'ne:ltl1.:J'U1 

fl) Lil1J1'l1e:1ci1.:JJ1L~tlH modified Kimmerer water sampler ~ 3 'J~~1Jfl11:IJ~f1~~e:I.:Jfll'J 

" " 
111 LL~~'J~~1JL'V!iie:lV;'U'VI:ml 1 L:IJ~'J 

Fll amil~Lfi1J1'l1e:1ci1'1U.~~lLFl'J1~"'~m~€J.:J Lil1J~1€J£.h.:J'VIf1 2 .ff1L:IJ.:J, 

m 
ct~ i.,u ~ ® 

Fl11:IJ~f1'U1 'V!tI.:J~1mFl'Jm Speedtech Instruments Depthmate Portable Sounder 

'!Jl pH mTirr~vl1mFl1€J'I pH meter 

Fl) ~ru'V!1JiJLL~~Fl11:IJL~:IJ m1~1\7lvl1mFl~€J'I YSI® handheld salinity and temperature meter 

5) ci.:J1'l1 €Jci1.:JJ1~'U~.:J~'Vh L~m '!J1'V!:IJ1'il e:lVI'UVi'V!~.:J Lil1J~1 e:lci1.:J L~€J1LFl 'Jl~"'m€J.:JJ1LL~~1 LFl'Jl~"''Vll.:J LFllJ~ 
~€J.:JtlljU'~ fll'J.ff1 Fl'Jl1~'1ti~'U~~e:J'Itl'J~~:IJ'lIe:J.:J .;;JVlo.nru.nO'J'J:IJ'!ll ~1'Vl til Lf1l ~ u.~~'Vl ~L~1'Vl tI .f11 tit'U'V!l.h tI 

Uru'!ll fll'Ja'lFl'J1:IJVlLi'l'l'}'Vl1'1 L~€J f1e:J.:JL~€JtI'Vlofll'J f1 €J'IVI'l"lL~e:J
" . 

6) lLFl'Jl~~'VI1.:JLFlmi16f1l'J'!Je:J'I Strickland and Parsons (1972), Grasshoff et al. (1999), EPA (1999) 

LL~~ JGOFS Protocols (1994) (l1ll'Jl.:JVi 5) 

7) lLFl'Jl~~'Vl1.:Ja~~LL~~LLtl'J~~ 

d 
11l1'J1.:J'VI 5 

pH 

" fI11lJLfllJ 

Electrometric method 

Electrometric method 

Electrometric method 

Electrometric method 

Winkler method 

Gravimetric method (EPA Method 160.2) 

Extraction & Fluorometric method 

Colorimetric method 

Strickland and Parsons (1972) 


EPA (1999) 


JGOFS Protocols (1994) 


Strickland and Parsons (1972) 


Cadmium reduction & Colorimetric method 
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'11 tlm'j~fl1~ltll'Ht1~ EJ'Ubb t1(1'1'!JB'I~l'H)1'Y11'jW'llhJ'H)Ul'U LVlmnul'i":Je)~1.:Jll1~'j~#lu fll1lJ~ tl 2 fi'l 3 

'j~#lu ~B 'j~vi'UC.hJ1 'j~#lUmn'lJ1 bb(l~1'~vi'Ub'Y1i1Bvr'UVI~b(l ('VI1m11~'U'I~hiih~#l'Utl(ll.:JJ1) 'Vltl 2 -B'lLlJ'I , 
~m~B'I ~(ltl1'j~m~lLb~Vl.:J'llCl(l~LBEJVl1'Umfl(:.l'Ultl LVlEJ 

1i11'j1.:J (:.1-1 bb~Vl.:l~ruJ)TvnJ1 ru mnl'll'1"l u1nrub'!J1'V1lJ1'1B (1'Ubb'Ultl~m1.:J) 'l~J1'Y1(11fl1'U~ 
26-27 'Vi'lf'!~mCJ'U 'Vi,f'!. 2554 [24 -B'lLlJ.:J] 

1i11'j1'1 (:.1-2 Lb~Vl'l~ruJ11'ViJ1 ru n(ll~l'1"l U~Llrubf11~Lb?flJ?f1'l ('UBmb'Ultl~m1'1) 'l~Jl'Y1mfl 
l'U~ 26-27 'Vi'lf'!~fl1Cl'U 'Vi.f'!. 2554 [24 -B'1LlJ.:J] 

1i11'j1'1 (:.1-3 bb?fVl'l~ruJ11'ViJl ru Ll~l~l'1"l U1blruL'!J1'Y1lJ1'1B (1'Ubb'Ult1~tl11'1) 'l~U~.:J l'U~ 29 

LlJ1:}lCl'U 'Vi.f'!. 2555 - 1 'Vi'l1:}J11fllJ 'Vi.f'!. 2555 [48 -B'lLlJ.:I] 

Vl1'j1'1 t:-j-4 bb?fVl'l~ruJ)TvnY1 ru nml'll.:J"l U1Llrubtl1~t1(11'Y1i1fl (1'Ubb'Ultl~tl11.:J) 'l~bb~'1 l'U~ 29 

blJ1:}lCJ'U 'Vi.f'!. 2555 - 1 'Vi'l1:}J11fllJ 'Vi.f'!. 2555 [48 -B'lLlJ'I] 

" . 
1in'j1'1 t:-j-5 bb?fVl'lf)ruJ11Wll1 ru ?f(l1U~l'1"l 'lBUbfl1~bb?flJ?f1'j 'l~bb~'1 l'UVi 29 blJ1:}lEJ'U 'Vi.f'!. 

2555 

d ~ I .. I q ~1 ~ cl~ I QJ J tV d X J 
'1VlbtlU Ii'IlB 81'1 b'!J1'Y1lJ1\1Bbb~~ bfl1~u(ll'Y1lJ fl b u'U '\j'jb 1 ruVllJbb'Ul 

<I 

u~ f111''1 '!Jru~V1'Y11bfl1 bU1lJ ?fl'jLU'U'Vi'UVI, ~ 

~hi~bb'Ult1~ tl11'i lin 'j1'1Yi 6 bb?fVl.:J Rlbil~ CJLL(I~~aCl'!J B'Iil\l~CJVl1.:J fl1 Cl J11'Vi bfli1Lb(l~~1'jB1'Y11 'lw'1l1'UJ1U~Llru 

b'!J1'Y1lJ1'1B Lt1~CJU LViCJUtl'U'j~wJ1.:Jn VlJ1'Y1 (I 1 f1Lb~ ~n Vl Lb~.:J 'ltl~ 2 L t11ClU b VlCJ'UflJ1lJ bbli1fl ~l.:J'!JeNil\l~CJl'11'1"I'U QI \l \l 

fl1CJJ11'ViLfl~bb(l~t1~lJ1ru?fl 'lB1V1 1'jW'1l1'UJ1bb'Ult1~fl11'1L'!J1VllJ1\1B1'U'l~J1V1(11mb~~'l~bb~'1 1'U'l~bb~'1 U1LlUJ 

L'!J1V1lJ1\1B~'1btJ'U~'U~1ml'l11Cl~'1 rnllJ~tlJ1ii'BCJ J1Vl~b(l1'Uu'Ult1~fl11'1'U~Llru,j' UR1 pH BruVl.fliJ rn1lJL~lJ 
, 'U 

fl(l BbYJ~~bB ~~ f11(1 ~(l1Cl bb(l ~ bLBlJLlJ b U Cl ?f'l fl':h1 'Un VlJ1V1{;l 1 tl 'I1ru~~1 'Un VlJ1V1{;l lfltl~lJ1 ru~l'lLb '!Jl'U(I BCl 
'U "I\l "1\1 

1i11'l1.:J~ 7 bL~Vl.:JRl Lil~mb{;l~~aEJ'!J B'Iil\l~Cl'V11'1fl1CJJ11'VibFlUbb~~?fl'lB lV11 'lW'1l1'UJ1U1b 1 ru'Yhb~mrlbtl1~ 
bb?flJ?fl'j (bjUbb'Ult1:::tl11.:1) 1'U'l~J1V1{;lltl LL1:1:::Lfl1~'\JmVli1tl (~LL'Ul'\J:::fl11..:J) 1'Utj~LL~.:I ~'U~~..:J?fB..:JdJ'U'U1Llru~ 
J1Ufl1'jcilCJLV1?f~mtl flll~'U~b '!J1V1lJ 1 'ilB \11 tlilBlJ1:1'ViUll n \i1 m{;lUt:-j{;lI'lBflru.fll'ViJllJ1tlfll1 fl1'jUVl1Bhi~LL'U1 

\J "''\I 1 

t1~tl11'1 

LL?flJ?fl'j (hiu bb 'Ult1 ~ fl11.:J) 'ViUl1J11'UU~blruL'til 'VIlJ1 \I BU fl1'lLbt1'l~'Uli11lJfll1lJ~f1U.1:1~LLt1'j~'U1'U'lB'U1'U"llB.:J 
~ " d 

il\l~ClVl1'1fl1 CJJ11'VibflU Lb1:1 ~?fl'lB 1'V11'l,il'U 1 Vlq! lJ1tlfll1U1L1 ru~lbf11~bL?flJ?fl'l 'UBtl\lltlUa'UVl1 tJyjB~yjtJ1?fVl 

