
• 

• 

o V q V 

i;ll'UO'tttlUlJvl SJ'111llfJ1l:1fJli•rt·n 
... ·ci 

,:!1 .,. 

91.Ui;llHfeiJ fUlJtH iJ.'lril'lJ'l 20lJJ 

~ Q,.I v C 
1lf.J~ ll! 1 'iH'..lil U'l.HTlJU'Hl! .. 

,, . ,, 
f17 'J HY1:IJU fn l\91 \911:U 5 \91 'J 7 ftl'U 1 'U 'W 1'Vi L~ tJ-:J IPi el '1'1 'J ~ LfllJ"ll ~M n-:J"lJ 11 

q q 

(Litopenaeus vannamei) 

Proportional Supplementation of Minerals in Cultured Medium on Physicochemical of 

Litopenaeus vannamei shrimp 

cv <'.I ""I ""o'cv <'2 cv 'J) Q I 
Nff.~'J.1Jt\j'J\9l'U u'J~'VJ:U'b'l\91 Nff.~'J.f1'J~ft'U'IJ '\1-:JftVlt]f1l:l LW~'UWWJVlr:l Uf11r:l~LeltJ~ 

c:. c:. a' .::it. if c:. a., o d w GJ ..:::t 

I fl11'11'lf11l'J'lfff1Ml'.i !'IW::1'VlVlfflff11'.i lJl111'VlVlrW\j'.i'Yn elltileltllel-:J 'il-:J'l11~'lf'1'1-J'.i 

2 !'lru::t'Vl!'l l'u 1c1vmn.h::1J-:i1rn::'Vlfvw1nrnml1 1Jm1V1v1ttvmi1 ~ ci'11ne:iium1v \Y-:iwr~i;v-:i1mi 

';ilf.J~lU1if.J~U1h~lllWU~U~U 

1.h~<UiiJ TI.fl. 2554 

2 9 ;l,A, 2555 --

301352 
. 

Q .... 

t 'j l-1 '\} 'j f) i, 

fik.0141tllf 2 8 lll.A. 2555 
"" <V e:in'\.J\J'Vli..nnTi 



'"' 

'U 

'1 • '1 

fl71 l~~lJU i 'lil\91\9lllJi\911 lffl'U l 'UU ll1llicJ-:J~ fl~11:;:; lfllJ'U fl-:J fl-:J'Ull 
q q 

(Litopenaeus vannamei) 

QJ ' 1J 'YI fl vi £J el 

91 ' 'JI ' 

fll'i'Vl\olrt o-:mr1 :IJU11il\91\911:IJ0\91'.il'ff1'W '1 'Wil1'Vi'1 'M!aV.:Jfi.:l'U11 (L vannamei) 'f111:IJV11m av 
q q 

8.9±0.17 cm Jrnunm~V 9.05±0.18 g ~'f111:IJ!ft:IJ 10, 20 Uri~ 30 ppt (T) l\olVfllU.:JG.:J0\91'.il'ff1'W'UO.:J 

U11il\91 1rn~nrimnu'f1m;.:ir1u (i:u1ff1m111il\?l, NC) 1rn~nri:1J'f111J'f1m;.:iu1n~11:l1:1J NaCl (PC) 
q q q q q q 

«:::ii 'j) 'j} a,, I I I A''l "" -., 
1.h~t:1J'Wfl1l:1Jt'U:IJ'U'W'UO.:J Na, K, Mg, Ca, Cl Uri~ P !!rt~0\91'.ili:l1'W'UO.:JU'.i'liWJmmu 'W!rlel\ol \911J Uri~ 

1-u~onn-rn1.:i i;l~~irlolu i;l\olfll'.i'Vl\ol r1 o.:i 
q q 

,, ' ,, 
Nrt fll '.i'Vl \ol rt 0.:J'YlU 11 fll'.i ! 1:l5 :I.JU 1 'Ii 1\91\911:IJ0\91 '.i 1 ff1'W 'l u 111-vi 'l 'Mta V.:l'l51Vi:l'W1J ff'W 'W 'l ir fi.:J'U 11 

q q q 

9) "" IIJ 9' I ""- I "" "" 9' 9' 'l i:l'.iN~\oli:l:IJ\o.jrtelelel'W t\ol'r.J{Jl-'.J:IJU'.i~i:l'Vl'lim'Vl 'f111:1Jt'U:IJ'U'W'UO.:J Na, K, Mg, Ca, Cl Uri~ P 'W'Vlrlli:l:IJl 
9,1 i 9 , d tq , , Q.,, 'j) 9' 31 

'UO.:lfJ.:l'Vl.:l'lj\ol T, PC Uri~ NC t'WU\9lrt~i'111:1Jt'f1:IJ !:IJU\?lfl\911.:lfl'W (p>0.05) Vf1!1'W'f111:1Jt'U:IJ'U'W'Uel.:l K Uri~ 

'l 
di I d d ~'JI 'l 

Cl 'W'IJ'lol PC :IJ'f11\)'.:lf111 (p<0.05) 'IJ'lol NC Uri~ T 'Vli'111:IJ!'f1:IJ 10 ppt i'111:IJ!'U:IJ'U'W Na, K, Mg Urt~P 'W 

\911J'UO.:Jf1tj:IJ T !!rt~ NC iiri1~1n11ntj:1J PC (p<0.05) K, Mg mi~ Ca 'lu l'f1Hfff1,H'U~Of1'\JO.:J1.:intj:1J T 

ey.:ini1ntju NC (p<0.05) ~'f117:IJ!ft:IJ 10 ppt ri1u'lu lm-:Jfff1.:i1'l.J~on'Uo.:i~.:i~r111mft:1J 20 ppt 'Vlu11 

K, Mg Uri~ Ca 'l'W'IJ'lol NC iJri1~1n11 (p<0.05) 'IJ'lol PC Url~'IJ'lol T 'UW~~ Na !!rt~ Mg i'W'lj\ol T iiri1t1.:i 

f111 (p<0.05) 'IJ'lol PC Url~'IJ'lol NC Mg, Ca Uri~ Cl 'lm'l.Jilon1.:intj:IJ T ey.:in11t1tj:1J NC !!rt~ PC 
d ~ 

(p<0.05) 'Vlfl11:1Jt'f1:IJ 30 ppt 

<>' I 'l <>' 9J 
0\91'.ili:l1'W'UO.:l Na:K, Mg:Ca, Na:Mg, Ca:P, Cl:Na !!rt~Cl:K 'W'Vlrlli:l:IJ1Urt~\911J'UO.:lfJ.:l'lj\ol 

T, PC Uri~ NC 'luu~rt~'f111:1Jt~:1Ji'.IJU\9lf1~Nfl'W (p>0.05) Vf1!1'W Na:Mg 'l'W\911J'lj\ol T iiri1ey.:ini1 

(p<0.05} 'IJ'lol NC Uri~ PC Mg:Ca 'l'W'lj\ol PCiiril\)'.:lf111 (p<0.05) '!f\ol NC Urt~'!f\ol T 'UW~~ Ca:P '!f\ol NC 

]jfil~lf111 (p<O-.Q5) 'lj\ol PC !!rl~'lj\ol T ~ml:IJl~:IJ 10 ppt Uri~ Ca:P 'l'W'lj\ol PC ]jfil\J'.:lf111 (p<0.05) 
,d d. I .<:9 QI~ I 

'lj\ol NC !!rl~'lj\ol T 'Vli'111lHfilJ 20 ppt ff1'W'lm'l.Jirnn 'VlU Na:Mg, Cl:K Uri~ Na:K 'l'W'!f\ol NC :IJ'f17\9llfl11 

(p<0.05) 'ljlol PC !!rt~'lj\ol T Urtt Cl:Na 'l'W'Jj~ PC JJfi1J1ni1 (p<0.05) 'lj~ NC Urtt'lj~ T Mg:Ca 'l'W'lj~ 

NC ihi1J1ni1 (p<0.05) ,~ PC Uri~ T ~mlmft:IJ 10 ppt 'UW~~ Na:K 'lu,~ NC iiri1J1ni1 (p<0.05) 

']j'~ PC Urtt T Urtt Cl:Na 'ltJ']j'~ T iJfi1J1t111 (p<0.05) ']j'~ NC !!rt~ PC Ca:P 'l'W']j'~ PC iJfi1J1n11 
q q q q 

'l 
91 'l ""' • d ~ (p<0.05) 'l/'~ NC !!rt~T 'W'Vll.:l\91H'lll:IJ Cl:K 'W'l/'~ PC :IJ'f11\)'.:lf111 (p<0.05) 'lj~ NC llrt~T 'Vl'f111:1Jt'f1:IJ 

20 ppt 'UWt~O\ol'.ili'Y'J'W Cl:K, Ca:P tlrtt Cl:Na 'lmt~ NC iifi1~.:Jf111'l/'~ T (p<0.05) ~'f111:1Jl~:IJ 30 ppt 



-

Proportional Supplementation of Minerals in Cultured Medium on Physicochemical of 

Litopenaeus vannamei shrimp 

Abstract 

The proportional supplementation of minerals in culture medium for white shrimp 

(Litopenaeus vannamei) at size ofS.9±0.17 cm in total length and 9.05±0.18 g were raised in 10, 20 

and 30 ppt (T) by considering ratio of minerals. No supplementation was negative control (NC) 

while NaCl supplementation for salinity compensation was positive control (PC). Concentration and 

ratios of Ca, Mg, Na, K, Cl and P in plasma (Pl), hepatopancreas (Hep) and cuticle (Cut) of 

experimental shrimps were statistically evaluated at the end of experiment. 

The results indicated that iso-ionic point of L. vannamei was efficiently contributed by 

proportional supplementation of minerals in cultured medium. Concentrations of Na, K, Mg, Ca, Cl 

and Pin Pl among T, PC and NC groups in each salinity were not different (p>0.05), except Kand 

Cl of PC found higher than those of NC and Tat 10 ppt (p<0.05). Concentrations of Na, K, Mg and P 

in Hep of T and NC groups were lower than those of PC group (p<0.05). K, Mg and Ca content in 

Cut of T group showed higher (p<0.05) than those of NC group at 10 ppt while K, Mg and Ca 

content of NC group were lower (p<0.05) than those of PC and T groups but Na and Mg content of 

T group showed higher than those of PC and NC groups. At 30 ppt, Mg, Ca and Cl in Cut of T 

group found higher than those of NC and PC group (p<0.05). 

Ratios ofNa:K, Mg:Ca, Na:Mg, Ca:P, Cl:Na and Cl:K in Pl and Hep showed not different 

(p>0.05) among T, PC and NC, except Na:Mg in Hep of T group found higher (p<0.05) than those of 

NC and PC groups, Mg:Ca of PC was higher (p<0.05) than those of NC and T groups while Ca:P of 

NC group was lower than those of PC and T groups at 10 ppt and Ca:P in PC group showed higher 

than those of NC and T groups at 20 ppt. In Cuticle, Na:Mg, Cl:K and Na:K of NC group indicated 

lower than those of PC and T groups and Cl:Na of PC group showed lower than those of NC and T 

groups, Mg:Ca of NC group was lower than those of PC and T groups at 10 ppt. Na:K of NC group 

was lower than those of PC and T groups while Cl:Na of T group was lower than those of NC and 

PC groups and Ca:P of PC group was lower than those of NC and T groups but Cl:K of PC group 

was higher than those of NC and T groups at 20 ppt. Cl:K, Ca:P and Cl:Na of NC showed higher than 

those of T group at 30 ppt. 
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q <u u q 

\ol7Vmmrn tui'itin~ll \olntJ\ol'il'Ufll1t'il1WtA'U i\ol~'lfl ihfv111m1irnmdti1;1~tu ~~iiNn'illfl 
u ~ 

'j} I 'j/ I I 

fll'j'\J1\olfl'11lJLYlJ\ol ntlt!LY i lJAfl 1 ml 1 i \ol l'J!'Q 'Vl l!t!Vl-:JU~fll'j t~ l'J~ f1~l1fl'11lJ!~llvl1 ('Uwf mr 
q q q u 

U'J!'VllJ"J11A, tl'mf~n i<lti-:ittLY~ trn! f,)'UtllJrYfli 'l.JUJJ)fl~, 2547fl) ~~ri~Nnvitifll'J!'il1WtA'U iv1 
q q u u 

Q.J Q.I ~ .d ~ ~ cl~ .:::t 

tlvl 'J lfll'j 'J tl\ol t)\,l'j lfll rn n fl! 'We) Un! fl'11lJ tl'\J t:J ~ fll'j n t:lflfl 'J 1 'U t 'U t:J ~ 'il lfl'Ul fl '1 llJ tfllJvll 'il! lJ 

mmtirn11ilvJ~ihfity "l i~uri Na, K, Mg, Ca, Cl Un! p J1 ri~Nnhi'mmwu11ilvJ~N "l ii 

hit'Wl'J~'Vlt:J~t:Jfll'jfofllLYlJ\olnt:Jt:Jj;,' ill A fl fl1W1'ULY!l;,'lJ!!n!fl1H17 i ui 'lfi'U f)';i!'l.J'1'U fl11LYf 1~ . 
. I"' 0 'l '.j/ ~ 'l ~ . I"' 'l I ~ di "'i . I"' 
tuntifl 'Vl11'11'\J1\olfl'17lJ'Vl1tilJ 1'UflUntiflfl11rnrn!LY11~tunt:Jfl 1'11lJ m'il~ll timmuneinrn~ 

• 

Un!~lJ (1,ltyf\oltJ 1.h!YJll'lflA Un!fltl!!, 2547fl) trn! flll'J'l1~-:Jfll';intlflfl'jl'l.J 1~n 
1.h!t1'VlTifl1Vli'Ufll'J~-:JtellU11il\ollJ11'lf1 'Ufll'rnf 1-:JtUi'iein i mJ1 tt'u~~tt 'J ~ i~n\oln-:J Un!tll'il'il! 

• 
, 9'.J)~d d J "'°' ~~ '1~ °' 'l °' 

LY-:J Nn !'11 f)-:JlJ fll'j \oil l'Jfl lfl 'J 1'1.J! 'Vl lJ LY~ '\J 'U '\J tl!! !\ol l'J '1fl 'U fl~vl t:J-:J ! 9J'Vl o ~ ~ l'U ! 'U fll 'j 'J f)'},J lLYlJ \Pl n 
q cu q q 

', <> J ' 'J ~d a, ,,\ 'J ~'J <> -=> i O 'l ~ '.j/ d 

eitiff 1llvlfl\1'~'U'U "'1'~Nn 1'11lJ'Vln-:J~l'U!'VltJ 1"111'Um!1J'1'Ufl11!'il1tyt\ol1J \oln\oln~ m 1'11fJ~llfl11 
,, ,, ' 

t'il1ty!A'U iv1'lfl !!n!lJrJ\ol'jlfll'J!!nfl!'Wt:l\1'~ 'Ut:Jfl'illfl'W 'Vl1Jifty111hJ~l'UB'U "l OfllJlfl'l.Jll'J t'Jf'U 
,, ' 

n~t~'Uvl!fl11 rl11o11'\J11-uu ri-:ii:,rnitt'iHHmvatimrn vi11tt'ttifei hflvi1~ "l 'Viiitivmvlu . . ~ 

I "' d d J O 'l '.j/ ,1 ~ 1/j '.I O c:l 
'J 1 ~ fll l'J11 'j elfll cJ'U el fl! 'J lJ llfl '11lJ 'J 'U U 'J -:JlJl fl'\J 'U 'il 'U 'Vl 1 !'11 f)l'j rn cl~ M Ill u 'J ~ ff'U fl'11 lJ mt 'j 'i) 

• • 
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" J1 " ' " 
m111:Y11Ju ,j TI w11 utl 7\9171Jfl11m 11m::: 1:Yll'lll-! el vnuf111m fill 'ti el~'W 1vi 1 i'1ihM ri ~ Ht'l'Vll 1 tt' m1 . " 
,J 9' "' = J1 ,°I' ., IIJ 9' ., o' 

lWMfNlJHt'!Ht'l\91m'lll-! 1rn:::t'lf11JUl'l11fll'J \911 flfllfl'j lU It-a :::\91 lflmWII 1n-a elnm lU l fl (UUl'J \91l-! 
q 'U u q u 

1.h:::lJll'JJl~, 'Vl'JJlt\] 1:Y11~1~rl Ut'l:::'ilel1'il lll'JJl ifl, 2546) 

Q. , 'j} odl& a1 , , .c! 'j} , , 

fl11l\911Jll'Jlil\91 'il:::\91el~fllm tl~ el\91111:Y'Jl-! 'llel~ll'J 'jj l\91'VH 11 lll::: 1:Yllfl1fJ l'JJl-! Ca:P 'WU11 . . 
'j} 4 I o G) 'j}'j} QJ I .c! Q .:::::t, 1 d I d I 

\91eJ~llfll 0.6:1 'il:::'1'17 !'11fN Hormarus americanus 1:::EJ:::1tl'Jl-!llfl11l'il1Ull\91U \91fl ll\91'11lnllfll . . " 

t 'iim iJu 1.6: 1 111 ellll n n 17 'il::: ii Nt'l '¥111 J f111 {'fr N l iJ ~ el n'JTl-! lell-! iflft 1~ l ft t'l (endocuticle) 

"' 0 ., 9 9'9 9' 
1:1 'il:::llfl11lll'l1lll:::1:YlJ1:Yl'l11U !'JJ 1l-!m111rn~ 

• 
P. japonicus 

(Kitabayashi et al., 1971; Deshimaru & Yone, 1978: Kanasawa et al., 1984 cited in Davis & 

~QJGI d ~ 'j} ..d d 
Lawrence, 1997) Ut'l:::f1111'ilfl 1l-!eJf1\91'lleJ~fl11lt'lfl~fJ~'ll11 (L. vannamei) 'l'lfl11lllflll 4 ppt 

-wu11 'eJ\9111ri1u~mm:::iY1J'llel~ Na:K mh:::1111~ 28-30:1 uloi111nii5\9'111ri1w'iimilu 119:1 
" 

"V11itt'm11'il1t\]t~U 1mrn:::'el\911lfl111eJfl~lM (Roy, Davis, Saoud & Henry, 2007b) 

' " " 
l'lfl-!l~fJ1flU~ll-! 1io1 l-! ~~'JJ'U fll~fl1fl'I-.! 1:::0::: 1-w1:Ym11vi11i fl~ 1 l-! 'Wlfl11lllftll 9.1 ppt 'YlU11 

QJ I di I 3/'j}da., ~ ,.d. d 
e)\91'JliY1l-!'lle)~ Na:K llfll 43.4:1 1:Y~H-a111fN1Jel\911lfll'J'je)fl\91ln1l'l'lfl11lllfllJ 2.4, 2.6, 3.3 . . 

.::SQ.I I ,:::!I o<v 

W;'1::: 3.7 ppt 9MeJ\91111:Y1l-!'llel~ Na:K llfll 17.5:1, 19.4:1, 24.1:1 u-a::: 23.8:1 \91lll-alf!U (Roy, 

~ d d ,::::ta., I .c:11 

Davis, & Whitis, 2009) 'llW:::'ll-!f11'Jt(lfJ~'l'lfl11lllfllJ 30 ppt fl11lleJ\91111:Y1l-!'lleJ~ Na:K llfll 

,:::S I ~ Q 1 I .:::! ~ f":: ~ d. O 61 ~.:::::i, 

20:1 'il~l'l1lJ1:::1:YlJ\91eJfll'Jl'il'Jtlll\91U \91 ll\91'11lnll1JrnlWiY~'lll-! (110.5:1) 'il:::lJHt'l'l'll 1'11n'ilf111ll 
" " 

loi1~ "7 u-a:::fl11t'il1t1,Jt~U 1\91'lleJ~Q~t'lf1M (Zhu, Dong, Wang, & Huang, 2004) t'W11d1 

" ' . 
'el\9111 ri1 w vr ri 1 -w ii fl 1m rl1i ruloi eJ m 111.lii Ell-! u iJ-a ~ '1'17 ~ 1:Y11::: t fl ii'll eJ ~ti'~ CJ}~ fl 11m 611' 1 l 'il t; ~ 

" . 
1'1'1fllfl'lff\91H1~n-a 1n~1~ "7 u-a:::<ueJlJ-a l l-!\olll-! rlff~iitl' eJomn ~ll-! 1it1flf ~tl~~ 1;~11-uu m1 

" 
" " flnmH-a'lleJ~5\9111ri1u 'll el~td lil\91 l m11 l i'11io~~elfl11 t'il1 rut~u 1\91 0\9111m11 eJfl B\9'1111rnn . " 

~ d d A Ad Q ~ ' Jt .d. 
l l-! eJ fl 1 llJ tl 'ti el~ f)l 'j t'l 0 nm lU ll t'l::: fl U l iJ-a fl l-!ll iJ-a ~ '1'11 ~ ff ';j 1::: !fl lJ '1'1 lf1fl 'lit-! \911~ "7 l 'W 0 'l'l 'il::: 

'J} 1 'j/ I 

th 1 iJ'l i't u fl11 tff1mt flil\91 l l-! '\.Jl l l-! 'el\9111'CTTW 'Yim m:::ffllflUfl1111:\t1~fi~'lf 11 (L. vannamei) Yi . . 
d , & d o't _J 9' t 11J 

fl17lllflll\917~ "7 CJ:f~'il:::1tluiJ1::: 1o'lfl-!\910f;J\91fflvrm11Jm1rnt1~fJ~'l'l:::rn\91eJ 11.l 

H-a'lf 0~fl11 tff1mt 1 lil\91 'l l-! fl11'Vl 'il11W lfl11lll-il'll-il't-! 'lf 0~ll 11'i l\91 'illflff11:::tflii ('W-alfflll • • 

iu trn:::11.Hfon) ~mm:::mJ'l'INff'h:::tflii Lf1flf17U~~~B\911l'ff1l-!'t10-:i Mg:Ca, Na:Mg, Ca:P, 

d ' .c::i d. fJJ 
Na:K, Cl:K trn::: Cl:Na fl1l'l.Jlflll 10, 20 trn::: 30 ppt \910ff11:::tfllJ'lleJ~f'.J-:i'll11 (L. vannamei) 

1fl1U 
• 
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a. , da. j/ j/ ~ J' , 'j) 31 Q.I , 

fll 'j I ffnm 'J 1i W.] 'Vl'\Al 'U 1 'JU! 1 'f1111J ! 'U 1J 'U 'U 'U 1 f)'U 1m c.J-:J \9lfl'f1111J! 'UlJ'U'U!!-a ~ e)\,l'j 1ff 1'U 

'Uel-!1!!11i 1\9l~ltt1Jl~ffm1'-:J f·H'l~~ elff1'J ~ l'f1ij'U el-:J n-:J'U11 (L. vannamei) 1c.J1'U!rlel!lli cJ'IJ!'VicJ'lJtl'lJ . . . 
"lf~ hii~m11J1111i1\91 . . 

. 
1.h~ lt1'tf 1H1r11v111 'tl~, J?111 m nm11iu 

'Vl 'J 11Jtn1J 1ru 'f111m-u'mi'u 11 ~~ eJ\91 'JT'11'U 'll e1-:i 1111i 7\91 ~1 r'i 1J 1~ fflJ~'W 'ii n ru 7 'il 1ml 1 . 
,d .c::! I .d e::1 ,d 3/ ~ d 

l!~~ff'J'J~!'f11J \91 e1mmfoc.1u11iJ~-:i'Vll-:Jff'J'J~!'f11J'Ufl-:Jfl-:i'U11 (L. vannamei) mc.1-:i 1 'Ufl111J!'f11J . 
' 0., 

l!\9lfW11slf1'U 

"".., 
'U e1 m 'll 1'1 'U e1 ~ m 11 'tl u 

..::::i, 9/ 'JI O di di 0.1 f 

'\Al'Ul'Jilll'f1111J!'U1J'U'Ull~~'f11'U-:Jfl-!lel\9l'Jlff1'U'Uel-:J Mg:Ca, Na:Mg, Ca:P, Na:K, 

d ,d Q.I ~'~ d d dt 

Cl:K Im~ Cl:Na 'Ulf1ff'j'J~!'f11J ('l"lolff1J1 \91'lJ !!~~!lJ~elf1) 'Vl'f1111J!'f11J IO, 20 !!cl~ 30 ppt !'\Ale) 

" ' ' 1 t!'Ufl7'Jlff11J!!11i1\9l'lJ1-:J"lf'W~ 1 'U 'J~'lJ'lJfll'J!~cJ-:Jn-:J'U11 (L. vannamei) yjij'U'Wl~'f1111Jc.J11!Q ~c.J . . 
8.9 ± 0.17 cm 11~~J1mTnm ~c.J 8.4 ± 0.19 g tll~il'J~mru 2 !~fl'U 1ic.1-:i l mi-:i i vl11Je1foo1ff 

'U'Ul~ 250 L m11Jr'!m11ilu 701,11/\91111-:i11J\9l'J 1tluno1 2 1~0u 1illc.1rn'Vic.11Jt11J"lf~'f11'lJ'f1m~-:i • • 
<C> dd 

~'lJ (negative control) 1!~~6!1'~'f11'l.Jf.]1Jl'lf-:J'lJ1f1 (positive control) !!-a~6!1'~fl7'J'Vl~~0-:J'Vl1Jfl7'J 

lff11J!!11i1\911~1Ji10v1-:iJ11~0~ \91'lJ 1rn~1il~0n !~01!1'1'J7~'11!!11i1\91 i~wi Ca, Mg, Na, K, . . 



4 

' ' ~Q..l'ctc:t <j,/ 

tBmtTiU'tl~-:.ll'W1'llU't'HflU1'UB-:.I 

m1 ~ mfl ~iivrn i BBB u 
" 

1r!t.J~'Yl11u O'W ~u-a'-:r:h hn:re:it.J~t r!t.J t1-H1u1 int1u'Ut1.:i1il ti~ 11il1ri 11:1JU\91fl~1.:iom!1 

flltl'Wtlfl (Robertson, 1960) 1~v1:ur11-w.:ia.:im1mfo-wu 1i'Utl.:J1iUUtltl'cr fo~n fll'j till t1rn'Vit1UO'W 

1m.1m .:J'Ut1.:J 1 t1t1t1'W ~11'.lu t1.:iflu1 i nt1u 1 m! 1mt1u t1 n 1 mil ti~ ur;1i 1 tJ 1l-crm1ilTn 11i'¥l11 tttn~ 

~ ll'I 9/ d. ')' .d dd & ~ d 'j) ~ d ~ 
ri11:1JH~'V'lm~ i~ mt1H1nHr;1mi'YlU'UtJ.:J i'U1\91'W'Yl:1Jmnt1.:i 10% 1urnt1~ :1JHr;1hrn1mtlu 

t1.:Jfl'U1int1u'Ut1.:J'Ut1.:inrn1lf .:i 3 ut1 ri.:i 1:ul'vi1ou 

j} 9/ at Q,' ! 9).c:t w ' d ~ Q.I a' ' t 
fl'Jl:IJ!'U:IJ'U'W'Utl.:J Na trni Cl 1urnt1~:1Jfl1li f)[]!fltl.:JflUfll'Yl1l~ff:IJ~[l l:1Jtl'cr\911tltlt'W'Wl 

q q "' 

Q,' ~ 9/ .d :'1 o c; 91 a., o 0.1 '31 .& d eX Q.I o 91 
'l'limtmifffl ti t 'W'W l'Yllll'W [l u 1ll'W 1'Wl[lfl'W tltl:IJ f) 1liflfl'Wl:1Jl'W u~ 1tl 9f .:J'Yl ,l~ ff:JJ~ r;l'W :1Jfl1li'l'll 1 ti 1 'W 

"' q q 

tilt1~l1ri1 Na mmnu,i1.:i tmil1 Cl 'Utltlfl'Jlri1111.:i1rlmmt1Ul'nt1Ut1UJ1mtJ'Wtlfl lJfl1li'V'IU11 K 

'I "' d 'J/ 'J) ' 1 l; 'J/' ' "I ~ ') ., 
t 'W rn ti~ :IJfl 11m 'U:IJ 'U'W :IJl f)f) 11 'W 'Wlflltl'W tlfl U:IJ'JlUl.:J ff'J'W tl11l 1lim ,llf)fll'j ll'Wl lJ tl'W t ~tJtCJf[] r;l 

'J/ d O "I '} 'J/'l "" o' "-' 1/J """'"I O 

fll:1Jfll1''Ulmt1~m t"lf t'Wfl111tfl11i'tt fllfifl'lflff:IJ~r;l'Utl.:J ttltltl'W'Yl:1Jll1i1l 2 'tt'W'Jtl (divalent ion) 
q q 

t.:il1fl11:IJ9fUcfft1'W:IJlflfl'Jl Ul.:J'ff'J'W'Utl.:J Ca tmi Mg 11itn~'W'W1iit1U!'U1~'Wl11t1it1t1tl'Wg'W '1 

tmi1:i.iu-cr~.:Jfl11rnri'W1t1t1tl'W vl'Jtlcll.:Jt'lf'W 'LI Gecarcinus lateralis 11 Ca !'Wtilt1~ 22 mmol/L 
"' 

!'W'lltl!i~11t~tl.:J 8.6 mmol/L 1milti~~Nl'Wfllrn1tl.:Jtlcll.:J[]ilfltJ~l'~tl'Ui~ 1u1~'Wtlt1fl1'U i!u~t1l1 

Ca iuv11ou !'U1~'WG.:J 13.4 mmol/L (Skinner, Marsh, & Cook, 1965) Ca ~lfl~'Wt.J1iit1u-crntun 

" tJ1imw 10% 'UtJ.:J Ca 'V1.:J'tt:1J~imilt1~'Ut1.:J Emerita asiatica (Sitaramaiah & Krishnan, 1966 cited 

" . 
in Mantel & Farmer, 1983) flfl'Vl.:Ji'W crayfish Austropotamobius pallipes 11 Ca 'Vit1fl'WJ'U'UtJ.:J 

1t1t1tl'W'Utltlfl'Jl 50% 1'W'lltl!i~ih'Wt'W 11tltn~'W'W1iit1u !'U1~'W 1t1t1tl'W'Utl.:Jffl'j~'W'l'l1V'll'Ul~ 

l~fll11tioumrnut.J'l'l1V l'lf'W so\, HC0-3, PO\ trni cot (Greenway, 1972) ihu1u~.:i 

Orconectes limosus 'V'l'IJ'Jl 11 Ca t1~L'WJ'Uit1t1tl'W 82% trni Mg Dl'lf'Wl~tl10'W (Andrews, 1976 

cited in Mantel & Farmer, 1983) 1~t1l111t1.:Jl'Wfl11flfl'lfl'V'IU11 rif m\91t;tl'W!'WfffJr;1 Hyas, Lithodes 

.c::1 '11 91 9 1 9 ~ ~ 9 ... I 
tmi Dromia :IJfl'Jl:IJ!'U:JJ'U'W'Utl.:J Mg t'W11.:Jflltl'LI1imw 80% 'Utl.:J Mg t'W'Wl'l'lim 'tt1tl t'W\j Uca 

Q 'j/ 'j) G( I 1 9 : 
sp. trnitj Ocypode quadrata :IJfl'Jl:IJt'U:IJ'U'W'Utl.:J Mg t'W11.:Jflltl:1Jlflfl11 65% 'Utl.:J Mg t'W'Ul'Ylim 

ff1'W~ grapsids 'V'11J11 lJfl'Jl:IJ!'U:IJ'U'W'lltl.:J Mg l'W11.:Jfllt1'U1~mw 20-30% 'llti.:itln1irn 

(Robertson, 1960) 
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91 di 'j./ d 1 3/ ' ' .::t .c::r. .c::r. i i 
fM VI~ m11 t fl1 -:i 'ff'nm 'll-:J '11 tJ '11 lJ eJtlfll tl'U t1 m vm1 t1 u -a~ m 'il 1im1wu t ~ t ~ t1m1 -at1 fl 

q q qJ u 

flHU ~-:J'Utl-:J!fftl!m~ 1 'U 1~1 \'il'U ~i'I.Jci ltltltlfllJllJfl 'i)g;tlvt 'U n.lut111 hit 'Wtl tm~ 5-:iiiw:nmhflt\Hl'U 
SJ SJ u 

lcut~all (Na) 

i"li1~t1:wiTui11tluu i'li 1~~iiwnm'li'mi'u 'ff -:imfl'lf'W fltt~-:i l m~eJfl'llt1-:ir11 m~t;tl'U 
q SJ 

u~ 'il~ii~ 1J1fl i 1J lflltl'U tlflt~ mf ti cl 1 fl rl'l'l 1'11'W 1~ 1 'U m1 fo111'ff:w fl -am~mt i (osmotic balance) 
q 

r11u~111tiu Cl cif-:iii K, Mg 1m~ Ca 1tlui1i1vl11u ~-:ifo111'fffll'Wf111mllumfl-~1-:ilui1-:imri 
' ' ,, 99/ i.Ja,o 'J)dd 91 QI o 'J) ~ -1 

t '11 'fflJ fl -a u-a 1v-:i m1-1 u 1V1mt11'\Jt1-:i nu m 1 m-:i 1u 'llt1-:i flmm u tJ u -a~ 1 ~u u 1J 1 ~ 'ffl'YI mm 1ur1 :w 
q q 

'fflJfl'fl'lltl-:J Na 1 ::'.W:i1-:imt1l 'Utl'1::'.fl1tl'U t1m"liml'il~iir1111J'fflJ'W'U 'fifl'Ufl11'1'17-:J7'U 'Utl-:J Na +/K+-• 
9 ~ & 0 l!Jcl.c::r..J ~~ ,~.c::r. 

ATPase trn~ V-ATPase fllrl t'U!'11-:Jtlfl 9!-:Jfl11Vl1-:J1'U'Utl-:Jttl'U t"lilJ'lf'Ufl'U'il~!'WlJ'IJ'U 2-3 t'Yll tlJtl!flfl 

dt d91 9 CJJ~.:S 

fl11tfl'fltl'U'Ylt'IJ1tltlfl'Utl-:J Na t'U~-:J'Ul'ilfl Cherax destructor (Zare & Greenway, 1998) 

mrn11~ (Cl) 

r1-at111;'W'ul 'U'\Jt1-:im-a1mvtuu-a~mriut1m"li-arl'-«~{ mmn1'ff~'fflJ !~1J1flfli1 Na 

1m~ K iir111m'li':w'li'u 1 m\'tlii v-:itiu Na t tlu 'lil~~iifln tfl ~t1mi'1m11irlt1J1m rJ'UtJfliifln 
q 

I ,J~ el'U!! 11-a ,:j '151rli' fl El lfl 11lJ\o1 'U tl tl 'ff 111~ fl !!'fl g; fj,:jfl 1'1JfllJfl1'j ! 'U 1 tl tl fl'\Jt),:j m rn -ag;J lfll el'U tlfl 
q 

o' d 31.,"" llJ llJ 'i' 
19/'fl'fl Cl !fltl1'\Jtl-:Jfl'Ufl11!flfl'fflJfl'fl'Utl-:J!!fl'Vl !tltltl'U (cation) !t'fl::'.!!tl'U !tltltl'U (anion) t~eltlrJ'JllJ 

q SJ 

tiu Na t1t1~l'U'fff11'W'fflJl9J'flfl11!!'flm11~ri'U'lltl-:J Mg It-a::'. S 'il::'.!flfl!~ mmW'lltl-:J Cl lm~tlfl 

'\Jt1-:ir11 m~1;t1u 'il~1'Yi1tiutl1'Yl~rn1-1~ eJ 1 fl-a'tflt1-:i tiu i-:i 11-iiiif um 1m1l1f u 'ff:Wfl'fl!l'lifou !tlt1t1ui1 u q 

dt QI d f 'j) ¼ I ll] 'j/ 0 d~ QI d I 

tl'U '1 Cl rJ-:JlJ'ff1'Ufl1~\9J'U'U1rJtlrJtl::'. tm-a'ff (amylase) l11m-:i1'Ufl'IJU rnmr111mlluflrn-~i-:i'UeJ-:J 

't: , d , ¾ , 91 Q.I cl .c::r. 

'U 1eltlrJU'fl::'.t1J'U 'ff1'Ul11~fltl'U t'U'Uleltltlfllel ('Utll'J~U tJ1g;V1lJ'l11~ 11-ag;r1wg;, 2546) 
q u q 

<:I 
Hfliltcilr.lll (Ca) 

ur1mcfmmtlwhul11 ~flt1utl1r1ty'llt1-:i 1 r11 -:i 'fff 1-unvu eJfl'lleJ-:iflf m~i;vu ci}-:iri1u 

lmy'ilg;eJ~luJ11'1leJ~Ufl'fltctm:wmf 1Jm'U~ (CaCO3) ~1:wl1fl~ ui11'il::'.iim1iY::'.il'lJ 111 'U\P11J iflrieJ~lu 

J11'lleJ-:J!fl~tlttfl mc\f ri:w'Vh:imvlfl ( CaPO 4) tll'il 'il::'.llfl11 ff::'. fflJ Ca 1 m~eJfltt-ag;~ ri1u tu'lleJ-:J 11-:imv 

lflm~eJlJtl1J 1 l11~u L1~11-i'eJ-:ifl1mrn 11-il tt1::'.\o11J'lltJ-:J Ca 1 m~eJfliY-:itn'W 111 ;-:iloi'eJ-:i'l'11m1i1JeJeJfl 
q SJ 



6 

' 
0 1'1.1 'J/ ,I"' "' cl "1 :!"I "' ' "' ",I "" 'Wtlfl'Jl-H)ll'J ml:::'Wl rntl":il-.'l!lJi;'ltlfl l'l1tllfl'I.Jff:::bl'lJ 11 t'Utl11'J1:::lill-.'l "7 (tJqJ11il'W u1:::'l'.JlJ'l11\il trn::: 

flW:::, 2546) Ca 'il:::iim1m~t1'W~t'li'1ri'i Nflll'J'llt1-:ifffotlilt9fl'J'W 'l'W 1:::v:::Mrl'-:imrnt1flfl17'1.J trn::: 1:Jii 
"' 

m 11 iJ~ l'J'Wll iJ j;'j-.'j 'l 'W 1::: v::: ml 'I.Jll ~-.'l 'V'l 'IJ 11 iim 1 l fl~ tl'W ~ ti ti fl riJ 1 fll l'J'W ti fl 'l 'W 1::: l'J::: f1 tl'W fl11 i;'ltl fl 
"' 

' "' "' 'l 'J/ 'J/ 'J/ 'l ,s, dt 4':9 .d. fl11'1.J (Zanotto & Wheatly, 2003) l'l1'Wl~l'J1fl'IJ 'W~-.'l P. indicus fllllJl'\JlJ'll'W Ca 'Wl'Wtlll'Jt1lili;1t1fllJ 

' .d. I cl Q.I 

fl11 ff::: fflJ t,'-:J'Vl1::: l'J::: fltl'W fl 11 i;'1 ti flfl 1 l'IJ ll i;'1::: 1::: l'J::: fl 1 l'IJ ll '\J-.'l l l i;'l::: 'il::: i;'1 ~ fl 11 ff :::irn Vi i;'l-.'l fl 11 i;'1 ti flfl 1 l'IJ 

" ' ' •. • .::::! <ll o 'j} ci. d Q.I 0.1 Q.I 4 

(V1Jayan & Diwan, 1996) 'Wtlfl'illfl'W Ca l'J-.'l'\llll'i'Ul'\lllfll'J1fl'I.Jfl1H'IJ\il1'\Jtl-.'lli;'ltl~ (blood clotting) 

"' 'J/ ,l ' , I 
fl11l'!~lil1'\Jtl-.'lfli;'lllll'Wtl (muscle contraction) fl11ff-:Jm:::uffu1:::bl'l'\ll (nerve transmission) fl1'1.JfllJ 

q 

"' , ?I 1 ""I " "1 <I ' fflJ~i;llfli;'ltllt) (osmoregulation) trn:::tu'W flll11fltlilt11'lltl-.'lltl'W t9flJ\ill-.'l "l (Cheng, Hu, Liu, Zheng, 

& Qi, 2006) 'Wt1fl'il1fld il'-:ivirntl'1~1tlmn1~-aiJ1:::mY1tlrni'uflnvi1-:i1'W'llt1-.'l~t111ll'W trn:::iYlil'J 

~'B-.'lfl 1'1.JfllJ t:J'l tt 1 :::i'IJ'll tl-.'l Ca l 'WI~ ti~ ff-.'llfl'W ! iJ f ,:i~ tl-.'ll'llfl11'1J'IJ tl'Bfl'W tlfl1 Nflll'J 'U 1 ! iJ'l ii 'W 
q "' 

'JI , I"' "' cl "1 :!"I "' ' "' ", I "" fl11ff'il-.'ll1Ji;'ltlfll'!1tllfl'I.Jff:::fflJ 11 t'Wtlll'J1:::lill-.'l "l (tJqJ1\il'W u1:::'l'.JlJ'l11\il lli;'l:::fl\u:::, 2546) 

1 "' ''l <I ' 4':9 ~ j/ 'j} 9 ..:!I 
'V'l ll 'Vlff t9fl'JlJ'V'l'IJ'B v 'Wl9fi;'1 j;'j 'lltl-.'l 11-:i mmrn::: rn ti~ 9f-:J fl 11m'll:1J'll'W 'llt1-:i K i 'Wl'1'B~ 

"' 
'\Jtl-:Jflj'/.'H\ill9fl'J'Wtll'ilff-.'ll'l1'B~lfl17i17'\ll:::rnflll'J'Utlfl (Burton, 1995) tf1iJ K 'l'W'il-:Jflll'JlJlfllfl'ULiJ'il::: 

"' 

tfl~thymf-:i~t1-.'l'U'IJ'Bt1fl'VlN~tllJ!ltl'Wl'Vl'WlJi;'l (Antenna! gland) ~-:i'l'W~-.'l P. monodon 1rl-aJJfl11'1~ 

fl1llJl~lJt){Jl-.'lQ'IJ'Vl'1'W'illfl 45 ppt tilttl'W 15 ppt 'il:::JJflj;j !flfl111fl1llfflJ~j;jlfl~t)ld 1~1'Jfl11l'll-.'ll'W 

' Q.I Q.I "' Q.I 'j} 91 tq9J Q./ & 
'\Jtl-.'llil'Blllltl'Ul'\ll'W'Ui;'l fflil1'il:::'Vll'Jll'Jlllrn'lflfl1llJl'\JlJ'\J'U'\Jt)-.'j K n trn:::'\J'IJ Na tltlfllJl 'il-.'l'Yi'I.Jfl'JllJ 

1-u'mi''W'lJtl-.'l Na 'lu-uffm1:::\j-:ifl11'lm~t1~ '\JW:::~ K 'lm1ffm1:::'il:::J1fl11'lm~t1~ (Lin, Liou, & 

Cheng, 2000) 

"""" HlJfl'UlCUtllJ (Mg) 

l 'W fli'mlilt~mmf 11 iJ~mrr'vt1v'l ui11Y1:::rn 'il:::JJfl 11rn'1i'1J'U'W Mg mv 'l 'W11-:imvJ1fl11 
"' 

'lui1l'Vl:::rn.flll'J'Wt)fl Mg -a~hJ 1f11-:Jbl'{1-:i'\Jt1-:J'i1-rn1viJ1:::mw 70% ri1uefl 30% 'V'l'I.JlUtdmtt1 

trn:::t~tl~ (Burton, 1967, 1973, 1975 cited in Burton , 1995) 'luti's1 P. indicus fll'H11~1'J'Ult11'1-.'l 
q 

f\1llJl'UlJ'li'u'lJeJ-.'l Mg 'lu1d-a1rle1iiuu11tl'1JY1Jll'Jnt1 Ca -d'uih1i1u11 Mg 'l'Jfll'VlU~ Ca ~.:itt!Utl'.i 

1il\ol~ffll'lUI 'l u m:::111u fll'jfff 1-.'ll ,J~tltl'\J tl-.'lfli' 1.'Hloll;l'JU 11rl'11 Mg 1 'Wt11~'Bf)'\Jt)-.'ll~fll'\f'lt)f) 1 u 1::: l'J::: 
q u 

m1rn1~-:iii1:::i11J1n11 0.55% (Vijiyan & Diwan, 1996) 'l'W'lJW:::~~-:i P. californiensis ii1:::iu 

Mg 'lu1tJ~e1mh:::mw 1.25% (Huner et al., 1979 cited in Vijayan & Diwan, 1996) 
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'Weli,l'Welji,f (P) 

'Wtl'ff'Wtif i,'ijfl1llJ 'ffl\'lt)j\Pl 'e)fll';j -a-! 1-H'U~tlfl hnH-:m nu Ca 1 ~mu'Wl~tJvNt-:ii1-:i~ 

91 "" 91 .I"' 'l , di "' ~I , .I ,,. """' 
fJs!lJfll'J'ff'Jl-:Jt1J'cltlfl !'11lJ (Pratoomchat et aL, 2002a) CJfsl P tlslt1J'W'ffTW1J'J~fltl1J'IJOslflrn'W1fl'cltlfl 

trn~m11'1~flt1uvlt1-a-1vli'clil~~rl1iw1u11s1mt1 t'lf'W 1r1rnuiCJf~ NADP tm~ ATP ttlu~u ~;iov u ., 

19f!~£Jii (Na) rrtrn11~ (Cl) !!~~ hmTim9i£Jii (K) 

r111m~m11mc1uoniiui'lTI'W'cl\910fl11t'U~t1'Wtt'U'clsl Na, CI tm~ K 1u-wm-a-m 1~ti~ 

cl .f.: d 91 91 '\ ~ ci d 91 91 
fl1llJtfllJ 5 ppt 1J'JlJllli'lltlsl Na, Cl trn~ K lJfl1llJt'IJlJ'll'W i'W'VWl'fflJl\oll'Vlcy~ U'cl~lJfl1llJ!'lllJ'IJ'Wt,'sl 

a cl 1{ <S Ji 1 "" 91 91 .d cl & cl 11191• 
!lJtlfl1llJ!fllJ'Wlt'WlJt,'sl'IJ'W i~tllJf11llJ!'\JlJ'IJ'Wt,'slcy~i'lfl11lJtfllJ 25 ppt CJfsl'il~t'tt'W i~1l'mlJllli'IJtlsl 

I I 'J} ,, 

Na 1JflllJlflfl111il\oli'W 'l 1~c1vimmw.11lJ'IJOsl1il\olTisl 3 lJlJlflflll 90% '1Jtlsl1il\olTI-:Jl1lJ~1m~tJ~ 
q q q 

~sl'i1~ 1;11 tt11il\9.)t'tt ci1dttlui1i1t11 'W fll'J folll'ffl-l\OJ'cltfl~tltt1'\Jtl-:Jt~tl~ (osmoregulator) flt! t:i'1ii 

.I"' .I "' 91 91 cl , 'l 91 "I "' 
fll'Jt1J'cltl'Wtt1J{l;j';j~~1Jfl1llJt'lllJ'll'W'Utlsl Na trn~ Cl fl'il~'ff-:JH'cl il1'fflJ~{l tt!Otl'W'\JtJ;jt{lt)~ 

q 

t'U~tl'Wtt'U'cls!i'U;1tl (Castille & Lawrence, 1981; Mantel & Farmer, 1983 Lignot, Spanings­

Pierrot, & Charmantier, 2000) i;itl'u 'mlJllli'llOsltt11il\olis!flri11;;it'rilJ~'W\?lllJfl1llJ!~lJl1l~sl 
q 

,, 

ifovf u11nm11t1t1'ff ll-lm~~ 

trlt1r111m~lJJ1t~t1~if\ol'J'il~lJ'mlJllli'Utls! Na, Cl tm~ K Jwr1t1 t'W11~J1mt1'WOfl~lJ 

fl 11m ~ tJ 'ii ls! 'ii ~u 'W ';it ,r 1 ri'.i ls! fll ti trn ~ td 1i 1\91 \91 N G'l 1 'W 1 lsl flltl n 'ii~ tt 'W ';i tJ tlfl ri flltl'W tlfl t ~ tl~ 'ii~ ~ q I cu 

fom1~ium1m'lflJ'lf'W'lltls!U11il\9lfllfJ1'W1lslflltl111tiV1'W1~i1J~lJf11llJ'fflJ~'cl if\ol1~s!~elsl'U1Ui1 q ., q 

1 ,,r tid1 'W 'ff fll1~~1Jfl1llJ! 'If l-l'lf 'W 'IJ tls!U 11il\ol 1 'W 1lslflltllJlflfl1lflltl'W tlfl ~;j~tJ;jlJfll';j ~-:imr sl-:Jl'W m 
., q 

H't 'W fl11fo1Jlfl1llJt,rlJ,r'W'lltlsltt11il\ol~l-:J 'l 1 ~tffl{l i fl 1 'W fll'J'UUJ ltltlfl 'illfl1ltlflltl 'IJU!~t~t11f1'W 
q 

n'il~~s!U 11il\ol t -j1 'W 1 lslflltl tt{l~'cl~fll'J 'ffUlt~mt 11il\oltltlfl'illfl11-:Jflltl l ~tlfll'J 'cl~'IJ'W l~'IJtls!trlm~tlfl 
q cu " q 

~l'W'lttt~fl'clsl U'cl~t'VilJfll'J'ff~'fflJ'U'ff'ffl1~ ili'u1~irn11s1iuJ1 (hydrostatic pressure) fllfJ'l'W 

1lslfllfJ1ttud1u-a-m1~ilfl~ (Mantel & Farmer, 1983) ., 

~-:imf11 il\ol'J'il~lJfl'cltfl'cl\911-:J 'l 1um11li'u'ffl-l\OJ'cltfl~t1trii-:inci11 u~mt1'l;-a-m1~ 

r111lJt~lJJ1~1mn "l 'Vl1'lJ;o-:i~t)JtiYmd1i1\?J~l-:i 'l fl1rJitd1-:imt1t1t1fl~~-:iu1~Jt1lJ tm~;u-:ii'u 

J lflltl'W tlfl'illflfll'J!t'W1 t-u'llJl\ol'cltlfl!1m ~sl!~'l-J!l1\ol 'l ttiimmw, 'Uf.ls!U11il\ol\911sl "l 'l'Wt~f.lfl~lfl'Jl~ 
q q 



8 

fl 11 lJl ft '.lJ J 1 bl-:! ~-:! 'il:;; VI 11 tt if \911! fl 'Pl fl 1 lll t fl 1 ti 'Pl 11-:! fl1 ti el el 'U U el bY-:! ~-HI L tt eJ \91 '.i 1 fl l'H 'il 1 UJ t ~ 'lJ 1 \91 
"' u 

o !9,1.,, d J "]'.J.I 
rl\Plrl-:!Url:;;ell'iJ'il:;;'Yll 'nel\91'.ilfll'.i\ollV!l'l'.IJ\l-:!'ll'W !\Pl (Kirkpatick & Jones, 1985; Gelin et al., 2001 

.., o' -1 "" 
cited in 1.Jt1j'.i\9l'U u'.i:;;'VJ'.IJ'lfl\91 uri:;;mu:;;, 2546) 

" ~leleJ'tl'i'.IJrll~~ (osmolality) l'Ul'lrllbl''.lJl'llel-:!D'-:i'llll (L. vannamei) n~1l1n~1h:;;mw 
q 

di 9) 0, ~ 
573 mOsm/kg "15-:i'tl'el'Plflrlel-:!fl'Ufll'.ii'l'fl'lfl'llel-:! Castille and Lawrence 1986; Sowers, Young, 

Grosell, Browdy, and Tomasso (2006) l'l'Ull flleleJ'tl'1:um~i'ildjftlrl\Plrl-:itrie1flll'.IJ~mi1r1\Plr1-:i 

~ Q.I' 91 .C!, ~ 
!'nllel'Ufl'Uf:J-:!6lf'U'Pltl'W '1 (McFarland & Lee, 1963; Castille & Lawrence, 1981; Ferraris, Parado-

Estepa, Ladja, & Jesus, 1986; Sowers et al., 2006) ijm'.IJlW'llel-:! K ~'.i:;;~fo 10.5 mmol/L 
f,=i Q.l'Q.ld. Gt9' 

!6lf'Wl\Pltllfl'Wfl'U'l'll'l'U !'Wf:J-:! Farfantepenaeus duorarum (Bursey & Lane, 1971 cited in Sowers et 

' "'-F- "' al., 2006) trn:;; L. setiferus (McFarland & Lee, 1963; Sowers et al., 2006) llu'.i'.IJlW'lltl-:i Na 'l'l 

1:;;iu 272.2 mmol/L cii-:i1m\'t~tl-:!tl'U~l'l'Ul'W~-:!6lf'W\Plt'W '1 (McFarland & Lee, 1963; Castille & 

9) 9) 'I "' 
Lawrence, 1981; Sowers et al., 2006) uri:;;fllllJl'll'.IJ'll'W'llel-:! Ca !'W'Vlrllff'.IJl'.lJ 10.2 mmol/L 

Id CJ.J9/.ei,~ 1 cl~ 
l6lf'Wl\Pltllfl'Uf:J-:!6lf'W'Pltl'U '1 'Wflll'.lJ!fl'.lJ\911 (McFarland & Lee, 1963; Ferraris et al., 1986; Sowers et 

al., 2006) 11Plt1llrnfll1tl1~t1'WU11Mfl11'.lJ!'U'.lJ'U'W\9ll'.IJfl11'.lJ!ft'.lJ~rl'Plrl-:it'l1'Wl~tl1tl'Wtl'U L. setiferus 

uri:;; L. aztecus (McFarland & Lee, 1963; Sowers et al., 2006) 

"' Hfl'il!"lfrti.l (Ca) 

llolt1lf 1111 fl r fft\olt;tl'WlrlmYw'il 1ml lfl lllJlftll\1-:! 111~J 1fl11lJlft'.lJJ1'iJ:;;V11 'l ttri1 pH 

'llt1.:Jt~t1'Plijri1t1-:i~'W (metabolic alkalosis) t~eM'illfl trlelfllllltft'.lJJ1J1~1 pH 'il:;;tl1~t1mtl1r1.:J!l1 

'I .., j) 1 "' I ~ "' "' ~I J I ' "' 0 " 9) "' j) !'W'Vll.:J\ol'.i-:!fl'W'lll'.lJ 'Pltl'iJ:;;'.lJflWllrl-:! fie) llffflll'ltu'Wfl'.i\Pl'.IJlfl'll'W trn:;;m'P111'Wl'il:;;mrn'l'l1 !lHrlel\Plfl-:i 
q 

ct d 9' dd ~ f I ,::! cl 
'.lJ ff flTW t uu m 'P'l\Plltl ff fl l'Vl'l'ltU'W n '.i \Pl'W 'il:;; ff .:J i:-m \91 t1f11'.i ri~ rlltl'U t1.:Jtt fl rit"lWllfl 1'.i 'l.Jtlt 'W \91 ( Ca CO) 

'illfl! 11~tifl!fl1tltlfl'.IJ1 L'WJ l1'1Jt1-:!Uflrl!'lftl'.lJ ltltltl'W (Ca+ ) uri:;;, umf 'l.Jtit'W\ol (HCO-3) ;,:iy\'71 irn 

-F- • 'l "' J 9,1 ~ " 0, o' _, "" 
u'.i'.IJlW'Utl.:J Ca trn:;; HCO 3 'Wlrltllol\1-:J'U'W (Machado et al., 1988 tll-:!tM !'W 1Jt1j'.i\9l'W u'.i:;;'VJ:U6lf1\9l 

'1)•.:::t , '1) cl .C!, do'.ei.dt c::L:::1 j/1 

trn:;;riw:;;, 2546) 11H'Vlt1-:itt\ol Ca ttri~ 1um1ut1t'W\ol fflrn'W'l'l'.it16lf'W\Plt1'W '1 flllfll'.iri:;;mm'll7\l 

fl'.i~ltfft~tl\Pl~ltl l~ttfl lW'.lJ llll'Wtl (NH3) t'Vl'.i1:;;iY\,l1~tl-:J'Yl1f11'.il1i'J.Jfffl1'Vlfl11'.lJffllfJrllfl~tlid 

t1Vl.:J'.IJlfl!rlt1fl11llt~'.lJJ lfl1tl'l.Wf1lh~i'l.JJll11t1ff .:Jtfl'W t 11 (osmotic stress) ~-:i ci .:JrH'l 'l Jijfi'ilm '.i '.lJ 
"' 

fll'.i 'l '15'\tl~.;J.;Jl'W trn~nfl1'.i'IJ'U01tl'Utl-:it~tl~-:!mi'l unJ'Uti.:Jtltl'.lJ l'.lJl'Wtl'.IJlflt'W ~.:J'Vl'l.Ji uriimm;tl'W 
"' "' 

l1rl1tl'll''W\Pl (Rosas et al., 1999) ~.:Jt~'Wrrn'.IJ1'il1flf1'.i:;;'l.JTWfl1'.i deamination 'Ut1.:Jfl'.i\Plt1dHuih11~ 

'I o'.d11J_1'1'.J.lo, _F,: ... ,j) 0, 1 "''l"' J 
mv 1'Wl"lfrlrl!'Vlt1 rn 1'll'rnmfflJfJrlurn1w'Ut1.:Jt"lrnr1 '1'11 l1'.i~\Pl'l.J'Ut1.:Jttt1lJ llt'Wtl 'Wtrltllol\1-:!'U'W 
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fl1UJtllflW'U8-m1tiWJ1um~!ia..:in..:i u q q 

nn1iv..:i n'..:i'Vl~tc1'llt1..:i1h~t'Vlfl'i 'VlV1 umh1~Ju~ 'il~t i'tl1r111m~1J~u\91n~1..:inu ~..:i 1 u 
q 

fl11 (i v..:in'..:i l u JnEJru~i..:inri11 mmw 'lltl..'.lU'i 'fl l\91 'il~lJ\'1111Jfflflt\JflUfl1'J!iv..:in'..:itil'U tl~l..'.llJlfl 
q q u q 

m~u1umrnt1nr111u t'lf'U irnnm1ui:ut1t1n \911Vr11m1u \911V'ttJ..:int1nm1u !!n~ii1u~t1nm..:i 

I cl <I d O Q,I 61 'j/ ~ X. dt ,d I ' ' d 

t'Yl11~m'fil\91!U'Ut1..:ir1u1~nt1u'Vlmr1w iu lr1Hff11..:i1unt1n un~!'Ut1Wt1'Vlt1t1'U'U1J !'11'U s lu 1u1\91'U 
q u q 

i d cl 
Zn lu Carboxypepidase (metalloprotein) 11:iJ'Vl..'.l!U'Utl..'.lflU'J~fltJU'lJtl..'.l cofactor Un~ activators lu 

lff fl ..::::li, I I d lfJ 3,/.c::t O 

!tl'U t"lf1J'l1nltl'l1'U\Pl !'11'U alkaline phosphatase U'J'fil\9l'Vln~mv t\Pl\Pl (Ca, P, Na, K !!n~ Cl) 'il~'Vll 

tttl' 1~l 'U 'J~UU osmoregulation fflJ~ntn~tJU ,j 1~'11 i1..:i'.il..'.lfllV'i:Y\911flU~ ..:iu 1\PlitllJ 111JJ..:i 

O Q./ cl I I <lJ <I A e:!t 
UlHrnfl lf1111J 'ff:iJ\Pl nf1111J !U'U m \Pl - \Pl N (acid-base balance) Un~fllllJ\911..'.lfl'flV'lJtJ..'.l!'U t!Wtl 

q q 

(membrane potential) ~..:i l uif 'il ~'U'UfJ..'.lfl..'.llJ..'.ll'Ul'ilffl.fo tllJlfl~ !~V1flUf1111J~tl..'.l fl11 U 'i 1i l\9l (dietary 

mineral requirement) 'lltl..'.lflf ffl\91!;V'U~tll¥folu'Vl~rn (1.Jtyf\911-A U1~l'.j1J'l11&i !!n~flW~, 2547'll) 

!d1iWl'ttirn (Macro Minerals) 
q 

!!fl'iU9ftlll (Ca) !H.'l~'WeH;T'W8r(f (P) 

l • II] - I ',) & it II] ',/ ?I I 9 I 

i\PIV'\111 tUunl!!n~fJ..'.lffllJl'Jtl\Pl..'.l Ca 'illffWl t\Pl!u'UffTW ittty (Desshimaru et al., 

1978 cited in Davis & Lawrence, 1997) ;..:ii:J,111iJu~t1..'.l!'ff1lJ Ca hrnrn11ti'..:i'lJll (L. vannamei) 
q 

I ~ I Q./ cf~ d 

(Davis et al., 1993 cited in Davis & Lawrence, 1997) U\91Ul..'.lflHVlU11 'ff\911'Ultll'illJfl11'lJl\Pl Ca 
• ,, ii ' ' 

1ijmJ1iut~v..:iluihvii'i Ca \911 (Robinson et al., 1984, 1986, 1987 cited in Davis & Lawrence, 

1997) lmmri..:it111i'j'j1J'J11~~i'iu1mw p ~1 nl'J\Pl\PICJ1lJ p 'lJB..'.lff\911t1l'illfli11;\P1'111t1J1t~lJ 
SJ 

hwi1 i u v..:i i:ut~v..:i'Ylei i..:il!u P l ut1rn 11tl'\911J 1;..:iiir11rnrl1r1ty Vlui1 r1f 'fft\91t;vu i1r1111J 

~tl..'.lfl11 P lumttl'J 1-2% (Kitabayashi et al., 1971; Deshimaru & Yone, 1978; Kanasawa et al., 

di ',J o ?I ',/ 9 ',/ 'I ',/ _ f"I 
1984 cited in Davis & Lawrence, 1997) !'Utl..'.l'illfl ffl'ill!ulJ\91tl..'.l t'l1 P t'Ufl11'ff'Jl..'.ltul;ltlfl\91ntl\Pl 

& d ',/ 

1..'.l'il'Jfl1Hltlflf111U 'il~lJf1111J\91tl~fl11 P tl..'.l 
" . I Q.I dt:i 

Perry, Trigg, Larsen, Freeman, Erickson, and Henry, (2001) 'l"IU11 'lftJ'l'llJfll'J'ff~'fflJ 

Ca 'tu 1m-rnf1..:i'llei-rnJi'im1tj Blue crab (Callinectes sapidus) ri1umnlJl'illflJ1mvum1 t1'.lu 

'ff1tJ'Wtl£J~i~'illfltll'jtntl'ff~in1ii1ui1tj h1mrt6 'ttttjnm1m111iuJ1r111lJt~lJ 12 ppt ~1h111n\P1 

., d 't ',/ o, d ., _ f"'I ',/ Ji ',/ 9/ 't 
1~~11 Ca (15-136 mg/L) 'il~lJl!-H'l '116\911lfllrn'll..'.l\911'Utl•Hu'16fl'l11'1..'.l !lJ6f11llJ!'UlJ'UtJ'U6..'.l Ca tJ 

J1n\Pln..'.l !!n~trlmmvrn~£Jtlfll1tiv..:itj~J1m1m~:1J 5, 12 Un~ 25 ppt 1~tti1..:i Ca 'J~imfo~ 
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I j/ 'j} ' 

(54,139,281 mg/L) un~n\P11~i'IJ Can~ (40, 42, 43 mg/L) 'W'IJ17 ~'Yit~t1~'l'Wtl1V1~rnviih1nn\P1 

1~i'IJ Ca ,idh~v~nm~tiJ~ont:umut'W tttui~'lf\P1l'il'W'l'W~~(JOflm1'1J'lwl11'l11m~:u 25 ppt 

~ih~i'IJ Ca ~ln~ ilPlt1~,idh~t1~nm~tiJ~0nt:ut171'Wl'Wfl17~1'l11m~:u 5 un~ 12 ppt vY.:i~ Ca 

1~im.Jn~undinnn\P11~i'IJ Ca trttJ~'il1nm1mimi'mrrJ~ Ca 'lm11m1m~lJ 25 ppt trlt1n\P11~i'IJ 

Ca n.:i (43 mg/L) 1Jl'l1llJU\9lfl~l~mnn'U Ca 1~imJn~ (281 mg/L) ~;.:i~tJ~1Jfl111.Jf'IJ\911l~tl 

fom1 ~imrn~ Ca 'l 1foei'l 'W.fl11~'i:l:JJ\P1n 'I'll 'l tt'.i'Uf11'W m~'U1'W mrn~~\911'\JtJ~tiJ ~ tifl U'i:l\P1.:i 'l ttttt'W 
.. q 

11 Ca lJl'l1llJillflilllJlf1~ tlfll'.i 1:Y{ l~tiJ~tJf)'\JtJ~tl\9l'J'l 'W nri:JJfljffl\,ll;tl'W 
u • 

m1'l.UiJ1i LV"ll'tJ'illfl Ca uni P 'ili\)mTmT.:i hrnivlt\911:l (phytase) trttJ.:i111n,iitn11 

_, = 'JI ""liJ ' ~ "I ' 'J/ 'JI 
'i:l11'1J'.iif1tJ'Ul"ll'~CJftl'W'l'l !lJ(linltl'Wl !'W'.ii'IJ'Utltltltlll'ilHltl~fJ~'Ul1 (L. vannamei) ltnifJ~ 

P.japonicus lln~ ci}~'l'W1~ P.japonicus 'i:lllJl'.itl'W'Uivl1\9lt1vltJ1:YvltJfff (phytase phosphorus) i~o.:i 

47.3% Un~ 8.4% 'l'W1~'\Jl1 (L. vannamei) (Civera et al., 1990 cited in Davis & Lawrence, 1997) 

l'lf'Wl~tl'Jfl'W fll'.il~:Uivlt\911:l 1.5% 'l'Wtlll'i1'.i1l~'l'l7'ltt(l1Jfll'.i'l'M P 1rn~ Zn (Davis et al., 1993 cited 

in Davis & Lawrence, 1997) 

fll'.iff~fflJ Ca i'W'Wmffm11~ii1~i'IJ~m'l'Wfi'.:inmi1 (P. monodon) ~'lf'J.:jfl'JllJ!~lJ 
.. q q 

'31 Q Q.I "JI 
n11.:i (Ferraris et al., 1986; Tantulo & Fotedar, 2007) trni11~lJN(llJlf1fl'Ufll'.i(ltlfll'lHU'IJtl.:ifJ.:i 

' 'JI" 
(Parado-Estepa, Ladja, de Jesus, & Ferraris, 1989; Tantulo & Fotedar, 2007) 111t1l1'1'11J(ltJ.:jhth 

d 'j) d 0.1 'j)9) b)j/d& ~ Q.1~9 

1'117:IJll'llJ 5 trn~ 35 ppt fJ.:i11i:um1rn'lfl'i:llJ'fJ(lfl17lJl'\JlJ'\J'W'IJO~ Ca 11111 CJf'1rttlJtl'Wf1'1J'W1 i'W 

lJttlfflJ'Yl'.i~UllJlllliti'Ul'Yit11Jfll'.ijf)i:11'i:llJ\Pln'lm1m~1.:in'W (Tantulo & Fotedar, 2007) ~'11'111:IJ 
q q 

'J/ 'J/ d O <V '1 <V d & _ I"' _ I 
l'\JlJ'\J'W'IJtJ.:j Na, K, Mg trn~ Ca lJl'l11lJ'i:llflt!JlJlf1 !'W'W(llfflJl'\J0'11'1'.i'i:ll\9ll9ftl'W C]f.:j,l~l1J(Jtl'Wll1J(\.:j 

iiJ\911mmri.:i'Ut1.:il11Y1irn 111t1~ii Mg 'l'W'Wmffm~1 U(l~fl11:uti:ui'W'Ut1.:i K iinntiJ~amtiJn.:i 

f Q.I l.ri ... l "J) 9) G] A Q.I Q.I ,la., Q.I 

U\9lf1\917'1fl'W rn trnifl11lJ!'\JlJ'\J'W'Utl'1 K 1'W'WnlfflJ11l~lJfl11lJ'i:llJ'W'W'lifl'Wfl'U Na trni Mg (Burton, 

,9 ') 'J/ d 'J/ 'JI ,d 
1967, 1973, 1975 cited in Burton, 1995) 9M !'WfJ'1 Homarus gammarus lJl'l11lJl'UlJ'U'W'UO.:i Na 'Yl 

' ' ' 
1ii'U 468 mmol/L, K vh~i'U 9.0 mmol/L, Mg vi1ii'LI 6.9 mmol/L trn~ Ca vh~i'U 14.1 mmol/L 

(Taylor & Whiteley, 1989) mii'W'U11 'l'W C. maenas 1J Ca 'l'W'Vl(llfflJl~l'~lJt'Wntl'Wfll'.i(ltlfll'l'.il'U 

' " 0 Q.I Q.I ' .ct 

trni11~\911(1'111(1'1'illflfllrntlf11'1'.il'U (Robertson, 1960; Cheng et al., 2002) ll(l~tl'1'Vl'U11 Ca 11i:u 

m1i'Ut1tlf11llfllU~tlfHrniiui1"~i'!'lJtlV~ \Pl'U trn~rl1'li¥t~fl (Greenaway, 1985 cited in Cheng et ., 

al., 2002) m1i1ii'LI'IJO.:j Ca i'W'V'Wli'l'm'l'W1it1~ D2/D3 trn~A lJl'l11lJll\9lfl~1.:jf1'WlJlfllrlo 

' ... f= A 0.1 jl Q.I 9 A Q.I d 

t1J1'tl'Ul'Yltl'Ufl'U1'it1i B 'IJO.:ifJ-:i'll71 (L. vannamei) tm~1i1J'U'Ut1-:i Ca 1'W'Y'Wlbl'lJ11l~m~11'U'Yl\l-:i 

h11~t1~ A (Cheng et al., 2002) 
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fll'H~lJllilJltu Ca l'W01l11H~lJlflUl'lc.l!VifMhn!u ~'Wel~f11JUljifo'l'fun (interact) 

1~1111-:im1mm1tu "1 t'lf'W Q-:J'il~;e1-:im1 P mnn11r1111J~l'l-:Jfll'J Ca t~t1-:ieJ~1-:it~rnh-Amm1 

t'lf'W l'WQ-:JfJfll~l (P. monodon) 1~t1~1t1j'Wfll'Jrn'11J P ~1~i1J 0.5% l'Wl'lll1l'J i~t1~iliiJnnm11J 

Ca 'Vll l MQ-:JiJfll'J t 'il1qJt~1J i~~flll trll'llJfll'J tb1'1'JJ Ca 'j'Jl.J~ 1tl (Penaflorida, 1999) t'lf'Wt~t11f11J 

O-:J'U11 (L. vannamei) fll'Jrn'1lJ Ca f11J P mi~ Ca:P i1r-Hi~l'lfll'Jt'il1tlH~1Jt~ fll'Jbl'~b1'1JU'j1il~l'W • u • 

tdmte1ti'-:i~tit1-:il'Wflllm~11J1 ~-:i1m11m1m~11J1'il~n1~i1J Ca J1 hw1~i1J~mm~b1'1J~t)fll'j 
• 

t'il1qJt~1J i~ fie1 0. 77% -wmrvfof bl'~mmrni11mltl~ (estimated available phosphorus) (0.93% 
,, 

vfoi1-vfofi1n11) Ui;'l~ 0.5% ur1m9mm111 (Cheng et al., 2006) U~0~'JTff1'W'Uel-:J Ca:P l'Wfll'Jt~tl-:J 

!l} <V bJ I "' II] !l} 

fl-:Jtl-:J !lJbl'llJl'Jtll'l1i1Jltl !~ (Davis et al., 1993 cited in Cheng et al., 2006) 

;x <j/ 'J <j/ <VJ I <V _f,: 'J d <j/ <V 

'Welfl'illfl'Wfl1llJ~e)-:Jfll'J'Uel-:J P !'W fl-:Jtl-:J'U'W eltlfl1J u'J mtu Ca t 'W tlll1 l'J l'lfl~1tl ~-:Jfll'j . ., 
lq~<j/n,I I <VI 09<j/<j/ d 

'l'l~i;'lt)-:J !~ !'lfbl'~ffTIH~l-111-:J Ca Ui;'l~ P tl~'Jlb1'1'W 0.56:1.10 'il~'l'll tl1fl-:J Hormarus americanus 1J . 
fll'J t'il1t1Jt~ 1J i~~ 111n tl'~1if 1m~m flu 1.5 5 111 e111 rn n11 'il ~ ri-:i r-rn 'Vl 1111' fll 'J i1½' 1-:it iJ~tin 1 'W i'W 

ttl'W i~ fi1~tfli;'l N~Un~ i~ mif 11110~11 ri1'W ~mm~i,-11 fitJ 1: 1 rl111 f 1Jt t1 'W tlll1 U'U e1-:iti'-:i 
• 

P.japonicus (Kitabayashi et al., 1971; Kanazawa et al., 1984 cited in Davis & Lawrence, 1997) 

1cu1~aii (Na) r1trnla~ (Cl) m,1~ 111unmiaii (K) 

Na, K trnt Cl 'l!rn1lmd1iwJ~i1fl1111rl1riqJ~tlm~1J1'Wfl11'1'11-:Jff111·vw1 fll'Jt~lJ Na 

9 QI t 9 'g d oq!J/91 
m,~ K !'Wel~'Jlff1'W 40-43 mmol/mmol t'W'Wlfllll.JtfllJ 30 ppt '\Ill tl1fl-:J'U11 (L. vannamei) 'Jttl~ 

'JtJ'j'UiJfll'Jt'il1tt.11~1J i~~~'W u~a'1i1m1t~lJ Na trn~ K l'W0~'Jli11'W~ma-:i 150 mmol/mmol lJHi;'l • u ., 
o G) j)j) 9 Q./ ,I i=1 i t d ,::::i, ,::::i, 1 d <j/ d 

'I'll !l1fl-:J~ltlilltl !'W 2 ffU~ll1 (Zhu et al., 2004) tlfl'l'l-:J'Vl1J11 P.japonicus 1Jfll'Jt'il'JqJt~1J ~~tlllJ 

fll'Jtff11J K l'Wtlll-111 0.9% (Kanazawa et al., 1984 cited in Davis & Lawrence, 1997) 

l.ci QI ,%.91 'j/.:::!.::;). 

t'lf'Wt~tl1fl1Jl'Wfll'Jti;'ltl-:Jfl-:J P. chinensis ~el-:JlJfll'Jtff'Jll K l'Wtlll11'J 1% (Liu et al., 1995 cited in 

Zhu, Dong, Wang, & Zhang, 2006) ~mf-:il'Wfll1tit1-:iQ-:J'\ll~rnr111m~1JJ1 (2-4 ppt) wnih.fhmu 
. ,, 

K vh~i1J 40 mg/L 1~t10~'Jli1'1'W'Uel-:J Na:K l'W'l-Jl'\ll~ti;'l1i'J'JlJ'lfl~'il~lJfil 28:1 U~l11f1iJeJ~'Jli1'1'W 

~ llJtl1lJltfflJ'il~ ri-:i Hfl~tlfll'J t'il1 qJt~1J i~ Ui;'l~fll'Jrn~~ltl'Utl-:Jff~1l 'WflzjlJflf ff!~titJ'W (Roy, 

J1 'j) .d, 'g cl ' ,::::i, 

Davis, & Saoud, 2006) 1m111rntl-:Jfl-:J'Ul1 (L. vannamei) 'l'l 'W'W7fl11lJtfllJ 2-4 ppt 'Vl'U11 fll'Jt'i:Yrn 

_I A "' V bJ_I ~I bJ !ii • K u'JtlJltu 6.2-40 mg/L bl'llJl'Jtlt'VllJO~'Jlfll'J)e)~'Uel-:JfJ-:J'illfl 19% rntu'W 67% !~ (McNevm, 

Boyd, Silapajam, & Silapajam, 2004) ffel~ftaeJ-:Jtl1J-:J7'W1'0t11'W1-:i'lf'W~!~t11tl'W~iJm1m111 K i;'l-:J 

1111uJ11'111m~lJ 4 ppt 1l1~mw 5, 10, 20 mi~ 40 mg/L 'Vl1J17 ~1~iu 10, 20 trn~ 40 mg/L 1-:iiJ 
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ih11ufl\llt'V'll~'U'.i~:JJ1W 2.7-3.1 g trn~lJtl\91'.ilf11'.i'.iOri 93.3-96.7% cjf,:j'~-:rni1~'.i~i1J 5 mg/L (2.4 g 

mt~ 23.3%) u~iiiiir-rnm~Yl1J~Of11'.iff~ffl.l Na, K, Mg mi~ Ca lu\911J (Roy et al., 2007b) 

,et ,et 

m-1mwvrm (Mg) 

Mg iiri11iirl1fit11~mfrn~rn l u fll'.i'U11Jff1lfJ~tn~ou irrn.11 u 11-rnw ~nm.f-:iri11ii 

~ i-:i in V'IJ o-:i1 d mto nu ff f i-:i 111 ~omrn ~ fl1n11-:i 1u 'Uo-:i mu i CJUJ 11 ~ ltl"lf'W ri 11h.m 11i11t~'V'l 1J 
q 

mmw ~-:i, l! JlYl~rn (1,350 mg/L) h1mf 1 i u1-:iu~~~~fll'i-:J;1\91D~l l!Yl~rn'il~'V'ltlltlllJ'UlJ Mg 

t1Dfl'il1n11-:immY1oitt'iiri11m'li'mi''WJ1n11J1mt1'WOfl i-:itl''W n-:iY1~rn~1it1-:il'WJ1m1m~iiff-:i'il~ 
q ~ ,, 

t1i'IJ1riu11iHJ"lf'W<fl'W 'V'l1J11 1-:i'IJ71 (L. vannamei) 'il~lJfll'.il'il1t)Jt~1J 111~111niifll'Hff11J Mg 

1.h~mw 1.2 g/kg 1'Wmm'.i u~iim'.it'il1t!Jl~1J ll'l~'flifot1~-:i111niit11'.itff1iimmn'W 4 g/kg ffJili~ 

111'Wm'l11'.ifl1'.i1J Mg i'W'.i~\ollJ 0.25-4 g/kg 'il~ri.:ir--i~~~Ot71'.il'il1t)Jt~1J l1t'Uo-:i1-:iYl~rn (Davis & 

9 ,X 91 dc.i ~ d , ~ 
Lawrence, 1997) t'Wfll'.in'ttl-:JfJ-:J'IJ11 (L. vannamei) YI t'W'Wlfl11lJ!fllJ 2-4 ppt 'V'l1J11 t71'.ilffrn Mg 

.I .d"' 'JI IIJ.1=11 ll]'J/ 
u'.i~mw 4.6-20 mg/L mm'.itH'V'llJ0\91'.ilfll'.i'.iO<fl'IJO-:JfJ-:J'illfl 19% rntu'W 67% t'fl (McNevin et al., 

2004) ffO'flfl~O-:Jfl1J-:Jl'W1'iJtJ1'W1-:i"lf'W<flt~tl1fl'W 'V'l1J11 t71'.ilff11l Mg MtiJ1'WJlfl1llJ!~lJ 4 ppt 

il1~mw 10, 20, 40, 80 1rn~ 160 mg/L iiimm1t11viiiJ1mJni1t'V'll~'Uo-:i1-:ii~ U~tl\91'.ilfll'.irn'fl . . . 
9,/d QJ di ~ Id QJ 

'IJO-:JfJ-:JYl'.i~'fllJ 20, 40, 80 trn~ 160 mg/L iim 90-96.5% 9f-:i'~-:Jfl17Yl'.i~'fl1J 10 mg/L (60.2%) trn~ 

iiiiir--i~m~YllJ~Ot71'.iff~fflJ Na, K ll~~ Ca 1'W\911J ll~fll'.ilff11J~'.i~i1J 80 trn~ 160 mg/L iit11'.i 

'ff~fflJ Mg 1'W\911J~-:it'W il1~mtU 0.74 -0.85 mg/g (Roy et al., 2007b) 

I 

H'.ifil~·rn-:i (Micro Mineral) 

't'HHHYl..:i (Cu) 

Cu tU'WU 11i111~ihJh11ruJ1mn 1 'W J1Y1~rn ;,:ivi11 tt'n-:i i~11J hitvlt1-:i'V'lo1-1ori11ii 
q q 

' ' y ' 

;O-:Jt71'.it~O'l-Jl i 111 •Ml 'Wfl'.i~1J1'Wt71'.iYl7-:Jff'h~tfllJ!~Ofll'.i I 'il1Ul!~1J t\91ff-:!ff'fl t71'.ifff i-:iruotV01'llfl 
., ~ q 

' .::::i. lflo' at91 
fll'.iff~'fflJU'.i1illi.J (tissue mineralization) U~~fl'ilf1'.i'.ilJ'IJO-.'.l!O'W tC)J'lJ (enzyme activity) tlflYl-.'.lfJ-:1 

J.:i;o.:i H' Cu tv1otU'W o.:iAil'.i~fltilJ'IJO-.'.li 1ii tC)J'tJl'W'W ~-:itU'W'.i-.'.lfl111Q~t~t11no-:in1Jt11'.i'l1lt11 'il 

j/ I d ~ G) ... I.a I Q.I jJ .a Q.I 

(respiratory pigment) '117flfJ-.'.l'Ul'fl Cu 'V'l1J17 iimmrn Cu \917 t'Wl1J~tlflff1'W'l11fJ-.'.l rno'fl \911J trn~ 

l11i'il 'V'l1J17 fl1'.i!'il1Ul!~1J 11t'IJO-.'.lfl-.'.l'IJ71 (L. vannamei) ~'fl~-.'.l'l17fliimmrn Cu ~7fl11 34 mg/kg 
., q 

i'W07l17':i semi-purified diet (Davis & Lawrence, 1997) 
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10 lo~u (I) Hil~Hi.1-rn1ihI (Mn) 

1m.nf1 hJu~--/hi~ovi~Y11fl11'lh~1il'Wo-:ir11111,11dJ'W'IJO-:i I ~m1111'Vlv1'llo-:in-:i fll'i 
• 

m1mnmru I ~'i~i'U 1 mg/kg 1'W01111'i;-:!Ul~'il~l'WtJ-:!l"IOffll1f'Ufll'H'il1Wl~'U 1\ol'IJO-:!tl-:1 '\JU!~~ 
u • 

mmru Mn 1m11'Vl~mii~1J1mfl (0,01 mg/L) 0fl'vl'-:!'ll'UTWfll'i'Wl Mn hJH\h~ 1£J']j'tJh!':i1-:!flltJ 

V-:!\]flV'UJ-:i~1v phytic acid fll'JU,'1'111 Mn 1'W01l111;-:i1rl'W~-:!~lo-:i~'ilnru1 Olfll'i'lllfl Mn 'il~'Vll 

1,n \ol il fll'j'W\oJJ'W l'IJ 0-:11 U ~ 0 fl Hf! u fl~ 'fl fl1VBO'W \oil Vff -:i II 'fl~ t)\o) 'j 1 fll 'j vl fl 'il~J1 (Davis & .. .. 