{;l~mCJJ11'ULb'U1tl~m1-lU fll'jLLt1'j~'U1'U'jB'Ul'ULL1:1::: I'l 1 '11'::: #lu rnllJ~f1Jl~..:J LVl Cl L vilJ:fl'U 1'UIi1B'Utlm'lfi'ULL1:1 ~1:1Vll;l'l
" 
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ri1liJ~CJ'1ItJ':) pH, rn1lJl~lJ lU"1:::;€lru'I-TlJil hHl~~:::;'1i'l "H'l~11lJ~~Jl'I-T~lfl (Yi~P1~f11CJlJ 2554) 

lllCJ'ULViCJ'Ut1lJ'j":::;WJ1.:)'l.i1t1flH'1I1'I-TlJ1~tJ (iiLLlJTU:::;fll1':) U~:::;Lf11:::;LL"lJ"l'j" (bJiiLLlJ'lU:::;f111':) ~lmu~:::;L~lJi1 
" 

lJl~J11lJ~,:)"tJ':)~lJ~iiri1tJru'I-Tflmfl~lfitJ.:)t1lJ iil"hLiJ~tltJ~~ 28.9°C Lvi1nlJ LL~:::;ll-il"itJtliim1lJLll1lfl~1,:)t1lJ'1ItJ.:), " 	 " 
Q, - f' ~ ~ .., I d 0 dI • ~ .Sol q' QJ I 

eJru'I-TfllJl1l~ tJ~f'l eJ~lJlJlJ1 V11':)L 'U1~~lfl'U 11l1eJ CJ1':)l'1I1'I-TlJ1~eJ'ij':)lJ1I1llJf111 L~ fllJeJ CJlJf'lllJ5tJ'i1lJ(f':)f111V11':) Ll~:::;~ ~ 
, '" 	 dJI 1.1 , 

Li1'Ul'11El~1':)Lf11~lL(flJ(fl'j" 0.1 °C (11l1'j"1':)~ 6 LL~:::; 7) ml.l'I-TflijJl1lJ~.:)(feJ.:)~'U~".:)"~llJ'1il.:)'\..hmL~:::;~~~':)eJ~1':) 
, 1.1 	 " , 

~m~tJ':)~':)LL~'1i'l':)~l(i':)L-ifl LL~~L~lJL~lJ,rlJ~fll'U'1il.:)(flCJ~m~tJ.:)1U~lJi1.:)'1il,:)Ulti ~lfll'hu'1lJ1ru"l'j"LL'Ul'U~ElCJ 
~':)'l-TlJVll'Um'j"l':)~ 6 LL~:::; 7 1'l11lJ-n'Ul(f'1leJ':)~':)"eJ.:)~'Umfl~L?iCJ'It1lJ, 

I'ldllJL~lJ'1ItJ'IJ11'U~'U~Plmn llJVl flfl~f11~ ll-il"ieJmU~ CJ'lJlLur;,.:) rilf'l')llJL~lJ"'1"~i1':)~l"~LneJ'U~'1'I-TlJ~, '"I 'U 	 '\I , • 

~.mil 30 LL~:::;l'U(]~L~CJ'lt1'Uiil"il'UeJ'I~1'1n'Ull-ilJ1fl U~~l'1~~t1'Uf'llllJL~lJ~l':)t1'U 2-3 'U'1Ldru~~Li1'Ul'1'lEl~l'1~ 

Lf11~U"lJ"l'j"1'U f1~J1'I-Tm fl 'V'l'Ui 1I'llllJL~lJ"'1,,~(i'l~1"~~1.:)n'Ui1.:) 8.5 U~:::;iif'llllJUl1lfl~1'1 t1'U(f.:)'j":::;'l-Til'1Jl
"I '\J 1.1" 	 '\I 

ti'l'I-TUln'UJ1hn~~'U~flr;,.:)lu 1~CJJ1~til'I-TU1~~~~flilJ11'U~~fl (l'll"il.:)l'UfllI"U:,,J'Ulfl) bb~:::;l"ia'Uil'1~tJmm~vl'U 
1'l11lJ~flJl ("itJ~ 3) bb"~'1ilJ1,r'UJ1r;,'1tll~~ii~Vl5'V'lr;,~eJf11"i'l11J1~~LillJl1'U~'Um'U'lil.:)J1(;l'l bL~ :::;YilJ1L~mil 

" 
lJll'U~'Um1..!'lil.:)Jl:ff'U 

11l1"il'1~ 6 	 U~~CJVll':) f11tJfllYiLl'liiLL~ ~(fl"itJ1'I-T1'j"Vi'll'UeJ'IJ1'U1LlruL'lJl'I-TlJ1~a (iiu'lnu:::;f111'1) 1 'U(]~Jl'I-T~lfl 
Lb(;l~(]~bL~'1 

u 

L'U1V1lJ1\J'iJ - 'l~'I11V1aln L'U1V1lJl\J'iJ - 'l~LLIi''1 
(26-27 '\'j'lf'l~mmJ 2554) (29 LlJ~ltJ1.J - 1 '\'j'l~fI1f1lJ 2555) 

pH 7.37 - 8.72 7.87 ± 0.38 7.80 7.72 - 8.68 8.33 ± 0.17 8.37 

O( 28.3 - 29.2 28.9 ± 0.2 29.0 31.4 - 32.7 31.8 ± 0.3 31.75 

" f1l11.1LfllJ 30.9 - 31.6 31.4 ± 0.2 31.6 31.1 - 38.2 33.7 ± 1.1 34.1 

meq/L 1.85 - 1.93 1.89 ± 0.02 1.89 

mglL 4.87 - 6.80 6.04 ± 0.52 6.16 1.79 - 7.11 4.58 ± 1.54 5.10 

mg/L 4,0 - 36.7 27.3 ± 6.4 27.9 9.1 - 24,2 17.1 ± 4.3 16.8 

J,1g/L 0.03 - 1.58 0,50 ± 0.32 0.46 0.44 - 5.68 2.12 ± 1.13 1.95 

J,1M 0.05 - 1.03 0.42 ± 0.26 0.42 0.07 - 0.57 0.28 ± 0.10 0.27 

J.1M 4.43 - 11.2 6.62 ± 1.34 6.42 7.60 - 17.8 11.2 ± 3.14 10.0 

J.1M 1.08 - 23.0 4.90 ± 6.58 1.61 4.90 - 21.4 7.07 ± 2.48 6.40 
A 

J.1M 0.06 - 0.49 0.18 ± 0.12 0.13 0.05 - 0.39 0.15 ± 0.06 0.14 

J.1M 0.39 - 7.49 2.02 ± 1.44 1.75 

J.1M 1.13 - 10.3 3.54 ± 2.06 2.74 

J.1M 250 - 407 298 ± 37 292 
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(;l1'i1'1~ 7 iJ:U~8Y1l'1m8il1'1'HFliJLL~::G1l'leJ1V1l'l-W"1l'1JeJ'IJ1U1L1 ruLm::LUUml'l (hJiJ LL 'Ulu::m1'1) 1'U~<:lLL~'I 
LL~::Lm::tl~lVlijfl CiJLL'Ultl::fl11'1) 1'U~~J1Vlmfl 

Lm:m"'lJ"'l'l (WijLLlJlt1~mi'~) - (]':jJl LfmtlGll11ijfl (ijLLlJlt1~n1-r~) - (]':jLL~~ 
llGllfi (26-27 Vi'lf'f~n1EJlJ 2554) (29 LlJ't!I1EJlJ - 1 Yi'l't!lil1f'l1.l 2555) 

pH 8.18 - 8.34 8.25 ± 0.06 8.23 7.71 - 8.52 8.32 ± 0.16 8.36 

~rull1Jij .( 28.5 - 29.6 28.9 ± 0.3 28.9 31.1 - 32.3 31.6 ± 0.3 31.6 

fl11)JL~lJ 24.0 - 32.5 30.3 ± 2.5 31.5 31.7 - 34.2 33.6 ± 0.8 34.0 

tJGlf'l1aii~ meq/L - - 1.85 - 1.93 1.89 ± 0.02 1.89 

1lafliiiL\JlJGl~GllEJ (D.O.) mglL 5.95 - 7.27 6.44 ± 0.31 6.33 1.65-7.31 5.13± 1.23 5.31 

al'iLL'!IllJGlaEJl1~VllJ~ m~/L 6.7 - 36.4 25.9 ± 5.4 25.7 8.7-23."8 17.2±4.4 17.7 

FlGlal'iVlmlLa IJglL 0.15 - 0.90 0.49±0.17 0.48 0.44 - 4.03 1.49 ± 0.67 1.34 

YlaaLYlI>I (PO/·) IJM 0.00 - 0.54 0.23 ± 0.14 0.26 0.10 - 0.45 0.24 ± 0.09 0.24 

~an1~~mEJ (D5i) IJM 5.11 - 14.9 7.62 ± 1.65 7.67 8.8 - 18.9 12.0 ± 2.8 10.9 

LL1llJL1.lLilEJ (NH/) IJM 1.34 - 2.45 1.74 ± 0.32 1.67 4.5 - 15.1 6.8 ± 1.8 6.2 

1lJ1m~ (N02) IJM 0.02 - 0.27 0.10 ± 0.06 0.10 0.05 - 0.22 0.12 ± 0.04 0.11 

0.64 

alJVI~~Yla"'vla-r", (DOP) IJM 2.92 - 6.08 4.30 ± 0.82 4.22 

alJVI~EJ"llJL~'iL\JlJ (DON) IJM 263 - 391 295 ± 25 291 

1'UCl<:lJ1V1mfl ph pH mi'u(;l'l'l·lh\.Jfi'urhfllllJL~lJ 1'U~~lLf1Ut11lmh'l,xlLfl1::LLG1lJG1l'l ~'1hjiJLL'Ultl::fl11'1 

fh~'I~~~'I~l~~'1JeJ'I pH ~1'1ti''ULVl8'1 0.16 LLl;l::iJAlllJLLU'lU'll'UlJ1mJeW ~l'lti'Ufh pH 1'U~V1LfhJt11lmh'lL'1Jl 

VllJ1:Ufl ~'IelCJ1'ULL'Ultl::fl11'1 LLl;l::eJ81fl~~'Iflil iJfh pH G1'1G1V1[i'l~1~V1~1'lti''U[i'l 1.35 C(;ll'll'1~ 6 LLl;l:: 7) U,l;l::iJ
". '\J \J , , 