Lawrence, 1997) 

"'"' ct CJftHUUll (Se) 

11l'U0'1flU'j~flO'U'IJO-:!IO'W iCJflJfl~\oll i'Vl 1omuof oofl9flflff (glutathione peroxidase) 

cjf-:irn'WiCJflJ']j''Ufld'il~'Vlll1Ul~lU~cJ'W iff 1fl'J!'il'W!U010t)fl iCJflol (hydrogen peroxide) iu11l'l-n11 !!'fl~ 

~1Jfl i ff! U Of O Ofl i CJf\ol (lipid alcohols) !! 'fl d'J o-:i fl'W ICJf'fl ~ 'ii 7 fl fl 7 'i YI 1 'fl 7 tJ'IJ O -:!! UO f O Ofl 91!fl ff 

(peroxidase) ':i11Jf1'Ui1\ollll'W0 'Vll'tt'Wl~i1'WO'WlJ'fl;ff'j~ (antioxidant) 1~otlo-:in'Wvloi1lvl~tlf! ... 
"'l/J ,d .., 'l .,\ 'JI o' 

ffWV71'1'1 !lJOlJ\o11 (polyunsaturated phospholipids) t'WW0'!1lJ!CJf'fl'f1 (cellular membranes) 'illflfll'i 

'Vll'flltl'IJO-:!IU0100fl9flfl'Vivl (peroxidative) Olfll'i'\Jlfl Se ftO vi11tt'W\oJJ'Wlfll'i'IJO-:!!U~OflNf!Ufl~ 

l"l'U17 tl-:!'IJ71 (L. vannamei) 'i~V~1V':i'Wi1fl11!'il1Wl~'U 1\ol~ 111fllJfll'ilff1lJ Se l'W01111'JU'i~mru 
• • u 

0.2-0.4 mg/kg 11~him11n'W 0.3 mg/kg !l"l'J1~1Jll'W11Umil'W~'ll (Davis & Lawrence, 1997) 

QJ ct 
tY .:jfl~tf (Zn) 

fl1'.Hff11J Zn 1 'WO 111l'ilJf111lJ ,lllri'W !~0'1 'ill fl i vJ1\o1 ff1 'W 1\oltl~'U01'117H~'flflfll'i 
• 

'1-hiuli'llo-:i Zn 0mf-:ifll'J'Wl Zn iu1iu1~ 1tJ']j'tJ1'W':il-:ifllcJV-:!iifl1llJfflJ'W'W1l\ol'i'1f1'W'li'llJf)'lJ 

mmW'lltMi\91'.i!!fl'fl!GJ5tllJvlomvJ191 (tricalcium Phosphate) llilJlW'UO-:J Zn 1u1o11J'il~!r!U1o111i-:iio-:i 

fl111Jlo-:im'.i Zn l~Olff11J'f1-:Jimntt1'.i ci}-:iivlmff'il~'Vl11ttmmru'IJO-:J Zn 1ui'U'flfl'f1-:J i'Wmw~ii 

ivlt\olff 1.5% 1'W01111'.i,11lri'W'il~io-:im111 Zn i:/-:i 200 mg/kg (Cuzon, Lawrence, Gaxiola, Rosas, 

, 'JJ .J .,\ cl llJ llJ 'JJ ' _ I ""'l 'JJ .,\ "' 
& Guillaume, 2004) tl\o1'\J'U1'Wfll'Jff'.i1-:J!'WOWO!ll'W tU tf!OVl-:IIJfl\ol t'\.JfJ-:J'IJ71 (L. vannamei) 1mm 

fl1'.i!ff11J Zn U'.i~mru 33 mg/kg 1'W01'111'.i 1flffU'.ilfl''illfl ivl!\oli'l' (Davis & Lawrence, 1997) 
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I ~V V 

fll'l'\J'I-Hl·:iH'lJ'U t'lf'V'Hl..:l·Hl-! (active transport) 

bl1'l-n.Jlfl!fl~~'Wfl1JU11ill91'115fll'!f'W Na Ut'l:;; Ca 1~VlJf111 t i'V-15-:J-:Jl'W t 'Wf111'\J'W bl -:JU11i 1191 . . 
~1-:i "1 t'lf1rit9frlrl' t'lf'W Na ~lJfll1H'l~el'W~t'lf1-een Nl'W'Vll-:Jt'l11en 1~VlJfl\lf11HJ'Uel-:JteJ'Wl9flJ 

SJ 

ATPase '151tll'l11Jl'llJl'l11lJUl91f1~1-:J'\Je)-:Jl'l11'1H'lf ll'lf 'W 1:;;'11'".ll-:Jfllt11 'Wt9ft1rl'nuJ1'V1:;;rnmt1'W e)f) 1flt1 . 
' ' 'JI mu l'lll mu 'b'O-:J t 'll 1-e elf1'\J e-:i Na . 

' fll'l!l'Y-11 (passive transport) 

fll1'1J'tti,T..:i1v1t1Nl'tti1t1t1N (carrier-mediated transport) l0elel'W\l:;;\l1Jfl1J hh~'W~ 

ttmfmcirnrl' trn:;;tl'l~el'W~N1uttmfmcirnrl't'lf11111u19f11911cirn (cytosol) ~u1nwtl leJOeJ'W\l:;; 

d Q.I Q.I d d.c:! .~ ~ d 'j} ' ti d .c:! Q,I Q.I 

t'LI t'ltl'W m\lunu 1111191'W 'Vl ll'll'Wl~ 1 mu'llmrn:;;tl'lt'l eJ'W'Vlt 'Ill crmv 1 mciriu, 1 ~tl'Vl 1111191'W \I:;; tin~ f1\IU 
u SJ SJ 

"]'J/' ., ,,i d 'J/' 9 ., "1 ""J .;, 'JI 'JI 
&lelV'W Of1!9ft'lt'l f111tl'lt'lel'W 'Vll '\Jl ff flltl t 'Wl9ft'l t'l'IJ el-:J telelel'W \l:;;tn~'IJ'W \l'W m:;;'Vl-:Jfl11'1H'UlJ'IJ'Wflltl 1 'W 

SJ SJ 

., ' 
l 9ft'l t'l cr-:i f111flltl'W elf1 

SJ 

fll'l'IJ'tttf ..:i lv1t1Nl'tt'M0..:I hh~u (protein channel) l eJOO'W 'Uel-:JU 11i W.J \l:;;tfl~el'W~Nl'W 

'lfel-:J 1'111~'WfllV1m~mfm9frlrl'~1u~iiJ1 (hydrophilic cores) 

, "i' , l.r) d 'J/ , ti 9.1 ~.c:! ;f d 
t1U'IJ'tttM tvltlt111 !l'Y-11 (passive diffusion) tel elel'W 'Vl l 'IJ 1 eyt9ft'l t'l~ 1V11i'W tll 'W 

' f I S/ I 

1eoou'Yi crim1t1i'l:;;mvlu i 'll1J'W i~ t'V-111:;;\l:;;vi'e-:itfl~eJ'W'Yi1~t1Hl'W'lf'W l'lltl''W (lipid layer) '\JeJ-:JtVeJ 

'JI ., 

'11'1H9ft'lt'l . 
' ~ """" ~ IJ) ~ "" ,% ~ ,,i 'j/ ., fll1'1J'I-HMtv1£111i rnuivi t9ftvttlvt (endocytosis) m:;;u1um1'Wl1lJ\llf1Wel1-Jllt9ft'li'l 

" . "" 'JI 'J/"l.1'1 '1 'JI "1 ' "]'J/ 'l "'"1 "" 'JI 'JI' 9 
lf1~f111!1ll'Ul rn t~V tel1Ji'Je)lJ Welel'W\911-:J "1 nmv t'W \llf1'W'W teleltJ'W\l:;;\)mflt'lel'WVlVt'\Jleymv t'W 

., 
l9fi'lt'l 

d ~ I v t t ,d_q I ,:::::t .c:t V 
H'tl'IJ0..:lfl1UJ!fliJ t111!tl1iJ!!11ilvl!!'tl:;;0vt11tl1'tt'IJ0..:1!!11ilfft1iJH'tlvl6tl11::tfliJ'IJ0..:lt1..:l't1::!'tl 

" " " " . " 
m11cr1lJu11i 7\91 nu m 1 t~ v-:in'-:i iifl 111.J 'il 1111 u mn t'V-111:;; 11u ,j 1i 1191 Yi fi'-:i vi' e-:i n 111 u ii o t~ v-:i 

q q q q 

iimmw i:i.ltvit1-:ifl1Jl'l'Jlllvi'eJ-:ifl11'\JeJ-:Jfi'-:i t~e)-:j \Jlf) J1~litiv-:iiifl11m~lJJ1ui'J:;;rJ-:iiinnt 'LI~ tl'W • 
I t 'j/ ~ A QI Q.I t .c:! I J cl O 'iJ 1 

tlltl'Wl'WeltlflH i'W'IJW:;;t~tl1f1'W el1911lf1l1'Ut'leltlllfl1llJ'11'Wllt 'W 'W ff-:J'IJ'W \l-:J'\1111 '11 mmw '\Jel-:Jtl) 1ill91 
SJ • 

I 'j/ J O 9 'j/ ""' I ?I di 'l 'j/ ,% 'j/ 0, t 
\911-:J "1 tt'Vlrn9fti'W'U'W 'Vll t'\1fll'ff~'.ilJtl'.i1iWJl1J'W'\1'W'Vll-:J'\1'W-!1 t'Wfll'.ittf111t1J'l11'\Jtl-!lfll'.it'atl-!lfJ-!I ~-!l'W'W 

rJ\91'.ilil1'W'\Jt1.:itd1i11oJ 1w:h'W~l.:i "1 ;u.:imm:;;m.Jt1'Ufl'llll;t1,rn11'llt1.:i~.:i 
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' 
f--ltt'U M fll 'j 1ilihm1h1.:i fl 11 il! flit ~ 0 fll 'j l'l)j w I~ 1J 1 VI !Ill~~ VI 11 fll 'j 'j('.}v)'\J 0'1 n.:i 

u q 

~ 31Gt ~ d ~ ~ ~ , 1 , 

f11'Hi:'lt1.:Jf.!.:J 1l-!'Wlfl11lJ!fllJ\91111'Hl'Wlme:it1 u~i'l'.:JHi:'l\910 osmo- Ui:'l~ ionic-regulation 'tu 

mnvm 1\Pl-ae:JlJ~UllilJlO! l000'WJ11rn~n0\91'.il,Y'l'W'U0.:JU <j lil\9111\?lf)\Pll.:J 1 i.Ju1mi1'Vl~rn fllrn\Pli:'l.:J 
q 

d , 61 31 , (l.l d ?: Q.I .c1 , 

'U0.:Jfl111ltfllJ,J~i'l'.:ifi-li:'l !l'i osmo- Ui:'l~ ionic-regulation i:'l\Pli:'l.:J!'ll''Wf1'W Ui:'l~fl11:LHfllJ'Wltl.:JlJli-li:'l\910 

fl'lllJ!<umi''W'U0.:JUfl'Vll000'W'1'Wl~0\Pl!Li:'l~ osmolality (Sowers et al., 2006) 1rn~tl'.:ii'.im1mhiqJn1J 

fll'.irn1ui1~1J !\9'1Ui:'l~0\91'.ilf11'.irn\Pl'lle:J.:in.:i ~.:ir111mflml1~u\9'1n\9li.:inuui:-rn\910m'.i1u1ui1~1J !\91Ui:'l~ 
u q u 

0\91'.ilfll'.i'.ie:J\Pl ,Jlf1.:Jl'W1'ijt1'1'Wn.:J P. semisulcatus '.i~tl~ hrnm11 '\!'11J11 f11'.i1iv.:in.:i~f111:LHfllJi'l'.:i 
q q "' 

mmrn1~1J f11'.i I u1 qJI~ 1J 1 mm~ 0\91 '.ilf11'.i '.i 0\Pl tr .:i n11~r111m fl1JJ1 l'lf'W fl 171! t111'll0.:irl w11(total 

d d &.a, ,.d d 
length) 'Vlfl1llJ!fllJ 35 !Li:'l~ 40 ppt (19.62 Ui:'l~ 20.46 mm) 9f.:JlJfllt,'.:Jf111'Vlfl11lJ!fllJ 10 Ui:'l~ 15 ppt 

Q./ d. d d. I I 

(17.12 Ui:'l~ 17.72 mm) !Li:'l~0\91'.ilfl1'.i'.i0\Pl'Vlfl'lllJ!fllJ 35 !Li:'l~ 40 ppt (13.33 111:'l~ 23.0%) lJfll'~.:Jf111 

~fl1llJ!fllJ 10 !Li:'l~ 15 ppt (2.67 Ui:'l~ 9.33%) !Li:'l~f11'.i!,J1qJ1~1J !\91!'Q~tl\9l01'W~fl1llJ!fl:IJ 35 Ui:'l~ 

.::::! I I d. d O Q./ 

40 ppt lJfllt,'.:Jf11l'Vlfl11lJ!fllJ 10 Ui:'l~ 15 ppt (0.115, 0.137 Ui:'l~ 0.053, 0.068 mm/day \9111li:'ll\Pl1J) 

d IJl!l/<l.l I ~ 'j} ~ cl 
(Soyel & Kumlu, 2003) !l'i'W !\Pl'b'\Pl!,ll-!11 fl1'.ili:'ltl.:Jf.!.:J P. semisulcatus '1'W'Wlfl1llJ!fllJ 10-15 ppt ,J~ 

I G} 'j/Q,J 'j} ~ I d Q./ 3' 
i'l'.:JHi:'l 1l'i0\91'.ilf11'.i'.i0\Pl'U0.:Jf.!.:J\911 !'b''W!\Pltl1f11Jf:J.:J P.indicus (Kumlu & Jones, 1995; Soyel & Kumlu, 

' ,, 
' 'J) ci. d. 

2003) Ui:'l~ P. monodon (Cawthorne et al., 1983 cited in Soyel & Kumlu, 2003) Ui'l'\Pl.:J11f.!.:J'l'Hi:'ltl.:J 

't utlrn11mf11JJ1,1~0~'1 'W i'l'm1~1r11t1\Pl Ui:'l~flf1!l'i\9'1Hi:'ll'i~.:i tie:i n.:i'.i~tl~ !'Vltrm11u1h ~il'Vl~fll'VI 
"' q q 

G) a1 0.1 , 'JI 91 Q.I t d ..:Q .c1 o 0.1 'J) 

I 'W f11'.i ,J'.i lJ\911\910 ff fll'VIU 1\Pl i:'l e:llJ'b'l \Pl.:J'W 'Wfl1llJ!fllJ 30 ppt ,J.:JlJfl11lJ!l'ilJl~ fflJ i'l'll'i '.i1J f.!.:J'.i ~ ti~ 

!'Vli'l'i:'l111 (Soyel & Kumlu., 2003) Ui:'l~'lh~mO! 30-35 ppt 'tu~.:J'll''U\Plt'W "l (Kumlu, Eroldogan, 

,d cl 3/e:!~ (l.lQ./ ,9,1d. 
& Aktas, 2000; Soyel & Kumlu, 2003) Ui:'l~'Vl1J11 'Vlfl1llJ!fllJ 17 ppt f.!.:JlJ'Wll'i'Wf1\911t1'.:Jf111f.J.:J'Vl 

~ d c:tcv ~ .d d 
Li:'ltl.:Jt'Wfl11:LHfl:IJ 3 111:'l~ 32 ppt !Li:'l~lJtl\91'.ilf11'.i'.i0\Pl\91l'ey\Pl'Vlfl11lJ!fllJ 3 ppt (Li, Cnen, Zeng, Chen, 

Yu, Lai, & Qin, 2007) 

'\llf1f11'.i'VI\Pli:'l0.:J'U0.:J Sang and Fotedar (2004) '\!'11J11 P. latisulcatus 1iv.:i'tutl1r111iHfllJ 

34 ppt utl1mJm,11 fl'lllJtll1'U0.:Jrl1~1 Ui:'l~0\91'.ilfl1'.i!u1qJ!;1J !\911111'\!'ll~ \]'.:Jf111~!it1.:i't'Wfl111JtfllJ 

.c:S,a., d cl ' (l.l ~ 'd I 

10, 22 Ui:'l~ 46 ppt !Li:'l~lJ0\91'.ilf11'.i'.i0\Pl\]'.:J'ey\Pl'Vlfl11:LHfllJ 22 ppt ff1'W0\91'.ilf11'.i!Li:'lf1!'W0 'Vl1J11 lJfll 

J1"J'1P1~iim'.i1~v.:i'tur111mftii 22 m,~ 34 ppt ~.:inri111~11i1.:ir111mftii 22-34 ppt mm~ff:IJ 
,, ' ., 

rlrnf'UQ.:J°lf'U\Pl'W '1'W'U0!~\1fl11lJ!~lJ 15-25 ppt mm~fflJf11Jfll'.i!itt1.:ifj.:ifJ"1fll (P.monodon) 

(1JUJ!\91'U 1.h~'VllJ'll'l~ m'l~fltl!~, 2546; Ferraris et al., 1986; Chen, Lin, Ting, & Lin, 1995; Sang & 
q u q 

cl O Q.I 'j} 

Fotedar, 2004) fl1llJ!fllJ 20-30 ppt mm~fflJffll'i'.i1Jf.!.:J P. chinensis (Chen et al., 1995; Sang & 

d o a,, 'J) . 

Fotedar, 2004) mt~fl11:LHfllJ 30 ppt mm~fflJffll'i'.i1Jf.!.:J P. esculentus (O' Bnen, 1994; Sang & 



16 

d o Q./ 'J/ .:::i.:s. c:v 

Fotedar, 2004) irn:::'fl1llH'fllJ 20 ppt l'\1lJl:::1:1'mll'Vi11JfJ'1'U11 (L. vannamei) 'VllJtl\911lfl11Hl~'UeM 

~-:Jmfl~{J'~ u~J1m1m~lJ 33-40 ppt ittm:::1:1'mZ-:J~l'l-!fllmJit)Jt~1J 1\9lu(l:;;eJ\9111m1rn~ '1-!tlfl'illfl 

d 9/ Qdci. O Q.I i 'J} ~ 'J} ~ .:::1 Q ~ 'J/ A.C:.. <J) I d 
'f! 11 m 'fl mrn 'HHll 'Vi fl lJ fl 11 'fl 1111 m 'fl ru 'I-! m '1-! 'I-!~ 1v m:i 'VI e:iw tt fl lJ \917 fl -:J 'il:;; lJ fl ,1 m 1 lJ 'I-! e:ivfl 11Y1 

q <u u q <u q 

.<:::\ I Q O 3/ oQ .C:.. o Id. .C:.. Q 

~W'Vi.!Jlltl-:J !'15'1-! ~W'Vi.fJlJ 20 C fJ'1'il:::'Vllfl'ilmrnm1:::fl'1-!ell'Vil1\9llfl11'Vl~W'Vi.fJlJ 30 C (Ponce-

Palafox, Martinez-Palacios, & Ross, 1997) 1rn:::'VilflO-:JeJri1'1-!J1~eJW'Viflfimm:;;1:1'lJ nmm1t1'Vl'I-! 
q <u q <u 

• ., c:l i: lit ~' ~ ~ 
\9Je)):;;~1J'fl11lH'fllJ'l-!1 t~'lf1'1fl11'1'U'I-! (Bartlett et al., 1990 cited in Ponce-Palafor et al., 1997) 

1 V f V 

~ ' QJ ' .c:t O ~~ .c:t " tn':im'':i'JJ!!':i1i1VU!t1:::el'1\':il tl''J'U't'Uttm:;; tl''JJ'UMU 1'fl !'If !'Ufll':iH;UJ~fl~ 
q q 

a.. , tti _ 11 ~ di <J) eX 91 o ='I 9J o & & d QJ 

fllj tl:1'rn U j 'fi 1\91(1-:J rn '1-!'I-! l'VI 'lf!(ltJ-:J fl-:J 'ill!lJ'I-! \91 tl-:J'fll'I-! '1 tt-:Jmmw 'VI !'Vim:;; 1:1'lJfl'U'fl11lJ 
q q 

;0-:Jm11rn:;;,1:::iiiijr,rnm:::V111~e:im11,11ru1~1J 1\91 fllHll1-:J;1\91'UeJ-:Jn-:J t'l5'1-! 'fl11m11J K 1h:::mw 
" q 

' ,, 
d i o & Q.I 1 ,~~ 1 

76% 'Vl'V'11J '1-!'l-!l'VJ:::rn (255 mg/L tt-:J 30 g/L) trn:::e:i\91111:1'1'1-!'Uel-:J Na:K 'Vi'l-!eltlfl11 39:1 (Prangnell 

C)QJ ' ;f 9) 

& Fotedar, 2005) 1rn:;;-:J1'1-!1'iltl'Uel-:J Prangnell and Fotedar, (2009) 'V'11J11 fll1rntl-:JfJ'1 P. latisulcatus 

19'~ d a.. d i i: 
'lf'l-!l'illfl'Vl:;;rnm11'fl11m'fl11 32 ppt irn:::tl:1'rn K 1h:;;mw 80% trn:;; 100% 'UeJ-:J K 'Vl'V'l1J '1-!'l-!l'Vl:;;rn 

Q.I I ci. I I Q./ 'j/ 

tm:;;e:i\91111:1'1'1-!'Uel-:J Mg;Ca, Na.Mg, trn:;; Cl:Na lJ'fllt'Vllfl'I-! (2.8:1, 5.2:1 tm:;; 1.8:1) tlflt1'1-! Na:K 

d Q.I di QQJ' ,~~d 

tm:;; Cl:K V11:;;~11 80% tm:;; 100% 11m 30.8:1, 23.9:1 trn:;; 56.7:1, 44.1:1 \91111m~1J 'ff-:Jvrn 'VifJ-:JlJ 

el\911lfl111el~'lh·:;;mw 71-78% 'UW:;;~i'l-l'lf~'fl11J'fllJeJ\9ljl'ff1'1-!'Uel'1 Mg;Ca, Na.Mg, Cl:Na, Na:K 
q • 

A I o Q.I I i ~ ~ i o, 

im:;; Cl:K lJ'fll 2.8:1, 5.2:1, 1.8:l, 111.5:1 trn:;; 206.5:1 \91llJ(ll~'lJ 1:1'-:Ji:rn 'VifJ'1\91Wflltl 'U 111'1-! 

~'1fl11lff111 K 1rn:;; Mg 1'1-lmlJltl.Hrn:;;eJ\9Jjlri1'1-l~!'VllJl:;;'fflJ'il:;;'151t11l1~-:Jj:;;tJ:;; 1'V'll:1'm11ijeJ\9Jjl 

fl111'fl~trn:;;mmrn-u•fo'fffll'V'l\911 i~~~'fl1llJ!~lJ~l (McGraw, Davis, Teichert-Coddington, & 

Rouse, 2002; McGraw & Scarpa, 2003; Saoud, Davis, & Rouse, 2003; Davis, Boyd, & Rouse, 

2005; Boyd, Thunjai, & Boonyaratpalin, 2002) trn:;;'fffl11:;;fllj'lJWl K 11'.Jm-n1i111n~mrn1t1i'WilJ 

9fl:1''Uel'1~'1 Americamysis bahia (Douglas & Home, 1997; Pillard et al., 2000, 2002 cited in 

Prangnell & Fotedar, 2009) ~-:Jflljl'ff1ll K 1h:;;mw 6.2-40 mg/L trn:;; Mg 1h:;;mw 4.6-20 mg/L 

ifh11t11J muriat of potash trn:;; potassium-magnesium sulfate 'LJj:;;mw 20 mg/L mmrnt~lJ 

.,. ~ ~ ,X ~ o dl: c:l 
1'--H\r-l(l\91i'Vl'ff-:J'll'I-! (McNevin et al., 2004) 1m:;;fl1j!(ltJ-:Jfl-:Jflm~1 (P. monodon) 'Vl'Ul'fl1llJ!'fllJ 3 ppt 

~ • q 

~l!~'U~11:;;~e:i~t1:1'1l.l K 'LJj:;;mru 5,9-40 mg/L ;~,1:;;mm:;;1:1'1Jll1Jfllj!'11t\J!~'U l\91'llel~1~ (Collins & 

~ ., 
Russell, 2003 cited in Shakeeb-Ur-Rahman, Jain, Reddy, Kumar, & Raju, 2005) 1:1'el~'fl(lel~fl'U 

HWfllj1,JtJ'lJel~ Whetstone, Treece, Browdy, and Stokes (2002) nri1111 'fl'Jj!ff1lJ Ca, Cl, Mg, K, 

Na 1rn:;; so-4 mmw 100, 2,000, 100, 100, 2,000 mi:;; 500 mg/L mmhi'U ~~!1'.l'Ummw~J,~~ 
,, ,, 

'llel~flljt~tl~fi~'ll11 (L. vannamei) m1:;;1'1-!fll':it1:1'111tll'V'll:;; K t'rlti~'flVl~t~fJ1M i-u1m11 ti~1:1'llJljfl 
• 
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rvhJB\9l'ilf1l'H'i11Ul!~lJ 1\91Ul:'l:::'eJ\9l'ilfll'j'.H)\P]'\JtJ,Hi''1'1l11 (L. vannamei) tlVN h ~mlJ 'e)\,'l'jlfll'i'itl\Pl u q 

310,J: '°' 31 31 - d 31 
'\Jtl'1t:)'1£J..'.J'\J'Wtl~f11Jtll~UJ:'lg::fl11m'\JlJ'\J'W'\Jtl..'.J Na, Cl, K, Mg Ul:'l::: SO 4 tlf1\Pl1£J (Davis, Saoud, 

McGraw, & Rouse, 2002) !'lf'\.H~£J1fl1J..'.Jl'W111£Ji'U1..'.J'\J11 (L. vannamei) 'i~£J::: 1vnrn111 (PL
18 

UJ:'l::: 

PL28) ~ fl11lJ!~lJ 0.7 ppt 'Yl1J111rlm~1lJ K lmfimw 1 mg/L ri-:ir,rnlttB\9l'ilfl1'i'itl~'\Jtl..:J~f11-:i 

d Ji 
!'VllJ~..'.J'\J'U (McGraw & Scarpa, 2003) 

f11'j !TI"1lJ'fl11lJ!'UlJ'lr'W'\Jtl..'.J K !'Ul l tllui11'iJg::ff -:ii:-rnltt'eJ\9l'ilfl1'i'itl~UJ:'lg::J1t1i!m11'\Jtl..'.J 

y G) l d J d d Q.f ' di 

t:)'1'1ll1 (L. vannamei) t'U'i:::£J::: t'YlftJ:'111l!'VllJ~..'.J'\J'WYlfl11lJ!fllJ 4 ppt 1~£Jtl\9l'ilft1'U'\JeM Na:K lJ'fll 

29-30: 1 1rng::tf-:iiJi:rnloie:im'i!'i11t\j!~lJ 1\9litl:'l:::fll'i~1H~J11\91 uloit11f1iJmmW'fl1llJ!'UlJ'U'U'IJtl..'.J K J1 

Ul:'l:::0\9l'il'ff1'W'\Jtl..'.1 Na:K !~lJ~..'.J~'W (119:1) 'il~'Vlllttm'i!'il1tlJ!~lJ l\9l!!J:'lg::fl\9l'ilf11'i'itl~J11:'l-:i (Roy 

' 
et al., 2007b, 2006) '\JWg::'Vi'i1£l..'.Jl'Wf11'i1i£J'lltl..'.J Zhu et al. (2004) ncilTJl 'eJ\9l'il'ff1'W'IJtl..'.J Na:K 1Jfil 

20:1 ~-:i'i1:::mmg::TI"lJt11Jm'i1iv-:i1-:i'll11 CL. vannamei) ~f111m~lJ 30 ppt uloimniimmwrvb 

J .c::1 0 9 j/..::::i. 1 a.. ~ i 9/ Cl, Q.I 

~..:J'll'W (110.5:1) 'il:::lJNJ:'lm tt'lf1'ilmrnm-:i "11rn:::m'i!'il'it\J!\911J t\91'\Jtl..:Jt;)..:Jl:'l~l:'l-:i UJ:'l!;'...:Jl'W1'i1£J'lltJ..:J 

. 'I .J 31 "i .Ji931~ 
Roy, Davis, and Whitis (2009) t'Wf11'itl:'1£J..'.Jt;)..'.J'IJ11 (L. vannamei) 'i!;'.£J!;'. t'YlftJ:'1111 9M t'lf'Wl'illf1 

Yl!;'.tJ:'lftl'IJ'fl11lJ!fllJ 9.1 ppt UJ:'l!;'.iJ'eJ\9l'i1'ff1'W'IJtl..'.J Na:K tl'i!;'.lJ1W 43.4: 1 'Yl1J11 iJ'eJ\9l'ilf11'i'itl~J1 

n11 irle:infivrn'Vi£J1Jfl'l.l1-:i~1iv-:ii-wJ1f111lJ!fllJ 2.4, 2.6, 3.3 UJ:'l!;'. 3.7 ppt ~-:iiiB\9l'il'ff1'W'lltJ..:J Na:K 
OQ.I dd, Q.I 

tl'i!;'.lJlW 17 .5: 1, 19.4: 1, 24.1: 1 !!J:'l!;'. 23.8: 1 \9lllJJ:'ll~lJ !!l:'l!;'.l:Jf1fl11lJ!fllJYlf1J:'111lJltl\9l'i lfll'i'itl~ 

'Utl..'.JQ..:J liiU\9lf119il..:Jfl'W UJ:'l!;'.V..:Jf1ci11on11 l 'Wt11~fl11lJ!fllJ 9.1 ppt tll'il'il!;'.iimmw 'Utl..'.JU'jlil\>Jt'l1e:i 

'eJ\9l'il'ff1'WUl..:Ji1~tiimlJ1!;'.ftlJ !'lf'W!~£J1fl1J..'.Jl'W1i£Ji'WQ..'.J P. latisulcatus ~fl11lJ!fllJ 32 ppt 'Yl1J11 

irle:i1ft1~ K 'il!;'.ff..'.JNJ:'llttn-:iii0\9l'ilf11'j'jtJ~m~-:i 100% UJ:'l:::fl11lJ!'UlJ'U'W'\Jtl..'.J K lt-1'YlJ:'llTI°lJl'il!;'.!~lJ 
q SJ 

Ji o, = llJ <!, , 31 31 9 a 1 31 d d Ji 
ft..'.J'IJ'W'Yl'M'illf1!\9llJJ:'l..'.J ttl 4 GJ51 llJ..'.J ft1'Wfl1llJ!'IJlJ'IJ'W'Utl..'.J Na t'W'YlJ:'llfllJ1lJU'W1 t'WlJYl'il!;'.!'YllJft..'.J'IJ'W 
SJ SJ 

,, ' 
\9lllJfiltltJTI"llJmil~\911:'ltl~ 24 i11m !'lf'W!~£J1fl'Wtl'IJ'fl1llJ!'li'lJ'li''W'lltJ..:J Mg U~fl17m'li'lJ'li''W'lltl..'.1 Ca 

'il!;'.iiri1fl-:i~\911:'ltl~ 24oi11m c§-:ilml1fl1llJ!fllJJ1t11n'IJ1~ K 'i1!;'.'Vlll'l1~,r'1~f11'i~~;md1iwJt'Ul~ 

'jl..:Jf11£J 1rle:ie:i~l'WTI"fl11!;'.tl~7-:itlm-w "1 'il!;'.'Vlllttmi'1~m'i'fmnTI"lJ\9JJ:'l'lltJ..:JQ..:J~mmnJ:'l-:i (Prangnell 

& Fotedar, 2006a) UJ:'l:::V..:Jff..'.JNJ:'lloie:im'i\911£J'IJtl..'.JllJ9fTI° Americamysid bahia (Douglas & Home, 
,, 

1997; Pillard et al., 2000, 2002 cited in Prangnell & Fotedar, 2009) !'Yl'il!;'.l1..'.J K UJ:'l!;'. Mg iiri1t-1 

iYlflUl~tlf11'j ! 'il1W!~'IJ l\ol!!J:'lg;l']lt'IU l~fl1'1.JfllJ"1'lJ~J:'l!f1~tl!!'j''IJtJ..'.Jfl1TI°!\9l!;tl'W 1 ~tl!Q'Yll!;'. K ,J!;'.!1'.l'W 
u u q q 

ltlOO'W'IJ1f1~iifl1llJfflflillfllt11'W!GJfm1 UJ:'lg;fl'ilf1'i'ilJ'Utl~ Na+/K+-ATPase (Mantel & Farmer, 
u 

1983) ihu Mg iitti!1~1um!;'.'IJ1'Wf11'i!NiHmtyl'lllT'W hh~u 11J:'lg;m{1u1~1~1\ol 1rng;iJihu 

11lJtl'Ufl'ilf1'.i'.ilJ'IJtl~!tllJl9f1J (Davis & Lawrence, 1997) 
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ill'.i ti tl-:.Jfl-.:J~ fl 11:lJt~:lJJl'Vi lillJ il 11 t il1 :lJ It '.i 1i Wl'UH'lf'W ~ ill:lJl'.i tl'lf1tli tt fl'-llJill'J . . . 
Hl1tyt~'U !\ol!to~0\ol'Jlil'J'Jtl~t~:U\J'-.:itu1; t'lfl-!'-111.-!1'\ltl'Utl-.:J Davis et al. (2005) 'Jltl-.:Jll-!11 ill'Jtiti-:.i 

" 'i .d d 'i "" " l'J'-l'Ul1 (L. vannamei) 'J~tl~ t'VHH'l111 '1'11'111:IJLl'll.J 4 ppt t~tlill'JttY'J:lJ~1tl KCl, MgCl2 Ucl~ KC! 

m1Jzjn1J MgCli1-.:ihliuJ1 'Vl'Ull mm'Jt1t~l.JB\ol'Jlill'.irn~'llt1-:.i1-.:iittt~l.J\J'-3~u trlon.f½t1mvit11J 

fl'U'lf~fl1'Ufl1J uloi11un11t1.H~'U L\911iju\olilloii-:.inu uloitnn~il-!fll'Vl'J'Jl.J'Vl'Ull ill'Jlil1l.J KCl ii 
q q u <u 

' " ' 
ttl-!11 t!:u-vi 'il~ri-.:ir:rn~l1-:.Jill'Jt'il1tyt~'U !\oltnl~0\ol'J lill'J'Jtl~ , l-!'UW~'t1ill'J til1l.J MgC12 mfoiir-rn~ 

" m'Vll~0\ol'Jlill'J'Jtl~ !t1;l~,u'l'll-:.imf'Unu'r!lil!il1m,rn1~ NaCl '1-.:Jiml1 'il~ri-:.JN(lil'J~'l'l'U~tlill'J 

.Q .Q 9J & 3,1,G\ % .::::1 c; 
t'il'Jtyt\ol'U !\ol'Utl-:.JfJ-3 tl-3ttl.J11 tl-!Ul'l'l~rn'il~l.J NaCl il\olll.J (Cawthorne et al., 1983 cited in Saoud et 

al., 2003; Davis, Samocha, & Boyd, 2004) u~il-!'1'11-3111:l'Ufll-! Na fl'U Cl 1Jff1l-!'fflflty~tlfl1ll.J 

"" ' ffl.J~'1til'1tltt'J (Parado-Estepa et al., 1987 cited in Saoud et al., 2003; Castille & Lawrence, 1981; 

Ferraris et al., 1986) t'lfut~tl1fl'lJ,:Jll-!1'ilt11u1-:.i'lJ71 (L. vannamei) ~1'111:IJL~l.J 4 ppt trit1tff1l.J K 

'l lt .d .,\"' "'l" ,¾ 
trn~ Mg '1-3 tl-!l-!lilll.Jl'Jfl'l'l'il~l'Vll.Jtl\ol'Jlill'J'Jtl~'lltl'-lfJ-3 t'rl\J'-.:!'Ul-! (Davis et al., 2004, 2005; Saoud 

' 
et al., 2003) '\JW~'t1-:.Jll-!1'iltl'Utl-3 Sowers, Gatlin,Young, Isely, Browdy, and Tomasso (2005) 'Vl'IJ11 

0\ol'Jlill'J'Jtl~'Utl-:.J1-:.i'U71 (L. vannamei) ~1it1-:.iiinl1f111m~:uJ1 (2 ppt) ~-:.Jt\911t1:1J'illilJ1'1'1~rnu11~ 

1rl tll ill tl'U l't1 tl'Ufl'IJD-3~ 1it1-.:i, 1.-! J l '1'1 ~mt-vi tll.J ~)Jfl 11:IJLftl.J!Yl lfll-! uloi iim mwu 1;l ~ 0\91 'J 1ri1u 'lJ tl'-1 
• 

I ,, J/ I 

Na, K, Ca trn~ Mg U\olil~l-:.inu 'Vl'Ull 0\ol'Jlill'J'Jtl~'Utl-:.J1-:.i-vit~t1-:.iiml1'¥it\911t1l.J'illil'l'l~rnt'Yit1l.J\J''-I 

" illliU'lf~lJl'l'l~ll:l'Uil~ 
• 

9J 9,1 .::::1 I d d 9J A o QJ 1 ~ 
fl111Jl'U:IJ'U'W'Utl-3 Ca, Mg trn~ K 1JN'1\oltlff'J'J~lfl1J'Utl-3fJ-.:! lnl~1Jfl111Jillflty1Jlilil11llltl 

l'illtl'Ul't1tl'Ufl'IJ Na, Cl tm~ so-4 ~'Vlrnt!1~ium'JUi''Ufl1ll.J!Amrn~m-:.iiutltlff!1J~il a-:.im!11 

Nam,~ K 'il~tilui1'rlr:1il~1~Uill'Jfl1'1.J~1J'j~'IJ'Uff1J~1;ltil~tlU'.i uloi K, Mg tm~ Ca niiihmhfiqi 

" iun'ilil'J'J1J'l'11-:.JlfllJflltliui1-:.imt1'Utl-:.JD-:.J Davis et al. (2004) 'Utlil'illilU 0\vl'Jlff1'U'Utl-:.J1tltltl'U 
• 

" ' ' a,, 'j/ .c:::::I 9J ,d 

lvltltllvl'Jlill'J'Jtl~'lJtl'-lil'-1 (Saoud et al., 2003; Zhu et al., 2004) lll:l~ill'Jnltl-:.Jil-:.J'lJ11 (L. vannamei) 'V1 . . 
d Q.I I lq I f 6\ 'j/ 'j/ d~ .Q 

1'1111Jlfll.J 30 ppt 'r!liltllvl'Jlff'J'U'lJtl'-1 Na:K !1ll'r!1Jl~ffll'il~ff'-IN'1 t'rlfJ'-11lil'ilil'J'JlJU'1~ill'Jil'Utll'r!1'J 

1;\~'1-:.Jl11ln
1
iiN'1il'J~'l'l'IJ~tlill'Jl'il1tyl~'IJ !Iv! (Zhu et al., 2004) fftl~fl~tl-:.Jfl'IJ Roy et al. (2007b) 

, ;f 9J ~ d d .Q Gt ... F- d 
'Vl'IJ11 ill'Jrnt1-:.i11-:.i'U11 (L. vannamei) 'J~tl~ t'Vlffm11 'l'lfl1ll.J!fl1J 4 ppt tm~tff'Jll K tl-!IJ'JlJlW'l'l . 
Ulv!illoi1-:.in'U mm'Jfll1l'ttt01v1'.ilill'J'Jtl~trn~J1li'11'ili1'1Jtl-:.JD'-1Ulvlil~l-:.Jfl'U llff~-:.Jlltll'Jtff1l.J K 1'1i'1 

• 

iu ff-:.ir-rn'11101v1'Jlff1'U'lJtl-:.J Na:K l'U~tl'Ult'lfo-:.iiu;'J(I ~-:.i11ci11i;1101vl'Jlff1'U'Utl'-I Na:K iiN'1~tl 

tll'Jl'il~tyl~'IJ llv'IU'1~0\vl'Jltll'J'Jtl~ i'W'UW~~tll'Jtff1lJ Mg ilmN'1~tlfll'Jl'il1tyl~'IJ !Iv! u~iiN'1~tl 

tll'Jff~fflJ'l'Ui'IJ 'lJW~~ K iihr-:.ir-rnmmn!'n ;itl 1rltl'l'Utl1iimmwfl11m'li'1J'1i''U'lJtl-:.J Mg l~il 
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.¾ , 'l 9).c::S 9 QJ ~ ~ , cu ;f 'j} cl , c;., <J.1 d 
~..:J'IJ'W i;l..:JH'i."I '\1:1Jff::;'ff:1J t'W\911Jtyj:IJ'IJ'W!'lf'Wfl'W 'lfi'l1l'l1'W11 'Vllflllilllill'fllllll'Ull'IJ'W'UeJ..:J Mg 'Ylff::;ffll 

mi'l 'Wiuiimmru~l tll'Wt'V'j'.i 1::;11'1mruu 'j 1i 1\9"\lJ iiirvirJ..:J'V'je)f11J'fl11:IJ~e)..:j fll'.i'Vll..:Jih1'YIVl'UeJ..:Jn'..:i 
SJ q q 

o, • 'l 'J} 'J} •, d. QJ d QJ 'l 4 ~ & f 'l 'J} o, 

m1::;v..:imHo ttfl..:it1v 'Wffm1::;t1nv~ trn::;v..:i11t1\9111m1mv t1tyj:1Jff..:J'IJ'W t1..:ia..:iHo 11t1m1m1rn~ 
q SJ SJ 

' Q ' _l,::f, ... I v ' 
f.nt'lle>-:.tfl'Jltl&fltlvle>fll'HuiUJUUu'tl-:.tt'lvl'ali;l'JU'll0-:.t Mg:Ca, Na:Mg, Na:K, Cl:Na U'tl::; 

Cl:K 1mi, vie>fll'ah1~fY&~'U )vi 1ur111t1&flt1viH 9 

t11 fl m 1 \91 '.iJ t1 fftl rn 'El fl m 1m11 ,i V'IJ t1 ..:i ~..:i mn V'lf'W ~~ti v..:i i 'W wnm fill J 1~ 1 ..:i 1 tl'W 

... I Cl b]j/QJ .d dl ij/cl 1 "j/ I .::::i, ;::::S. Q.I j} d 
yje)'ff'.ilJ'.ilVr."l::;rnv~ !~~..:i \911'.il..:J'YI 1 9f..:JUff~..:j '11!'11'Wllfl..:JU\9lr."l::;'JfW~ll'.i::;~u'flllll\9le)..:Jfll'.ifllllll'flll 

q q 

j} , I I j/ 

'UeJ..:Jfll'.i!~V..:J'YIU\91fl~l..:Jtl'W 9f..:JlJ~'VJ~yj'i."IH'i."l~eJllilllU!U'J1il\91Ur."l::;'tl~ft'1'W'Utl..:JU'J1il\9l'Yltltii'WlJ1;1V 
q q SJ 

' V JI ' 

fll '.i fffl'lfl 6191'.i l'ffl'W 'UeJ..:J td 1i 1 \91 'YJ'V'j 1J 'l 'W lJ l'IJ tl..:J 1::; 1J1J fll '.i !~ V..:J tl..:J'IJ 11 (L. vannamei) 'YI 
q q 

cl~ I I J' $id cl QJ ' 

flllll!'flll'Wl\91H "I yj1J11 fll'.i!r."IV..:Jf:J..:J'Ylfllllllflll 4-5 ppt 'e:1\91'.ilffl'W'Utl..:J Mg:Ca, Na:Mg, Na:K, 
A I O Q.I I o' 

Cl:Na trn::; Cl:K lJfll 3.1-4.4:1, 8.1-9.9:1, 21.5-28:1, 1.5:1 trn::; 31:1 \9113.Jr."11~1.J (ff'Jl..:Jyj..:JEJ 

fflllll\91'.i irn::;1_Jty½'m11h::;'V.)J.J'lfl~, 2551) irn::; Roy et al. (2007b) m111i1 m1tiv..:i~..:i'l1-Ju1nruJ1 

i~t1::;J'El..:iiim1tff1J.Ju'J1il\9.]t~t1fom1::;iu'Ut1..:i Mg irn::; K \9lr."lt1~nm~..:it1::;'V11 'l M'iiw:i111mm::;ff11 

~tlfll'.itt11tyt~1J t\9ltrn::;fll';j';je)~\911V'Utl..:J~..:j 1~v~mllllftll 4 ppt t1::;Jt1..:Jfl..:jfl\9l';jlft'l'W'UeJ..:J Na:K 

_ j l 'l 'j/ 'J/ .c::S d.c:t I QJ I I Cl.I O i 'JI 
lJ'.i::;mru 28:1 u-n::; Mg t1::;'b'1V '11f:J..:JlJ'ey'IJfll'V'j'VJ~ yj1J'Jl eJ\91'.ilffl'W'IJe)..:J Mg:Ca !'Yllf11J 3.1:11'11 l1 

J' y .d d ~ .c::::s Q.I d,:::1 dt d ~ ~ Q.I • 

fll'.i !r."IV..:Jf:J..:J'l'lfllllJ!'fllJ\9113.JeJ\91'.ilfll'.i '.i tl~\91 lV'l'l~ trn::;me)fl 113.J!fl:IJ!'V'jlJ'IJ'W 20-25 ppt tl\91 '.ilffl'W 'IJe)..:J 

Mg:Ca, Na:Mg, Na:K, Cl:Na trn::; Cl:K lJfll 4.8-5.2:1, 5.9-7.6:1, 15.3-15.8:1, 1.6-1.8:1 trn::; 24.3-

O Q.I 1 r/ Q./ o' ... I ~ & ~, I d d 
27.8:1 \9113.Jm~u (ff17..:Jyj..:J'l:J 'fflJlll\91'.i uo::; murn'W IJ'.i::;'l'lJ.J'lfl\91, 2551) 9f..:JtIJ'W'lf1..:Jfl17mflJ.J'l'l 

q " q 

mm::;'fflJtl1Jf11'.itt11tyt~1J t\91'1JeJ..:J~..:J'IJ11 (L. vannamei) !~tl..:JtllfllJ'fffll'J::; iso-osmotic point U'ff~..:J 

i Mt tt'W i1 m1 ii v..:i n'..:i~ fl 11m ftlJ ~1 i1t1l u J u.:itff1md 1il\911J 1-:i'lfu ~ r."I .:i i 1.h~ ti~ t1::; i MlJfl\91'.i 1ri1u 
q q 

'Utl.:JU'J1il\91 i MlJf117lJl'\1lJl::;fflJtl1Jfl17lJJt1.:im1'1Jt1..:Jtl.:J t9f'W fl\91'.ilff'J'W'lltl.:J Mg:Ca trn::; Na:K ~ 
q q 

m1J.JtftlJ 4-5 ppt iifi1u't1vn111h::;mru 1 rvh irlun.JfornY1v1Jt11Jfl'JllJtftlJ 20-25 ppt ri1'Wi'WJ1~ 

cl .:::i Q.I I d 1 

fl'JllJ!fllJ 30-35 ppt lJtl\91'.ilff'J'W'lleJ.:J Mg:Ca, Na:Mg, Na:K, Cl:Na trn::; Cl:K lJfll 4.2-5.2:1, 5.9-

0 QI' , cl QJ o' ... I ,C), 

6.4:1, 17-21.2:1, 1.4-1.7:Urn::; 30-30.7:1 \91llJ'i."11~1J (bl''Jl.:Jl'M'l:l bl'lJlJl\91'.i &rn::;1.Jtyrn'W u'.i::;l'JlJ'lfl\91 

' ' I ' d d QI I ct 

2551) irn::;,11m1l'.J.:Jl'W'IJtN Zhu et al. (2004) flr."11111 'Vlfl'JllU'fllJ 30 ppt tl\91'.ilbl''J'W'lltl.:J Na:K 'VI 

mm::;ffJ.Jt11Jf11'.it'il1tyt~u t\9li1~1 20: 1 irn::;lnni1tr .:i~.:i 27.9: 1 ri .:i ~rn'\'11 l M'm1 t 'il1tyt~u t\91J10.:i 

i.:ii!u f11'.it'il1tl.lt~1J L\91'1Hl.:Jtl.:J'IJ11 (L. vannamei) ~~Jt1.:ifo.l1mru'llt1.:J K t!VlJlfl nn1::;l11ni1 
" q SJ 
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ii1h·tfrv1im'W~~#i'1v ~,nHrnfl~tl-HllJ Shakeeb-Ur-Rahman et al. (2005) m11111 iimrn~11rlu 

" 
imll'Jltr1:u K o111.lim11 l'W'Jlt'1t1Ji:-rnl?iomm11w1~1J i1e111otfll'J'Jtl\Pl\ellV'lltJ1n'1fWl\Pll u • • 

91 
(P. monodon) !lotfJ1'll11 (L. vannamei) (Saoud et al., 2003; Davis et al., 2005) 

I jl 'jl I 'j/ 

fl\el'Jlff1l-l'lltl1ll'.i1illPJ'n'W'Uim.11nu1~v111fJm\Pl1 (P. monodon) vir111m~m111?iN "l 

, ':: di 9/i ~ 91 d cl Q./ , 

'W'U11 'Ul'\!ltlo'\!l 'If l-lfll'JlfW1fJ1'\!lfl11:IJ!fl:IJ 5 ppt tl\el'Jlff1l-l'lltl1 Mg:Ca, Na:Mg, Na:K, Cl:Na 

"1 I 

!lot Cl:K :um 2.8-3.1:1, 5.1-5.4:1, 22.3-29.9:1, 1.9-2.2:1 !lot 44.5-55.4:1 (Lin et al., 2000; 

d d Q.I ' 

Tantulo & Fotedar, 2007) !lot'\!lfl11:utfl:IJ 25 ppt tl\el'Jlff1l-l'lltl1 Mg:Ca, Na:Mg, Na:K, Cl:Na !lot 

. " 
Cl:K lJ~l 3:1, 4:1, 10:3, 1.7:1 !lot 43.5:1 1e11m!hi1J (Lin et al., 2000) (\911'Jl1'n 1) 'W1Jll im.h 

fl11:IJ!~:IJ 5 ppt ihnmW'lltl1 K J1'1'11it1fl\el'Jlff1'1--.!'Utl1 Na:K lJ~llJ'1fli11.lnmw 2 rvh 1rlmviv1J 

f)1Jfl11:IJ!~:IJ 25 ppt 'UU!t~fl\el'Jlff1l-lgl-.! "] lJlli:IJlU!~imtt~V1f1'1--.! ~1nri11t~-:i1 fll'Jtiv111~ 

d .c::! ... IQ.I Q./ I .dt 13' Q./ 9/ 'J} 

fl11:utfl:U 5 ppt fl1rnfll'Ju'J1Jtl\el'Jlff1'1--.!'Utl1 Na:K o\Plo11'Wtl t1mmtff:1Jfl1Jfl17:IJ\eltJ1fll'J'lltl1fJ1 

~1fftl\Plfl~tl1f11J'J1V11'1--.!'Utl1 Tantulo and Fotedar (2007) nri11-:i1 J1i\.l~l-.!'1tlJ K J1 ri1r,rni111rltl 

d 'tf d ~ 9,1 o cld ~, ..::1 0.1 

fl11:IJ!fl:IJ'Ul!'W:1Jff1'Ul-.! fll'J\ellV'Utl1mflm\Pll (P. monodon) fl!'W:1Jff1'lll-.! !'lfl-.!!\PIV1fl'U'Jl£Mll-.!'Utl1 
qJ q q qJ 

Shakeeb-Ur-Rahman et al. (2005) nri11-:i1 fll'J\ellV'UtJ1n'11:J1~v1'UtJ1f11Jfll'Jlill-l hr1ul?i1JtlJHof11J . 
" " . 

f111m~m11 uot'W1J11 fll'Jt~v111vifl11m~:u 2.7 ppt imjtJ~1.Jll1J1Jt11.J1uiiu fll'Jttr1:u K i'W 

tlll'll'Jlli:IJlU! 3% ff1Hoit1m:1J1U!'lltl1 K i'Wl~tl\PllJ'Jti'U'i:l1flil'lf\Plfl11Jfl:IJ!lot'lf\Pllt1'1:Ull'.i1il\el 
qJ q q q q 

1% !!ot'W'Uil ~fl11:1Jt~:IJ 5 ppt mmw Na, Cl !lot K i'W'Wolff:IJ11ltlJ'fl11:IJl'U:IJ'U'UJ1n-:i1iuJ1 

f111m~:ut1.J "l (1JtlJ11eliA 'l.l'Jtl-J:U'lfl~ !lotflU!t, 2547n) uotfftJ\Plfl~tJ1n1J111.J1,fo'lltJ11Jt\J11eliA 

'l.l'Jt'Vl:IJ'lfl~ !lotflU!t (2546) 'W1Ji1 lli:IJ1U!'Utl1 Na, Cl !lot K i'W'Wmtrm'l.l'Vltlo (S. serrata) ii . ~ 

9,131 ~ .d cl d d ~ , IJ}'JI•, J' 91 
'fl11:IJ!'ll:IJ'll'U\ell'ey\Pl'Vlfl11:1Jtfl:IJ 5 ppt !lo~lJ'1bJ'\Pl'Vlfl11:IJtfl:IJ 25 ppt '11tl1'1'1~flo71 t\Pl11 'Ufll'J!M1fJ1 

~fl11:1Jt~:UJ1,11i11.J\9ltl1!ff1:u K o111.l1i1tJ~'1t'l'll i 11lJfl\el'Jlff1'U'lltl1 Na:K t:U:IJlfl,J'Ulfi'U 11.l 

<S J tltj ti V J '} 
Nil6U0..:Jr11Ul!rlllvl0fll'H ilfJ'U!! il..:J0vl'J"UT1WU0..:J Mg:Ca, Na:Mg, Na:K, Cl:Na !lilt Cl:K Al! 

'll vrn uti.t16U0..:i n..:i't'l~ m 
q 

" . 
fl\el'Jlff1'U'lltl1ll'.i1il\91~'W1Ji'W'Wolff:IJl'UtMn'1'Ul1 (L. vannamei) 'W'Uil fll'J!~v1n' • ..:ivi 

• • 
" . 

fl11lJ!~lJ~l..:Jf)lJ~tllJff..:Jv-rnl?iummw1d1i1\el !lo~fl\el'Jlff1'W'lltl1!l'.i1il\el hmmtrm hHJfll'J!~tl..:J'n • • 
d Q,I ' di 

fl11:IJ!fllJ 5 ppt tl~'Jlff1'W'Utl1 Mg:Ca, Na:Mg, Na:K, Cl:Na !HI~ Cl:K lJfll 0.4:1, 51.1:1, 28.5:1, 

O Q.I I d_ cl Q./ I a., I .d. I 

0.8:1 !lo~ 20.9:1 ~llJ~Wl1J ff1'W'Vlfl11:IJtfllJ 25 ppt tlmlff1'W'Utl1\Pl..:Jflm1 llfll 0.2:1, 74.0:1, 

O Q./ I d' QI c( ... I A 

26.8:1, 0.8:1 !HI~ 20.2:1 ~lll~Wl1J (ff'Jl..:J'W..:11:l fflJ:IJl~'j u~~1Jtl!rn'W u1~lJll'lfl~, 2551) !HI~ . 9 9/.d. a., .c::!QI I 

1f1mflt1..:it11filtl..:Jl'W'Utl..:J Cheng et al. (2002) 'Vltl~'Jlff'l'W'Utl..:J Mg:Ca, Na:Mg, Na:K, Cl:Na !lo~ 
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c:i I O Q.I ' d ' A'lq 91. .J 9J d. 
Cl:K 11m 0.3:1, 36.7:1, 25.7:3, 1.2:1 ur1::; 29.7:1 m11m'flu u1t1::;illum1u-:i'l! t'fl17 m1mtMrn'Vl 

q 

fl17lJ!fllJ 5 ppt 111e:iJ1w:i1tl 1ll!~'W~el-:J1Jfll'J!'ff1mt i 1ill•Jrl-:J, ul uJ1 l'fll'Jmvn::;mii-:it-:io~'Jlff1'W 

d d ~di I d 1 d 
'Uel-:J Mg:Ca 'Vlfl17lJ!flll\ollll'flllJlflfl17f\17ll!flll 25 ppt U'J::;mw 1 !'\Ill !!rl::;fl17ll!fllJ 30-35 ppt 

0~1'7ff1'W'Uel-:J Mg:Ca, Na:Mg, Na:K, Cl:Na ur1::; Cl:K i:iri1 0.3-0.5:1, 58.9-73.6:1, 23.9-27.2:1, 

O Q.I d_ IQ.I I di _.d ~ 
0.8:1 Uri~ 19.1-20.2:1 ~lllrll'fl'l.J (~l'JN'Vl 2) llrl~'VlU17 el~'Jl'ff1'W'Uel-:J Mg:Ca llflll'Vlllt,'-:J'U'W~lll 

d d, _F,! "' "-' d u I d llJ ~ I "I 1i' .d d ~ "' 
fl17lJ!flll!llel!lJW'l.J!'Vll'J'l.Jfl'l.Jfl17lJ!fllJ 25 ppt 'J~mw 1 !'Vll !'Yi'W !'fl17 t'W'Wl'Vlfl17ll!flll~l'Yi'Jelt,'-:J 

t 'j/ I jl 'j/ I 

fl17 25 ppt tT-:ii:immW'Uel-:J Ca i1 ;.;r'fl,~17 ~-:J'n!~l'J-:ilm.17fl17lJ!fllli7Ul'il~tJ-:J'Ul'flllflrl'W Ca e:JQ 

<!1 .d "' I IIJijGJ 1i' ,!{ .d 0 Gj ~ ~ "'1 0 ll) ~ llj ~<C!Jf .d 
t1-:J'fflJfl11''Vlt1~111rnurn1~r1-:i i i'W'Wl!Vle:J'Vlt1::;m i'Yifl-:Jll e:im'ffm iui111-:i'ffll'flrl t'fl'fl'U'W 'UW~'Vl 

q • q 

' ,I QJ ,I u ~ lq i/.d I cl d 'i 
1117-:J'Vl-:JEI 'fflllll~'J llrl~'l.JW'J~'W 'J~'Vlll'lil~ (2551) !'fll.Jf)l'J!'ff'Wel!t'W::;17 fl171J!flll'Vl!'Yilll~'ffll t'W 

q u q 

fll'Hil'J-:i~-:J'U71 (L. vannamei) 'fll'fl17eJQh.!'lf1-:Jfl17lJ!ftlJ 20-35 ppt 1rle:i'Vlt1l'JWlfll'J!'U~l'J'Wt!Url-:J 
,, ' ' 

'Ue)-:J e)e)'ff lllm~~!lrl~U j 1i 7~ff1'W l Mwl u 1::;uu !~e)'fl !'W e)-:J 'illflJJf11'J !U~l'J'Wll Url-:J'VlN'ff'h~lflJJ 
q u 

• ~ ~ "' llJ ~"' <!1 • 'I ~ 0 .,, llju l ~, 0 "'.,,. 

fle)'W'UH~l'Yi'JeJfl1'1.JfllJ !'fl'fl 'il-:J'ff-:JHrl t'Yi'ffllllHl'Wl'Vlrl-:J-:Jl'W ! 'li 'Wf17'J'fll'J-:J'l/1~ 1rn::;m1 
q 

t'il1t1J!fl'l.J 1~ t~e:iu1-:inu1~il'VlTifll'Vl fl11mi'.i1JJ1n11 20 ppt fl11'~ t1~~1~11ir flt1'1fll'Jt'ff1m1i1il\9,J 

rn-:i'li'W'fl l u J m1e:im1111~11Jm1m11m::;irn ur1~~ fl11mflllmnn11 35 ppt 1111~iwi'o-:i1~e:it11-:iJ1 

1~e:i l Mfl171J1-u'mi'u 'Ue:i-:iu i1i 1~rn-:i'li'W'flJ1r1'1 . 
O~'Jlff1'W'Uel-:Jld1il~~Vl'l.Jl'W'Vlrll'fflll'Uel-:Jfi-:Jflrl1~7 (P. monodon) Vl'l.J17 l'W'Vlrll'ffll7 

q q q 

'j)d d .ci.Cl.l ' .di 

'Uel-:JfJ-:J'Vlfl17lJ!flll 5 ppt llel~'Jl'ff1'W'Uel-:J Mg:Ca, Na:Mg, Na:K, Cl:Na llrl~ Cl:K lll'll 0.2:1, 

O Q.I .d d QJ I 

37.2:1, 21.7:1, 1.5:1 Uri~ 33.4:1 ~lllrll'fl'l.J (Lin et al., 2000) llrl~'Vlfl11lllflll 10-20 ppt el~'Jl'ff1'W 

'UeMUi1i1~i-:inri11JJril 0.5-0.8:1, 14.1-23.8:1, 17-20:1, 1.3-1.5:1 Uri~ 25.2-26:1 ~lllrili'l.J 
q 

(1Jt)j1~U U'Jtl'.]ll'lllfl llrltfltl!t, 2547fl) bl1'Wfl17lllftll 25-30 ppt 0~57ff1'W'Uel'1 Mg:Ca, Na:Mg, 

Na:K, Cl:Na Uri~ Cl:K ijyj7 0.2-0.6:1, 17.8-24.7:1, 19-21.5:1, l.5:1 Uri~ 28.4-33:1 ~11Jri1iu (Lin 

"'"'u .q .d 99Jd • di d 
et al., 2000 llrl~ 1Jt)j1'~'W 1'~'1':Jll'lil~ llrl~fltl!~, 2547fl) (~11'1-:J'Vl 2) llil'fl-:J t11l'Yi'W11 UJOfl11lllfllJ 

J1nm1 lU~l'J'WtlUrl-:J tUeJ~l-:J t 'J O~'Jlb'Y1'W'Uel-:Jll j 1il~~Vl'l.J t 'W Vl"7illlltJ-:Jfl-:J lmftfll'J-:Jf)'l,J~rlO'fl'lf1'1 
q 

d ~ , ll)3'• 'j)'j) Q.I Q.I , , 93' d & v 
fl11lllflll 'Yi'JOflrl11 t'fl11 fl<l~el<l'Vl l'Jll'Jlll'Jf1El70~'Jlil1U 'U0'1ll 'J1il~ !'Yi fl-:J'Vl~rl el'fll1'11 tl'1llllfl11ll 

• q 

t I 9/ 'j/ I I 'j/ 

1~llt1~i:im11u~t1uu uiN i ,J 1ti01~miu-w m11~v<1n-:i~fl 11mfl1Ji1 m11i11md1i1~ 1 u1~um~t1<1 
q • 

07,1,i~ tiJJJHrlfl'J~'Vl'Utl'U0\9l'Jlff1U'U0'1ll i 1il~~JJmit U'Vlrllill.Jl'U0'1fi'1fl"1~1 (P. monodon) 
q qJ q q 
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fH'l'UeJ~fl1UJIAtlYleJfll".il'U~tlUU'Ui:'l~OVl'nri-TU'UeM Mg:Ca, Na:Mg, Na:K, Cl:Na Ui:'I~ 

Cl:K 1un.Ji1e11l'Uel~t1~'Yl~!i:'I 
q 

fl~'.i1'ff1'W'\JO•rnf1il'9.l~'V'l'I.Jiim.Hioo'\Jo.:i1.:i'll11 (L. vannamei) ~fl11lJ!fllJl>i1.:i '1 'V'l1J11 

5~11ri1'W'\Jt1.:i1111i71,J i'W 1m .:iirf 1-mJi'loo'\Jo.:i~.:ii'Wi1.:iA111J1~1J 5-20 ppt 5~'.iTff1'W'\JO.:J Mg:Ca, 

Na:Mg, Na:K, Cl:Na !!fl:::: Cl:K JJ~l 0.07-0.09:1, 1.3-1.7:1, 0.9-1.1:1, 1.8-2.3:1 Ufl:::: 1.8-2.2:1 

0 Q.I .d d Q.I 1 Q.I f d. I 

~11.Jm~'IJ 1rn::::'VlA111J1A1J 25 ppt 0~11ir1u~.:iom11Jm 0.09:1, 1.7:1, 1.4:1, 2.1:1 1m:::: 2.9:1 

m1Jcl'1~1'1.J ~.:i~A17ll!fl1JJ15m1ri1'W'\JO.:J Na:K iJ~1J1011~m11J1~1J 25 ppt U7'il~JJHfllJ1'il7f1 

'll 3' .c:1 , ~ ~ 9 '¾ .ei , J'q 'j} d , 9 J' 
A11lJ!'\JlJ'\J'W'\JO.:J Na llll1f1fl17f11'.i!'V'lll'\J'W'\JO.:J K t'U'Wltrn::::'V'lmffm 'il.:!'IJ.:J'J$t'11!l1'W171'Wm1nw.:i 

'jJ .d d ~ 0 ?1 'j) d ~ 'jJ 'jJ ,:9. d ~ '1- 19 ~ ?1 
fl'1'Vlfl11lJ!filJ~1 'illl1J'W'il::::~O.:JlJfl1'.i'V'l'il1'.iW1fl11lJ!'\JlJ'\J'W'\Jtl'1 K l'V'ltlYl'il~!ff'.illfl.:! 1J !'W'Ul !1J'Wfl1'.i 

'U1'1.J 0~11ri11.J i ttmll 1~ ffllf1'1.Jfi 111.Ji o.:ifl1'.i'\Jti.:i1.:i 1rn::::~fi111J1~1J 30 ppt JJfl~'.i 1ri11.J '\J o.:i 

d f o Q.I & 

Mg:Ca, Na:Mg, Na:K, Cl:Na trn:::: Cl:K llfil 0.08:1, 2.4:1, 2.1:1, 1.4:1 um: 3.0:1 mllm~u cu.:i 

'V'l'IJ17 fl~'.i7'ff1'W'\JO.:J Na:K JJ~1mnni1~mlll!fllJ 25 ppt 'U'.i~mw 1 rvii l~O.:J'il7f1 1rlt1fi11ll!flll 

J11vt1JiY.:i~'W'U1lJ1W'\Jtl'1 Na i'WJ1uf1:::;'V'lmff1J1!vtlJ~'W!<Jf'Wf1'W 'ff.:JHflittn.:iio.:i'IJU Na 1i1mi'W 
<u q 

1 iJ , 1.ei ,¾ o 'I iJ"' , I iJ d ,¾ 'I "" "' , , "' , 
! fl'.i '1ff'.i1'1!1JfltlfllJ1f)'\J'W Yll ! l1tl~'j 1ff1'U ~!'V'lllff '1'\J'W 1rn:::: ! 'W'\JW::::1mJ1f1'W ff '1 Hfl~ tltl~ 11ff1'W'\Jtl'1 

<u 

Cl:Na ittfl~J1fl.:J'U'.i::::lJ1W 1 rvi1 'ff1'W~fl11lJ!fllJ 35 ppt JJfl~'.i1'ff1'W'\Jtl'1 Mg:Ca, Na:Mg, Na:K, 

d I o Q.I I d' 
Cl:Na 1m:::: Cl:K lJfil 0.09:1, 1.2:1, 1.0:1, 2.1:1 1rn:::: 2.2:1 ~llJfll~'IJ (ff1N'V'l'11J fflJlJl~'.i, 2552) 

(~1'.i1'1~ 3) l<Jf'W!~cl1f1'1.J~'.i::::fl'I.Jfi11lJ!~lJJ11~cJJJ0~'.i1'ff1'W'\J0'1 Na:K J1011A11lJ!fllJ 25 ppt 

fi11lllimf'W'\JO.:J Na JJ~7fl~Jrn.:i~fi11lJ!fllJ 35 ppt ;.:iri.:iHfl itt'5~11ri1'Wfl~J1fl.:J!<Jf'Uf1'W tll'il'il:::: 

!~t).:jlJ1'i)1f)fi11lJ!illi'W'\Jtl'1 Na JJlJlfl'il'W!fl'U '111 ri .:!Hfl, ttn,wi'o.:i'V'lcJlcJlll~'il::::'IJ'IJ Na t)t)f) l'U'Wtlfl 
q 

11.:imm~o~'il::::1 m:11irll~fl'\Jt1.:itd1i1~ i tt'mm::::irll 11~001 'ilori11 '1~11 n.:i'V'lc11cJ1llfo111irll~fl 
q q q q 

"' ' I 'I j/ di j/ d it "" "I"' "I '1- I 'I j/ d ' 
tl~'.i1ff1'W '\Jtl'1!!'.i1i1~ ! m11m::::ffllfN!!llfl11lJ!fill'U1 'il::::llfll'.i l1Jflcl'W!! 1Jfl.:j 1J II ff~.:j ! m l1'W 11 fl11ll 

q 

i 11 iJ 'W i 'W fl 1 '.i irf 1'1 !'U i1 tlfl 1 ~ cl i ~II 11i 1~~1 lJ 0 ~ '.i 1 'ff 1'W fl.:! f1 ri 11tl''W if.:i fl '1 iJ fl11ll i111J'W trn:::: 111fltl.l 
q u 

Q.I t ~ Q 'j} 'j} d '1 d. 1 d d. 09'J)'j/ 'j) 

~ '1 'W 'W Ill tl lJfi 11lJ! '\J ll '\J 'W 11.fo cl'W II 'U fl '1 'U 'il:::; ll Hfl f1'.i:::; Yl 'IJ ~ tl ff '.i'.i:::; Ifill II fl ::::'Vl 1 ! l1 fl'1~ 0.:J'V'l ell ell ll 

mufi1Jfl~11ri1'W i 'W'V'lmirm '1il1iJ~vuuiJf1.:i '1 iJmntT o~.:ii o.:iiim1 i ~m1.:i.:i11.J i 'Wfl1'.ifl1Ufill ;.:iii 
q q 

~ ~ 

Hflm::::YJ'IJl>io5~11ri·rn 1 'W 1 m .:iir!1.:i1iJi100~1c1 i.:itl'W m11ir1rnt~1i1~m.:J'J$'W ~".:i '1 iJhnho1'0 'il:::: 
q 

"" """' 1 iJ ,1.ei j/'1j) 
l.Jl:-Hl~fl'IJ 1fl'.i.:jff'll'1t1Jfltlf1'Utl.:!f1'1 ~ • 

fl~'.i1ff1lJ'UO.:itd1i1~~vrniuttl~of1'UO.:Jf1'1f1fl1fl1 (P. monodon) ~fl11ll!~lll>i1.:i '1 
q • q 

'Vl'IJ11 fl~'.i1ff1lJ'UB.:itd1i1'9jilJ 1m,nrr1.:ittl~Of1'\ltl'1f1'1~fl11lJ!~ll 10 ppt fl~'.i1b11lJ'Utl'1 Mg:Ca, . 
d I O Q.I d. 

Na:Mg, Na:K, Cl:Na tm:::: Cl:K llfll 0.03 :1, 1.0:1, 1.3:1, 0.6:1 tm:::; 0.8:1 ~1ll'11~'1.J !!fl~'Ylfl11ll 

d Q.I f Q.1' I d I O Q.I I d Q.I 

tfill 20 ppt om1ir1u~~nm1llm o.o3 : 1, 1.2: 1, 1.2: 1, 1.0: 1 !!fl~ 1.2: 1 ~7llfl7~'1.J t'J$1-Jmc1101J 



O IV "'ll V 

rrri ~ n'tteHl'itvl urn nm 1 nrn1 -rvn 
~ ~ 

,!'1 ,ct 

vl.Wll-HfU 0.!lJtl~ ~.'lHi1J1 20131 
23 

cl dw I d.' 