AlllJLL\.hU'l1'UlJlm::Vlil'lJl~hVlUlti'uJ11'U'l::~u~m~'I1U 1V1EJ~C:hVlU1Jl,r'LJiJfh pH ~lflilJ11'LJ~~fl (Vll'll'1 

t:H) en:ULtJ'Ulul~il carbonate ions 1'UJl'VI::Ll;l~fl'Ll::fl11'1 uptake ltJ1i~~1'l1f1'l'l11'lLL~-.1 tl'l~fleJUti'U~'U~ 
d]'LJ~eJ'U-Ul'l~'U tl1lJlru'1JeJ'IJ1Y1::L~cil8LYll~il ~\Ivil1~ carbonate system 1'UJ1Yl::Ll;l~mum'U vill~ 
AlllJ~1lJ1'lfl1'Ufl1'lL tJ'UUrlL rleJ{~'1l;l~l;l'l u,l;l::~\I~.j(;l1~~l pH '1Jtl'lJ1Yl::Ll;lU~LlrudLLu'l'u';n'Ul~~lEJ LLaJil~lAlllJ 

L~lJ'1Jfl\lJ1Yl~L~:u::iJ~1G1'1tlEJ1'U'lh'l 30.9 - 31.6 LLl;l::hjLL\hU'l1'U~'I1'U'ltlUl'ULL~::Vll:JJAll:JJ~n 
" " 

U~L1 ru'l vlLf1Ut111 fl ~l'lL'1J1VllJ1:U tlcCiJLL'Ulu::m-r'l) LLl;l::U~L1 ru'lVlLf1U t11l eJ ~l 'ILfl1:: LLG1:JJG1l'l Cl:uiJ LL'UlU::fl11'1) 1 'U 

~~J1V1l;l1 fl :U::Li1'UilU~:JJlrutltln~L:U'U~ ::l;ll8LLl;l::Al;l eJ hYl~~Ltl LL U'le1''U Vll:JJ'lil'l L ll;ll 1'U Ll~ lflm'll'U:U::fl1 

lJ1flflil Ll~l fl~ l-.1f1'ULLG1V1\1ilffiieJtln~L:U'U1'ULl~lflm'l~'ULL~::m'l;;r-.1LA'l1::~LL~-.11'ULl~ln~1·:r1'U LL~::~tl'LJ-Ul.:\~tl 
v 

mlJ':i::vi'uAll:JJ~ml1 

http:l~lflm'l~'ULL~::m'l;;r-.1LA'l1::~LL~-.11
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"'-+-m\"l"~.o 

-- '~-"Illl:l.'" 

;:: .. := 

a ~ B 
:: «') $! 

;i 

a 
C> 

~U~ 3 ri1ltJ~tI pH, m1lJL~lJ \,I,~:::~illVliJii 1tm~~:::'(h,:jL1~1 ill ~V1LnU~1El~1,:j L'!J1V1lJ1~El (~LLtJ1Ll:::fl11,:j) 

\,I,~:::Hn:::LL~lJ~1':i (l1i~LLtJ1U:::fl11'1) 1tJ~,:!J1V1~1fl (Vl~F1~fl1t1tJ 2554) LLtlU~kVl1LL~V1,:j(1'1'1i1,:jL1mvth;~LL~'1 
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tltJn~L'l'lJrl~rllti ru \11'1 Lnuvi',.JtJth'l,;;'lLf11~LL"lH'l111'lJf1~1l11V1rlln hj~tJmU~tI'lJLLUrl'l (UaJilfl1llHfhJ 
, "I " 

\I:;uu1e.J'lJlJ1n) ijfil~'1~l'1n'l~l~l'1~l'1n'lJ 1.32 mg/L (~111'1 6 Url~ 7) Ll'1mil'lJ1V1qj~tJ1V1ulJll1n\l~ij~1 

lJlnnil1'lJ~~m'l'l1u ~1'1nUU~Llru~I'1Lnuvi'ltJ~1'1L'lJ1V1lJ1\1tJ ~'1fil~'1~l'1n'l~1~I'1~l'1n'lJlJ1nni1 1.93 mglL LLa~ 

ijfl1llJLL~n~1'1n'lJ"'11~Vll1'1JltJ1V1UlnuJll'lJ1:::Iii'U~na'llU «m~ru~f111UU1e.J'lJ~llJL1 rll'lJtJ'I tJtJn~L\I'lJrl~al tI 
" 

Lmi'LfltI'InUf111LLU1e.J'lJ'lltJ'I pH 11'1t1filLt1~ tI'lJtJ'I pH \I:::~'1:ff'lJVI«'1 filLt1~ tI'lleJ\ltJtJn~L\I'lJa~rllm~lJ:ff'U1ULL~l 
U1~lJ1ru 2 ilLlJ\I ~'1dLiJ'lJL'Vi11dlV11nJ1Vl~Lrl~ijrnllJ"1lJ11t:ll'lJf111LU'lJUvlL'VJeJ{~l L~tJr11eJtJn~L\I'Ua~alti 
~'I:ff'U (rl1{UeJ'lJ1I'1m)f11'111'11'lJJ1~la'l) l'lJrll pH \I:::~'1:ff'lJ L~eN'llf1f11'.irll'1a'l'lleJ'I H+ ion l'lJJl ~'1"eJl'1f'l~el'lnu 
tl'l~tli'I1'1tl1t1Jl1'WLf'lij~ pH 1'UJ1'Vl:::Lr;'\~~I'1Lnuvi'leJ~ l'1L'11lV1lJl \I eJ~ij LLmU:::f11-r'l LLU'.iU11'lJ ~'1 f'l11'1i1 LU'ULVl11::: 

f'l11lJi.'11lJl'.it:ll 'lJtl1'.iLu'lJuyh vleJ{rll'1i:'l'l L ~el'l \11 f1U::: tl1-r'l 111 carbonate ions hfl-ti mlllAtJ eltJn~L\I'lJi.'1'1:ff'U\lln 
" 

tl11~ Zooxontholle ~'1Lf'l'.il~viLL?I'IlVI'W«'1'11'lJnuu:::tl1-r'l1tJ1.m'lJf)1Wil~qjL~UL~ ~'1?1{l'1~'1Lifm~mLa:::Lf'l1'1 

~l\1LL~'1 U::: f11f'l ?I {1 'I1f'l'.i'l~1'1LL~'11I'1tJ~'1 carbonate ions \llnJl'Vl~LalJ1?1~l'1LLf'li:'lL~tllJf'll{um'UVl L~tJ 
carbonate ions i:'l1'1i:'l'l rnllJ?lllJ1'.it:l1'lJf11'.iLU'UUvlLvltJ{nal'1i:'l'lvi'l tJ LU'lJLVI~1VlLfll'1 tl1'.iLLU'.iU'.il'lJ'lJel'l pH lvi' 

~1t1 cil'U\J~lJ1 ruf'lrl tJ1 1YJmf LeJU~L1ru'l,1'1 Lnu vi'leJ~l'1,;;'lLf11::: LL?llJ?ll'.i (1lJij LLmu::: f11-r'l) 1f1~Lfl tI'I nu ~11'UU~Llru 

\lI'1Lnu!illel~l'1L'11lV1lJl\1tJ (ijLL'lJlu:::f11f'l) LL~r11 f'l!;'l eJhVJ!;'l ~Lel~L'11 1VllJ1 '1 elijrnllJ LLU'.iU'.il'lJlJ1 f1 nl1 U'.i:::lJ1ru 2 , . 
L'Vll 

~'lJ~lmi'~'1 L-tl'lJ L'll1V1lJ1\1el1'lJf1I'1J1V1i:'l1f1ijvlm'1LvlVl?l'lf111~,;;'lLf11~LL?llJ?ll'.iU'.i:::lJ1ru 2 Lvh U!;'l:::ij
"I" " 

f'l11lJLLU'.iU'.il'lJ?I'If111U'.i~lJ1ru 2 L'V1Wlf'lJn'lJ (~l'.il'1~ 6 LL(1::: 7 LL(1~1U~ 5) l~m~L'lllV1lJ1\1tJ ~li.'1'1i.'1l'1n'l~li.'11'1" '\J", , 

~l'1nU 0.98 jJM 'lJru:::~Lf11~LL?llJ?ll'.iijrll~l'1n'lJeJ~~ 0.54 ~M 'lJelmlf1d l'Uf1I'1J1V1rlln~'1ijrnllJLL~n~l'1n'lJ
" "I" 

i.'1\1'.i:::Vll1\1Jl~lV1UlnuJ1'.i::: Iii'u~nrl '11U 11'1t11'lJ L1!;'l1 n (11'1 A'lJu~lJ1ruvlm'Hvl ~U~L1 ru\ll'1 Ln u!ill eJ ~l\1'11l Lf11~" , 

• .J.J": ..d '" .J " "'. ;'1"'" ••1 ••1 '" " 1.r.J.J
fllLtl!;'ltl'VlL'WlJVlm'lJel\l\lUl'lJ'Vl 2 'lleJ'If11'.iLf1UmtJtI1\1 eJ1\1Lu'lJL'W'.i1:::lJ source 'lJel\l ntJ?lYltJ'.i?lL'lJllJl 'lJVl'U'Vl '11\1 

f11'.iL~lJ:ff'lJ~,;;'l Lf11 ~LLi.'1lJi.'1 1'.inLU'lJ'.iU LLuu~ f'l ~1tI n'lJ ~'I,jl \I~ij?llLVlVllJ1 \11 f1 f11'.i~~l\1J1:ff'lJ J lm\l \I:::1VI(1~1'lJ" , 

'.i:::lii'urnllJ~nJl1 'lJ'.ielUl'lJ 1'lJ-tll\1Loff1fi1~~f11i:'l:::mtl~L'111V1lJ1\J tJijfi1 LL 'LhU'.il'lJV11lJ m1lJ~nJ1fielu-if1\1lJlf1 

'lJru:::~~Lf11 :::LL?llJi.'111\1~ijf'l11lJ LL U'.iU'.il'lJ'lleJ'I~~f11i:'l~mtl1'U~l'1tllt1lJ1 n wh 

http:U'lJ'.iU
http:lJf11'.iL
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'1.tJ1(;l'H'V'U)1lJ VI~a dissolved inorganic nitrogen (DIN) ~L'!J1V1lJl:ua (iiLL'U1tl:::f111~) iirl11lJLLtl)~'U~~lJ1rl 

t!1vL~tl~lJlvl rl U1L1rudii'1llJ'1I'U~~m.i1.rl ~LfltJ~nU'1Il tJ~~ LL(;l::;t!1v Lii~vlflrn)fl1tJ1.'U)::;UUUL1f'1 LL'U1tl::: f111~~ii. " 
f11)HLLc;l:::f11)tlc;l~tl~eltJ DIN atlrllJ1 fh DIN ~i.'1~~i.'1~Rtl NH4+ t111~,ru 2 fh ('1i1~L1c;l1 03.00- 05.00 'U.) " . 
v:::Y1Ul1fh NH/ LLt'l::: N03-1.fl~LfltJ~n'U1~tJ NH4+ i.'1~nl1L~mJtltJ 1.'Ufl1V'l)1lJLL~1~fl'\jru:::Y1i'1'V11~f11)LLtl)~'U