'fl1Ull'fllJ 30 ppt 'YleJ\91'.il'ff1'U'IJ0-3 Mg:Ca, Na:Mg, Na:K, Cl:Na mi::; Cl:K lJ'fll 0.03 :1, 0.8:1, 

1.0:1, 0.8:1 uci::; 0.8:1 ~llmlli'lJ ('lJUJj\911-J 1.h::;'YllJ'lfl~ trn::;'flw::;, 2547fl) irlmmvrnviv'lJ 
• u • 

Q.I ' t Q./ ' ' d d Q./ ' .c:1 I I 

eJ\9l'Jl'ff1'U'IJeJ-3U'.i1il\9,j'fl-3flcll1 'Vl'lJ11 'Yl'fl11lJ!'fllJ 20 ppt eJ\9l'Jl'ff1'U'IJeJ-3 Cl:Na uci::; Cl:K lJ'fllt1'-3fl11 

<l .J9 'J) <l ' .d <l it ~ 'J) 'J) 9 it 
'fl11lJl'fllJ 10 ppt 'If t'nl'tt'U11llJeJ'fl11lJ!'fllJ'Ul\)sl'IJ'U 'fllllJ!'IJlJ'IJ'U'UeJ-3 Na uci::; Cl t'U'Ultrn::;'Yrnl'fflJl 

"' ~ ' "' ' 'I 5151 51 
"' 'JJ 'l 7 'JJ • I"' ~ o 'I 'JJ"' , 

lJlJlfl'IJ'Ul'lf'Ufl'U mi:-rn t'nm\9leJ-3'1J'lJ Na uci::; Cl l'UllJl t'U t'fl'.i-:f'ff'JNlucleJfllJlfl'IJ'U 'Y11 t'ntJ\,l'Jl'ff1'U • 
d ~ .::s , Q./ , 9 3/.c:i , d ,:f , 0.1 'G\ d d 

l'VllJ tl-:!'IJ'U!lcl::; mrnm::;'Yl'lJ\91 eJ 0\9l'Jl'ff1'W'IJO-:J Cl:K t 'nlJ'fll!'VllJtl-:f 'IJ'Ul 'lf'W fl'W U\91 t 'W 'IJW::;Y1'fl1llJ!'fllJ 

Q./ I Q./ .:::I I ~ dt d d 
30 ppt 0\9l'Jl'ff1'W'IJO-:J Na;Mg, Na:K, Cl:Na 1m::; Cl:K flcl'lJlJ'fll\911'1-:J Ol'iHJ::;!'UO-:JlJl'illfl'Yl'fl11lJ!fllJ 

9 ~ .c:1 d ~ ''1...1 o cl d ~ di 'j) 

tr-:imnmmW'IJO-:J Na u-a::; Cl t'W'Ultrn::;'Vlm'fflJllJmlJlW'YllJlfl'il'W!fl'W !U 'ill!ll'W'Ylflsl'il::;'i)-:jl,lt)-:j 
j,J ' I I 

-urn1 i1Jw1111 riTwoonuoni 1-:imv ri-:ir1-arl1 i tto\9111ri1ui-:inriniiriwi'1-a-:i rwovi'il~fo'l:l 1'fflJ'Plcl'IJO-:J . . 
' ilj/ ~ I li)9/I 'j/ Q./ Q.I I I i'J) 

!I 'J'til\91 l1!'11 lJl~'fflJ '11 mm 'ilfl m1 t 'Pl11 fl-:J'VlrJlrJllJ'rn'l:ll'fflJ'Pl '10\9l'Jl'ff1'W 'IJO-:J!! 'J 'til\91 l'l!'nlJl~'fflJ 
q q q q 

~-:iurl'f111m~ml1'il~iim111.l~vumfo-:i t ii i-:itTu t-:inri11 t~i1 n-:i'VlrJ1VllJ~'il~'fl1'lJ'fllJ0\9111ri1u . . 
'IJO-:J!l';i'til\911'11rild i ttfl-:J~ '1110 i ttii11.l~V'Ul!'Uclsl'WOV~'ff'fle)~\,lc]t)'fl'lf1-:J'fl11lJ!~lJ !'Vl'.i1d1mmw 

• • <u 

'IJ o-:i 0\91 'J 1ri1u 'IJO-:J !! ';i 1i Wl i-:i11 lJ 'Pl d ii 'fl 11lJ! '11 lJ 1::; 'fflJ fl 'lJ m ~'lJ 1'U fll'j ir! NI lli1 e)fl'IJ Os! n-:i . . 

L1G-L4i 

tl> ~ '-\'ST1 

fn,1, 

301352 



.d QI ' d 'l ~ ~ 3/ d d I 

m'.iW\11 1 tim1fl1'W'Utl-!l Mg:Ca, Na:Mg, Na:K, Cl:Na, Cl:K mit Ca:P '\ll'Vl'U 'W'W1'Utl-!lf11';imtl-:Jfl-!l'\lltm'\llm7rnflll\9l1-!l "7 
q 

~ ,, 
'b'lHI '\Hl~ fJ~ fl11l.ll~lJ (ppt) 

L. vannamei 

Na:K Mg:Ca 

4.1: 1 (280:68) 

6.8: I {519:76) 

7.0:1 (716:103) 

5.2:1 (814:157) 

4.6: 1 (1,022:222) 

4.3:1 (1,121:263) 

01111rl1u'1J1J~11h1~ imi', 

Na:Mg 

7.7:1 (2,146:280) 

5.9:1 {3,072:519) 

4.5:1 (3,213:716) 

5.9: 1 (4,808:814) 

5.3: 1 (5,427:1022) 

5.8:1 (6,451:1,121) 

Ca:P 

2.7:1 (68:26) 

3.3:1 (76:23) 

2.7: I (103:37) 

4.5: I (157:35) 

7.7: I (222:29) 

12.9: I (263:20) 

Cl:Na 

1.4: 1 (3,021:2,146) 

1.1: 1 (3,298:3,072) 

1.1: 1 (3,460:3,213) 

1.6: 1 (8,050:4,830) 

1.6: 1 (7,513:4,808) 

Cl:K 

30.7:1 (3,021:99) 

14.8: 1 (3,298:222) 

12.0: 1 (3,460:288) 

51.6:1 (8,058:156) 

24.3:1 (7,513:309) 

1.8:1 (9,901:5,427) 27.9:1 (9,901:355) 

1.7:1 {11,214:6,451) 30.7:1 (11,214:365) 

" ~ lilfHflSlll~tM 

ff11~'VM.j' ll'1:;'4ty1.i'W (2551) 

Roy et al. (2007a) 

fffo'Vl~.j' ll'1~1Jt]j1,i'W (2551) 

5 

10 

15 

15 

20 

25 

30 

30 

34 

35 

21.8:1 (2,146:99) 

13.8: 1 (3,072:222) 

11.2: 1 (3,213 :288) 

30.9:1 (4,830:156) 

15.6: 1 (4,808:309) 

15.3: 1 (5,427:355) 

17.7: I (6,451:365) 

28: 1 (11,500:409) 

28: 1 (10,500:380) 

21.3: 1 (8,615:405) 

1.5: 1 (17,500: 11,500) 42. 7: 1 (17,500:409) Roy et al. (2007a) 

P. monodon 

M. japonicus 

P. latisulcatus 

5 

5 

25 

20 

32 

32 

29.9: 1 {1,288:43) 

10.3: 1 (3,059:296) 

74.5: 1 (2,983:40) 

3.4: 1 (1,350:400) 7.7: 1 (10,500:1,350) 

5.2: 1 (1,350:258) 

2.9: 1 (240:84) 

3.1:1 (284:91) 

3: 1 (1,824:600) 

4.8: 1 (l ,312:275) 

6.4:1 (8,615:1,350) 

5.4:1 {l,288:240) 

5.4: 1 (1,536:284) 

4.1: 1 (7,613:1,824) 

2.3:1 (2,983:1,312) 

27.8:1 {10,760:387) 4.3:1 (1,794:413) 5.9:1 (10,760:1,794) 

23.9: 1 (9,306:390) 3.1:1 {1,126:355) 8.3:1 (9,306:1,126) 

., 'l d 4:!i ~ 3J , 
l1llltll11\9l \9l1!'1'll u1-:im'U mi m11-J1'U1-J'll'W'UO-:JH11i119J (mg/L) 

15.8: 1 (258:16) 1.4:1 {12,167:8,615) 30.0:1 (12,167:405) 

1.8:1 (2,380:1,288) 

2.2: 1 (3,328:1,536) 

55.4: 1 (2,380:43) 

1.7:1 (12,880:7,613) 43.5:1 (12,880:296) 

1.9: 1 {17,359:9,306) 44.5: 1 (17,359:390) 

Goldberg, (1963) el',~ 1iw Roy et al. (2006) 

ff11~'Vl~.j' 11'1~'l.Jt]j1,i'I-I (2551) 

Lin et al. (2000) 

Tantulo and Fotedar (2007) 

Lin et al. (2000) 

Pan et al. (2006) 

Prangnell and Fotedar (2006a) 

N _.,. 



.d CV I d G'j 9/ d d1 

\911'H~'Vl 2 t!\9l'Jl'ff1tJ'lJtl~ Na:K, Mg:Ca, Na:Mg, Ca:P, Cl:Na m'l~ Cl:K 'Vl'W'l.J ttJ'VH'll'fflJl'lJtl~fJ~'Vl~Li:1'Vl'fl111Hf1lJ\9lN 'l 

4 ,., 

'lf'\l~'UlMfJ~ 

L. vannamei 

P. monodon 

P. latisu!Catus 

fl11lJl~1J (ppt) 

5 

5 

10 

15 

15 

20 

25 

25 

30 

30 

35 

5 

10 

20 

25 

30 

32 

Na:K 

40.1:1 (7,820:195) 

28.1: 1 (10,265:365) 

25.1: 1 (9,850:392) 

22.3: 1 (9,445:423) 

34.2: 1 (7,360:214) 

28.0: 1 (11,317:404) 

25.2: 1 (11,576:459) 

25. 7: 1 (8,089:315) 

44.4: 1 (7,820: 176) 

24.9: 1 (12,814:514) 

27.2:1 (13,179:484) 

Mg:Ca 

0.4: 1 (226:612) 

0.4: 1 (300:720) 

0.3:1 (181:715) 

0.1: 1 (96:654) 

0.1: 1 (96:676) 

0.3: 1 (220:674) 

0.2: 1 (162:650) 

0.4: 1 (266:595) 

21.7:1 (6,509:300) 0.2:1 (175:1096) 

20.0: 1 (6,440:316) 0.8: 1 (456:560) 

17.0:1 (6,555:382) 0.5: 1 (276:536) 

21.5:1 (7,291:339) 0.2:1 (295:1304) 

19.0: 1 (7,245:382) 0.6: 1 (408:692) 

0.2: 1 (138:594) 

"' "I d "I 91 91 • 
'Ml.JlmMrJ 1,nm'll 1tJ1~rn'lJ flti 'fl17lJ!'lJll'lJtJ'lltJ~U':i1ill>J (mg/L) 

li.i11ci1'U'UeM111n1,i 'lmm1mn 

Na:Mg Ca:P 

45.5: 1 (10,265:226) 3.5: 1 (612:176) 

32.8: 1 (9,850:300) 

52.3: 1 (9,445: 181) 

3.9:1 (720:184) 

3.8:1 (715:191) 

117.3:1 (11,317:96) 3.9:1 (654:168) 

120.5:1 (11,576:96) 4.1:1 (676:164) 

36. 7: 1 (8,089:220) 

79.2:1 (12,814:162) 4.0:1 (650:162) 

Cl:Na 

1.2: 1 (9,450:7,820) 

0.7:1 (7,621:10,265) 

0.8: 1 (8,062:9,850) 

0.9: 1 (8,165:9,445) 

1.2: 1 (9,450:7,820) 

0.7:1 (8,451:11,317) 

0.8: 1 (9,246: 11,576) 

1.2: 1 (9,358:8,089) 

1.3: 1 (I 0, 150:7,820) 

0.8:1 (9,766:12,814) 

Cl:K 

48.5: 1 (9,450: 195) 

20.9:1 (7,621:365) 

20.5: 1 (8,062:392) 

19.3:1 (8,165:423) 

42.5:1 (9,100:214) 

20.9: 1 (8,451 :404) 

20.1: 1 (9,246:459) 

29.7: 1 (9,359:315) 

57.6:1 (10,150:176) 

19.0:1 (9,766:514) 

49.6:1 (13,179:266) 3.8:1 (595:155) 0.8:1 (10,071:13,179) 20.8:1 (10,071:484) 

37.2: 1 (6,509:175) 

14.1: 1 (6,440:456) 

23.8: 1 (6,555:276) 

24.7:1 (7,291:295) 

17.8: 1 (7,245:408) 

65 .3: 1 (9,008: 138) 

1.5: 1 (10,010:6,509) 

1.3: 1 (8,225:6,440) 

1.5: 1 (9,625:6,555) 

33.4: 1 (10,010:300) 

26.0: 1 (8,225:316) 

25.2: 1 (9,625:382) 

1.5:1 (11,235:7,291) 33.0:1 (11,235:339) 

1.5: 1 (I0,850:7,245) 28.4: 1 (10,850:382) 

y Q 

lllfHYlHllHl~ 

Roy et al. (2007a) 

'iY11~VM1sl lnlt1.Jt)J191U (2551) 

Roy et al. (2007a) 

'iY11~Vi~1s1111it1.JtJJi'.iu c2551 l 

Cheng et al. (2002) 

Roy et al. (2007a) 

'iY11rn~1s1111it1.Jt!Ji'.iu c2551) 

Lin et al. (2000) 

'4tJJr.,,.r 1111tr1rut (2547fll 

Lin et al. (2000) 

'4tJJr.,,.r 1111tr1rut (2547fll 

Prangnell and Fotedar (2006b) 

N 
Vi 



d QJ I d 'l lJ~ 9/ 'j/ O .d, i:J I 

\9'11'Jl~i'l 3 fl\Pl':ilff'J'W'Ufl~ Na:K, Mg:Ca, Na:Mg, Ca:P, Cl:Na !!~t Cl:K i'l'W'l.J 'Wl ~flf1f'.J~'U11 (L. vannamei) !!~tf'.l~f'.lm\P11 (P. monodon) i'lfl'Jl:I.HfllJ\Pll~ "l 

A >} 

fl11lJl~lJ (ppt) 
e1\l\11'tY1'W'\JtMll'l1i1~ l 'WlU~tln 

V A 

'l/tlfl'\JtMfl~ lllfHllHll~tM 

Na:K Mg:Ca Na:Mg Ca:P Cl:Na Cl:K 

5 1.1:l (15:14) 0.07: I (9: 133) 1.7:1 (15:9) 22.4: l (133:6) 1.9: l (29:15) 2.2:l (29:14) !Y11~Vl~;J !YlJlJWll (2552) 

10 0.9:l (16:17) 0.09:l (12:134) 1.3: l (16: 12) 20.8:1 (134:6) 1.9:1 (30:16) 1.8: I (30: 17) 

15 1.1:l (16:14) 0.09:l (12:136) 1.4:1 (16:12) 19.5:1 (136:7) 1.8: l (29:16) 2.0: I (29: 14) 

L. vannamei 20 1.0:l (14:14) 0.09:l (11:131) 1.2:l (14:11) 18.3:1 (131:7) 2.0:l (27:14) 2.0:1 (27:14) 

25 1.4:l (20:14) 0.09: I (12: 129) 1.7:1 (20:12) 21.4: l (129:6) 2.0: 1 (39:20) 2.9:l (39:14) 

30 2.0:1 (26:13) 0.08:1 (11:132) 2.4:1 (26:11) 26.4: I (132:5) 1.4: I (36:26) 2.9:1 (36:13) 

35 1.0:l (15:15) 0.09: I (12: 133) 1.2:l (15:12) 23.5: l (133:6) 2.1:1 (32:15) 2.2: 1 (32: 15) 

JO 1.3:1 (5:4) 0.03: 1 (5: 154) 1.0:1 (5:5) 22: I (154:7) 0.6: I (3:5) 0.8: l (3:4) 1.Jt]Jfmf 1.h:;l'jlJ'll11i m1:;f1ru:; (2547n) 

P. monodon 20 1.2:l (6:5) 0.03: l (5: 153) 1.2: l (6:5) 21.9:l (153:7) 1.0: I (6:6) 1.2: l (6:5) 

30 1.0: 1 (4:4) 0.03: I (5: 145) 0.8: I (4:5) 16.1:1 (145:9) 0.8: I (3:4) 0.8: l (3:4) 

.., q d "'! 91 91 • 
1-1mmr11P1 1-nrn'll i'W"Nrn'l.J flfl fl11:I.H'\J1J'\J'W'\Jfl~l!'J'fi11,J (mg/g) 

N 

°' 



fll'j'j1lJ'j1iJIH,l~fll'j!\il~tliJfl..:J'Ul1ffi'Hlun1'jf1~1,H).,:j 
q 

31 • ~ 0.1 de::t v d o' d d ~ 
)"11J)"1lJfJ..:l'illf11Jt1!'1l'M)"~1J'I.Jl"l~'Wl'Vl:IHlf1'tlW~l!'U..:IUH 1:YlJ1,J)Wl\,'llJ'\11 tll~ 2 !~tit.I . ,, . 

'Ut.11~f1111Jt111m ~ti 8.9 ± 0.19 cm l!B~i1111iimu~t1 9. 7 ± 0.18 g m'l'i'1mnlfo1:1ml"lmt1i t.1lit1 

'Vfn 1~t1'il~U11Jf111mft1Ji1rt; 3 )~iu ~ti 10, 201rn~ 30 ppt 1%u11Jf111mftm!i~iii'Wm)1it1..:i 

'Jl d 9 'Jlll] 'Jl d d 'Jl 1 _ I ~ d ~ .,l ll] 'Jl 
fJ..:1 'ii 1 f)fl 11lJ!fllJ 30 ppt II..:! ! l1 ! ~fl 1 llJ!fl lJ '\111,'1 ti..:! fll'j ~ tl'il ~ lJ )" 'I.J fl 11lJ!fllJ B ..:i'J'W B~ 5 ppt !lJ ti ! ~ 

fl11lJ!ftlJ\olllJ~~tl..:lfllrn~1!it1..:iO..:i i 'Wlitl'Vif10f1 7 1tJ ;..:llJ10..:I tUi~ tJf)l)'Vl~Iltl..:1 
q q 

9,/ I Q.I liJ .... I o' 'J) d Q.J' gJ gJ 

m..:itrn~U'lH,N rn!'I.Jtl)f)Ill'i:Y'U'Wl~ 250 L ~1tlf1Btl)'U (Ca(OCL)z) )~~'I.Jfl11lJ!'UlJ'UtJ 

.J'1119.1 ~ 'J)'j) jJ ~ e::1 i & a ~ 99,/11]9/ dd 
50-100 ppm 'Vl..:I 111 flt.I trn1m..:i~1t1m-cr~m~t1f1fl)"..:ll1t.1..:i trn~t\ol)tllJtJl'Vl~rn 1111~mllJ!fllJ'Vl 

'j) 'j) 9 'j) 

\olt1..:inn (10, 20 trn~ 30 ppt) um mmmft'\o!Bt1~nm 

fll 'j 1 H!!f-.l'W fll 'jflvHl M 

' ,I 
fll)"tltlf1!t1J1Jtti:-ltJfll'j'\ll~Iltl..:IU'U1JLJ'll'i:YlJ\j)"W (Completely Randomized Design -

CRD) uo~uli..:ivvmrlu 9 'J.!'~fll)'Vl~Ilv..:i ~m1rnftml1 10, 20 !!II~ 30 ppt ~iinnt1:11m11'fi1~11B~ 

11] le::i ~ , d ~ a , .::t ~ 9 9.IIJJ 9) 

!lJlJfl1)"!1:Y)"lJ!!)"'fil~~f)fl11lJ!fllJ (negative control) !!B~fll)"!'i:Y)"lJ NaCl !'VW..:ltJtll..:l!~t11tl"ltJ !'Yi !~ 

)~i'I.Jfl11lJtfllJif1~t~tl..:ln1J'l,!'~~tb1'1md'fi1~ (positive control) 'l'llfll)'Vl~IltJ..:1 3 J, 1~t1'W'ill)Wl 

l"ltJ~f1filJfll'j 1u~t1m1 uo..:i'U v..:i1d'fi1~11~I1~'lf'W ~ i 'W'Vl1..:i1:1'h~tfl U'U v..:il"l m1:1m iu 1rn~tu~vn irlv 
0.1 dd , G.1 'j/&o 'J)'),) 

'V]'j11J'j~~1Jfl11lJ!fllJ'Vl!'YilJ1~rt'lJ'UtJ..:l!!\olo~tJ1tl1~UB'l'il..:lt.!1fl11lJ!'UlJ'UtJ'UtJ..:I Mg, Ca, Na, K trn~ 

Q.I d d 9 ' Q.I ~ 0 Q.I ,, 91 I 

Cl \ol1m~~1Jr111mr11J'Vlmm~-crlJ I utt\o!II~ t11t11~trn~m mmu 1w n~1Jfl11lJ!'UlJ'U'W 'UtJ..:ll!'j'fi 1~ 

d .ct d • ~ & "1 j/Q ~ Q.I 1 'j) ,I 

1~t111RI1t1'Vlfl1'jlJtJt1iuu195..:i 1~'W'ilnW1'il1nl"lmr<m 11.lovn 1rn~\ol1J ~t1r1w~1m1vJm\PltJ'j 2:1:1 
~ ~ . 

o Q.I d d 0.1 1 

\,'lllJill~'I.J (\,'llll..:l'Vl 4) !!B~lJfllrnl1'ilrt'tJ1JtJ\Pl'j11:Y1tJ'UtJ..:I Mg:Ca, Na:Mg, Ca:P, Na:K, Cl:K !LB~ 

d 
Cl:Na (\ollll..:l'Vl 5) 

fll'j'W'illlWlitJ'Vlolrt'lJlt!o~!'U~tJf)'il~"W'ilnWl Mg, Ca, Na, K trn~ Cl ~iinn 

11.l~vtm ilo..:i'j~imn1mi1-1iu~r< ..:!ilfl~O..:i'U11mm'jt1fl1'Liflm~i'Lifl11mi1-1iu 1 iM' riv'W~ 'il~ 
QJ q q q 

QI 'j)'j) 'j} i ~ Id i' d 
Bfll ~fl'Ufl 1llJ! 'UlJ'U'W II ..:1 l'Jf1! 1'W Ca 'W'Willrt'lJl'il~'Vl'illl W 1 'illf)fll!Q Ill'Jl,'IHf)Ill..:J 'W'lf1..:Jfl11lJ!fllJ 

I 'JI ' I I t 

2.8-50 ppt !U tJ'1 'illf1\91 Btlfl'lf1'1fl 11lJ!ftlJ'W Ca 't 'W'Wolrt'lJl'il~lJfllfl ..:Jll'l11 tJlJfll'j !'U~l'J'W!!'Ut'Mil ;..:i 



28 

.d 
';j::; i u fl 1111 I ~lJ~ m lJ 1::; illJ ll lf)f)l';j vi ll n ru 1f) n !'U~ t'J'W I! 'U r1 ~VIN ir1 ';j::; !flJJ'IJ tM fi~!!rl::; \o!Ul~VI 4 . 

" ill "'' '1 "1'l/ d nJlt\.!f)l';i!ilrnm'fil~ 'l.J';j~1JU!rltl~fJ~'IJ11 (L. vannamei) fllllJ!fllJ 10, 20 !!ri~ 30 ppt 

jJ 'JI d 
fllllJ!'\JlJ'IJ'WVI 2 (mg/L) 

jl jJ .d 
fl1llJ!'\JlJ'IJ'WVI 3 (mg/L) 

' 'J/ jJ d d d 

U';i1il\ol fllllJl'\JlJ'IJ'WVI l (mg/L) fllllJ!fllJ (ppt) fl11lJ!fllJ (ppt) . 
10 20 30 10 20 

Na 6,822 3,072 4,808 6,451 3,750 2,014 

Mg 1,084 519 814 1,270 565 270 

Cl 10,229 3,298 7,513 11,214 6,930 2,716 

Ca 210 76 157 263 134 53 

K 310 222 309 365 88 

91 9J .d d I ,d'1 'jl O QI "j/ 9/ ,d "'1 

11 mm 1-rn m1m 'UlJ'U'W'VI 1 1uu rn'VI fl '\llflflTH11u1ru '\l1m::;fl'I.Jm1m 'UlJ'IJ'W'Vlmm::;fflJ'Vll~ff'J'J::; 

.. gJ 

lfllJ'Uel~fl~ 

fl11:IJL 'UlJ'IJ'W ~ 2 I tluri lfl11lJI 'UlJ'IJ'W 'IJB~II ~1i 11/Jmi '1::;'b''W fl~lj 1utl 1V1::;rn,fo~~fl1llJl~lJ 

10, 20 1rn::; 30 ppt 

9/ 9/ ,d d ' 'j} 9/ I ,d 9/ £:\ t ..d ~ 
m1m 'UlJ'IJ'W'VI 3 tU'Wfllfl17lJ!'UlJ'IJ'W'UeJ~11'J1il\/J'YlfleJ~1ff'J:i.m~ 1uu 7'1'1 h 1u mrnf1'1B~ 

30 

371 

~ , ~I , d d .ct , 3.1 'l-' d QJ 9J 9 
tHJ11 I u 'W '151~ fl 1llJI fl lJ VI lJ fllfl 1llJI 'IJ lJ 'IJ 'W VI mm::; 1:llJ f)1J fl1 llJ \ol e:i-rn 1';i 1rn::; Cl I 'W vrn 11:llJl ll ~ 

"' d 'V'llll';itl.!l'illf1~rl iso-ionic point (fllllJ!fllJ 25 ppt) 

fll';i'W'i1Utl.!lim11J'i1::;'W'ill';itl.!l Mg, Ca, Na, K 1rn::; Cl ~'lf1~fl1llJ!ftlJ~1Jfllfl1llJ 

t .,j' mrwu e) ~ II i 1i l\ol 11~ r1 ::;']5U rl fl~~ \,l r1 e)r} 111 e)lJ f)l ';j I u~ tl'W 11 'U r1 ~ J 1 ~ ~i'i e), ~ 111 ~ 'W 'lf1~fl 11 lJ! .,j'lJ .,j' 'W 
q 

.:::1.:::1 Q.r 'j/ 'j/ 0 I d. j} gJ 

VllJfllllJ! 11111::; 1:llJ fllJ fllllJ\ol el~ fll'i'll fl~ fJ~'ll11 (L. vannamei) m1:::u 1111111mtiHltlfllllJ!'lllJ'll'W 
,, 

'lleJ~ui1i1\ol'W'W ci u~r:i::;'15u\ol~u 1'll . 
""' I 

nntYllJU:ifilYI 
q 

m11~md1illeJflltU'Wf11';i favr:i::;mmnnh::;n01J i~uri NaCl, MgCI2, CaCI2 trn::; 

KCI iuillmw~N "l riu (\ol111~~ 6) iuJ1V1::;1mt~ri::;m1m~lJ 1rn::;mj~fll';jt~rnd1i11eJe:i0m~u 

10 rif ~ 1\olt1'il:::t~lJ1ur:i::; 1 rif ~ ~\ol~eJfl'W 2 iu ur:i:::'il::;rfu 1 iu ~~'il::;1inm1um11~md1i11eJ 

1.h:::111w 141'W 1vl0~'il:::lnti'~1;ui'rnYflll'l~U1flmwu11iWl~t~im~h11uJ1 m,:::J1~1ir:i:::mtJ 
• q 



d 0.1 , d l ¾ dl 9J ~ 91 d d 
\911'n~'VI 5 fllW:i1'ff1'W'Ufl~ Na:K, Mg:Ca, Na:Mg, Ca:P, Cl:Na m1~ Cl:K 'Vl'W'l.J 'W'Wl'VI 'lH?ltl~fJ~ 'Vlfnlll!flll 10, 20 11?1~ 30 ppt 

d 
'fl17j.J!fl1J (ppt) f171'Vl\ol?lfl~ Na:K Mg:Ca Na:Mg Ca:P Cl:Na Cl:K 

"" 'JJ'\ol fl 1'l.Jfl lJ! 'Jj' ~ ?l'l.J • • 15.4:1 (3,781:219) 3.5:1 (531:177) 7.1:1 (3,781:531) 2.2: 1 (I 77:79) 17.4: 1 (3,404:219) 0.9:1 (3,404:3,781) 

10 "" if \Pl ff)'l.J fJ lJ! 'Jj' .:l 'lJ 1fl 58.2:1 (12,581:216) 2.7:1 (517:194) 24.3:1 (12,581:517) 3.2:1 (194:63) 40.6: 1 (8,804:216) 0.7:1 (8,804:12,581) 

"" I 

'JJ'\ol !'ff1 ll !! 1 'fi 1\91 15.6:1 (4,810:319) 3.0:1 (702:231) 6.9: 1 (4,810:702) 3.0: 1 (231 :51) 24.5: 1 (7,456:319) 1.6: 1 (7,456:4,810) • • 
"" 17.1: 1 (4,992:269) 'JJ'\ol fl 1'l.J fl ll I 'lf .:l ?I 'l.J 3.3:1 (717:220) 7.1:1 (4,992:717) 2.4: 1 (220:93) 24.3:1 (7,053:269) 1.4: 1 (7,053:4,992) • • 

20 "" 'JJ'\ol fl 1'l.J fl ll ! 'JJ' .:l 'l.J 1fl • • 17.1:1 (5,093:289) 3.0:1 (687:253) 7.7:1 (5,093:687) 2.8:1 (253:94) 24.8:1 (7,086:289) 1.4: 1 (7,086:5,093) 

if\ol!'ffjlJ!!'i'fil~ 16.2: 1 (5,659:369) 3.5:1 (927:270) 6.2: 1 (5,659:927) 3.0:1 (270:93) 25.9: 1 (9,236:369) 1.6: 1 (9,236:5,659) 

'JJ'\olfl1'l.Jflll 18.3:1 (7,269:397) 3.4:1 (1,031:80) 7.5:1 (7,269:1,031) 3.9: 1 (307:80) 29.9:1 (11,606:397) 1.6:1 (11,606:7,269) 
30 * • • 

"" I 

'JJ'\Pl!'ffrn!!'.i'fil\91 20.0:1 (7,543:381) 3.5:1 (1,157:71) 6.5:1 (7,543:1,157) 4. 7: 1 (332:71) 32.3:1 (11,983:381) 1.6:1 (I 1,983:7,543) • • 

'HlJltll'l-'!\91 if\Plfl1'.Uf,jlll;~?l'l.J ~fl if\olfll'.i'Vl\ol?ltl~~!l.ii'.im'.i!'ffj'.IJ!!'i'fil~ (negative control) 

Ct, ~ .d.d .-=::i, ' ~ Q.I Q.I d 1 9/ d Q.I d. .-=::i, 1 

if\Plfl1'.Uf,jlll'JJ'~'l.J1fl fl fl 'J11Plfll'.i'VI\Pl~'el.:l'Vlllfll'.i t'ffrnm 'fil~!'WflD rn '.i ~\ol'l.Jfnlll!flll fl?l!fl tl.:lfl'U'J1\ol'Vl!'ff'.ill!ll1il~ (positive control) 

' et, I ~ .d,.d, .::::., 1 

'JJ'\Pl!'ff1 ll !! 1 'fi 7\91 fl ti 'JJ'\ol fll'.i 'VI \Pl ?I fl~'VI llfll'.i ! 'ff rn I I '.i 'fi 7 \91 
q q q q 

a, 1 ,:l ,!I 91 91 I 

\9111?1'\J 'W'N!?l'l.J flfl fl17ll!'Ull'U'W'Utl.:l!!'.i'fil~ (mg/L) 

* fl17ll!~ll 30 ppt !~fl~,Jlfl'J1\olfl1'l.JfJlll;~'lJ1fl !!?l~'lj\ol!'ffj'.IJ!!'i'fil~ H'mmw1d1i1~ l 'Wfll'.i'Vl\ol?lfl.:Jlviltl'W~.:l'.i1ll!~l~1tltl'W!~'W'J1\oll'ff1llt!1'fil~ 

N 

'° 



'J) ~ cl 
~-:J'\111 (L. vannamei) 'Ylfl11l-Hfl:I.J l 0, 20 mi:;; 30 ppt 

' 
mmw (g/L) 

tr:rnw1 cl cl • f1111Jtfl:I.J l O ppt f111:I.Jtfl:I.J 20 ppt 

MgCl2 4.79 2.29 

CaCl2 0.37 0.15 

NaCl 9.52 5.11 

KCl 0.17 

., 
fll'aVl'a1~ tf011 flWill'Ytl! 1 

q 

cl 
f11UHfl:I.J 30 ppt 

0.94 

30 

V ii I I JI 

\91 '.i 1,i bHl 1Jfl w mvn.h i u t;1-:i t~ v-:i ri eJ u t'h1 rnrn ~ a eJ-:J trn:;; d'h:i i:Yu brn fll '.i'Yl~ a eJ-:i • • 

';j:;;l'J:;;nm 2 t~tl'W 1~l'Jl!fl';il:;;t1~1mmweJeJflCJft1l'W~a:;;mmi~1m11 ua:;;eJWl1flii ~-:wtf11tJ-:i YSI ., . ., 
.::::::,, cl I d.. 'J) di 1 <Q o' t II) lf( o' ~ d 

model 85/101tm1it1flTVHeJGJ1 ~1mmeJ-:i pH Meter J'W D-21 ua:;;11m1:;;t1m t'W t\91'.i'Yl Utl:I.J t1Jt'Wl'J 

~I I 'J) d ' 
f1111JtlJ'W~l-:J ~1l'Jtfl'.itl-:J Multiparameter specific ion meter J'W C203 

., 
d' Q.J ' 0 

tll 'a m11 VI 10 a NU 1 

'l'llfll'.itn1Ji1m.h-:itl1 6 flf-:i 1llfl1J1!1Wflm-:ititH~tl1tm1it1l1lltt:I.JltUU1lil\91 i~l'J . 
q d, , ~d dta ~ , td QI t d 

,i:;;mJtfl1JGJ11-:Jfltl'Wfll'.i'Yl~'1tl-:J (flH'Yl 1) t:I.Jtl:I.Jfll';j!\91:I.JU';iliWJfl'.i1J (flH'Yl 2) 1rn:;;tt'1-:J'illfl'W'W1l:;;tfl1J 

V O ~ 

i'Jfl "l 15 1'W 'il'Wfl'.i1J'ill'W1'W 2 t~tl'W 

tll'a!fl1JV1100H!~eWl fll'a!Vl1aiivttlltfl.Jl nJ~t:>fl irn~vt11 fll'a1~1nmW'IJ0.:JU".i1il\iJ 

1uvnnmn nH10n ut1~~11 

a v ' ~ 
m-am11vi10ai-:irn0~ 

Q.I ,1 'j} d 1 QI t 'J) 1 d Q.I I 

l1 '1-:J 1llfH'1l'J-:J fl-:J 1l'W fl'.i1J 3 t~tl'W 'ff:1.J\911tll'Jl-:J fl-:JU\91'1i'lf~ fll'.i 'Yl~'1 O-:J:I.Jltfl1J\9110l'Jl.:J 
q q q q 

' Q.I ~I Q..I .,:g Q.I d 9J ci d.. O 

fl. l1'1-:J'illfl-:J~tlll1l'.it1J'Wt1m l 1'W 'il-:Jfl~tatlflfl-:J'Yl:I.J';i:;;('J:;;{le)flfl';jl1J Do :I.Jl,ll'W1'W . 
" rvh "l nu (5 i10~1-:i I cif1) 1mt~a:;;nn'Yl~nei.:i 

'U. ~~t~eJ~~-:i i~v1it~:I.J meif 26 Tuberculin 'U'Ul~ 1.0 ml 1J1nw lfl'W'Ul!~'U~~ 5 
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fl. 'Wll~O~Hll1Ji1h.JlHHl\Plf11'.i'Vl~HHJ~'lJ'WWl 1.5 ml ilPlUvHY'lJ 30 % tri-sodium citrate 

"' 2-'I ., II) ''I V"' cl ., "I, l'I ., I 'I V"' 
!Vl01JO~f1'W !'lJ mmO\Plll'lJ~\911 (anticoagulant) i,'M l1J !'W0\91'.il'ffl'W 1: 1 ( 1'IHnO\Pl 0.7 ml: 30 % 

tri- sodium citrate 0. 7 ml) l'lJV7111'1'1i'1n'W 

Cl 
m ·u~ ·mlJ'Vfil ur1.n 

o "' V .d II), L'i' ,,j 9 V V ,,j 
n. 'WlrnO\Pl~~'Vlv-l'ff'lJ 30% tri-sodium citrate 11J1J'W!VlO 1'H\9'lf1\9'lif10'W\Pl1U!fl'.i0~ micro 

I l I I 
~9'j/ QIQld.3/ 'j) d. d. Q 

centrifuge ll'IO 1'H\9'lf1\9'lif10'W'.i1ll\911f1'W'Vlf1'W'Hn0\Pl\Pl1tlll'.i~ll11U~ 14,000 g 'V1 'QW'HiJll 4°C 'Wl'W 

d 

20-25 'Wl'Vl 

' di cl"' 'I"= cl II)~ 
'IJ. ~\Pl'lJO~ll'ln1'ff1'W1J'W (supernatant) C)f~f1flOVlm'ffm1J'.illl\91'.i 1 ml !f11J n !'W 

eppendroff 1m-h~o 1i1~m11oci1~1lfl'.ilil1mmmwu'.i1i1~;,i7~ "l ;,io hi 

.ct Q..I ' ..... ~ Q..I 

fll1lff'n.lll~10f.JN!1Jll0t1 1mim.J 

CV 0 9,/ 9 'j/ 9/ ~ Q .&'d O ~ d 9) 'J} \'] 

ni 6 \911 mmm~ 1'H'ffitll\Pl\Pl1U'W11J'.i'ff'Vl'IW~U1\Pl (deionized water) 2 mu m1umimrn1~11m 1u 
q 

01Jt'Wloi'omi'1uowm1ii 100 °c 1ilm1m 24i11m l111u~on~orn1J1i~J1ttummmrn uJ1 
~ q ~ 

t11iuo1J~t)flf) 2 i1 im l-Jlf)l:11J1lli~J1ttun0n 'imitJ1'HUf1lll1~M~ ~~l-Jll'U~Of)fi,m~nii1~ 
q 

V V ') i ' '] V d V o IIJ,I I V .d 
tllJ!l'H~ lln1ll11l\Pl 1'W f1H1l\Pl (ceramic mortar) mnittlt'J\Pl llm'Wl !1J'.iO'W\Pl1t'J\9'lillf1H\9lltl'll'Wl\Pl 

9 VII) v, I"= "' .,, "'- I"= , , , II), 1 i cl II) ~ 1 ~ 
150 µm l'H !\Pl1J'JlllW lg ll'ltlf11'Jllfl'.ilitt1J'Jll1Wll'J1il~\911~ "l \910 !1J \Pltllf11l 11 !'W tl~\Plfl111J'lf'W 