" 
(;lll.JL1t'll'!Jtl~ NH4+ f1~ltJrl~~nU'!Jtl~ DIP LLt'l:::~)~ifll.JnUaafl<aLv'U":::t'lltJ ()tl~ 4, 5 LLt'l::: 7) G11V11U N02- 11'U 

" 
tlfl~iifh~ltl~LL~1L~a~vlmiJ'U intermediate species ):::Vll1~ NH/ LLt'l::: N03- '1i1~L1t'l1 03.00 - 05.00 'U 

'!Ja~ NH4+ iifhi.'1~~~tlfl~tl1:uii source '!Ja~ NH4+ lJ1vlflLLVI~~~'ULif11.J11.'U~'U~Vl1tltl1vv:::-rrUtltlflVlfl(;)1
~ • - 0 

tl::;fl11~La~ '!Jru:::~ DIN ~'lX1Lfl1:::LLi.'1l.Ji.'11) (l~iiLL'U1tl:::fl11~) LL'VIu1~iifl1)LtJ~tJ'UL~tl~~ , .", 

~ 
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" 'IJ • 

(iiLL'lntl:::fl11~) LL(;l:::Lfl1:::LLi.'1l.Ji.'11) (l~iiLL'U1tl:::f111~) 1.'U'l~J1V1mfl (V'l'lf'l~f11tJ'U 2554) LLtlU~L'VI1LLi.'1~~fi~ 
'li1~L1"lvh~iiLLi.'1~ 

http:03.00-05.00
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r1l DOP ~e:l ~~(1lLnU~lmh:li11Lrn::':LL~1J~1'~~~lJJihL'l.r.JU:::rn-r~ lUf1(1llhvmlnlJJr1mJLu~tJ1..mu~~ ii , 'I~ 

ril~~~Vl~~~l~Vll'h~n'U 3.16 IJM 1JJrieWiiI'll11JLLU 'lU'll'U vll~nU~L'lJl'V11J1~e:lril~~~(1l~'1 ~l~(1lvll~n'U1J1n~~
- \J , , \J , , 

9.17 IJM LL~::.:iiflll1JLL~nvll~n'U~~1J1m::':'VIr.h~1.hh'VIUlnuJ11'U'l::.:~u~n~~1 U LLvlii'lULLu'U1JJm.!'Ue:l'Uil'l:::tKu 
~ ~ 

fIll1J~n1'V1'U~ii~~~nil'l:::~ul'V1'U (m'll'1 (:J-1) LWilr1l DOP ~~~(1l'lJe:l~~L'1Jl'V11Jl~e:l (10.3 11M) ~::.:iifh~~nil~ 
'U \J , r-- \J 

Ln1::':LL~1J~l'l (6.08 IJM) 1J1n LLvlrilLtl~mL~::':fhii'5tJ~1'Un;;rU~lnl1 (I'll'll~~ 6 LL~::: 7) ,x'lllL'Vi'll:::1lril DOP 

~L'!Jl'VI1J1~ e:l (ilLL'U1U::':n1-r~) ii!'l111JLLU'lU'll'U~'1 1Vlm~1J~'Umh~L~'Ui(1lL~'U1'U 1'le:l'Un ~ l~~'ULL~ :::~(1l~~1'U'lil~ L-nl 
~ 

iiVl '!Jru::':~Lrn::':LL~1J~l'l ('Ue:lmL'Ulu:::rn-r'l) hir1e:ltJil!'lll1JLLl'lflvll~'lJe:l~fh DOP 1'U'le:l'U1WJfl ('lU~ 8) ~~ DOP 
~ 

~L~1J1Jltl~'Ue:ll~~ :::LiJ'U~'U'Vl%vle:l~vle:l-r~~U~e:ltJe:le:ltl1Jl~ltlU::: rn-r~ 0' Elia (1977) YiUil u::':n1-r~'il:::-r'U 

uptake DIP LL~:::U~e:ltJ DOP 

r1l DON 1'U~~~e:l~~'U~ii!'l111JLLU'lU'llm:::'VI11~ 250 ~~ 400 IJM fI~ltJ'l n'U 1VlfJr11~~~Vl~~~1~(1l 
U1LlruLn1::':LL~1J~1'l ('Ue:lmL'Ulu:::rn-r~) vll'1tl'U 128 IJM '!Jru:::~L'!Jl'V11J1~e:l (1'ULL'UlU:::rn-r.:J) iir1lvll.:Jn'Ue:l~~ 

~ 

157 IJM LL~:::iifhii'5fJ~1'U1tl~L~tJ.:Jn'U ~e:l 291 IJM LL~::: 292 IJM ~l1J~l~U (m'll~~ 6 LL~::': 7) e:l~l~hn~ 

1'U·lh~1.htJ~~~1~'U1LlruL'!Jl'V11JVile:l (iiLL'U1U::':fl1-r~) Al DON LL U'lU'l1'U1'l11Jflll1J~n1J1tltlil·lh'l~'U'lJe:l.:J1'U 

m'll'1~ 8 LLM1'l~ruI11'WJ1'le:l'U Lfl1::':LL~1J~1'l1'U'l~LL~~ Jl'Vl::':L~1'U~'U~~iil'lll1J~tl'!Je:l~Jl~~~::.:iiAl 
l'l::.:ne:l'ULL'lJl'U~e:ltJ~ltlll~'U~~ ml1J~ tlJ1Ue:lfJ tli1 L 'li'UL~tn nu e:lru'VI.flil'lJ e:l~Jl~ 'il :::~~tl11L~flUe:ltJ1'UL'!J1'l~'U~Jl 

,~ ~ 

~'Un.il '!Jru::':~r1l pH LL~:::eJ~f"l1~iJ~ ~~tlil1'UL'!JI'lJl~tln1l ~~,h'U1'V1~LiJ'U~'U~~LtJVle:le:ltl~'Vl:::L~vi'l'U'Ue:ln 
'Ue:ltl~lnm 'U L'lJ1'l~Jl ~'Uflil~:::iiril fl~ e:l1'lYl~ ~Le:l~.:J n1l L'!J \ilJl~~n ni1 'lJru::':~~l TEl l'V1l 'lVi'll-;U :::il fll'lLL'W1m:::'ill tJ 

'IJ 

~n~un'U Lti e:l~-;Ul fl~l'le:l1'\111'lVi'1lnmL'W~~ 1'le:l'UVi'1l1~tJ1'Un11iK~LfI'l1:::l1LL~ ~ LL~:::-;Ul n';;e:l1J~ 'l1 tJ ~mffi 'U m'll~ c.J-5 
~ ~ 

I11f1c.J'Uln -;U::':L ~'U1l'Vll~vi'l'U\il:::1'Ue:le:l mL~:::1'l::,:1'Ul'lm5tJ.:J11'1'1Je:l~Lrn::: ~::.:1vi'-ru~'VlTI'W~'ill mLcJ'U~'Uue:ltJ nil ~'U~ 
~l'UL'VI{1mL~::':1'l::,:1'Ue:le:lm5tJ.:J L'VI{1e:l'lJe:l~ Ln1::': 
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d 
1'l1'J1~V1 8 

m 

pH 

·c 

meq/L 

mo/L 

J..l~/L 

iJM 

0.5 - 20.0 

7.6 - 9.1 

31.4 - 32.4 

33.9 - 34.2 

1.62 - 1.78 

3.22 - 8.59 

12.1-22.2 

1.10 - 4.47 

0.03 - 0.42 

2.2 - 21.5 

3.7 - 44.4 

0.04 - 0.15 

.J 
L\l~tJ ± SO 

5.10 ± 4.6 4.0 

8.2 ± 0.2 8.2 

31.8 ± 0.3 31.7 

34.0 ± 0.1 34.0 

1.74 ± 0.03 1.74 

6.21 ± 0.62 6.18 

14.5 ± 2.0 14.1 

2.05 ± 0.56 1.98 

0.19 ± 0.10 0.18 

14.0 ± 5.0 16.0 

9.7 ± 6.7 8.7 

0.08 ± 0.03 0.08 

c: 
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\I1nfl11~m~1'VlUl1U~L'J ruL'lJl'V1:1J1\1€l (ihL'U1U~1l1'¥':) U~lJ1ru6'!11€ll'V1WW'lI1'U1U LLuu €lU'U'VI1Elnfl11 
" 

LU~m.m U ~.:) I111lJ fll1lJ ~ f1LL~ ~1'U 1€l Ul'U:IJ1 11 III lU1 L 1 ru L III ~ LL!.'!lJ !.'!11 (hJn LL'U lU ~ fl11':) U1:1J1 ru ~'U'VI1El 
vlmwler¥!.'! (DOP) nfilU1~lJ1ruLiiau 10 L'Vh'lJ€l':)€lU'U'VI1Elvl€l!.'!vl€l16'! L'li'UL~tJlnUa'U'V11tJ1'UlmL\I'U (DON) ~ii 

fhU1~lJlruLfi€lU 10 LVll'll€l.:)au'U'V11tJ1'UlI>!1L\I'U LL6'!~.:)~.:)mlJ1ru phosphorus LL~~ nitrogen pool ~~.:) 

U~lJlru DOP ~\I~Lnulll'Je:Jcil':)Lfl1~LL!.'!lJ!.'!11 (b.JiiLL'U1U~fl11,:) lJ.lfie:Jmu~tJ'Uuu~.:)1u1e:Juluull ~l.:)nu• 
~L'll1'V1lJ1\1e:J~.:)iJfI11lJLLU1~Ulu1e:Julu!.'!':)LL~~LLl>!fl ~1.:)nu!.'!.:JlJ1m~'VI11.:)Jl~1~ulnuJllu'J~~U~fl~.:)1U ~.:),ru