(deccicator) 'ff1'Wi1l'ilillt'Jf11ll'illf1fi~ll~nii1'1JO~ll~nim'.i'Vl\Plntl~ f11H1\Plntl~ni 6 i1 iU01Jt'W . 
V W "' ~I ., o • V II) "' .d V V V o II) , I 
\9ltl1l\Pl1t'JOW'Hfl'lJ 100 °C l1J'Wl1m 3-5 1'W 'Wllllt'Jtlt'J\Pllt'Jf)'j\P) !'W\91'.if1'\llfl111Jl'Ull'IJ'W 6 N 1rn1m !1J 
~ q ~ 

v ,e • 1 v _1.ei 
fll11vl1J1i.11W'\J0-:!!!11il~ '1-ffftll il'lll ~'I.J llll~l1Jll0t1 

q 
,, 

l11i1oci1~vi~ 3 U'.iilfl'\llllltff cup [\Plt'Jt1'Wci1~1111t1v prolene film u~1t11iu1\Pl 

,I"= V ,,j 
1J'.i1l1W'lltl~ Na, Ca, K, Mg, P uni Cl f"llmmo~ X-ray fluorescent spectrophotometer Oxford 

2000 """' llJ v, I"= , , .., , V V "" 
ED \,JllJ11if11'i'lltM Pratoomchat et al. (2002b) 'il~ lfl1J'ilJlW'IJO-:il111il\9.]\,Jl-:j "l f1-:jf1"71'\Jl~\,J'WlJ 

ttlhmil'W mg/L ri1'Wirnrn~1il~on,idjtttl1m~u mg/g 
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"" ,! 'l,I 

fll ':i1lrl':i l~'tt6Uel1J"1 

'1i't11Jcl'Utl~U~fl::: fll'j 'Vlflcltl~ i ~Uf) fll'j t 'il~ tlH~'U l\91 fll'j 'i tlfl\91lcl fl 111J~'IJ tl~fll'j flt)f) 
~ u 

" " m1'U 0\9111m1uflm'Wt1 tJ1mw'llt1~U11i1\9lhn11 'VlmiYm 1>1'U ufl:;;t'U~tifl'llti~n~ mtt1m11J . . 
U\9lfl~l~'Vll~'t'l(l~~1clfl111trl'i 1:;;ttttlfl'JllJU'U'i'lhTw (analysis of variance) 1rn:::tl1mtt1r1111J 

, , , l 'I !ll""" !ll 1- I 
U\9lfl\911~1:::tt11~fl~lJ flcl !'ln1i Duncan's New multiple range test f!1cl u'iUfl'ilJ SPSS for 

windows version 11.5 (License code 30025 36098 54100 85475 59009 9625) 



,, ,, 
'Yllf11'.i'l'11°1"10-:J!'ff,11-HL"1i l~tff1JJU'.i1il\91 '1 '\.JUlt~£J-:Jfi-:J'IJ71 (L. vannamei) L1°1£Jf17'.i'W'iJl'.iW l 

q q 

<J)<J)_,d d. C! o,dl~Q.I I 

fllllH'IJJJ'IJ'\.J'VllttJJliffJJ'Vll-:Jff'.i'.iitl'llJ m1im'\.J-:Jtl·Hl\91'.ilff1'1-J'Utl-:J Na:K, Mg:Ca, Na:Mg, Ca:P, 

Cl:Na U"1iCl:K ~wnm~JJ 10, 20 trni 30 ppt Ll°l£J'b'l°lfl1'Uflllt;-:J(l'!J c1~nnnrn1JJU'.i1il\9l'Vlf) 
q q q q 

fllllH~lJ, negative control) U'1i'1(1°1tff1JJ NaCl (rvleJiJfum1m~JJ'1i'1nrl'1ft£J-:Jfl'U'J.fl°l~tff1JJU'.i1il~, 

• • .::::1 £::to ' .:;g Q 'J) 'j} 

positive control) tWi'J.fl°l'l'll°l'1tl-:J (JJf1l'.i!ff'.ilJU'.i1iWJ) CJf-:J'\IHll'.iilllfl1llH'IJJJ'IJ'\.J'IJel-:J Na, K, Mg, Ca 

l . I""' d"' . I"" . I Y Y • d d Y 
U'1i Cl 'W '\1-1 '11 fflJlU"1i!1J '1 flf)'Vl llf11'.i ! U'1£J'\.J!! U'1-:Jfl 11m 'IJJJ'IJ'W 'Utl-:JU '.i 1i 1\91'1'1 ff-:j ffl°l'Vlfl-:J fflJJl'j tl 

q cu q q 

mmJJJ 1~ f1eJ'W~'ili'11°1'.iifl'Uf117m-u'mi'u'1-:J vmiu Ca '1 '\.J'V-lmffm'ilivi'ill'.iWlu1nri1m~£J'UtJ-:J'lf1-:J 

1'117m~mf-:J11JJl°l U'1i Cl 'lu'V-lmffmuivi'ill'.iWl'iJlf1~1°1 iso-ionic point ri1'1-Jf1l'.i'W'ill'.iilllfl17JJ 

t-u'JJ-u'u 'UeJ-:Ju '.i1il\91U~'1i'b'"Wl°l '1 uiu ui~'ill'.iW 1'il1nri1m ~£Jf111m-u'JJ-u'u 'IJ 0-:J u i 1i7\91 'l 'W 'lf1-:Jf117m~JJ 
q q 

~"Alfl-:J~\91'1tll°l111el"f)l'.itU~£J'\.J!!U'1-:JJ1 L1°1£Jf1l'.it~lJ NaCl, MgCl2, CaC12 1rni KC! ni:--1"1~el 

d d 'J) Q./lll]~ 

ff'.i'.ii!flll'Utl-:Jf.l-:J'Ul1 (L. vannamei) l°l-:J\9lel !U'\.J 

., 
V V V t I ") o 

r11Ul!'IJll'IJ'l-U!i,liflVl'Jli;T1'WllMU'J1iWI n.ru1 
q 

< ,, 

9J <J) ~ ... F- d. ' ' 'l 0 
r11llH'UlJ'IJ'W'Uel-:J Na, K, Mg, Ca, Cl U'1i P tllel!u'.i£J'Ut'V1£J'U'.iil'i11-:Jf1~llfll£J '1-J'\.Jl 

J\ 3 '.iiium1m~JJ (flWI~ lfl-'IJ 2n-'IJ 3fl-'IJ) 'V-l'U17 ihu'lm1)1~u\9lfl~l-:Jfl'\.JtJV7-:Jijiforl1ri'qim-:J 

ffa~ (p>0.05) vm 1'W Na 'l '1-J '1(1°11'11'UfJlH;-:J'U1flijri 1~ -:J f111'1f 1°1 fl 1'Ur.)lll;-:J'1'U!Wi'1(1°1t ff1md 1i lloJ 

1rnim1m-u'JJ'li'u Cl '1 u 'J.fl°lfl1'UrJm;-:J'1unri1J1ni1'1(l°lfll'UfJll!;-:Ju1nu'1i'J.fl°l!ff1JJu i 1i lloJ u"i Mg 

.d d Q./ .d. d .:::::t, I di ' .Q 

'Vlfl1ll.Hl'IJJ 10 ppt f)'!J Mg U'1i Cl 'Vlfl1llHfllJ 20 ppt '1(1°1tffrnu'.i1illoJllfll\]'-:Jf11l'J.fl°lfl1'UfJll!'b'-:J'11J 

U'1i'ljl°lfl1'Uf.)ll!;-:J1J1fl 'IJW~~0\9l'nri1mrn-:J Na:Mg, Na:K !!"1~Cl:K 'l 'W'J.fl°lr11'UfJJJ!;-:J'U1flijri1~ -:J 

fl1l'b'f11'111Jl'IJJ!;-:J"1'U!W~'b'~Hff1 lJU '.i1i 7\91 1rni Cl:Na 'l 'W'b'f11'ff1md 1iw1nri1ff-:Jf117'b'f11'11'1Jfllll;-:J 
q q q q q q cu q q 

"1'Utrni'lj~fl11JfJll!;-:Ju1n0ti1-:Jijtl'vrl1ri'qim-:Jfft1~ (p<0.05) vmiu Mg:Ca 1rni Ca:P 'lu'lf~ 

mu11m;-:J"11J ,~wm11m;-:Ju1mrn~,~m1mt'.i1i71P.Jiiri1 hjttlilfl~l-:Jfl'W~r111m~JJ 10 ppt 1rni 

'\1-11J17 l'Jfl'lj~f1l'.i'V1~"1t1-:Jfllt'J'lur111m~JJ 20 1rni 30 ppt iiri1hh11iln~1-:Jo'I-JeJti1-:Jnuvrl1r1qi'Vl1-:J 

' "'"'' "' fftl\91 (p>0.05) (\911'.il-:J'Vl 7) 

V V V I 1 'l v _ (.f!t 
r111lJ!'IJll'IJ'UUtliflYl'Jltl1'U'U8-:JH'J1ilVI !'U't'Hlltllll Yl'IJ Ht1~!1Jt18fl 

q 

y y 'I dJ' 'I l/ d 
r11lllt'IJ1J'IJ'W'Uel-:I Na, K, Mg, Ca, Cl m,i P !'1-.!'VH'lliYJJl'Vl!lW-:I !'W'Wlr11llltr11J 10, 

. ,, 
d. I 'JI 'JI cv I OJ G\ I 

20 mi~ 30 ppt (fll'V-l'\11 1 r1--:i 2r1--:J ua~ 3ri--:i) '\1-11J11 r111m'll1J'll'l-.!~-:inm1'\ll-:J 3 'lj~fll'.i'\11~"1ti-:J i'WU\91 
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'fl:::fl1llJ!~lJlJjuv1fWh-:inueiv1-:iJJtl'!'.Jrllflt\j'Vll·HYG~ (p>0.05) !'.JfllllJfllllJ!'UlJ'UlJ'Uel--'.l K trn~ Cl iu 

'lJf1fl1'l.JfJlJ!;-:JU1flJJfll \J'--'.lfl11'1Jf1fl1'l.JfJlJ!;-:Jm.J !! 'fl:::'1Jf1!ilj lJ!l'i 1illeJ~fl11:IJ!fllJ 10 ppt 'UW:::~ t lJ \Pl'l.J 

(fll'V'I~ J ,1-11, 2,1-11 !!'fl~ 3,i-Q) 'V'l'l.Jll fl11m-umi'u'Uei-:J Na, K, Mg trn~ P !U'lJf1fl1UfJlJ!'1f-:J'l.J1fllJ 

fllff-:Jfl11'lff1f11'l.Jfl:IJ!'1fsl'f!U!!'fl:::'lff1!i'l'j:IJ!!11iWl tm11-:im11Jfl'I.J Ca t'I.J'lff1fl1'l.Jflm;-:imJlJfllff-:Jfl11 cu q q q q q q cu 

A .Ct, I d d Ci. elf~ ' 

'1Jf1fl 1'UrJm'lf-:iu1mrn:::'lJf1t ffrn!! l' 1i lleJVlf111mfl:1J 1 o ppt trn::: P '1Jf1 fl 1'UrJll!'lf-:J'l.J 1n:1Jmv11ml'lJf1 

fl1UrJm;-:i"rnrn:::'lJf1li1'1:1Jtt11illeJ~m1mft:1J 20 ppt rhulm'I.J~ein (mvi~ I 'lf-9f, 2'lf-9f mi::: 3'lf-95) 

'V'l'l.Jll K, Mg trn::: Ca !Utff1f11'l.Jf_):IJ!'1f-:J'fl'l.JJJfllJ1n11'!/'f1fl1Uf.Jm;-:iu1mrn:::'lJf1!ff1mt11illeJ trn::: 

Cl t 'I.J'tff1fll'l.JfJ:IJ!;-:J'l.J1f1lJfllJlf111'ljf1 fl1'l.Jf_):IJ!;-:J 'fl'l.Jlt'fl:::'ljf1l'ffjlJU 11illeJ~fl11:IJ!fllJ 10 ppt 'UW:::~ 

Na trn::: Mg 1 U'ljf1tiY1md1il\,JJJfll\j'-:Jf111tff1f11'l.Jf.)lJ!;-:i'flrnrn:::trf1fl1'l.JfJ:IJ!;-:i'l.J1n trn::: lum-:i 

\?INfl'I.J'UllJ fl11:IJ!'UlJ'U'I.J'Uel-:J K !!'fl::: Ca t'I.J'lff1fl1'l.Jfl:IJ!'1f-:J'l.J1f1JJfllJ1ni1'lff1fl1'l.Jfl:IJ!i-:J'fl'l.Jl!'fl:::'lff1 
q q q q q 

tir1mt11illeJ~fl11lJ!fllJ 20 ppt 'UW:::~fl11:IJ!ftlJ 30 ppt 'V'l'l.Jll Mg, Ca trn::: Cl t'I.Jtff1tff1mt11il19JJJ 

fll\l '1 n11'lJf1fl 1'UrJ lJel r.i1-:iiiir m:hrityVl 1-:i iro~ (p<o.os) 

B\9ll'l'ff1'1.J'UO-:J Na:K, Mg:Ca, Na:Mg, Ca:P, Cl:Na trn:::Cl:K lu-wmirmtrn:::i'l.J 

~fl1llJtftlJ 10, 20 trn::: 30 ppt 'V'IU11 B\9ll'Tff1'1.J'fl-:Jnri11vf-:i 3 'lJf1f11l'Vlf1'fltMtt~'fl:::fl11lJtfllJlii 

U\9lf1~1-:Jfl'I.J eJVl-:JJJ'W!'.Jl:llfltyVll-:Ji'l'O~ (p>0.05) !'.Jf1!1'1.J Na:Mg 1 'I.J\91U'ljf1!ffjlJ!!11illeJUfll\]''1f111'1jf1 

fl1'UrJll!;-:J'f!'l.J!rn:::'ljf1f11'l.JfJ:IJ!;-:J'l.J 1f1 trn::: Mg:Ca 1 U'lJf1f11'l.JfJ:IJ! ;-:J'l.J1f1JJfll\]' -:Jf111'1jf1fl1'l.JfJ:IJ!;-:J . . 
Ci. I ,d .Ct, di O I Q .Ct, I 

'f!'l.J!rn::: 'lff1!ffrnm 1i 1\91 'IJW:::Vl Ca: P 'lff1fl 1'l.Jfl m'lf-:J'fl'l.JlJfll\911 f111'lf f1 fl 1'l.J fl m 'lf -:i 1J1mrn:::'lff1 t ffrn tt l' 
q q q q q q q 

1illeJ~fl1llJ!ftlJ 10 ppt trn::: Ca:P !'I.J'ljf1fl1'l.JjiJ:IJ!i-:J'l.J1f1JJfll\1'1f111tff1fl1'l.JfJ:IJ!;-:J'fl'l.J!rn:::'lJf1!ffj:IJ!!1 

1illeJ~fl1llJ!ftlJ 20 ppt 'ff1'1.Jtt.!!'U~Of1 'V'l'l.J Na:Mg, Cl:K trn::: Na:K !'I.J'ljf1fl1'UrJll!;sl'fl'l.JJJfllJ1n11 

'lff1fl1'l.Jfl:IJ!9f-:J'l.J1f1!!'fl:::'lff1!ffj lJ!! 11il\91 trn::: Cl:Na 1 'I.J 'lff)fl1'l.JfllJ!;sl'l.J 1f1JJfl 1J lf111'lff1fl1'l.Jfl:IJ!i-:i 
q q q q q q q q 

"rnrn:::'ljf1t ff1 m t11i 1 leJ ri1u ~ B\91 l' 1 ri1u 'IJ o -:i Mg:Ca 1 u 'ljf1 fl 11J rJ m ;-:i" 'lJ iJ fl 1 J 1n 1 l'ljf1 fl 1'UrJ m i-:i 

'l.J1fHl'fl:::'ljf1l'ffjlJ!!11il~~fl17:IJ!fllJ 10 ppt 'UW:::~B\?ll'l'ffTW'Uel-:J Na:K 1U'lJf1fl1'l.JfJlJ!;-:J'fl'l.JJJfllJ1 

n11'lff1f11'l.Jflm'1f-:J'l.J 1mrn:::'lff1tff1 lJWJ 1il\91 trn::: Cl:Na 1 u 'lif1tff1 md 1i l\?IJJfl 1J1nil'iff1f11'l.Jflmi-:i 
q q q q q q q q 

!ffjlJ!!11il\91 t 'I.JVll-:J\?IH.,j'llJ Cl:K t 'I.J'lff1fl1'l.Jfl:IJ!;'11J1f1iifllff-:J f111'lif1fl 1'l.JfllJ!;-:J'fl'l.J!!'fl:::'lif1!ff1lJ 
q q q cu q q q 

U11il~ ~fl17:IJ!ftlJ 20 ppt 'UW:::~B\9l'llff1'W'UO~ Cl:K, Ca:P trn::: Cl:Na !'1.J'ljf1fl1'l.Jr.)lJlJfll\l~fl17GJtf1 

Ci. I I ,d Q.J O Q.I AA .d d .d, 
tffrnm1il~OfJl~lJ'WfJfflflt)J'Vll~fft1\9l (p<0.05) Vlf11llJ!fllJ 30 ppt (\oll'j NVl 8) 
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a 
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d v 91 GJ ~ QI 

flll'l'YI 1 fl11llt'IJ1l'IJ'W'\Jtl~ Na, Cl, Mg, K, Ca trn~ P !'W'Wl (f1-'U) l'l"1'ff1l1 (fl-~) \Wll (\1-u) tm~ 
,, 

nrntin ("1$-9$) '\Jt1~m·n~t1~~~'\J11 (L. vannamei) 'l'W"J$~fl1'1Jflllt;~"'IJ "}$~fl1'1Jflllt;~'IJ1fl 
q q q q q 

-=l ' a., d. d 
trn~61j~t'ffrnu1'fil~ 1 ~ti~nm 60 1'W 'Ylfl11lltfl1l 10 ppt (Mean± SE, p<0.05) 
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D 'l{AffnJfjlJI i~ll\J li1J 'l{Af111JfjlJL 'V~1J111 ■ 'l{All111JUlfill\ 

,d 'j/ 'j/ 9 ~ Q.J 

fll'W'VI 2 fl'JllH'UlJ'U'U'Utl-:1 Na, Cl, Mg, K, Ca m'l~ P i'U'Ul (fl-'U) VHlliYlJl (fHI) ~lJ (,HA) m'l~ 
., 

tll~tifl ('11-CJ1) 'UtJ.:jfll'.it~v.:in.:i'lll'J (L. vannamei) iu'lf~lfl11Jflll1;-:!,l1J 'lf~fl11JfllJ!;.:j1J'Jfl 
q q q q q 

~ ' Q.J d d 
!!'1~'1l'fl!bl'rn!!'.i1il~ '.i~V~nm 60 'J'U 'Vlfl'JllJ!fllJ 20 ppt (Mean± SE, p<0.05) 
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□ 'lf'11111Jf\lJ ■ 'lf'11ll1lJlllHlij D'lfllll11JijlJ 

. " d jJ jJ G) o CV 

flWl'YI 3 fl11lH'Ull'U'U'IJtl,:j Na, Cl, Mg, K, Ca mi~ P !'U'Ul (tl-'U) 'YHll'ffl.Jl (fl-.:i) IP)lJ (1l-u) mig: 

" t'U~tltl ('lf-&1f) '1Jtl,:jfll'Hilt1.:in.:i'll11 (L. vannamei) iwlf~fl11JfllHi.:i"'U 'lf~fl1'U'fllHi.:J'LI1tl 
q q q q q 

.::::::. I Q.I d. d 
tm~'lj~m''.illtt'.i1i1\9,j '.i~cl~t1m 60 1'U 'Vl'fl111HfllJ 30 ppt (Mean± SE, p<0.05) 
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\Pll'Jl~'Vi 7 '01'l'J7ff1'W'Utl~U11i1\911'W'W7!!~~vm1ff:1J1'UtNn'~'ll71 (L. vannamei) 1'W'b'~'fl1'lJ'fllHi~~'lJ 'b'~'fl1'lJ'fl'.IJ!i~'lJ1fHm~'b'~!ff'hm11i7\91 'J~t1~t1m1~t1~ 

q q q q q q q q 

I 

UttM 

" 
'Wl 

vrn1ffm 

QI ,d d 

60 1'W 'Yl'fl17ll!'flll 10, 20 !!~~ 30 ppt 
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q q 
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37.27:1 

39.54:1 
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26.40:1 

Mg:Ca 
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Na:Mg 

7.10:1 b 
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44.16:1 
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43.96:1 

46.26: 1 

42.13:1 

47.80:1 

1uJ1t1mA -Ofl'l:l'J fll'l:11-0~fltJ'l:l~~,~ n'W 1 'W Al nrnmt1G~ 1 tt v-imt\91fl~7~n'W 0d1~iitl't1rl1r1t1J'Yll~ff~~ (p<0.05) 

~ 7 ff()~! ill tl'JJ I lfi tl'lJ flltl 1 'W II ti '1 ~U~~~'fl 17ll !~ 11 !~ tl1f1'W 
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0.74:1 

0.66:1 

0.69:1 
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17.35:lb 

33.12:1· 

24.47:lb 

24.35:1 
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25.86: 1 
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30.44:1 

28.92: 1 

26.19:1 

29.03:1 
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. ,, 
mn~'Vi 8 0\91'.ilff1'W'lJeJ,mi1n1o1l'W\91'lJHt'ltttJ~eJf1'U0<Jn<J'U11 (L vannamei) l'W'Jf'Plf111Jfll.Jt9f,lt'l'IJ 'Jf<p)f11'1Jflmi.:iu1mrnt'lf'Plt1;1'1m1i1il\o1 '.itVtnmt~V.:I 601'W 

q q q q q q q q 

.d d 
'Vlfl11lHfllJ 10, 20 m'lt 30 ppt 

I 

!t'I-HM fl11lHfllJ (ppt) f11 '.i 'Vl mm <J Na:K Mg:Ca Na:Mg Ca:P Cl:Na Cl:K 

"' 0.27:lb 2.05: 1 b 2.65:lab 'V'Plfl 1'1JfJlH'lf .:I t'l'lJ 0.52:1 0.40:1 0.19: I 

"' 0.65:1" 1.54: 1 b 1.66:lb 10 'lf'Pl fn'!Jfll.Jt 'If <J 'IJ1f) 0.70:1 0.34:1 0.24:1 • • 
"' I 

0.15:1 b 4.10:1" 3.04:1" 'lf'Plt'i;Y'.il.Jtt'.ilil\91 0.51:1 0.70:1 0.34:1 
q q 

"' 1.41: 1 b ., 'lf'Pl fl 1ur1m 'If <J c1u 0.49:1 0.43:1 1.99: 1 0.65:1 0.32:1 
\91 'IJ • q 

"' 2.02:1" 20 'lf'Pl fn'!Jfll.Jt'lf .:I 'lJ1f) 0.45:1 0.41: 1 1.43: 1 0.75:1 0.34:1 • q 

"' I 

1.10:lb 'lf'Plt'i;Y'.ilJU'.ilil\91 0.39:1 0.27:1 2.93:1 0.73:1 0.27:1 
q • 

'Jf'Plfn'lJfl lJ 0.55:1 0.50:1 1.84:1 0.96:1 0.32:1 0.16:1 
30 

q q 

"' I 

'If~ t 1;1''.il,J U '.i 1i 1 \91 
q • 

0.53:1 0.47:1 2.79:1 1.04:1 0.41:1 0.19:1 

"' 1.27: 1 b 0.08:lb 2.91:1" 1.73:1" 2.20:1 a 'lf'Pl mu flm 'If .:i c1u 4.57:1 • q 

"' 0.73:1" 0.15:1" 1.20: 1 b 6.31: 1 0.78:lb 0.58:lb 10 'Jf'Plfn'!Jfll.Jt']f ,:j'lJ 1f1 
q • 

"' I 

0.70:1" 0.16:1· 1.01:lb 1.85:1· 1.29: I b 'Jfm'ft'.ilJU'.ilil\91 6.43:1 
q • 

"' 0.86:1 b 8.67:1· 1.86:lb 1.60:1 b 
1uti0n 

'lf'Plfn'lJfllH'lf <J t'l 'lJ 0.13:1 1.15:1 • • 
"' 1.20: 1 a 5.87:lb 1.76:1" 2.15:1· 20 'V'Pl fn'lJfJl.lt'lf .:!'LI 1f) 0.18:1 1.16:1 

"' I 

1.25: 1 a 7.97:1" 1.23:1 b 1.54: 1 b 'If~ t 'ft'.i lJU'.ili 1 \91 0.19:1 1.12:1 
q • 

'If 'Plfn'lJfllJ 0.61:1 0.21:1 1.55:lb 3.46: 1 b 0.98: 1 b 0.59:1 b 

30 • q 

"' 
I 

1.01:1" 4.49:1" 1.58: 1 a 1.04:1· 'V~H 1;1''.i lJ U'.i 1i 1 \9J 0.67:1 0.25:1 

11mmtt1o1 0f11:l'.i fll'hl10.:lf1(]'1:l ~~1.:ln'W l 'W\911'.il<Jl'!lJlVG.:! l M r,mu\91 f)~l.:ln'W mh.:iih'foif1r1qJ'Vll.:l'flf1~ (p<0.05) 

r171;1'f1 ~till vu t 'Vi v11n 1 v l 'Wu 11 ci .:iuc1t~ri 11m~11 t~ v1 ti 'W 

w 
'° 



40 

., 
rl tlUll'YfW 1 • 
fJWfll'V'lJ1i1--.1m'itit1-:it-j'-:i~r111m~ii 10 mi:;; 20 ppt 'V'l'Ull i1m~t1'Ue:isivlrn'lJ'im1~ 

r111Jr1m;•umiii1 7.6 mi:;; 7.s11--.1'lJ'~fl11Jr1m;•rn1oiii1 7.7 im:;; 7.6 im:;;i.1--.1'lJ'~ta1mri1i11P1ni1 
q q q q q 

7.6 (fll'V'l~ 4o ua:;; so) e:iw11fliil'W'lJ'~fl11Jr1m;-:i,miii1 28.6 im:;; 28.8 °c i.1--.1'lJ'~fl1'Uflm;-:i1J1oii 
q cu q q q q . ., 

i1 28.6 im:;; 28.7 °c irn:;;i.1--.1'lJ'~ta1mt'.i1i11P1iii1 28.7 m1:;; 28.8 °c (m'V'l'Vi 4'\J mi~ 5'\J) ti'1mt'1'W~ 
q q 

1w).f~fl1'UfJm;,:rn'U'V1fll 118.9 im:;; 122 .5 mg/L i'W'lj~fll'UfJm;-:i1J1oiii1 120 tm:;; 124.8 mg/L 

im:;;l1--.1'lj~ta1mt'.i1iW.JiiY11 118.5 im:;; 124.8 mg/L (m'V'l~ 4fl 1rn:;; 5fl) l'WtlPIHl lw![~fll'UrJm;-:i 

'11Jiii1 0.047 im:;; 0.044 mg/L lw11~fll'UfJm;-:i'U1oiii1 0.045 U'1:;; 0.043 mg/L tm:;;i'W'lj~lff1ii 

td1i119,Ji1Y11 0.043 mg/L (fll'\Al~ 4~ mi:;; 5~) UellJ 1mutii'W'lj~fl1'UfJlH;~'1'Ui1fll 0.44 mg/L 11--.1,~ 

fll'UrJm;~'U1oiiri1 0.46 tm:;; 0.41 mg/L irn:;;i'W'lj~tff1iiu'.i1i1~iii1 0.47 irn:;; 0.41 mg/L (fll'V'l~ 4 
., ., 

'ii tm:;; 5'il) eleJ09ft'il'W'1:;;me.iimJ1i1--.1'lj~fll'UfJm;-:i'1'Ui1ri1 6.3 im:;; 6.0 mg/L irn:;; 6.1 mg/L l'i~i'W 
1 ' 'JI 'J} 

']j'~fl1'Uflm;~'U1rnm:;;'lJ'~t'ff1md1i7\91 (fll'\Al'Vl 4ll U'1:;; 5ll) C]f~flll1~11lJ~'UtiiulPIO~l~tl'Wmh~n 
q q q q 

1forl1ift!)'Vll~'ffo~ (p>0.05) 'lJW:;;~m1m~ii 30 ppt 'V'l'U17 Y11m~t1'lle:i~vlrn'lJ' iiY11 7.5 im:;; 7.6 11--.1 . ., 
'lJ'~m1Jr1mm:;;'lJ'~rn1md1i11P11P11m11i'U (fll'V'l'Vl 6f1) e:iw11fliiiii1 28.8 °c l'i~ i.1--.1'lJ'~r111Jr1mrn:;;'lJ'~ 

q q q q q qJ q q q . ., 
i-a1mt'.i1i719,J (fll'V'll16'\J) ti'1mt'1-u~i'W'lj~fl1'UfJmm:;;'lj~tff1llu'.i1i119,Jiiri1 144.7 tm:;; 147.0 mg/L 

\PlllJ'tlli'LI (fll'V'l~ 6fl) t'Wl\PIHli'W'lj~fll'UfJlJi'.ii1 0.048 mg/L 1m:;;i'W'lj~L'ff1mt'.i1i11-Ji'.iri1 0.043 

mg/L (fll'\Al~ 6~) UtilJimu1:Jiifl1 0.44 U'1:;; 0.42 mg/L i'W'lj~fll'UfJlJ U'1:;;'l.f~L'ff1mt'.i1i719,J 
I 1 'J/ !} 

1P111Jrl1i'U (fll'V'll1 6'il) 'Uw:;;'Vie:itifl91L'il'W'1:;;m1:JimJ1iiri1 6.2 mg/L l'i~'J.f~fl1'UfJlJU'1:;;'l.f~L'ff1md 
I 1 'j/ 'J/ 

'lil\9.] (fll'\All1 6ll) 9f ~flll1~11lJ~'U tiiUIPlfl~l~tl'We!Vl~ii1forl1if t!j'Vll~ ffO~ (p>0.05) 
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' ~ ' OJ ' ,d, cf 
fHl'Ufl~i11'Hil'':illH'.i1illlJvlllle>Vl'flil'1U't'lrl1UHrlll 10 ppt 

1cut~rm (Na) r1~mi1~ (Cl) um; 1'rumm9im.1 (K) 

Na U'1~ Cl 'W'U11i,:Juti1fl1h~fHJmnfn~.:i 91 % 'luvnn~nn trn~'\lll'l1'Wl~'lumrn1mm 
q 

'.i~'U'U osmoregulation (Tantulo & Fotedar, 2006) l"l'Ull 'l'Jf)'J5~f11'.i'1'1~'1tlsliift1
1
hiu1,1n~h.:inu 

q q . " 
'U ru ~ 'Vi 'l tJ 1 fl H fff H t1H'i tl nii ft 1 i:J U\91 f)~ lsl t 'lf'U flt-! ;1,,r t 11 tJ 11 f11 '.it ff1 lJ u 1 'Ii 1\91 'U H'lfU ~ 1:J ii 

q 

' "l 'l' j/j/ t H'1f1'.i~'l'l'U\9ltlfffl11~ffll~'1 !tltltltJflleJ tJ'.i11f11eJ !W~ffllJ1Hlf11'Uflllfl11lJ!'UlJ'\JtJ'\Jtlsl Na tJ 
q q 

im1ff11.:it1Hfoni~1t-1'.i~imJn~ '\Jtl!~~f11'.itff1ll NaCl ci.:ii:-1'1'1ttfl11miu'mi't-1'llti.:i Na 'lu1vfo (7.2 

mg/g) ~slf111'1j~tff1lJU11illoJ (4.5 mg/g) U'1~'lj~fl1'UfJll (3.6 mg/g) tit.i11iiirvrl1l'lty'l'lNff~~ Uff~.:j 

11 f11'.itff1ll NaCl iii:-1'1m~'l'l'U~mr'h~tflii'Uti.:in.:i1rn~m'il'il~ i il'.i'Uf11tJfff111~fflJ1,rn ititititJflw'lu 
q q 

'J1slf11eJ 1,:Ju i ui~11 tlsll"leJleJllJ'll'U Na tltlf1tJtlf1'Jlslf11eJ u~i:JtfieJsll"ltl111t,:JtJ~tlsltvtllfl11llt'\i'mi'u 
q 

'l 
"-''Iii-¾ , 1~ _I"-'"' , , ""'lj/"" 

'Utlsl Na tJ\9l'U t'l1gsl'lltJ U'1~tJl'il~ 'J5 ttJf11'.i1J'.i'Utl\91'.ilff1tJ'Utlsltt'.i1iWJ'Ulsl'J5tJ~ '11tf1~fl11lJ!l'!lJl~fflJ 

"'y 'l Ci ,Q , 'J/ QI 'J) <JJ lq'J) • ... I~ 
tin~ 1v tJ'\Jtl!~'l'l 'If~ fl 1'Uflmrn~'lf~! ffrn u '.i 1i 11,1n.:iv.:i flslfl1'Uflllfl17m '\Jll'\JtJ 'IJ ti.:i Na t~M7.:iuf1\9l 

q q q qq q 

Uff~.:i11 nu m11Ju 11il\9l'UN'J5U~ i:uiiH'1f1'.i~'l'l'U~tJff'h~tfliitrn~'.i ~'U'Uffll~ "i titltitJflW 'l u -i 1-:inw 
q q 

1 C). I e::1 'J) 'J) 'l ~ ~ ~ lll] QI I Q ~ ~ lq 1,d, 

~eJ'lj~!ff'.i lJU '.i 1i WJ 'il~llfl17m '\JlJ'UtJ'IJ tlsl Na tJ tJl!l"llJ g sl'UtJ fl 1'Ut] t 'U f)'JJ!t'.i 1i WJ'lf'U ~ tl'U G'J 'il1 tlllJ 

H'1f1'.i~'Yl'U~t!dh~tflii'llti1tlsl ~.:jfftJ~fliltlslfl'U11tJ1\leJ'Utlsl ffllsll"lsl'hl fflllll\91'.i !rn~mufau 'U'.i~ 
q q u 

<> lj/ ,I,,¾ a, j/j/ 'l .,l 
Y.Jll'lf1\9l (2551) l"l'U11 fJ1'\Jl1 (L. vanamei) 'il~!l"llJ'\JtJ'.i~~'Ufl11lJt'\JlJ'UtJ'Utlsl Na tJ'V'l"7fflJltlltl 

fl17mfl1Jg.:in11 15 ppt trn~for:1u~i'Ufl1~mrn~ 'lt-1'lf1.:if111m~ll 20-50 ppt 'Uru~~'lui'Uii'.i~l'l'U 

d I cl I 9 _,... j/ a, 'I j/ d'I I cl 
flsl'l'l\91'1tl~'Jnslfl11lltfllJ 2.8-45 ppt ff1tJ tt-!t1J'1tlf1fJsl'il~fl1'UfJll'.i~~'U tl'!flsl'l'l ttJ'lf1slfl11lltrllJ 10-20 

Q.I <;J'j) ~ d ~d. ~ I cl &n1..:=il 

ppt U'1~o~':i~~1Jfl11llt'UlJ'UtJ 'Mtlltlfl1llJ!fllJtJ1!l"lllg.:i'UtJ (ff1lsll"lslr:I fflllll\91'.i, 2552) 9f1£Jslllfll 

'lmf1~v1n1J~l"l1J'lu1.:i'lf'W~t~v1nu~1iv.:i'luJ1f111mflll 20 ppt ~.:if111miu'1Jiu't-1'1Jti1 Na 'lul"lmffm 

iiftl 10,257 mg/L (ff1Nl"l1£1 fflllll\91'.i U'1~1Jtyi'\9lu 1.h~Y.Jll'lfl~, 2551) U'1~l"l'Ull'lt-11v11J (11.6 

. " " 
mg/g) iift1g.:in11 tm~t'Ut{tlf1 (13.5 mg/g) (ff11sll"ls1£1 fflllll\91':i, 2552) iiftl\911f11lf11'.i'l'l~otlslflf .:iu 

Cl l"l1J 'l tJ'IJ ti1m '11flleJ 'l tJU'1~flWtJ tif1t9f'1cl'ff\911 iiihu m~~ uJ 1rfovti~ im-aff (amylase) 

'I j/ o d ,¾ a, ?I I ~ I ?I I ~ I 9 ~ I j/ a, ,/ 

i Yi 'VIN 1u ~'Uu rnmfl 11m uu nrn-m .:i'llt:i-rn wmm'1~ tuu ff1tJ u'.i ~ nt:i'U i u u 1vtit1~1t1 ('UUJ'.i \91 u 
• u 

1.h~l'Jll'l51~ U'1~fltl!~, 2546) 'il7f1f11'.i'Vl~otlsll"l1J11 itJl"l"7ffll1'lltlsl~s16lj~nY11l NaCl (11,046 mg/L) 
.,:::It t A. I ldQIOQ.I A_-C:lt, 

1Jrll'~slf1116lj~!ff'.i1JU'.i1i1\PJ (9,387 mg/L) Uo~'lj~fl11Jflll (9,687 mg/L) tl£.11sllJtJ£.lfflfltyVl11fft:l\91 

uff~.:i11 'l t-1'1f~1ff1m1 -i 'lil\91 iii ii r,rnm~V11J~t:iff m1~ff1J~-a it:it:it:iumv 'l u-i11mt1 1m~ti.:i v.:ifl.:itiv'lu 
q q q q <u 
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i1 fll 1~ U fl~! 'lfl-J !~ ti 1tl1J 'lffl fl 11J fl lJ 'IJ ill~~ fl1 '.il'l 11Jfl llfl 1 lll! 'U lJ 'U l-J 'll tl-:J Cl t l-J ! fl'.i-:J 'ff½' N ! U ~ tl fl . . . 
11'.lutumllufl~ 11'1~iifi1tii11~fl~1-:inm·~t111-:i'lj~fl11Jf.!ll (30.6 mg/g) tlo~'IJ~m11J11'.i1il\9J (29.9 

• t ' 'j/ 
.ct .C:.. .ct I .::£l o t Q.I I 1 ,:::t Q.I o a., .o::::i,.:::,,, I 

mg/g) 'IJU!~'l'l'IJ~liY'.ilJ NaCl llfll 14.6 mg/g CJM~lfl11'1'1-:J 2 rn;Jllll'.ifltltll-:JlJl-Jtlmflty'l'll-:JiYtl~ ff1l-J 

fll'.iff~'ffll t l-J\911J'l'lfl'lf~fll'.i'l'1~'1tl-:JlJf11 tiiu~fl~Ntll-J 11mn11 fll'.ilff1ll NaCl 1JN'1fl'.i~'l'l1J~0ff'h~ 
• q 

d 31 d 11)31"-' 31d "-' 31 31 1 Q _,¾ ,,j 
lfll.J'Utl-:J fl-:J I '1-11-J ! ~'lf~ l 'ill-J 'ii lflfl-:JlJ'.i ~ ~ 1Jfl 1lll!'\JlJ '\Jl-J 'IJ tl-:J Cl l-J'W "1ffllll'WlJ ff-:J'Ul-J tll'illl-J'eNlll'il lfl 