" " 
LLlJ DOP !.'!':)!.'!~'lJe:J':)~ L'll1 'VIlJ1 \I e:J (iJ LL U1U~fl11':) \I~iJfil!.'!':)fll1~Lnl~ U!.'!lJ!.'!l'JlJ1 fl LL~fil LU~mL~~fhl1limi1Un~U 

'U , \J ..u 

~1 1111 l~m~lJ;ff'UlUI>! €l'Ufl~l':)~1.JLL~~~V1~':)1'U'lil':)LoffllJ~ I'll ~11 DOP ~L~lJl.i1h;ffudlil \I~tJci€ltJe:Je:J IllJl~lfl 

filae:Jll~h~u LL tJ'J~Uvl1lJflufilf1~e:J1'JYj~~Le:J l~tJ1'UL1~1 n~l':)l'U~:::nfil:1J1 nLn~~lflfl1'J~':)Lfl':il:::l1LL!.'!':) 

LL~~~~~l~':)luL1~lflm.:)~u LL~~\I1fl~m~ru~fl1'JLLtJ'J~u11.J1e:Jul'U'lJe:J':) pH u~:::m)fl~L\lU~~mtJ ~':)e:Je:Jn~L~'U 

~~~ltJ1ULLU'JU~fl11':) Ue:Jfl\llnLL'Vl~.:)ril>!e:JUV;'lI1'UJ1LL~1 zooxanthalle 1'UllllU~fl11.:)n~':)LfI'Jl~v1LL6'!':) 1,x'Vl~':).:J1U 

nUU~f111.:J1tJ1i1'Ufl1'J!.'!~l.:J~':)Ldm~mL~~lf11.:) ·h:JLL~':) ~.:)I'i'e:J':)~':) carbonate ions \I1nJl'V1~L~lJl!.'!~1':)LLflm~tJlJ 

m{umU{il ~':)LUU1ul~11u~L'Jru\l~Lnullllmjl':)l.'lJl'V1lJl\1e:J (nl.LU1U~fl11':) carbonate ions luJl'V1~L~~~t:ln. " 
u~f11f.:) uptake luH!.'!h:Jlf1'J,:)11':)u~'1 vh1,xfl'JllJ6'!1lJ1'Jt:llufl1'Jl.uuuvlLvlv{~~~.:) ci.:)~(;Il,x pH luJl'V1~L~ 

U1LlrudLLU'JU'J1UlJ 1 flnl1~~~Lnulll'J e:J ci 1,:) Lfl1~Ll.!.'!lJ !.'!l'J~hJiJuU'JU ~ fl11':)~ pH LL 'VIm~lJ.liJ fl1'JLtJ~ tJ'UUtJ~.:) 

fHlJ.fl1'VlJl'J VU l.fl1:::U!.'!lJ!.'!l'Jluf1~ l.l.~\l J 1'V1 ~ l.~lu~U~~nfll1lJ~fl'lJv.:)Jl6'!.:)~~nfill>!~ fl vULL'lJ1U~vtJ~1 , VI \J 'U 

fll1~U~~fll1lJ~flJ1UmJtl'-.h L'liuLMmnuvru'VIi1iJ'lJa.:)Jl~\I~!.'!.:Jfl11L~flUvCJ1'UL'll{il~u~Jl~unl1 'lJru~~fil pH
." " 

LL~~eJ~fll~U~ !.'!.:) nl11'UL'lJI>!Jl~n1l11 ~.:)cilU1'VIruLiJu~u~~l.tJ~ v€lflci'V1 ~L(;I~lUUa n U€lfl~lfldl 'UL'll1>!~Jl~'U
" u" 
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(1ll'Sl'l e..i-l flru.fl1~,y1 ru L1m~1'l'l U~L1rub'U1'V1lJ1\lel (b.lbb'U"JtJ~m-r'l) 'l~J1'V16'l1n 1'U~ 26-27 ~~I'l~mCJ'U ~.I'l. 2554 [24 .rr"JllJ'l] 

-
Depth TSS Temp DO Chlo NH4+ N02 N03 DIN DON PO/ DOP DSi

Date Time Sal. pH(m) (mg/U (DC) (mg/U (~g/U (\JM) (\JM) (\JM) (\JM) (\JM) (\JM) (\JM) (\JM) 

Nov, 26 15:001..l. 0.5 36.7 31.3 7.B7 29.1 6.61 0.49 1.36 0.14 2.02 J.53 303.B 0.217 2.69 7.0B 
3 34.8 31.2 8.72 29.0 5.16 0.41 1.29 0.12 1.58 2.99 311.3 0.145 3.94 6.10 
5 4.0 31.2 8.59 29.0 6.53 0.65 1.40 0.14 1.79 3.33 406.7 0.235 3.16 6.05 

17:001..l. 0.5 5.9 31.3 7.41 29.2 6.10 0.51 11.79 0.10 1.10 12,99 394.6 0.127 3.26 7.08 
2 20.7 31.3 7.77 29.2 6.46 0.40 1.34 0.12 0.75 2.22 295.8 0.271 2.09 7.0B 
4 24.3 31.3 8.14 29.2 6.26 0.57 1.45 0.12 1.22 2.79 310.6 0.109 2.24 7.77 

19:001..l. 0.5 28.3 31.5 7.69 29.2 6.40 0.54 1.10 0.08 2.76 3.93 346.9 0.072 5.36 6.88 
2 28.7 31.5 8.00 29.1 6.49 0.20 1.08 0.16 1.76 3.00 291.8 0.054 9.57 7.28 
4 27.3 31.5 8.37 29.1 6.55 0.29 1.23 0.15 1.25 2.63 343.3 0.434 5.20 6.88 

21:001..l. 0.5 25.2 31.5 8.14 29.0 5.33 0.29 3.54 0.40 7.49 11.43 351.1 0.B68 5.60 7.B7 
3 26.9 31.6 8.34 29.0 5.74 0.40 2.10 0.24 4.32 6.66 362.8 0.416 5.56 8.16 

23:001..l. 0.5 32.9 31.6 7.57 2B.9 6.05 0.28 2.32 0.16 1.59 4.07 313.4 0.307 5.95 6.79 
3 27.1 31.6 7.96 28.9 5.95 0.14 1.B6 0.15 2.27 4.29 296.2 0.515 5.21 6.64 

Nov, 27 01:00 1..l . 0.5 31.2 31.6 7.44 2B.9 6.22 0.33 1.12 0.06 2.16 3.34 270.3 0.217 4.23 5.02 
3 29.0 31.6 7.49 29.0 6.31 0.33 1.30 0.11 2.35 3.76 301.6 0.407 10.32 6.15 

03:00 'U. 0.5 29.5 31.6 7.51 28.9 5.04 0.52 14.82 0.08 2.14 17.04 298.0 0.524 5.27 4.43 
2 25.8 31.6 8.01 28.9 6.29 0.40 17.60 0.06 1.17 18.82 285.7 0.307 2.85 5.11 
4 33.6 31.6 8.27 28.9 5.16 0.49 16.46 0.09 1.31 17.86 263.9 0.289 2.32 6.34 

05:001..l. 0.5 31.6 31.6 7.47 28.9 6.23 0.26 22.59 0.08 1.76 24.44 278.4 0.109 2.61 5.90 
2 30.5 31.6 8.07 2B.9 5.B5 0.24 23.00 0.10 1.31 24.40 250.1 0.181 2.20 5.31 
4 27.6 31.6 8.51 28.9 6.14 0.03 IB.27 O.OB 1.74 20.08 256.0 0.163 2.23 5.61 

07:001..l. 0.5 30.7 31.6 7.5 28.7 6.11 1.58 2.37 0.20 3.10 5.67 253.4 0.506 2.42 11.21 
3 27.8 31.6 7.86 28.7 6.05 0.85 1.15 0.19 2.32 3.66 280.5 0.416 2.47 5.61 
5 27.0 31.6 7.97 28.7 6.02 0.42 1.11 0.16 0.89 2.16 276.4 0.353 2.27 4.87 

09:00 'U. 0.5 27.9 31.6 7.37 28.4 5.11 0.52 2.89 0.38 2.10 5.38 282.5 0.850 2.33 6.88 
3 26.6 31.5 7.79 28.3 5.42 0.14 3.54 0.41 4.09 8.04 291.6 1.013 2.23 10.42 

-
5__ ,-----25.7 31.5 7.66 28.3 4.87 .0.54 3.77 0.43 3.25 7.45 271.1 1.031 2.94 7.33 . 



11l1'H:J r-J-l (~€l) 

Date Time 
Depth 

(m) 

Nov, 
27 11:00 t.I. 0.5 

3 
5 

13:00 t.I. 0.5 
3 
5 

15:00 t.I . 0.5 
3 
5 

TSS 
(mg/L) 

30.1 

27.6 
24.4 
30.1 
27.4 
28.7 
36.1 
30.5 
21 .3 

Sal. 

31.6 
31.6 
31.6 
31.2 
31.2 
31.2 
30.9 
31.0 
31.1 

pH 

7.41 
7.57 
7.63 
7.80 
8.19 
8.49 
7.44 
7.53 
7.71 

Temp 
(DC) 

28.9 
28.9 
28.9 
29.2 
29.1 
29.1 
29.2 
29.1 
29.1 

DO 
(mg/L) 

6.34 
5.92 
5.51 
6.74 
6.80 
6.57 
6.70 
6.17 
6.36 

Chlo 
(~g/L) 

0.66 
0.57 
0.22 
0.95 
0.82 
0.58 
1.42 
0.62 
0.26 

NH/ 
(~M) 

1.41 
1.98 
1.64 
1.34 
1.53 
2.27 
1.41 
1.58 
1.43 

N02 

(~M) 

0.20 
0.49 
0.35 
0.09 
0.07 
0.27 
0.08 
0.12 
0.12 

-
N03 

(~M) 

1.02 
3.25 
5.14 
1.05 
0.39 
0.48 
0.45 
0.52 
0.69 

DIN 
(~M) 

2.64 
5.73 
7.13 
2.48 
2.00 
3.03 
1.94 
2.22 
2.25 

DON 
(~M) 

284.8 
282.5 
298.2 
276.9 
274.9 
257.6 
300.9 
296.6 
257.6 

pot 
(~M) 

0.488 
0.705 
0.534 
0.452 
0.416 
0.850 
0.543 
0.561 
0.597 

DOP 
(~M) 

4.14 
2.71 
3.27 
1.72 
1.50 
1.13 
1.35 
2.41 
2.76 
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DSi 
(~M) 

5.41 
7.28 
6.44 
6.29 
6.00 
7.08 
5.31 
6.39 
6.20 



29 

mn:J ~-2 ~ruf11"111L11 ru L1m~1.:J1 'lJ~L1ruLm~LL?f~?fl~ (tltlnLLtlltl~m-r.:J) 'l~L11l1"'ln 1tl~ 26-27 "III'lf31~mCJtl "III .f31 . 2554 [24 .a-l1~.:J] 
P04

3•Depth TSS Temp DO Chlo NH/ N02 N03 DIN DON DOP DSi
Date Time Sal. pH(m) (mglL) (OC) (mg/L) (~g/L) (~M) (~M) (~M) (~M) (~M) (~M) (~M) (~M) 

Nov, 26 15:001.J. 0.5 24.4 29.1 8.28 29.3 6.76 0.40 2.10 0.11 1.38 3.59 287.9 0.109 4.21 8.56 
4 29.7 31.8 8.32 29.2 6.82 0.23 2.27 0.12 0.70 3.09 285.2 0.145 3.29 8.06 
8 25.7 32.0 8.34 29.1 6.70 0.50 1.78 0.08 0.68 2.54 299.5 0.081 3.45 6.49 

17:001.J. 0.5 25.0 31.5 8.29 29.2 6.76 0.32 2.06 0.10 0.72 2.87 270.0 0.127 3.01 7.97 
4 24.6 32.3 8.29 29.1 6.68 0.87 2.13 0.12 0.40 2.65 298.6 0.000 3.90 9.24 
7 22.6 32.4 8.29 29.1 6.66 0.90 2.39 0.18 0.46 3.03 269.8 0.072 2.92 9.24 

19:001.J. 0.5 14.5 24.0 8.20 29.1 6.33 0.15 1.75 0.20 0.73 2.68 314.0 0.145 3.33 9.15 
4 18.1 27.9 8.21 29.1 6.54 0.25 1.77 0.20 0.32 2.30 265.7 0.145 3.44 8.75 
7 20.2 29.1 8.21 29.0 6.55 0.34 2.19 0.27 0.14 2.60 282.4 0.154 3.21 8.21 

21:001.J. 0.5 19.8 25.9 8.19 28.9 6.51 0.39 1.58 0.16 0.27 2.02 309.0 0.145 5.44 8.65 
3 24.0 29.5 8.19 28.9 6.48 0.45 1.51 0.14 1.26 2.91 302.4 0.289 3.65 8.36 
6 24.3 30.5 8.19 28.9 6.39 0.32 2.45 0.20 0.56 3.21 314.3 0.353 4.03 8.31 

23:001.J. 0.5 28.3 27.4 8.19 28.9 6.26 0.26 2.01 0.15 0.52 2.68 313.2 0.307 4.64 8.26 
3 26.2 29.8 8.19 28.9 6.19 0.34 1.39 0.12 0.52 2.03 300.0 0.145 5.16 8.26 
6 26.8 30.5 8.19 28.8 6.11 0.52 1.79 0.10 0.31 2.20 296.6 0.262 4.54 7.67 

Nov, 27 01:001.J. 0.5 26.9 24.6 8.19 28.7 6.19 0.51 1.67 0.09 0.87 2.64 283.2 0.Q18 4.51 6.10 
3 33.9 28.4 8.19 28.8 6.07 0.52 1.60 0.11 0.76 2.48 281.7 0.036 5.75 7.18 
6 36.4 29.6 8.19 28.8 6.12 0.64 1.53 0.17 0.70 2.41 277.7 0.099 4.66 6.20 

03:001.J. 0.5 33.2 32.5 8.18 28.6 6.26 0.42 " 1.46 0.07 0.69 2.22 282.8 0.127 6.06 6.10 
3 30.9 32.5 8.20 28.6 6.24 0.44 \" 1.53 0.14 0.16 - 1.82 279.1 0.090 4.29 6.39 
6 29.7 32.5 8.18 28.6 5.95 0.40 1.75 0.13 1.39 3.27 263.1 0.280 3.96 6.20 

05:001.J. 0.5 25.4 32.3 8.19 28.6 6.17 0.55 1.60 0.14 0.36 2.10 277.2 0.326 4.22 7.67 
4 28.2 32.5 8.20 28.6 6.23 0.36 1.36 0.06 0.64 2.06 286.2 0.235 4.04 7.38 
7 30.4 32.5 8.20 28.5 6.11 0.53 1.37 0.04 0.48 1.90 277.4 0.262 3.81 6.98 

07:001.J. 0.5 28.6 25.5 8.28 28.6 6.30 0.71 1.91 0.04 0.37 2.32 289.2 0.181 3.17 5.11 
4 28.9 29.3 8.29 28.6 6.21 0.59 1.89 0.02 1.20 3.12 294.1 0.307 4.51 5.11 
8 30.4 30.5 8.30 28.6 6.19 0.76 1.47 0.09 0.72 2.29 294.9 0.136 5.33 5.26 

09:001.J. 0.5 32.2 32.4 8.32 28.7 6.25 0.59 1.60 0.06 0.62 2.27 290.9 0.362 3.79 6.29 
4 6.7 32.5 8.33 28.7 6.23 0.71 1.84 0.04 0.31 2.19 293.4 0.362 4.50 6.39 
8 25.5 32.5 

-
8.34 28.7 6.32 0.48 ~~ _Q.Q6 0.18 1.87 304.3 0.335 4.64 6.49 
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m'S1'l ~-2 (tJ1'El) 

Date 
Time 

Depth 
(m) 

TSS 
(mg/U 

Sal. pH 
Temp 

(0C) 
DO 

(mg/U 
Chlo 
(~g/U 

NH/ 
(~M) 

N02 

(~M) 

N03 

(~M) 
DIN 
(~M) 

DON 
(~M) 

PO/ 
(~M) 

DOP 
(~M) 

DSi 
(~M) 

Nov, 27 11:00 'W. 0.5 23.2 32.4 8.22 29.1 6.49 0.44 1.63 0.06 0.41 2.09 302.4 0.344 5.13 8.06 
4 22.2 32.4 8.23 29.0 6.34 0.61 2.41 0.02 0.68 3.12 390.7 0.344 4.84 7.08 
8 29.4 32.4 8.23 29.0 6.32 0.40 1.76 0.05 1.12 2.93 385.2 0.353 3.57 7.62 

13:00 'W. 0.5 23.3 28.0 8.27 29.5 6.73 0.42 1.43 0.10 0.66 2.19 301.5 0.380 5.16 7.28 
4 26.7 28.2 8.32 29.1 6.54 0.39 1.86 0.05 0.48 2.39 281.8 0.543 4.34 8.75 
8 24.0 28.8 8.32 29.0 6.61 0.78 1.36 0.03 2.19 3.58 279.0 0.380 3.96 8.51 

15:00 'W. 0.5 25.2 32.2 8.30 29.6 7.27 0.52 1.39 0.03 0.85 2.26 296.6 0.271 4.21 7.67 
4 24.9 32.3 8.32 29.4 7.20 . 0.60 1.34 0.10 1.25 2.68 292.1 0.398 4.85 14.85 
8 27.9 32.3 8.33 29.5 7.04 0.69 1.42 0.14 0.56 2.12 287.0 0.515 6.08 7.33 
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\111~1~ t-J-3 ~rumWJ'1 ru b1m~I~~ tJ~b1ru~'lJIV1lJllile:J (l'tJ~~'tJJ'\J~m~~) C)~LL~~ 1'tJ~ 29 ~lJ'l!fleJ'U W.Pl. 2555 - 1 WC)'l!fmfllJ W.Pl . 2555 [48 ~J1lJ~] 
Total Depth TSS Alk Temp DO Chlo NH4+ N02 pot DSi

Date Time Sal. pH
Depth (m) (m) (mg/U (meq/U (OC) (mg/U (~g/U (IJM) (IJM) (IJM) (IJM) 

Api, 29 09:50 'U. 2 0.5 32.3 14.5 1.873 - 31.8 5.96 2.05 9.0 0.164 0.217 15.5 
1.5 32.2 13.0 1.889 - 31.9 6.08 2.80 7.9 0.079 0.233 16.4 

12:05 'U. 2.8 0.5 32.1 13.2 1.899 - 32.0 5.75 1.39 7.4 0.102 0.150 16.2 
2.5 32.0 14.7 1.908 - 32.0 5.60 1.43 21.4 0.113 0.217 16.0 

14:00 'U. 2.7 0.5 31.9 12.2 1.863 - 32.7 7.11 0.44 8.3 0.170 0.383 17.0 
2.5 31.7 13.7 1.869 - 32.2 6.23 0.47 8.6 0.164 0.383 17.8 

16:10 'U . 2.3 0.5 32.0 12.5 1.875 - 32.2 6.09 5.68 9.5 0.187 0.383 15.2 
2 32.1 16.8 1.926 - 32.1 5.96 5.46 9.5 0.181 0.350 15.3 

18:05 'U. 2.3 0.5 32.4 13.3 1.909 - 31.8 5.85 2.00 8.6 0.102 0.183 15.1 
2 32.4 14.2 1.893 - 31.9 5.61 2.62 7.2 0.102 0.183 15.3 

20:10 'U. 2.4 0.5 32.5 13.9 1.916 - 31.6 5.87 2.37 5.5 0.057 0.150 15.2 
2 32.6 14.5 1.896 - 31.8 5.58 1.70 9.0 0.074 0.183 17.7 

22:20 'U. 3.6 0.5 34.2 17.4 1.890 8.41 31.8 4.03 1.96 9.8 0.124 0.350 10.0 
3 34.2 24.2 1.902 8.37 31.9 4.34 1.05 5.1 0.119 0.183 10.4 

Apr, 30 00:30 'U. 2.9 0.5 34.2 19.1 1.875 8.49 31.8 5.03 1.19 4.9 0.141 0.200 11.0 