• q ~ 

31 31 31 I "' = "'-'013131 0 ~Id 31 <'l -1"' "'-'' fl1lll!'\Jll'\Jl-J'\JfN Na l'Ulff'.i~1J1Jl'1tl~ff-:J!fll-J !U'l'll '11fl-:J'illlul-J'l'l'il~\9ltl-:J~-:Jrnl Cl 'illfl!Ur;'\tlfl !u'l11f.J 
~ ~ q 

1l-Jfll'.i1fllllffll\OJ'1 Ltltltll-J 1ttrn11J~fflll1~Utl~ 11'1~trl'W, u11Pi'i1 'ii~ 1 ;1 l-Jfll'.iU1rnJ~'.il'ff1l-J'lltl-:Jl!'.i 

= 1 3le! 31 <'l I 1 31 31 31 l -I"' ~ I 

1illiJ1Jl-:J'lfl-J ~ '11llfl1llJ!'l1lll~ffll~1tl 'il-:Jff-:J N'1 '11fl17ll!'UlJ'\Jl-J'Utl-:J Cl l-J!u'1 tlfl'1~'1-:J"lf-:Jtll'il 'il~ff-:J N'1 

1 irm~1J1l-Jfll'.iff½'1-:i1u~tlfl~~Ufl~i1Pi' ~-:im!i1m1tff1rnd1i1~v-:iri-:iv1'1 l ttfl17ll!'UlJ'Ul-J'\Jtl-:J Cl 1 l-J • 
J11~1Jt1-:itu l!~fll'.i!~lltl-J'Utl-:J Cl lu,~!ff1llll'.i1i1\9,j'il~fl11J~LUtl1Jl!'.i1i119.]'lflJ~tl-J "7 ;-:i1iin 

N'1fl'.i~'l'11J~tl'.i~1J1Jfl1'Uflllffll~'1 l 1-Jt!teJ~!!(l~\,)'lJ !!~mfo ri-:iN'1~~01 fl Hff17-:JtUti0fl ci},:i{l''e)~fl ~ 0-:J 
q • 

fl'U-:J7'W11lfJ11-Jn-:J'lflJ~t~enn'W 'W'U11 n-:i'Wtllf.JllJ1fl'hl7'.i~i'U'll0-:J Cl lu-wm'ffmlttfl-:J~\91'10~'151-:J 
• q 

d .,; ""' .,\ d 1: J , o' ""' o'_f 
fl1lll!fl1.J 10-20 ppt m'l~!'Wll'.i~~1Jl1.J0fl17ll!fl1.Jl-J7\1-:J'll'W (ff17-:J'W-:J'hl fflJ1.JW1'.i 11'1~'l.Jt\j'.i\9ll-J U'.i~l:Jll 

'lfl~, 2551) 1rn~lui1Jii1~i1Jfl-:J~\91'10~lui1-:ifl11m~ll 10-50 ppt 1im~v1nrnuti0fl'il~ii1~i1J 

m~lui1-:if111m~ll 5-35 ppt (ffi1-:i-w-:i'hl ffll1.J7\91'.i, 2552) 1rn~iifi1ln~1~v-:in1J~'W1Jlu~-:i'lfiJ~ 

1~t11nu~m1rn~1.J 20 ppt l~t1fl1lll!'Ull'Ul-J'IJ0-:J Cl lu-wmffmiifi1 8,451 mg/L (ff1N'W-:J'hl fflllll\91'.i 

1!'1~'l.Jty1\9l'W U'.i~l:Jll'lf7~, 2551) 1rn~tmuti0fllJf1l 27.5 mg/g ri1ul1-J\91'U'W'Ufl17ll!'Ull'U'W'IJ0-:J Cl ii 
' ' ' 'j/ 'j/ 

fi1 0.7 mg/g) (ff17-:J'W-:J'hl 'fflllll\91'.i, 2552) 95-:J\917tl17'Vl'W'Ull-Jfll'.i'Yl~'1tl-:Jf11-:J'W 

K lu-wmffm 'W'U17 ~-:ilwit~rn1ll NaCl (490 mg/L) iifi1t1-:Jfl17'1J~fl1'UYJlliifi1 310 mg/L 

l!r;'l~'lf~lff1rnd1iWJlJfl7 342 mg/L mh-:ii:h.!vtl1i'itym-:iffa~ l!ff~-:J17 fl7'.itff1md1i1~iliiim1m~'Yl'U 

' I 31 31 1 <'l 31 ""' "I _, = ""' 
\9ltl'.i~'U'Ufl1'Uflllfl17ll!'llll'll'W'll 0-:i K uvrn1ffm "lf-:Jfl-:J v-:i ev i u ff m1~ u flmrn~ mm1 arnmffll~'1 

q q qa q 

II) GJ , II) 3lci 31 = d"" , ci d 31 II)_ f 
t000'Wfl7tl tl-J'.i7-:Jflltl !~~ tlfl!1l-Jfll'.ilff'.ilJ NaCl 'Yl'l.JNr;'tfl'.i~'l'l'U\910ff'.i'.i~!flll'IJ0-:JfJ-:J 11'1~01'\l rn 

j'lJflTW m1ff½' N ff m 1~ 10 e0u l t1limv l ui 1-:imt1ur;1~ i uiiN'1m ~'Yl1J~00\9111ri1u'IJ0-:i td 1i7~ 

I 1 31 !J/ d ., 31 !J/ t ~ ~I "'- '"' !J/ I d ~ l 3/GJ ff-:JNr;'t '11fl-:i!'W'l.Jj~~'Ufl17ll!'UlJ'Ul-J'IJ0-:J K 'W'W"1fflllff-:J'Ul-J tul-J !U !~17fl7'.i!'Wll'\Jl-J'IJ0.:J K 'ii~ 'lf !'W . ~ 

fl7'.iU1'U0\91'.i7ff1'W'IHM Na:K hfiifl11'l.Jmm~fflJ t'l1'W!~t11fl'Wtl'Ufl17m'Umi'u'll0-:J K lu 1m-:iff½'N 

1uti0n~ih~irnit1Jt1-:itulu1~m1'l.J NaCl lJf17 25.2 mg/g ur;1~91~m1mr:i1n~iifi1 26.4 mg/g ci}-:i 

\1'.:Jfl179j~fl1'UfJ'l.J (14.1 mg/g) 0ei1-:iihfotl1i'ity'YlNffa~ !!'1~fl7'.ilff1'l.J NaCl tll'il'il~LU'.i'Ufl1l-J 

A A 9,/ QI O 9 3/ gJ o ~ .d j/ ~ ~ I A 

U'J~'ff'Vl1ifl1'Wfll'JL'lf K L'W\9l'U 'Vil t'l1fl-:J'il711J'W'Vl'il~\910-:Jl'W'l.Jfll'J'ff~'ff'l.J K 'ff-:J'll'W 'W'U17 'lf~lff'.ill NaCl 
• ~ q 

c:!1 I A I ldQIOQ/ 

(10.2 mg/g) 'l.Jf17\1-:Jfl17'lj~fl1'UfJ'l.J (8.7 mg/g) !!r;'l~'lj~lffjlJ!!'J1i7~ (7.5 mg/g) 0tlN'l.J'Wtlfflflty'Vl7-:J 

AA A , w , y y 9J 9 ~ 4 ~ '\IJ .. I 0.1 , A ~ 
'fftl\91 fll'.i lff'Jll!l '.i1i1\9ltl-:J'ff-:JNr;1 L '11 fl 17ll!'UlJ'IJ'W 'IJ'el-:J K ! 'W 'Wll'WlJ'll'Wllr;'\~fl 1'Ufl !Ufl'Ull'.i 1i 7~'lf'W ~ tl'W "l 

q ~ • 

1 ~vm 'W1~eei1-:i~-:i t 'W'lf~l'ff1m1 i 1i7\91~-:i i:uiim1m~'Vl'U~t1'ff11~1flii'lle-:in'-:i 'fft1~r1Je-:in1J-:i1u iiei l u 
• q q 

9' A A Q.I I 9' QI <V <J) jl 9 'Gt QI d 
fl-:J'lf'W ~l~eJ1fl'W 'W'U 17 fl-:J 'il~'WeJ7eJ7'l.J'.ifl'hl 7'J ~~'Ufl17ll!'ll'l.J'll'W '110-:J K t 'W'W"1'ffll70eJ t 'W 'J~~ 'Ufl-:J'Vl 

q q ~ 
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I d d e¾..A dd~ Io' a.Jo' 

\9lneJ\Pl'lf1~m1mfl11 2.8-20 ppt un~t'V'lll\J'~'U'U!1Jeimrn1flm'V'l1J'IJ'U (ff1N'V'l~fl ffllm\9l'i un~lJt!Jrn'U 

1h~l':Jll'lfl~, 2551) t"lf'U!~t11fiu~'V'luimfo 'IJW~~imu~m1'V'!u111rleifl11m~:1n11t~ll\J'~fl11 10 ppt 

'jl Q.I 'jJ 'j/ Q,I Q.J ..,d I i:; 1 o' 

fJ~ '\I~ n\PI 'i ~ \Pl u fl 1 rnt'IJ 11 'IJ'U n ~ un~ rnfl n ~ \Pl u fl~ '\fl \91 n eJ\PI 'lf 1~fl 11mfl 11 15-50 ppt ( ff17~'V'I ~ fl . ,, 
"' "' '.II <l ' '.II '.II , fflJlJl\911, 2552) 'IJW~'\llfll'itntl~fJ~'IJ11 (L. vanamei) fl11lJ!fllJ 20 ppt 'V'llJ11 fl11lJ!'UlJ'IJ'U'Uel~ K 'U 

'V'lnlffmiJr11404 mg/L (ffll~'V'l~ll ffllll1\9l'i un~lJt!JfaU 1h~l':Jll'lfl~, 2551) ~~\J'~fl17fll'i'\ll\Plnel~ ,, ,, 
lm1i'~i1tim~t11fiuluirnrn~11.l~einiJfl1 12.3 un~ 13.8 mg/g \917mhiu (fflNVM'hl ffllll1\9l'i, . ,, 
2552) iJriw11n11m'i'\ll\PlneJ~'W 

Q Q Q . .I .. I .., 
!!rltH9ffllJ (Ca) HlJfl'l-H9ffllJ (Mg) m,~ 11tHr110·,ny (P) 

Ca iii 'U!!':i1illoJ11 irn~rlll'it!Jl 'U fll'j ffr N!U~ elfl'Uel~ il\9111 'U fl~lJfl1 fft\9lt91tl'U (Pratoomchat et 
,, . 

ci O <V l '.I} ,'I ,!j .I l 
al., 2002b) u n~lJ fl 1111 m fl t!J 'U fll 'i ff11 ~ ! 'U el!tlel 1 ~ uu u 'i ~ m '\fl Un~ 'U 'i ~uu osmoregulation 

(Lovell, 1989) 'illflfll'i'\ll'flnel~'V'llJ11 fl17mimr'U'Uel~ Ca 'Ylfl'15\Plfl11'Yl'flnel~1Jf11iiiu\9lfl\91Nn'U 
q q 

d d '.II ' ., ' "' ' l 1 '.II . f"I di '.II '.II l fffi~!fllJ'Uel~fl~ !!\9lflnlJff~Hn'fl\9lel'i~lJlJ 'U flHff'il~!lJnelfl !'UtN'illflfl11lJ!'UlJ'IJ'U'Uel~ Ca 'U'lf\PI 
q q 

!ff1ll NaCl (105.8 mg/g) !!n~'lj'fll'ff1mt-i1ilv.) (113.3 mg/g) 1Jf11\J'~fl11'lj\Plf11lJl:)ll (74 mg/g) tlVN1J 

t!t1rl11'iw'Yl1~ ffO~ Uff1P1~11 nn ti~md 1i1\9lt!' ~Hn~\oleJU'i~~'Ylim'V'l'UeJ~fll'i l .ff Ca l 'U 1 m ~ff17~ 
u • 

. f"I ' l '.II ., '.II '.II l '.II ,, ., . I q 'l ., ., 
!unein ff1'U 'U'lf'flfl11Jfl1Jm'il~'V'lt11t11mnfl1m1111'1J1J'IJ'U'Uel~ Ca 11eit1 'U'i~'flUufl\91 U\91 'U\911.JflnU 

q q q tU 

"' d. ,¾ ?I IIJ.fl!JV• II) o IIJ.f,'.1111):i'IIJ '"'"' o ?I '.II II)~ ., 
lJfll'iff~fflJ!'V'llJff~'IJ'U !lJ'U !lJ !\Pl11 fln !flfll'J'Ul Ca !lJ '15 !\Pl !ll'fl '\J~'\Jl!u'U\9lel~ff~fflJ Ca 11 !'U\911.J .. 
l11t1i-fH'1un'ilflfilJ\oll~ "l 1rlei'Ul'fl!!fln'U 'V'IUil 'lj'flfl1'1.Jf.)lJ (8.9 mg/g) 1Jfl1\j~flil'lj\Pl!ff1ll NaCl 

un~'lj'fltff1md1i7v.) (7.2 Un~ 6 mg/g \917ll'17i'IJ) tJV1~iJt!t1rl11'it!Jm~ffo~ ri1um'itff1md1i71oJflir'IJ 

iJri11mimi'u'llt1~ Ca luiun'fln~ tll'\Jt!'~Hnm'\11nm1rn1lltt':i1i7\9l'Vi1 hf nn in l 'Wfll'Jtfl~eJlJ~'Utl~ 
q 

Ca 1~ml1 illli'1um~'IJ1'Ufll'ifff 1~11.l~t1fl i~~ 'Vii '1'1fiJ1~iuf111mi11iuluiun'fln~ !'V'l'Jl~ Ca 

ti!'U!!':i1i1\9l~rl11'iw'1um'iffr1~!U~elfl'Utl~if\9l'Ji'Wflrillfl1fft\91!91tllJ (Pratoomchat et al., 2002b) ~~ti~ 
q u q q 

., v v l l v 'l ., "' '1 ' 'IJ11 (L. vanamei) '\J~'V'ltlltllll'Jflfllfl17ll!'UlJ'UlJ'Uel~ Ca lJ'V'lnlffm tit!~ lJ'J~\PllJfl~'Yl\9lnel\PI 'U'lf1~ 

d , t1 Q.I cl ... 1 ~ , .ct QJ , 

fl11lltflll 2.8-50 ppt (ff11~'V'l~fl ff:IJlJ1\9l'i !!n~lJt!JrnlJ u'J~l'Jll'l51\91, 2551) !'15'Ut\Pltl1fllJ lJ 

1 'jl ... 14 '" Q.I 'jJ " ~ d ' • l ., 
f1Hff11~!1Jntlfl U\91fJ~'\Jtn'fl'J~\PllJf111ll!'Ull'IJlJ'Utl~ Ca n~tllelfl11ll!flll\j~fl11 40 ppt ff1lJ lJ\911.J'ilt . ,, 

n\Pl'i~i'Un~tiJtlfl11ll!~ll\j~fli1 20 ppt (ffil~'V'l~fl ffllll1\9l'i, 2552) Un~lJfllinat~t1~fi'Ufll'Jti1t1~1~ 

d d t "'jl G) di I 

'IJ11 (L. vanamei) 'Ylfl11lJ!flll 20 ppt 'V'l'IJ11 fl11ll!'IJJJ'IJ'U'IJtl-:J Ca !'U'V'lnlfflllllfll 654 mg/L (ff11-:J 

ti Q.I ,I ... I ~ I Q./ ... ,~ d ' 

'V'l-:Jll fflllJ1\91'j Url~'IJW'J\91'U lJ'Jt'Ylll'lfl\91, 2551) ff1'U\ollHnlttuntlflllfll 8.5 
• u q 

Unt 131 mg/g 

\ollll'11i'IJ ( ff11~'1"1~1J fflllJl\ol'j' 2552) t'Jf'Ut~t11n'IJ11£Ml'Ufl111'ilf.1'1Jtl-:J iJt!J~lolU U'Jtl'.jll'lfl~ Unt 

' f '.II O ., '.II '.II 9 II) ''1 '.II 
flWt (2546) fln1111fJ-:!fJnl'fll (P. monodon) '\Jtfl1lJl:)111t'fl'IJfl11ll!'IJll'IJlJ'IJO-:J Ca !'U'V'lnlfflll !ll l1 

ff ~mtl!n'U 1111 \1~1)1! ~'U 'ilt\ofo~,iu Ca elelfl'U elfl':il~fllmtn~l-Jl i lli cfflu fl'j~lJ1'U fll'j ffr l~!U~tlfll11tl .. 
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1~u1:Y~,n1iiiut11t11~~1-:i "1 i~t1~-:ivit11t11lJfolln~ium1m-ulJ'UU Ca '111t1~'lui1-:i 520-640 mg/L 

(1.Jt\Ji'm.1' 1h~'l'.)lJ'lfl91 mi~flru~, 2547fl) 

Mg lJ 'IJ 111 ilm1 'J 1i 1\9.} ~ij fl 1llJ 'fflrlt\j~ ti m ~ 'IJ 11,.,! fl n 1:Y! 1-:J I 'LI ii ti fl\91 {l t1~1-:J 'il ';j fll';j {l tlflfl';j l'IJ 

(Pratoomchat et al., 2002b) 1rn~J-:iiifl1llJ1lllill-l~t10-:J'\fl~rn 'l md1ilui1i1t1uf 'IJ1:YlJ~'1 ltltltlU 
q q 

9 I I 'J) 'j) 9 
flltl t'U':iNflltl (Mantel & Farmer, 1983) 'illflfll':i'\fl~'1tl-:JVl'IJ11 fl1llJl'lllJ'lJU'Utl-:l Mg tUVl'111:YlJl'l'.)fl 

'lfflfll':i'\flf1'1t1-:iiiri1 hh1\9lflw1-:itiu 111:Yfl-:J llfll':i 11:Y1md lil\91 hi1 u11J fl1U 1:Ym1~ 1:YlJfl'1 t t1t1t1umt1 'l u 
q • • 

. 
Q I ,::S I I d. QJ' o Q.f QQ 

mg/g) !!'1~'Jlfl!1:Y'JlJ!!':i1il\9.} (17 mg/g) 9f-:J\J-:Jfl11'Jlflfl1'1Jr.)lJ (6.2 mg/g) tltlNlJUtli:Ylflt\j'\fll-:li:Yfl\91 

1ilu l'Ul~1lfll':il1:Y1lJ!!'J1il\9.} iflt1fll'W-:J(),:jt)\,l';jl'ff1U mmrn'l'll l 111-:iem:uf 'Ufl1llJ!'UlJ'lru'Utl-:J Mg lu 

.l"I ll] 'J) ~ ,% ll] '"' I a, di 'j) a, 

I lJ '1 t1 fl I fl I vn.1 'U u 1rn ~ 1 :u :u N '1 m ~'\flu \9l t1 ':i ~ u u fl 1u fl :u l u \9l u "lf-:J fl-:J 1:Y1 m rn fl 1 u fl :u ':i ~flu fl 1rn • • • 
!'UlJ'U'Wl~'Ufl~ iflt1VlUll 'Jlfl!1:Y1lJ NaCl Vl'IJ Mg 1vi1tiu 4.7 mg/g ~-:J\J-:Jfl11'Jlflfl1Ur.)lJ (2.4 mg/g) 

!!'1~'Jlfl!1:Y1lJ!!'J1il\9.} (0.9 mg/g) mh-:iiiut1'CTlrlt\j'\flN1:YU~ !!1:Y~-:J11fll'J!1:Y1lJ NaCl 'ff-:JN'1~t11:Yfl11~ 

1:YlJft {lfl 1tl l 'U \91'\J !W~tll'il 'il ~n N'1 m ~ '\fl'IJ~ tltl\91 ':i l'ff1'U 'Utl-:l!! 'J 1i 1\91 '1'11 l tt n-:i 1111ilu ~ 'i)~~tl-:Jl~lJ'f11llJ 
• q • 

'J) 'J) 9 "' 9 'J) ,% "' .I"' 'l 'j) "' ' .I "" 'l 'J)'l .I"' "' ' 'I 'J) 
!'UlJ'U'W'Utl-:l Mg t'U\91'\J !'11\J-:J'U'W!Vltl1J'JU1:YlJ~'1 !'11fl'1U\J1:Ym1~1Jfl\91!!'1~ t'lf t'Ufll':ilJ':iUtl\91':i11:Y1l-J t'l1 

"' .% di l "" , "' , 9 'J) 'J) 'J) .d ~ ,% , 
lJfl 1llJ mm~ fflJlJlfl'U'W C)f ,:j 'W fll'j ! ff rn !! 'J lil\9.} tl-:J ff -:J N'1 t '11fl 1llJ! 'U lJ'UU 'U tl-:J Mg '\fl!Vl lJ \J-:J'U'J,.,!!!\91 

fl1'1J ~, 'UtlUl!'J 1i 1\9.}'lf'W fttu "1 ~ -:i ri-:i N'1~ w ti 1 m-:i fff 1-:JI uii ti fl 111 'W ,~"Ifft 'i) lfl-:J l'W 111 t1l 'l,.,! 1-:i'lf'W fl 

1~t11tiu viu11 Ufl~1-:ivit11t11:ufolJ1':i~ium1m-ulJ'UU'llt1-:i Mg luvrn1ffm1-:i'il~iifl11m<u'll'U'Wfl-:J~ 

\9'1'1tlfl'lf1-:Jfl17m~:u 2.8-45 ppt (fflHVMrJ 1:YlJlJl\9'1':i !!'1~1.Jt\Jf\91,1 'U':i~'l'.Jll'lfl~, 2551) 'Uill~~'luiu 

~.c::::s QJ' d I d ~ ~. d I 

!!'1~!'U'1tlfllJ':i~f!Ufl-:J'\fl\9'1'1tlfl'lf1-:Jfl11lJ!fllJ 2.8-35 ppt !!'1~!VllJ\J-:J'lJU'lf1-:Jfl1llJ!fllJ 35-45 ppt (ff1N 

VHhl fflllll\9'1':i, 2552) 'Uill~~-:i1u111t1l-w1'1'lf'Wf1t~t11tiu~tit'J-:ihnl1fl11m~ll 20 ppt -wu11 Mg h.1 

-wmffm (96 mg/L) (ffll-:Jl'l-:J'l-J fflJlJl\91':i !!'1~1.Jt\ji'\91,1 'U':i~'YJll'lfl~, 2551) ~-:iiiri1J1flllfll':i'\flfl'1t1-:J 
V V , V V 

fli'-:ii'.1 !'lf'W!~t'J1tlUl'W1?1U (2.7 mg/g) 'Uill~'Yi Mg lmuiitifliiri1lmi't~t'J-:Jtl'Wfll'J'\flf1'1tl-:Jfl'j-:Ji1 (ffll-:J 

l'l'1'l-J fflllJl\91':i, 2552) 1rn~'11'W111t1'1-w1-:ifJ~lfll (P. monodon) ~1it1-:i'lml1r111m~lJ 20 ppt 'W1J11 

~ V GI d. ' Q.I o' ... t .:::::,, 
fl1llJ!'UlJ'U'W'Utl'1 Mg t'W'W'11fflJllJfll 291 mg/L ('I.Jt\j':i\9l'W lJ':i~'YJll'lfl\91 !!~~flill~, 2547fl) 

llilJlill fl1llJ!'UlJ'U'W 'Utl-:J P O-:J 'il~ t~f 'UlJl'illfltl1'11111iJum1 fl ~-:iiifl1llJ'CTlrlill~tlfll'JN~\91 
• u 

ml-:J-:Jl'W 1ilu,hmh~fltl'IJ'Ut1'1 nucleic acid, phospholipids phosphoprotein, ATP, n'ilmrn'Uti-:J 

t~'WlCJflJ (Lovell, 1989) iiri1'W'J1lJtlU Ca iu 1m-:ifff1-:i1uiit1fl J-:iiifl1llJfflJ'Vi'U1itl1J alkaline 

phosphatase !!~~iiff1'W'lf1t'J':i~1JU osmoregulation (Lovett, Towle, & Fairs, 1994; Cheng et al, 

2006) t-:ifl11m'Ull'U'W'Ut1-:i P 'lu'W~lffm 'WU17 'YJfl9.fflfll':i'\flfl~t1'1ii~1i1fo\9lflW1-:Jtl'W !tfffl-:J11fl'1 

"' "' v 'J) ll] 'J)c<<il v "" , cl .di 1 'J) . 1a "' , ll] , 
t1'1fl'1Jfl1flfl11lJ!'UlJ'U'W'Utl'1 P tflflfl-:J!!lJfll':i!i:Y':DJU':ilil\olfl\olllJ 'UW~YI 'W tfl':i-:Jff':il~!lJ~tlfllJfll tlJ • 

tt\Plfl~7'1t'lf'Wtl'W t1mi'u 'l ui11~iiN~m~'Vl1J'illflfll'j m1md lil\91 1 ~t'Jm l'll~fll'j!ff1ll NaCl 'I'll 1 in'1ii • • . 
fll'Jff~fflJ P 1vi1tiu 4.4 mg/g CJf~\T~ff:il'lj~'\flfl~tl~tm~'lj~!ff1mrh1~ (3.3 trn~ 2.1 mg/g \PlllJrl1i1J) 
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"' d. "'"' 9"' Ji di 31q ~ 11J d .,, , "' 
'il~\9lt1~t'Wl!ft11m'llll'll'W'llt1~ P 11-1ff~'IJ'W t'Wol'}j' 1um11.fr1rnm11;1 rnoou 'IJW~'Vl'}j'~t'/.11l!m1i7\9lm'il~ cu q q q q 

1;1~1~iur111m'li'mi'm~mJfu5\9111ci1u'Uo~ Ca:P hi'iir111m1-1m~ffllt~tu ui1~~i1 m1ti11md 

1il~l1'11l'J'}j''W~U~iliiJN1;1m~'V11J~Ofl11ff~fflJ P lu'Wmffmtrn~nrnon cjf~fftl~ft'!o~tirnmi,folu 

f1~'}j''W~t~l'J1tl'W 'W1J17 f1~'il~'Wl'Jll'Jlllf m111~iur111m'li'mi''W'IJO~ p 1 'W'Wmffm 1-n'ovhn~irnM~ . . ... 
d QI ..,s dd & I ti 

\9ll;10~fl11lltftll 10-20 ppt UJ;1~'il~J;1~1~~1Ji;1~tl!Oft17lJtftlJt'WlJ\T~'U'W (ff1l~'W~'hl fflJlll\91".i tll;1~1.Jt1] 

f\9lu u1~'),JlJ'Jj'791, 2551) tim~l'J1nu1~iur111m-u'ii'li'ulutu~on 'IJW~~lmiu'il~ft~~1,rno~lui1~ 

d & d. d ~ ,:{ & 1 (/ ,Ji Q t j/A QI d 
10-30 ppt trn~t'Wll\T~'llmiior111mr1iiu11-wii'll'W (i111~'W~1J i1iim\911, 2552) 9f~iimln1;1tftl'J-!lf11J'Vl 

., ., 
-wulu1-!J'}j''W~L~l'J1tl'WL~l'J~lm11r111m~ii20 ppt 'W1Ji1 r111m-u'ii'li'u'UrM P hrnmi1miJft1 168 

mg/L (ff17~'W-!lrJ ffmJl\91".i !!i;1~1.Jt11f\9lu u1~'),J1J'Jj'791, 2551) ci1uluiu (5.2 mg/g) lJfil\1'-!lf117trn~ 

lmu~OfllJftl 7.2 mg/g (ffil-!J'W-!JrJ fflllll\91), 2552) cjf-!,l~lf111f111'Vl~i;1t),!Jl'Wftf-!Jtl!!i;1~fftl~ft~O-!Jtl1J 

-!Jl'W1\1l'Jl'Wf1~flmr17 (P. monodon) 'W1J17 f1-!J'Wl'Jll'Jlllfom p 'lu'Wmffm'l11ov'luoi1-!J 520-640 
q q q qJ 

QI ti,.. I ~ 
mg/L (1.Jt1j".i\9l'W lJ".i~'),JlJ'}j'l\91 UJ;1~ftW~, 2547f1) 

at £:lo Q./ ' Gl 'j/ 

tlJO'W'ill".iWltl\91".ilff1'W'IJO-!J Na:K, Mg:Ca, Na:Mg, Ca:P, Cl:Na trn~ Cl:K t'W'Wmffm 'IJO-!lfJ-!l 
., 

li~ 3 'lf~f111'Vl~1;10-!l -wu11 iJft1iliu\9ln~7-!lfl'W ui1~~11 t1-!lmmrnr111JftlltJ\9111ci1u'llo~td1i1\91 it~ 
q q q q 

& ',I "" ""' ' ""' <!! 0 ?I llJ_illJ "'' ',/ 1IJ '' ''I fl~!l1J'il~1Jf111!ff1lJLL11il\91l11;11l'J'}j''I.J~l1rnm'W7~ NaCl fl\9111-J !lJ'W rn t~11m t1J11'il~Ol'J t'Wff.f111~ 
• • SJ 

u1~~oiiovN i 1 n'il~'Wl'Jll'Jl1Jmur1m~iu5\9111'ff1'W'llt1-!ltd1i1\91 'l 11ov'lui1m1~un91rn1Jo trn~m'il . . ... 

]Jfll'H u~ l'J'W u Ui;1-!l1f 1-!lt~ nu ow~ie 'l 11m m~ff1Jfl1J ff fl11~~1-!J ci ~,!j 'i) lflfll'j 'VI~ 1;10-!J'W1J17 lJfll 

'I "' "" ~ d 'l "' 'I d o ''I ',/ 
tf11;1!ftl'J-!lf11J'Vl'W1J t'W'Wmff1llfJ-!l'IJ71 (L. vannamei) t'W'l,[~ft11JfJlJ'Vlft1llJ!ftlJ 20 ppt U\91 tl1N1;1 

1 ' 'j/ 'j/ 

U\?lf1~7-!lfl1Jl1'W1J'l'W1-!J'}j''W~!~l'J1fl'W'Ylt~l'J-!l'l'Wl17fl17lJL~lJ 20 ppt !~l'Jtl\91'il't11'W'IJO-!l Mg:Ca, Na:Mg, 
A I o Q.I I (/ 

Na:K, Cl:K trn~ Ca:P llftl 0.1: 1, 117 .3: 1, 28.0: 1, 20.9: 1 1rn~ 3.9: l \9111Jl;11~1J (ff11-!J'W-!J'l:J ffm.Jl\?l'i 

Q.I ct',., I ~ 
!!1;1~1Jtll".i\91'W lJ'i~'VllJ'}j'l\91, 2551) . " . ., 

tl\91'ilff1'W'IJO-!J!d1il\91 'l'Wi1J'W1J11 'V],!J 3 '}j'~f17'i'Vl~1;10-!JlJftl iliU\91f1~1-!Jtl'W l'Jf1!1'Wtl\91'ilff1'W . . 
'IJO-:J Mg:Ca i'W'lf~tff1lJ NaCl lJfil!l11fl1J 0.7:1 cjf-!Jmf117'}j'~ft11JftlJ (0.3:l) !!1;1~'}j'\•Uff1mt-i1il\91. 

q qJ q q q 

(0.2:l) mh-:iih!mhfiwvnrno~ 'lJW~~tl\91'ilff1'W'lJO-:J Ca:P i'W'lf~tff1lJ NaCl lJfll!l17tl1J 1.7:l t-:i " . 
i1n11'lf~!ff1iiui1il\?l (3.0: 1) mh-:iihTmhfiwm-:ifft191 'llW~~'lf~Wmft1JU'1~'lf~tff11J NaCl iifl1 iii 

q q u q q q 

U\91f1~7'1tl'W !~O-:i'illflfll'itff1lJ NaCl ri-:iN'1i11ti'-:iiim'iff~fflJ Mg trn~ p !~lJff-:itu 'IJW~~ Ca rnfoiJ . ... 
' di ',) "' 1IJ 'I di ',) ~ 11J_1 i ',/ _1,!j 1IJ ',/-=1.¾ 0 'l ',/ 

ft1'1~'1'1 !'WtJ-:j'illflf1'1lJf1'1 tfl t'Wfll'i!ft'10'Wl'Jll'J Ca 'illf1\911J rnff-:i tft'i-:iff'il'1!1J'1tlf1 t~~'IJ'W 'Vl7 tl'I . ... 

fl\9l'il'ff1'W'll0'1 Mg:Ca 'lt!'l,[~!ff1lJ NaCl iifll 0.7:1 t-:itJ'-:Jf111'1,[~!ff1llt!'J1illoJ (0.2:1) U'1~'1,[~ft11Jl'.}lJ 

(0.3:1) !!'1~ Ca:P hrn~!ff1lJ NaCl iifll!l11tl1J 1.7:1 ~-:ii1n17'lf~!ff1lJU'J1il\91 (3.0:1) ovi-:iii • • • 
'Wl'JLYlflW'Vll-:iffO~ 'lJW~~fl\91'ilff1'W'lJO-:i Na:Mg i'W'l5~!ff1lJU-i1il\9llJfll 4.1:1 ~-:iff-:if117'lf~fl11JfllJ u q q cu q q 



49 

"' 'j) 'j) dt "F- 'I 'j) "' 'j) ' II) '"' 0~1::;~Ufl 11:1-H'IJ:IJ'U'W 'IHJ,:j Mg !VHJfl 1UfJ:IJ1J rn1ru t m11m::;ff:1JflUff11:IJ\il tMfll'J!!\il 'i)::; tlJlJ r-rnm::;'Ylu 

~tlffm1::;ff11~0 ~-:ivi1 'hf tJ\il'J l'ffl'W 'IJt),:j Na:Mg l~lltr-:itu tm::;5-:iri-:ir-rn 1,,r tJ\il'Jl'ffl'WUN"lf'W~lJfil 

'l 
9/d. Q.I .d cl 'J/ Q.I I A I 

fl'1!flfMflU'lj~fl1UrJll'Ylfl11:I-HfllJ 20 ppt tffH1'Wtl\il'Jlff1'W'IJtJ,:j Mg:Ca, Na:Mg 1rn::; Ca:P llfll 0.4:1, 
' . ,, 

o Q.I d. 1 9 3,/ A Q.I Q.I .:::! 9 Q.I 9J Cl .cS GJ! 