2.5 34.2 16.2 1.902 8.41 31.8 4.67 1.49 5.2 0.136 0.167 9.8 

02:05 'U. 3.1 0.5 34.1 22.0 1.893 8.37 31.7 1.92 1.14 6.5 0.147 0.267 9.9 
2.5 34.2 21.4 1.899 8.33 31.7 2.76 1.15 5.1 0.175 0.233 9.9 

04:52 'U. 3.3 0.5 34.1 18.7 1.892 8.62 31.6 6.92 2.56 6.2 0.085 0.150 10.5 
2.5 34.1 15.3 1.900 8.68 31.6 6.90 2.62 10.3 0.108 0.200 14.4 

06:25 'U . 2.7 0.5 34.1 19.3 1.892 8.39 31.5 1.96 1.23 7.4 0.147 0.317 16.3 
2 31.1 19.5 1.895 8.37 31.5 2.46 1.32 4.9 0.170 0.267 10.1 

08:40 'U . 2.8 0.5 34.1 23.6 1.902 8.42 31.6 2.83 1.58 6.2 0.153 0.283 10.7 
2.5 34.1 21.4 1.899 8.25 31.4 2.72 1.41 8.7 0.187 0.317 11.8 

10:05 'U. 3.2 0.5 34.1 16.0 1.924 7.72 31.7 5.79 1.51 6.1 0.130 0.250 9.0 
3 34.1 14.6 1.894 7.92 31.7 5.45 1.65 5.9 0.130 0.217 9.0 

12:25 'U. 2.4 0.5 34.1 17.1 1.910 8.18 31.9 5.90 0.74 5.9 0.119 0.233 10.0 
2 34.1 23.4 1.868 8.19 31.8 5.39 0.82 5.9 0.164 0.400 9.6 
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\l11~1\1 ~-3 (~tl) 

Date Total Depth TSS Alk Temp DO ehlo NH/ N02 pot DSi
Time Sal. pH

Depth (m) (m) (mg/U (meqlU (Oe) (mglU (lJg/L) (IJM) (IJM) (IJM) (IJM) 


Apr, 30 14:10 t.I. 2.7 0.5 34.0 17.8 1.913 7.97 32.0 5.77 1.35 5.8 0.192 0.233 10.1 

2.5 34.1 20.6 1.859 8.08 32.0 5.17 3.94 5.9 0.198 0.533 9.8 

16:09 t.I. 2.2 0.5 34.2 23.6 1.849 8.39 32.5 5.42 4.57 5.7 0.272 0.383 10.7 
2 34.1 23.9 1.888 8.30 32.3 4.70 3.28 6.4 0.385 0.450 10.2 

18:09 t.I. 1.2 0.5 34.0 10.2 1.885 8.42 31.6 6.22 1.92 6.0 0.221 0.183 8.5 
1 34.1 11.9 1.891 8.41 31.6 5.95 1.23 6.6 0.153 0.250 8.4 

20:24 t.I. 3 0.5 34.2 10.3 1.888 8.32 31.9 3.40 2.09 7.4 0.158 0.283 10.2 
,2.5 34.2 10.7 1.888 8.34 31.9 3.67 2.33 6.9 0.192 0.417 9.4 

22:24 t.I. 3.5 0.5 34.2 9.1 1.904 8.38 31.9 3.39 1.16 6.4 0.192 0.283 8.4 
3 34.2 9.6 1.916 8.33 31.9 3.62 1.84 5.6 0.141 0.233 9.2 


May, 1 00:20 t.I. 3.9 0.5 38.2 12.9 1.895 8.41 31.7 2.86 2.65 5.6 0.102 0.217 7.6 

3.5 34.2 16.7 1.892 8.36 31.7 3.54 1.98 5.7 0.204 0.300 7.6 

02:25 t.I. 3.7 0.5 34.2 20.7 1.924 8.42 31.6 2.35 2.37 5.7 0.130 0.483 7.7 
3.5 34.2 21.0 1.848 8.35 31.7 3.06 1.94 5.2 0.147 0.383 8.1 

04:35 t.I. 2.8 0.5 34.2 19.3 1.904 8.39 31.6 2.20 2.86 5.3 0.108 0.417 8.5 
2.5 34.2 16.7 1.845 8.34 31.6 2.69 2.72 5.8 0.091 0.350 7.6 

06:16 t.I . 3.1 0.5 34.2 20.0 1.864 8.34 31.5 1.79 2.86 6.6 0.091 0.566 8.6 
2.5 34.2 22.7 1.862 8.27 31.5 2.15 2.16 6.9 0.124 0.267 9.8 

08:06 t.I. 3.1 0.5 34.2 19.8 1.867 8.30 31.5 6.21 2.39 7.7 0.119 0.317 8.5 
2.5 34.2 24.2 1.863 8.31 31.5 5.31 1.69 7.1 0.226 0.067 9.6 

10:18 t.I. 2.9 0.5 34.2 15.4 1.905 8.54 31.5 4.97 4.65 7.0 0.068 0.317 7.6 
2.5 34.2 23.5 1.881 8.39 31.4 3.87 2.14 6.4 0.045 0.267 9.0

'---- ­
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\/11'S1':) f..i-4 I'lruJl1'Yn11 ru nm~1.:)1 tJ'1nruLm~\J~1V!iin (1'ULL'Ul\J~m-r.:)) 'l~bL~~ l'UYI 29 L~'l!f1CJ'U 'W.I"1. 2555 - 1 'W'l'l!fJl1fllJ 'W.I"1. 2555 [48 -&11~.:)] 

Total Depth TSS Alk Temp DO Chlo NH/ N02 pot DSi 
Date Time Sal. 	 pH

Depth (m) (m) (mg/U (meqlU (OC) (mg/U (\Jg/U (\JM) (\JM) (\JM) (\JM) 

Apr, 29 10:05 '1.1. 3.8 0.5 32.0 19.3 1.875 - 31.8 5.86 0.74 5.1 0.091 0.183 10.3 
3.5 31.9 15.5 1.881 - 31.7 5.71 1.04 4.5 0.062 0.100 9.2 

,11:50 '1.1 . 3.6 0.5 32.2 16.0 1.901 - 32.3 6.90 0.48 7.0 0.096 0.333 9.5 
3 32.1 	 14.6 1.888 - 31.8 5.96 0.44 5.4 0.085 0.300 11.2 

14: 10 '1.1. 4.0 0.5 31.7 14.5 1.927 - 31.8 6.05 1.06 8.0 0.091 0.133 18.0 
3.5 31.7 15.1 1.920 - 31.6 6.07 1.32 15.1 0.108 0.133 18.3 

16:00 '1.1. 3.7 0.5 32.0 11.0 1.895 - 32.0 6.10 1.03 11.5 0.141 0.133 18.9 
3.5 32.0 14.2 1.847 - 31.7 5.98 2.04 9.0 0.074 0.117 16.1 

18:00 '1.1. 4.6 0.5 32.3 15.3 1.885 - 31.8 6.35 2.24 8.7 0.108 0.167 17.0 
4 32.4 	 14.8 1.905 - 31.8 6.19 1.77 9.4 0.074 0.100 17.4 

19:55 '1.1. 4.8 0.5 32.7 12.2 1.845 - 31.6 5.83 1.23 10.0 0.079 0.183 17.1 
4.5 32.5 13.0 1.906 - 31.6 5.92 1.73 7.6 0.079 0.200 16.9 

22: 10 '1.1. 5.1 0.5 34.1 19.5 1.881 8.37 31.8 4.51 1.40 7.1 0.136 0.217 11.0 
4.5 34.1 18.0 1.891 8.34 31.8 4.57 1.22 7.9 0.108 0.283 11.0 

00:05 '1.1 . 5.2 0.5 34.1 23.8 1.857 8.51 31.7 5.68 1.03 7.2 0.108 0.183 12.7 
4.5 34.0 20.7 1.934 8.37 31.6 5.19 0.87 5.6 0.102 0.267 13.1 

02:05 '1.1 . 5.3 0.5 34.1 22.7 1.888 8.48 - 5.95 1.13 8.1 0.108 0.333 16.0 
5 34.1 	 20.7 1.898 8.34 - 4.84 1.57 6.1 0.102 0.200 13.3 

04:18 '1.1 . 4.9 0.5 34.1 22.6 1.925 8.30 - 6.19 0.83 7.2 0.113 0.233 12.2 
4.5 34.1 20.0 1.886 8.37 31.3 5.09 0.99 6.5 0.096 0.267 10.5 

06:101.J. 3.1 0.5 33.9 21.1 1.901 8.41 31.3 5.40 1.39 6.4 0.113 0.267 13.2 
2.5 34.0 20.4 1.922 8.42 31.3 5.38 1.23 8.3 0.091 0.283 12.5 

08:25 '1.1. 3.8 0.5 34.0 17.2 1.893 8.12 31.3 5.17 1.56 4.8 0.085 0.267 13.2 
3 34.0 	 21.3 1.865 8.17 31.3 5.19 1.61 5.1 0.096 0.367 13.1 I 

10:201.J. 	 3.1 0.5 34.0 21.9 1.886 8.15 31.4 5.02 2.38 6.0 0.141 0.100 10.3 
_3 34.0 12.3 1.904 8.21 31.5 5.02 2.04 6.0 0.175 0.100 12.0 I 

,.. 
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\ll1~"1-l t:.J-4 (~tl) 

Date Time 
Total 

Depth (m) 
Depth 

(m) Sal. 
TSS 

(mg/L) 
Alk 

(meqiL) pH 
Temp 

(0C) 
DO 

(mg/L) 
Chlo 
(~g/L) 

NH/ 
(~M) 

N02 

(~M) 

pot 
(~M) 

DSi 
(~M) 

Apr, 30 12:05 'U. 3.3 0.5 34.0 12.2 1.874 7.71 32.0 6.77 1.46 5.8 0.209 0.283 10.8 
3 34.0 15.2 1.890 7.88 31.9 5.83 0.80 5.8 0.113 0.417 10.4 

14:25 'U . 3.4 0.5 34.1 22.3 1.863 8.36 32.0 5.98 0.60 5.8 0.147 0.133 11.8 
3 34.0 21.7 1.897 8.32 31.8 5.24 1.70 6.1 0.096 0.133 10.0 

15:56 'U. 4 0.5 34.0 20.7 1.894 8.16 31.7 6.02 2.14 6.0 0.085 0.217 10.5 
3.5 34.0 23.1 1.899 8.25 31.7 5.14 2.31 5.7 0.096 0.217 11.2 

18:23 'U . 3.8 0.5 34.2 8.7 1.900 8.47 31.9 5.80 1.29 5.9 0.102 0.117 12.3 
3 34.2 9.9 1.887 8.36 31.9 4.75 1.24 6.3 0.136 0.250 12.1 

20:03 'U. 4 0.5 34.2 9.4 1. 911 8.43 31.7 3.95 1.70 6.5 0.164 0.300 10.0 
3.5 34.1 10.7 1.911 8.38 31.7 4.08 1.27 5.1 0.170 0.233 10.6 

22:05 'U. 4.7 0.5 34.1 9.6 1.890 8.46 31.7 4.86 l.36 6.2 0.136 0.267 9.5 
4.5 34.1 9.5 1.875 8.33 31.6 4.12 1.52 6.0 0.158 0.250 9.2 

May, 1 00:05 'U. 4.7 0.5 34.1 18.6 1.899 8.52 31.6 7.31 1.22 5.8 0.102 0.450 9.6 
4.5 34.1 21.4 1.897 8.38 31.5 5.45 1.02 5.8 0.209 0.333 9.9 

02:10 'U. 5.4 0.5 34.0 23.0 1.886 8.32 31.4 3.64 1.01 5.7 0.175 0.433 9.1 
5 34.0 21.6 1.879 8.35 31.4 4.32 1.45 6.0 0.096 0.183 10.0 

04: 17 'U . 4.4 0.5 34.1 14.8 1.853 8.34 31.5 2.48 2.06 6.0 0.221 0.183 8.8 
4 34.1 14.3 1.886 8.27 31.1 3.42 0.97 6.1 0.153 0.333 10.2 

06:00 'U. 4.3 0.5 34.1 16.8 1.909 8.38 31.3 2.13 2.04 6.5 0.130 0.333 10.2 
4 34.1 23.8 1.872 8.27 31.2 2.59 1.20 7.1 0.108 0.250 9.5 

08:24 'U. 4.6 0.5 34.1 18.7 1.880 8.39 31.3 1.65 2.63 6.2 0.096 0.283 9.7 
4 34.1 21.7 1.901 8.32 31.3 3.07 2.13 6.7 0.062 0.417 10.1 

10:00 'U. 3.8 0.5 34.2 17.9 1.880 8.50 31.5 6.69 3.18 6.6 0.051 0.217 9.3 
3.5 34.1 17.5 1.880 8.41 31.4 5.16 4.03 6.8 0.130 0.250 9.4 

" 
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~ 0l:Il I I.J Q.J d 
(?)1'jl\1 e-J-5 flrumYftn ru G'lm'U\9l1\11 'jv'\Jlm~llG'llJG'll'j '1~Ll"\1 l'U'Vl 29 llJ~ICJ'U "v'I . fo'1. 2555 

Total Depth TSS Alk Temp DO Chlo NH/ NOz PO/ DSiStation Time Sal. pH
Depth (m (m) (mg/U (meqlU (0C) (mg/ U (~g/U (iJ M) (~M) (iJM) (~M) 

2 9 09:05 \.I . 0.5 34.0 17.0 1.746 7.80 31 .6 6.03 1.83 8.7 0.113 0.133 8.1 
4 34.0 20.3 1.735 9.06 31.6 5.81 1.10 15.8 0.096 0.200 7.4 
8 34.0 15.8 1.746 8.18 31.6 6.12 2.28 44.4 0.079 0.283 7.9 

3 10 10:16 \.I. 0.5 34.1 14.2 1.750 8.16 31.7 6.22 2.99 4.7 0.057 0.200 6.9 
5 34.0 15.3 1.752 8.20 31.7 5.95 4.47 5.2 0.079 0.150 11.2 
9 34.0 14.8 1.741 8.23 31.6 6.11 2.01 5.1 0.045 0.200 2.2 

4 9 10:04 \.I. 0.5 33.9 14.2 1.707 8.01 31.6 6.46 1.80 6.0 0.040 0.150 7.9 
4 33.9 13.6 1.763 8.05 31.4 3.22 1.79 6.5 0.051 0.167 7.8 
7 33.9 22.2 1.740 8.15 31.5 6.14 1.62 4.7 0.062 0.083 8.6 

5 8 11:00 \.I. 0.5 34.0 14.6 1.708 8.04 31.7 6.16 2.26 5.9 0.045 0.033 8.3 
4 34.0 14.8 1.700 8.12 31.5 6. 14 2.39 3.7 0.091 0.133 7.8 
7 34.0 16.8 1.701 8.15 31.4 6.04 2.44 6.6 0.102 0.117 9.0 

13 8 11:15 \.I. 0.5 33.9 16.3 1.744 7.85 31.6 6.31 1.83 4.8 0.153 0.133 9.4 
4 33.9 13.7 1.745 8.01 31.6 6.09 1.19 6.2 0.113 0.350 8.3 
7 34.0 16.2 1.732 8.14 31.6 6.20 1.90 4.9 0.062 0.083 8.7 

14 5 11:34 \.I . 0.5 33.9 16.4 1.730 7.83 31.6 6.05 2.02 5.2 0.045 0.067 8.3 
4 33.9 13.9 1.768 8.05 31.5 6.08 1.73 4.9 0.040 0.100 9.1 

15 10 15:56 \.I . 0.5 34.1 13.7 1.716 8.32 32.0 7.08 2.14 8.7 0.085 0.133 15.5 
5 34.1 13.4 1.769 8.33 32.0 6.44 1.81 9.2 0.085 0.100 15.2 
9 34.2 15.1 1.749 8.31 32.1 6.67 2.39 7.3 0.096 0.083 14.5 

16 12.5 16:12 \.I. 0.5 34.1 13.4 1.714 8.37 32.0 6.23 2.45 16.6 0.108 0.133 16.2 
6 34.2 12.5 1.766 8.32 32.1 6.22 1.49 9.1 0.062 0.117 16.9 
11 34.2 13.4 1.753 8.30 32.1 6.19 2.42 7.9 0.091 0.200 17.0 

17 6.7 13:32 \.I . 0.5 34.0 14.7 1.756 7.63 31.7 6.21 1.81 8.9 0.096 0.117 16.6 
6 34.0 15.6 1.731 8.03 31.6 6.29 2.25 9.8 0.079 0.100 16.9 

18 4.8 13:47 \.I . 0.5 34.2 12.1 1.675 8.28 32.4 6.49 1.67 9.2 0.136 0.283 17.5 
_4___ ~.1 13.3 1.695 8.24 32.0 6.24 3.20 7.9 0.124 0.183 17.5 

- - _.­
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Station Total 
~epth (m) 

Time 
Depth 

(m) Sal. 
TSS 

(mg/U 
Alk 

(meqlU 
pH 

Temp 
(O() 

DO 
(mg/L) 

Chlo 
(i-Jg/L) 

NH/ 
(i-JM) 

NOz 
(i-JM) 

PO/ 
(i-JM) 

DSi 
(i-J M) 

19 13 13:57 \A. 0.5 34.2 13.8 1.675 8.25 i 32.0 6.22 2.25 8.1 0.096 0.217 18.6 
6 34.2 15.6 1.735 8.27 31.9 8.59 1.75 10.5 0.068 0.217 19.0 
12 34.1 15.4 1.622 8.28 31.9 6.64 1.71 6.6 0.102 0.217 16.6 

20 11 14:22 \A. 0.5 34.1 12.8 1.752 8.18 31.8 6.14 1.53 8.9 0.085 0.333 18.6 
6 34.0 12.2 1.757 8.24 31.6 6.38 1.78 8.7 0.119 0.367 18.7 
9 34.0 14.8 1.758 8.26 31.6 6.13 2.50 10.0 0.079 0.367 20.6 

21 25 14:40 \A. 0.5 34.0 12.8 1.777 8.23 31 .6 6.05 2.19 16.0 0.057 0.383 17.5 
10 34.0 12.3 1.749 8.26 31.4 6.42 1.37 10.8 0.062 0.183 21.5 
20 33.9 12.7 1.759 8.27 31.4 6.03 1.69 7.7 0.062 0.283 20.1 

22 18 15:04 \A. 0.5 34.1 13.7 1.723 8.28 32.0 6.08 1.99 13.3 0.079 0.417 19.8 
9 34.0 13.4 1.780 8.25 31.6 6.02 1.45 8.9 0.062 0.267 20.5 
17 34.0 14.6 1.749 8.26 31.4 6.14 1.96 9.1 0.091 0.333 19.7 

23 12 15:27 \A. 0.5 34.1 14.5 1.750 8.30 32.0 6.01 2.24 27 .8 0.113 0.267 17.5 
11 34.2 12.4 1.755 8.28 32.0 6.09 2.22 10.3 0.068 0.233 17.4 

24 8 16:23 \A. 0.5 34.2 13.5 1.731 8.36 32.2 6.33 2.23 9.S 0.057 0.217 15.2 
4 34.2 13.3 1.731 8.33 32.1 6.32 1.75 10.2 0.096 0.083 18.0 

-
7 34.2 12.7 1.732 8.31 32.1 6.53 2.37 11 .8 0.091 0.083 15.7 
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