2.0:1 1m::; 1.4:1 \illllolf!U 1m::;:1Jm tfl'1lfltf,:jfl'WflU'Yl'VIU t'W\ilU'Ue:J-:im'Ull (L. vannamei) 'Ylrnt.1-:i t'W 
q 

~ cl 9J A I O Q./ I 

Ulflll:IJ!fl}J 20 ppt tffl!l'W Na:K, Cl:K mi::; Ca:P }Jfll 0.9:1, 0.06:1 1m::; 1.63:1 \illlJolf!U (ff17-:J 
,I 

'V'l-:111 '1,"f:JJ:IJl\il'j, 2552) 

ri1u l unH'i tlfl'VIU 11 tJ\il'Jlffl'W'IJ e:i-:i Ca:P 'Yl fl"lf~fll 1 'Yl~o e:J-:JlJfil hi!!\ilfl~ Ntl'W 'IJW::;~ 
q q 

tJ\il'Jlff1'W'UeM Mg:Ca lu"lf\Pl!'1,"fjlJ NaCl lJfil!'Vi1nu 0.15:11rn::;6))'\P]!'1,"(jlJ!!'j1il\illJfil!'Yi1nu 0.16:1 ~,:j 
q q q 

'1,"(,:jfl11tlU"lfflfl1UfllJ (0.08: 1) eiv1-:iiJum:hf'iwm-:iff(l~ l~ e),:j 'illfln-:itrlei 1~i'Ufll'J!ffjlJU 11i1\illHlltf 
q,J q q u q q 

~ ~· d & d ~&~,cl Id 
"lf'W\PI 'Yl'.ie1111,rn1::; NaCl fl\illll ffl:1J1'.i()fl-:irn1 Mg trn::; Ca mff::;mJt'Vllltl-:i'IJ'W 9f,:j()eJ17tth.Jm1iW,!'Yl 

iJm1JJ'!:Y11'itynu tflHff½'Ntil~ein ~-:iri-:it-rn 1,,r0\il'.i1ri1u'Uei-:i Mg:Ca 1Jfilt~11tr-:ituu~mfori-:ir-rn 1,,r 

tJ\il'.ilffl'I.J'UeJ-:J Na:Mg lu'ljmff1lJ NaCl lJfil 1.2:1 tm::;'lj\Pltff1lJ1t11iW,!lJfil 1.0:1 ~-:iey-:in11'lj\PI 

fl1UfllJ (2.9:1) eJVl-:JlJ'WtffflriUJ'Yll-:Jff(l~ l'lf'Ul~tfltlUtJ\il'.ilffTW'Uel-:J Na:K trn::; Cl:K °Vi"lffllffjlJ 
q " q 

~ I d. I I Q./ O Q.I ~ O I 

NaCl 1m::;'lj\Pllffrntt'.ilil\9,!lJfll!'YllflU 0.7:1, 0.6:1 tm::; 0.7:1, 1.3:1 \illlJol\PIU 9f,:j\illfl11'1j\Plfl1Uf,JlJ 

(1.3:1 trn::; 2.2:1 lilllJcl'wiu) eiv1-:iiJuvff1riwm-:iff(l~ t~ei-:i'il1nn-:i~-:i Cl 'illfl 1r1H-a-½'1-:itil~ein1il 
" q 

' i "' llJ 1 "" ~ 0 191 1 1 91 .I"" ~ 6))'1tf 'I.Jfll'.i'.ifllllfflJflfl telelel'W.flltf u1::;umoeJflff-:J'U'W 'Yl1 'Yl Cl 'I.J tflHff'.il-:i!uflelflf!\Pl\illf!-:J 
q ~ 

'lu'Urn::;~ Na v-:imeivlu-a-m1::;un~ 1m::;n-:iV1t11tfllJl~lJ K 1,,r-a--:itu~1m'V1eil~lunnilfu 
~ q ~ 

Blil'.ilff1'1.J'Uei-:i Na:K lttiJr111JJmm::;ffJJmnt-:itu ~-:iri-:it-rn lttBlil'.i7ff11.J'UeJ-:ii-:inri11iJfi1Jrn-:i 1rn::; 

fJ,:jff-:JHf!~eltJ\il'.il'il1'1.J'IJe),:j Cl:Na l'W"lffllffjlJ NaCl lJfilt'Vi1nu 0.8:1 ~-:iJ1n11"lfflfl1UfllJ (1.7:1) 
q q q 

m1::;"!f\Pltff1md1i1\il (1.8: 1) eivNiJtTvrl1riw'YlNff(l~ itfffl-:i 1,,r1ih-.111 fll'.ilff1lltt11illilffllll'.if;10\Pl!!f!::; 
q q u q 

1~mJlil'.i 1ri1u 'Uei-:itd 1i 1\ilu1-:i"!fu\PI 'l u 1 m-:i-a-½' Ntil~ein 1~~tu 1m::;iJfi1 l nJ1~v-:inu"lfflfl1UfllJ~ 
q q q 

cl d,'3) d ;f'j/ d d IQ.I 1 

fl11lJlflll 20 ppt elflfl1tf 'IJO!::;'Ylfll'.irnV-:it:J-:i'Ul1 (L. vannamei) 'Ylfl11lllrl:IJ 20 ppt 'VIU11 el\il'.ilff1'1.J 
,, ,, . 

d • 1 'j/d <V , Q.I d d Cl 1 

'Uel-:1 Mg:Ca lJfll flfllfltf,:jfl'Wfll'.i'Ylflf!el-:1 'WflH'I.J 'IJO!::;'Yl Na:Mg, Na:K, Cl:Na, Cl:K trn::; Ca:P llfll 

0 Q,I I t/ Ji I 1 
1.2:1, 1.0:1, 2.0:1, 2.0:11m::; 18.3:1 \illllolflU (ff1N'V'l,:j1J fflll.11\il'J, 2552) 9f-:Jtl,:jfl1lfll';i'Yl\Plf!tM 'W 

,, ,, 
"'d 

flH'I.J 

. 
4 ' QJ ' ,:::t c:S 

f.Jil'll8-:Jfll"l!tl'nJ&!'i1ill>JvlUl0\ll'iut'1t.!'Ylfl11'l-Hflll 20 ppt 

1ciri~ui1 (Na) flt1011~ (Cl) irn::; 1vmnm9iui1 (K) 

mmwr111m'UlJ'U'I.J'UeJ-:J Na 1rn::; K lu'V'lmffmV1u11 'Ylfl6b'\Plf11'.i'Yl\Plf!eJ-:JU~1iiiuliln~1-:inu 
q q 

'IJW::;~luiuii~1 iiiuliln~1~1'!funu !!ff\Pl~11 fll'.itff1im'i1i71il i:Jiir-rnm::;'Ylu~e1-a-m1::;fflJflfl ieie1eiu q q 

frn.11 'I.J11-:Jflltf !!~mlU'il-:!Hfl~~flm::;U1'1.J fll'.iff-f l~!'Ut{flfl !\Pltf!'il'V'll::;6b'fllffjlJ!!11i1\il !~el~ 'illfltl~ q q q 
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'ffllll'Hl'Ul!ell Na hJH''h,1 lflHtrf1,mrnm1"lloi'mh-:iihh~iYY11iflTl'l 'l'lll11'V'l'I.Jfiltr-:JG-:J 27.6 mg/g ~-:j 

\1'-:Jf111'l,f~WJfJll (18.5 mg/g) W,'l~'l,f\Pltt1'111 NaCl (17.6 mg/g) OV1-:J1J'U!'J'fflfl'tym-:itro~ 'ffTUflllll 

t'ti'mi'u'U 0-:J K lu 1 m -:itr! Nl'U ~oflfi'-:J'lf\Pll'ff1 ll!l '.i1i l\9l 'ffllll'.itlfl11JfllJ "lloi'un~l'lf'Ul~!'J1fl1J'lf~fl 11JfllJ1J 
q q q q q q 

I O CV e:Sl I .<:::t. t d cv o Q.I .<:::t,Q 

m 21.7 m1~ 22.2 mg/g \911111;11\PllJ "lf-:J\1'-:Jf111'J,f~!'ff'.ill NaCl (14.4 mg/g) O!'JNll'W!'J'fflflqJYll~'fft)\,) 

I .::::i. I lrl .... lel I d. d. 'j) ' 1'll'lld 1 
mrn~11 fll'.ilff'rn NaCl 'Ul'il~ !U1JN'nn'.i~Yl1Jl,)0ff'.i'.i~lflll'IJO~f)~ ff~N'n 'ttn-:Jllfll'.iff~ffll K 'W 

q q 

1m~t1!1~l'U~onJ1-a~ ll'n~ltl'Ul'Ul;11 fll'.i'n\Pl'n~'UO~ K 'il~ltlUfll'.iUfrnim1ri1'U'UO~ Na:K ,irn 
fl11lltl1lll~ffllt~i'U llff\Pl~11 fll'.i m1ml'.i1il\9l lrlm\'1u~G~'ell,l'.il'ff1'U 'ff ~N'n~~ om~U1'Wfll'.ifff N 

q 

_1a d 1JJ 'J)<v .<:::t.cv 1 'j/ .<:::t. a v , 'J) cv cv 91 v 
l1rnon t'tt'U t\Pl'lf~'illf)-:Jl'kl1'il!'J UfJ~'lf'kl~t~!'J1f)'U 'V'l1J11 fJ~'il~'V'l!'Jl!'Jlll'.ifflfln~Ufl11llt'Ull'IJ'W'IJO~ 

1 1 'll ,d1 ' d ""- ., ~ ~ ,,j d l: ~ 
Na trn~ K 'U'V'll,'llfflJl 'ttfl~Yl 'kl'lf1-:Jfl11lltflll 20-25 ppt ll'n~ll'.i~\Pl'I.Jl'V'lll'IJ'UllJOfllllllfllJ'Ulff-:J'U'U .. 
(ff17-:J'V'l~'hl fflJlll\91'.i u-a~UUJ1\,IU 'U'.i~Ylll'lfl~, 2551) '\JU!~~ Na trn~ K 1m1rnrlof111m~1Jff~n11 

q u q cu 

20 ppt 1~'il~'n\Pl'J~\o1'1.J'n~lrn~fomfl~~\ol-ao\Pl'lf1~fl11m~1J 30-50 ppt ih"W1mu~on1J'J~\o1'1.Jfl~~ 

\,l'nO\Pli'U'lf1~flllllt~ll 5-45 ppt (ff11-:J'V'l-:J'l-J fflllJl\,l'J, 2552) ll'n~1Jfi1imllfl!'J-:Jfl1J~'V'l1Ji'U1.:J'IJ11 (L. 

d d & 'j)'j) , ""-' 

vannamei) Ylfllllltflll 25 ppt "lf.:Jfl1lllt'\Jll'IJ'U'IJO~ Na trn~ K 'U'V'll,'llfflllllfll 13,087 ll'n~ 378 mg/L 

(ff11.:J'V'l-:J'hl fflJlll\,l'J !l'n~\jt1]1\olU 'U'J~'l'.Jll'lfl~, 2551) t'lf'Ut~!'J1fl'IJ K 1'U\91'1.J1Jfil 10.4 mg/g 'IJU!~~ 

Na imfo1Jfi1g-:in11 (6.4 mg/g) 'ff1'U K ll'n~ Na l'Ul'U~On1Jfi1 13.7 It-a~ 19.5 mg/g \olllll:ll\o11J 

. "' "' 
( ff11.:J'V'l.:J'hl fflJlJll,)'j"' 2552) ~lf)1lfll'JYI\Pl'n0-:J l 'Ufl1-:J'W 

'ITTlllU!fl17llt'li'll'li''U'IJO-:J Cl 'V'l1J11 i'U'V'l'nlfflll \91'1.J u-a::;11.l~on Y)f)'lf\P)f)l'JYI\Pl'n0~1Jfi1ili 
q q 

fflJ\Pl -a i;~fllt'Jt 'U 'J~'IJ'IJ'.i 7-:J f)lt'JD.:J!!lj''il::;1Jnu lff1 lJll '.i 1i l\ol'tt 'nl!'J'lf'W \Pl'l-11 O NaCl !'W!'J.:J'lf'W\Pll~!'J1 
q q 

'IJU!::;~-:Jl'U11l!'J1 mi'-:i'lf'W\Pll~tl1fl'U'V'l1J11 'j"::;lo)1Jfl17llt'li'll'li''W'IJO.:J Cl 1 'U'V'l'nlffllll~lJff ~i'U1rlof1111J 
q .. 

1~m!11~1Jt1.:Ji'U (ff11.:J'V'l.:J'hl fflllll\ol'J u-a::;UUJ1\olU 1.h::;Y11J'b'l~, 2551) 1frni'U1o11m-a::;nrnon1J cu q u q 

"J::;1o1'1.Ji11fl~i'Ui1-:if111m~11 5-40 ppt (t11N'V'l~'hl fflllll\,l'J, 2552) 1rndjfi1im11fiv-:in'IJ~'V'l'I.Ji'U1~ 

'IJ11 (L. vannamei) ~1iv-:ii'UJ1fl11lll~lJ 25 ppt 'V'l'IJ11 Cl i'U'V'l'nlfflll1Jfi1 9,246 mg/L (ff1N'V'l~'hl 

Q.I d' ,._, .:::i. ' d Q.I ")' 'j/ ... ,~ d I di ., 
t1"1Jll11,l'J ll'n~'IJUJ'Jl,l'U 1J'J~Ylll'lfll,l, 2551) !'lf'Ul~!'J1f)1J tf1Htl°'J1.:Jl1J'n0f11Jfll 39.3 mg/g 'IJU!::;Yl 'tJl,llJ 

q u q 

I I 'JI 'JI 

ijfi7 0.6 mg/g (ff1l~l'M'hl ff1Jll11,l'J, 2552) ~~~lf)1lnl'JYI\Pl'nO.:Ji'Uf11.:J'W 

<Of <Of <Of -·' -·' .., Hrlt\tC)ff.liJ (Ca) mm'l-HC)ftl'IJ (Mg) !!il~l"t~Hll"tel'H,f (P) 

'mll1U!flllllt'li'1J'1i''U'IJO-:J Ca 1rn::; Mg i'U'V'l'nlfflJl'V'l'IJ11 lJf1GJj\Plnl'JYI\Pl'nO.:J1Jfi1llill\,lf1~Nfl'U 

'IJW::;~i 'U 1-fo1Jfi1 ili1tl,)f1~1w11'U fl'U u tl"\Pl.:J17f11'J 1t11m1 '.ilil~ hi i th u f11'U ff fl 11::;t11119J-a itrnou 

, I , QI 'j) QI QQI, 'j) Q. Ci QI I 'JJ 
fll!'J 'U'Jl.:Jf11tl!!'n::;'J::;1J1Jf111Jfl1Jfl1!'J 'U\olU ffO\Plfl'nO~f11J.:J1'U1\HJ 'Uf1.:J'b''U\Pll\Pl!'J1fl'U i"IU11 fl-:J'il::; 

q q q 

., ., 'JI 'JI '1 'I 'JI ''I ., ,d 'I ' d 
'VW1f.Jlllrnlll'J~\PlUrl11lJl'IJ1J'IJ'U '\JO~ Ca 'Ui"l'nlff1Jl t l10!'J t 'U '.i~\Pl1Jrl~'Vl\ol'n 0~ t 'U'b'1.:Jrl11lllrl1J 5-50 .. 

, 'JI ""- 'JI 'JI ~ ~ d 1: d ~. 'll ''1-1 • ,1 
ppt ff1'U Mg fJ.:J'il~1Jrl1llJ!'IJ1J'IJ'U!'V'l1J'IJ'U\ol11Jfl11lJ!ffJ.J'U1'illflrl11lJ!rl1J 15 ppt !1J'U\ol'U IU (ff1N'V'l.:Jll 
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tl'JJJJW11 !ll;!::::1Jt\:!1\9l'W 1h::::'Vjmn~, 2551) m,:::: Ca iuirnrl0ri11m~:1Jtr,rni1 15 ppt 'i!dh::::i'l.J 

mrn-:i1rn::::ri-:i~\9lmw1 iui1-:iri11m~JJ 25 pptttlmi'u i,J 'IJW::::~ Mg 'i!dh::::i1.Jri-:J~\9li;lt1~i1-:im1m~ll 

5-50 ppt (tYi1-:il'M1J tl'lllll\911, 2552) lli;!:::iJri1imi'1~v-:iffo1-:i'lf'W~1~v1nu~1iv-:i~ri11mfiJJ 25 ppt 

vmi1 ri11m~mi'u'lleJ-:J Ca iuvrn1tYmiJri1 676 mg/L vrni'u Mg ~iiri1 96 mg/L (crinrMll 

tl'llllWl'.i 1m::::1JtJ:!1\9l'W 'l.J1::::'Vjll'lfl~, 2551) ~-:iJ1fli1mnrnl;!t1-:iiurif-:ici 1im~v1n1.J Ca h.1i1.JiJri1 

3.7 mg/g '\JU!::::~ Mg iui1.JiJri1 1.5 mg/g (tYiN'Vl-:Jll tl'lllJWl1, 2552)~-:iimi'1~1'J-:Jf11.Jfll".i'Yl~H'ltl-:Jflf-:i 

" .c.:! j/ Q,I Q.Q,li 'j} 0 ' jl Q.I Q.I ,, "J) 

U 1m::::crt1~flj;jtJ,:jfl'l.J-:Jl'\..JlM Uf:J-:Jf:Ji;!l~l (P. monodon) 'Vl'l.Jll f:J-:J'V'Wll'Jlllrn1fl1::::~'l.Jfllllll'Ull'IJU 

'\JeJ-:J Ca iu1::::1.Jrni1t1~il1'iiri1ri-:i~iui1-:i 520-640 mg/L (1JtJ:!1\9l'W 'l.J1::::lJll'lfl~ 1m:::riw::::, 2547fl) 

i 
l 'J} _1«1 'J} i "" I I d I i 'J} Q I 'J} 

U !fllslff".il-:Jlui;!tlfl'Utl-:Jf:J-:J U'l.f~lff1llll11illoJ '\l'l'l.Jll Mg llfll 25.1 mg/g llff~,:j '111'11'W11 f:Jsl 

mmrnl11 Mg i'!Jiii~mh-:iiJ'l.J1::::ir'Vlnm'V'l ~-:iiJ~1tr-:iflil'J,f~fl11.JrJll (16.6 mg/g) 1m:::,~m11J 

NaCl (15.3 mg/g) tJVl-:JlJ'Wl'JfflfltJ:!'Vll-:Jff()~ 'IJU!::::~fl1lll!~ll~'W'\Jel-:J Ca 1-:iv-:ir1-:ifom1::::iui~,Jfl~ 

1~viW]j~fl1UrJlllm::::,~lff1llll11illoJ iJ~1l'vi1nu 126.5 1m:::: 134.4 mg/g mmhi'l.J ~-:ig-:iflil'J!~ 

tff1ll NaCl (86.6 mg/g) t1ci1-:iiJiTl'JfflfltJ:!'VllslffG~ 1rn~-:i11 fll1lff1ll NaCl Ul'il::::i'l.Jiii:-rnm::::'VlU~tl 

cr'h::::1f11J'Utl-:Jfi,:j 'Vil i tt n-:i hlcr1m1tllJllell Ca , ,Ji ii u m::::'l.Jl'\..Jfll'j cr! 1-:Jl 'l.Ji1eJfl ,~tlVl-:JlJ 
q q 

1h::::ff'\!llifll'WJ-:ir-rnittiifluff::::irn Ca J1i;!-:J fft1~mi't1-:Jf1'l.J-:JlU1'11'Jiun-:i'lfU~l~l'J1f1U -wui1 n-:i 
q q 

"' "' 'J} 'J} i l 'J} - 1«1 d "' d I 

'Vll'Jll'Jlllrnlln::::~Ufl1lll!'\JlJ'IJU'Utl-:J Ca 1m;:; Mg U !f1Hff11-:JIUi;!tlflm::::~Ufl-:J'Vl\91i;!tl~'lf1-:Jf11llJ 

d ' cl .<::i I 'j/.<::i Q.I .d 'j/ d J' 
!fill 5-50 ppt (ffll-:J'Vl-:Jll fflllll\911, 2552) 1rn::::1Jfllim11fll'J-:Jfl'l.J'Vl'V'l'l.JiUf:J-:J'lll1 (L. vannamei) 'Ylli;!l'J-:J 

imn1m~ll 25 ppt -wu11 Ca iu1'1.Ji1eJfl1Jri1 129.3 mg/g '\JU!::::~ Mg lJfil 11.6 mg/g (ff1UVM1l 
' ' 'J} 'J} 

fflllll\911, 2552) 9f-:J\91lflilfll1'\!l~i;ttlsl iurif ,:ii'j 

,J1mwfl1rn1<0'mi'u'llt1-:i P iu-wmcrm iu m1::::1'1.Ji1eJfl'VlUi1 'l'lfl'lf~fll1'1'l~i;!eJ-:JlJf17hj 
q q 

!l\vlfl~1-:inu vmi'uiu'lf~~fll1lff1ll NaCl tll'il i'l.J11.Jmu1::::1.J1.Jfl11.Jflllflll'Jtl-.!iu 'Vllttt P (3.3 mg/g) 
q q 

' A I O I .<::::t, I C! I o QI I ,::j Q.I O Q.I Q.Q. 

llfll\91lfl1l'lj~fl1UfJlJlli;l::::'lj~lb1'1ll!l11illoJllfll 4.4 1rn:::: 4.6 mg/g \91llli;!l~U tll'JNlll-.!l'JfflfltJ:!'Yll-:Jffil\91 

tll\H1Jui,Ji~,j7 fll1lff1ll NaCl iJr-rn~eJ'l.J1::::ff'Yllifll'Vlfll1i'l1 P tl-.!\911.J'Vlltttfi-:JlJfll".iff::::ffll P J1,M 
q 

o & ~ QI I lq 1.c:! I t::! .c.:! 'j) j/ Q.I Q. <LI , 'j) ,:::::i, d Q.I 

flll-.!-:Jil-:J tl\911 lff1l-.! lllllvrn m:::: 'Vl'l.J\91 tJff'j 1 ::::lflll'Utlslfl-:J fftl~fl i;lt),:j flU-:J ll-.! 1'ill'J'Utl-:J l-.! fl,:j'Jj''\..J~l~tl1fl'W 
q q 

' 'J} "' "' 'J} 'J} 1 1 'J} ., "' "' 1 ' '\l'l'l.J11 fl-:J'il::::'\l'll'Jltllmfllll'j:;;~'l.Jfl1lll!'Ull'\Jl-.!'Utlsl P l-.!'Vlmffm '11tll'J 1-n::~Ufl-:J'l'l\.1i;!tl~ l-.!'lf1-:Jf11lll 
q ~ 

1~1J 5-50 ppt (cr11-:i-w-:i1J fflllll\911 1m:::: 1Jt\:J1\91'W 'l.J1::::lJll'lfl~, 2551) 1m:::: 1 uirn1::::iJ1::::iufl-:J~\.1i;ltJ~ 

' d d Q,I ~ ~ d d ~ d ... ,~ A I d 1 lJ 'lf1-:Jfl 11lllflll 10-30 ppt lll;l ::::1 'Vl ll 1:::: ~U\)' ,:i 'UlJ!lJ tlfl 11m fllll'Vlll \)' ,:i '\JlJ 'UU!t'l'll ui:ltlfll.Jfllfl,:j 'l'l 

1 ui1-:i 10-20 ppt (cr11-:i'Vl-:i1J fflllll\911, 2552) 111:1::::ufi11mf1~rJ-:in1J~-:i'lfu~1~rnnu~1iv-:i~r111mfill 

' 'JI 'JI t ,d. ' 1 ✓ Cl.I cl ,.I 
25 ppt 'VlU11 fl11lll'UlJ'UlJ'UtJ,:j P 'W'Vlmfflllllfll 164 mg/L (ff11-:J'Vl-:Jll fflllll\911 lmt1Jt1jrnlJ u1:::: 

'l'lll'l11~, 2551) 'UU!::::~1uiuiJfi1J1n111m::::1,J~un (4.6 1m:::: 17 mg/g mmhiu) (ff11-:J'VlHJ 
q 

" " 'J} ' 'J} 
ffl.Jlll\911, 2552) 1Jfilt1'-:ifl11fll1'1'1~1:ltl-:J1ur1f-:iu 1rn::::-:i1u1il'J1t1q-:if:Jmfl1 (P. monodon) 'Vl'l.J11 f:J-:i 
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fomf111m.,Y:1J.,YU'lH)-:J p 'lm1-nnffm'ltto~'lmh-:i 155-186 mg/L (\Jtyfau 1htl'.):IJ'lfl~ !Hltflrut, 

2547fl) 

1rltivi'ilnru1ov11Tff1U'lJtJ-:J Na:K, Mg:Ca, Na:Mg, Ca:P, Cl:Na !!l;'lt Cl:K 'luvrn1mrnrnti1J 

'lJtl-:Jfi-:Ji-:i 3 'l5\Plf17'.i'Vl\Pll;ltl-:ithUhmihiuv1n~1-:inu l'Jf1!1U Ca:P 'lui'I.J'lf\Pllff1:IJ NaCl ihi1tl'lltl'I.J 2:1 
q q u q 

Ji I Q I I d. Q./ O QJ' Q.c::::i, ~ 
91-:I\T-:lf11l'lj\Plfl1'1.Jf:J:IJ ( 1.4: 1) !!l;'lt'lj\Pl!'ff'.i :IJ!!J1i 1~ ( 1.1: 1) tltll-:JlJUl'Jfflflty'Vll-:Jfftlvl trnt I Utl-:1 'illflf11'.i 

m1lJ NaCl ri-:ir-rn'lttti'-:iihht~'Vlfifll'Vrnn'l'lf p 'lui'I.Jl;l\Pll;l-:1 'V\'1'1ttov111ri1'U'lJtl-:J Ca:P 1Jfll~l'1-:J 
q 

!'lf'U tl'U llff\Pl-:111fll'.i rn1lJu '.i 1i 1v11\Pll'Jfll'W-:J a-:i 0\ol J 1ri1mrntm vnt NaCl ~hHhrn m t'Vl'I.J 'ff fl11t 
q 

'ff].J ~ "1 'l 'U '.it'I.J rnii tl\Pl!! '1 ti'I.J !!~ tl1 'il 'il t 1J fll 'j ! u~ l'J'U!!'I.J j;j-:J'IJ 1-:1!~ tl 'l tt!fl\Plfl 111.J!l'i mt ff].J tl'I.J ff m 1ttl' 'U 

"l 1mt'.ill'J-:Jl'U1111'J'lu1-:i'l5'W\Pl!~l'J1tl'U~m1m~lJ 25 ppt '\Al'I.J17 ov111ri1'U'lJtl-:J Cl:Na 'lu'\Alm'ffmiirh 

9/d Q./ i,x 'J) di 

'lnmfll'J-:Jfl'I.Jfl1J'Vl\Pl'1tl-:i'l'Wm-:Ju l'Jf1!1U Mg:Ca, Na:K, Cl:K, Na:Mg !mt Ca:P 1\Pll'JlJfll 0.1:1, 

0 Q,/ 1 o' Q./ o' ... 1 ~ 

120.5:1, 25.2:1, 20.1:1 !mt 4.1:1 vlllJl;ll\Pl'I.J ('ff11-:J'\Al-:11J 'fflJ:IJlvl'.i tmt'I.JUl'.ivl'U u1t'YllJ'lflvl, 2551) 
q " q 

!'lf'U!~l'J1tl'I.J-:Jl'W1'ill'J'l'U1-:i'l5'W\Pl!~l'J1tl'U~fl11W~lJ 25 ppt '\Al'I.J17 Ovl17ri1'W'lJtl-:! Mg:Ca, Na:Mg, 

" " 
Na:K !mt Cl:Na 'lu'\Alm1JmiifllU\olfl~Htl'I.Jfll'j'VJ\P)j;jtJ-:J'l'Wfli'-:J'U 1f"ltiiifll 0.3:1, 36.7:1, 25.7:1 !!l;lt 

' " ,, 
1.2:1 vlllJllliu l'Jf1!1'W Cl:K l11Jfl1'ln~t~l'J-:Jtl'I.Jfll1'Vl\Pl'1tl-:i'l'Wfli'-:J'U (Cheng et al., 2002) ihu'luiu 

,, " ' I a., I ,d 1 G] i/ci. Q./ QJ' d d. 

'\AIU11 tlli11l'ff1'U'lJtl-:I Mg:Ca lJfll tfl'1!fll'J-:Jfl'I.Jfll1'Vl\Pl'1tl-:iflH'U 'lJWt'Vl Na:Mg, Na:K, Cl:Na, Cl:K 

d. f O Q./ I o' ~ 
!!'1t Ca:P 1\Pll'JlJfll 4.2:1, 0.6:1, 0.09:1, 0.06:1 !!'1t 0.5:1 vlllJl;ll\Pl'I.J ('ff11-:l'\Al-:Jll 'fflJ:IJlvl1, 2552) 91-:1 

" " iifll!!vlfl~l-:Jtl'I.Jf111'Vl\Pll;'ltl-:I 'l 'Wflf-:J'U 

" 
ri1u 1flH'fff1-:11ui'iut1'\Al'I.J17 Ovl17ri1'W'\Jtl'1 Mg:Ca !!l;lt Na:Mg '\Jti-:11-:il'i'-:i 3 'ljflfll'j'YJ\Pll;ltl-:1 

hh1v1n~1-:inu 'lJrut~ Cl:Na 'lu'l5\Plt'ff1md1ilvl1Jflltl'lltl'I.J 1.2:1 ~-:iJ1n17'15\Plfl1UfllJ (1.8:1) !!t'lt'l5\Pl 
q q q q q 

m1lJ NaCl (1.9:1) mii-:iiitl'm:r1r1ty'Vll-:i'ffa~ !!"1tov111ri1'W'\Jtl'1 Na:K 'l'W'lj\Plfl1Uf:J:IJ (0.9:1) iifl1J1 

fl11'1j\Pllff1lJ NaCl (1.2:1) !!'1t'lj\Pllff1md1il~ (1.2:1) tJVN1J'Wl'Jtllflty'Vl7'1ffG~ !~tl'1'illfli;ru 

r-rnmt'VlU'illflflUl'ff11l NaCl ~-:i'V\'1'lttti'-:iiim1fftfflJ Na trnt K J11;'l-:i !!"1trJ-:iri-:ii:-1"1~Uov111ri1u • 
'\Jt)-:j Cl·K hJ'l5\Pllff1lJ NaCl (2.2:1) iifll'ff-:ifl1l'l5\Plfl1'1.Jfl].J (1.6:1) !!'1t'l5\Pl!ff1md1ilvl (1.5:1) vvi-:iii 

• q qJ q q q q 

'Wl'JtllfiUl'Vl1'1ffG~ 'lJtut~eJv111ri1'W'\Jti'1 Ca:P 'lu'lff"l!ff1lJ NaCl (5.9:1) iirhJ1n11'l5\Plfl1UfllJ (8.0:1) u q q q 

!!'1t'l5\Pllff1llll'.i1ilvl (8.7:1) uv1-:iiitl'l'JtllflUl'VlNffG~ lfl\Pl'illflfln~n-:ifftfflJ Ca 'lmuiivnJ1,11'ltt 
q q u q 

fl TU fl lJ O\ol 11 ri1'U 'lJ tl-:1 !! '.i 1i WI !I '1t fi '1 ffllJl'j ti! U~ l'J'W !I U '1 '1 eJ\ol'j 1ri1'U '\Jtl'1 !! '.i 1i lvl 'l ttii fl 111.J!l'illlt 'fflJ 
q q q q 

t1'1.Jfl11lJ~tl'1fl71i; tmt'11'W1'ill'J'l'Wn'1'\Jl1 (L. vannamei) ~1il'J-:i'luJ1fl11lJ!~lJ 25 ppt 'WU11 • 
eJ\911liYTU'Utl'1 Mg:Ca, Na:Mg, Na:K, Cl:Na, Cl:K !Wt Ca:P 'lmui°iuniifll!!\9lfl~1'1iu111nm1 

i ~ d 1 O ~ I ' 

'Yl~H'ltl~!'WrlH'W t\Pll'JlJrll 0.09:1, 1.7:1, 1.4:1, 2.0:1, 2.9:1 !!'1t 21.4:1 \9lllH'll\PllJ (ff11'1'W~ll 

ff].JlJl\,}'j, 2552) 
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. 
.c:i. , QJ , ct a 

mt'Uel~fll"iH.f"iiJU'a1il~vlnJelvl"iltf1'1-!'t'lrl1lll!rliJ 30 ppt 

1C)lt~fm (Na) mrni"i~ (Cl) Ui;"1~ 1l"ltmmciiai1 (K) 

lhlJ7Wfl11'.IJ!,f1J,j'lJ'llt:M Na, Cl ml~ K 'llJ'V'Hnffm iu m1~nrnt:lfl 'W1J11"1f~fl11Jfl'.IJ!nl~"lf~ . . . 
1ir11J1d 1iw1iifl1 hiu11n~ NnlJ uir~-d1 fll'.i 1ir1m111i 111111t:J iiitff11lu 11i111 hiiir--n1m~'Vl1J~t:J • • • 

t QJ d "3 ~ d. cf Q I 

fffl11~ff1J~'1'1Jt:l~ Na, U'1~ K 'VI~ 3 mv1~ 'IJU!~'Vl Cl 1Jfll';jff~ff1J'11-Jt1fot:Jflt'V'l1Jff~'ll'W'l'W"lf~Hffrnm . ., . 
& 1 I d QI o QJ .<::::t..c:,. I .c:i. 

1illoJ (31.1 mg/g) CJf~~-:Jfl11GJ.f~fl11JfJ1l (18,2 mg/g) t:ll:Jl-:J1J'Wl:Jfflflt\J'Yll-:Jfff:111 '11lJll:Jfl111J11 fll'.itffrn 

1d1i111d ~ H'1~1>1t:Jm ~u1u fll'.i ir½' 1-:i 11.J~t:Jfl t'V'l'.il~n-:i mmrn~-:itm Cl i iJ'l ii~ mh-:iiiiJ'.i~ff'Ylfifll'V'l • • 
J I 'l 91 91 . I ., ., I ""' 'l 91c, J di "" I 

mfl'll'W 1rn~ m ,Hi~ ff-:J H'1 t Mf:J-:J mmrn1J '.i1J t:J\91 '.i 1ir1u 1Jl-:J"lflJ ~ t 111Jfl 1rnmm~ ff1llJlfl'll'W CJf-:J1Jm 

'ln~1~v-:inu~'V'l1Jlw1-:i"lf'W~l~l:J1n'W ~1iv-:i'lm11m1m~1J 30 ppt 'W1J11 Na, Cl 11'1~ K 'lu"Wmirmii 

fll 12,161, 9,766 um:: 514 mg/L mmhiu (ff11-:J'V'l-:J'hl fflllll\91'.i 1t'1~1Jrufatl' 1h~'Vl1J'lfl~, 2551) . " . 
l'lf'Wl~V1n1J Na '11-Jiuiirh 6.7 mg/g ('ff11-:J'VM'hl 'ff1JlJ711'.i, 2552) 'IJU!~~'luiuiifl11'.IJ!,r1J,rlJ'Ut:l-:J Cl . ,, ,, 
11'1~ K (5.8 11'1~ 5.8 mg/g \9111Jrl1iu) iiriwiln11fl1'.i'Vl~'1t:l-:J!'Wfli'-:iti d1ulu tflH'ff½'1-:i1u~t:Jfl 

I di t o QI di t (/ 

'W1J11 Na 11'1~ Cl 1Jfll~-:Jfl11 (25.7 11'1~ 36.2 mg/g \9111J'11~1J) trn~ K 1Jfll 12.6 mg/g ('ff11-:J'V'l-:J1l 
I I t j/ j/ 

-rrllm\91'.i, 2552) ;-:ifi'1n1Tn'V'lu'l1-Jm'.i'Vl~'1t:J-:ifli'-:iu 

IH'ltUCUl'..liJ (Ca) ltilfl'UICUl'..lll (Mg) Htl~'tfotlweiitl (P) 

• ~ 9I 9J Gj V • ("f I 

lJ';jlJlfilfl111Jl'IJ1J'UlJ'Ut:l-:J Ca, Mg 1rn~ P t'W'V'lm'ffm 111J tt'1~11J'1tlfl 'V'l'lJ11 'IJ~flTUfJlJIW~GJ.f~ 

m1 md 1i 111 lJfl 1," 1111 fl~ N n 'W II ff~ -:i 11 fll ';j t 'ff 1 lJll 11i 1\91111 tJ," rn1 '.IJ!I '.i 1i 111, "" H'1 m ~'YIU~ tJ . . . 
t ., 91 "" 'l . ("i J 1 

fffl11~'ff1lfJ'1'1lt:J-:J Ca, Mg 1rn~ P 'Vl-:J 3 t:J1V1~ Vfll1'W Ca 1rn~ Mg 1JflU'ff~ff1J t'Wl1J'1t:lfl~-:J'll'W ~v 
Q 1 d I I QJ o QJ ,di I 

'l,!'~tirrnm1illoJ1lflll'Vllfl1J 91.8 11'1~ 20.2 mg/g \9lllJ'11~1J CJf-:J~-:Jfl11GJ.f~fl11JfJ1l (60.3 11'1~ 12.2 mg/g 

O QJ I d QJ o Cl.I Q.<::::t, t l .:::'.:I. I I d I 'j} 

1111Jm~u) t:JVl-:J1JlJVfflflqJ'VlN 'fff:1\91 lJ 'W 11mvm11J11 fll'.i mrnm 1i lloJ ff-:JH'1~\9lt1m~u1'Wfll'.i m 1-:i 

.("f ,!i 9I .di "1.l'l ~ 9I I "'.I ""' ""' I O Gj 9I 
l1J'1tlfl l'Wtl~'illflf:J-:Jfflmrn~~ttll Ca 11'1~ Mg !lJ t'lf t~tll:Jl-:J1JlJ';j~'ff'Vl1ifll'V'l 11'1~tll'il'il~'ff-:JH'1'Vll t'l1 

61111ih'W'llt:J~U'.i1il1l'Ul-:J"lf'W~iifl1111mmg;ir11mnt-:i~lJ t'V'l'.ilg; Ca t1'.lu 111TI111m1 n~ihiru 1 'Wfll'.i . . " 

cr½'1~1unt1fl'Ut:l~-&111'luntj11fli'mm;vlJ (Pratoomchat et al., 2002b) 'IJU!~~ Mg 11'.lmt11il19J~i1 

m111rl1iqi~t1fl'J~'lJ1lJfll'Jff11-:JIU~tlfl\91'1tl~1-:J'ilrnlrnt1nm1u (Pratoomchat et al., 2002b) trn~ 

v-:iiiri11m1111'.llJ~tlfl~'Vl~rn lmd11'.11-Ji1'lf1ViJi' 1Jff1J~'1 it1t1tll-.!fl1V1 lJ'.il-:JfllV (Mentel & Farmer, • • 
1983) ~-:iiifl1ina1~v-:in'lJ~'W'lJilJ1~'1f'U~l~V1nlJ~liv-:ilm11ri11m~1J 30 ppt 'W'lJ11 Na, Cl trn~ K 

im-rn1irmiifll 12,161, 9,766 trn~ 514 mg/L \91111rl1iu ('ff11-:J'W-:J'hl cr11m11111'1~1Jqji'm1 iJ1g;'t'.]1J 

'1fl~, 2551) 1'15lJl~V1n'U Na lmiuiif111vi1nu 6.7 mg/g ('ff11-:J'W~'hl fflJlJl\?l'J, 2552) 'IJU!~~ Cl trn~ K 
I >J >J 

l1-Ji1Jiifll\911fl11fll'J'V1~'1t:l~im1f~u (5.8 11'1~ 5.8 mg/g \9111Jf;)li'lJ) ff1lJ iriHi1½'1~11lnmwm11 Na 
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.<::::! 1 I o Q,I .<:'! 1 f c/ 

mi::: Cl ll'fll\l-:Jf111 (25.7 mi::: 36.2 mg/g \9lllJn1~1J) mi::: K mn 12.6 mg/g (il11-:J'l'l-:JlJ illlmm, 
1 ' ,, 'JI 

2552) 9i-:J\9llf1i1nn'Vlm'rn-:i'h.1'flf-:ii1 

tUtl'W'ill'.iWlfl\91'.ilff1'W'lleM Mg:Ca, Na:Mg, Ca:P, Cl:K, Na:K mi::: Cl:Na i'W'l'l'1lt1'lll \911J 

tt'1:::t 1Hien'llt1-:iti'-:i']j'~'fl11J'fllJtt'1~'15~ttY1 mt j,n\91 'l'l1Ji1 ii~111.itt\91 fl~ i-:inu t1mi'u fl\9l 'Hff1'U'UtJ-:J 
q q q q q 

' ' . Gt _,~ d .<::::! I l Cl.I O Cl.I & O I 

Cl:K, Ca:P 11'1::: Cl:Na t 'W!1J'1tlf1'Vl'15Ml1'U'flll ll'flll'Vllfl'U 0.6: 1, 3.5: 1 trn::: 1: 1 \9llll'11~1J CJf-:J\9llf111 
q q 

Q I o Q./ I .t::i Q.I o Q,I QQ A Q.I I 

,~1i1rnm1illoJ (1:1, 4.5:1 trn~ 1.6:1 \9llll'11~1J) tltll-:JlJ'Utlill'flty'Vll-:Jil()\9l'lJW:::'VltJ\9l'.ilff1'U'Utl-:J . . 
d di la., ,dl I ..::::i, I I dQ.IOQ.I QQ 

Na:Mg 'Yl'lj~ 'fl 1 'U fJ ll ll 'fl 1 l 'VJ 1 fl 'U 1.6: 1 C)f-:J tl-:J fl 1 l'lj~ l ff '.i lJ tt '.i 1i 1 loJ (1: 1) ti tlNlJ'W vm 'fl ty 'Vll-:J ff() \91 

.dt. Q I 1 0 & & Q.I I O 61 9/ 'j/ Q.I "I j} J ,dl 

l'Utl-:Jlll'illflf11'.i!ff'.ill!!'.i1illoJ ~tl'fll'W-:J()-:Jtl\91'.ilff1'U'Vll t'YifJ-:Jtltlll'.i'U Cl, Mg 1rn::: Ca !~\l-:J'll'W 'il-:J 

ri-Hrn i tt fl\9l '.i1ri1ui-:inri11iir11t1-:i~miu nu ttff~-:ii1nu tff1mt j1i1\9l 1iiri-:ii:rnm :::'l'l1Jl-it1m1 
~ q 

Y11'U'flll fl\il '.i l't'f1'W i 'W '1'1 '1lffllltt '1:::\.l'U ttloi mfo ri -:J N'1~~t)fl\9l'.i l'ff1'U i 'U 1 m-:ifff 1-m.Hit1n ~-:iii~l 
q 

imtt~tl-:JD'U~Vl'Ui'WVrnlfflll~-:J'lll1 (L. vannamei) ~tit1-:Jl'Uill'fl1llJL~ll 30 ppt t1mi''Wfl\9l'.ilff1'W 

d I o Q.I I a' 
'Utl-:J Mg:Ca, Na:Mg trn::: Ca:P ll'fll 0.2: 1, 79.2: 1 trn::: 4.0: 1 \illll'11~1J (ff1N'l'l-:JlJ fflllll\911 tt'1:::1_Jty 

f\9lu 1h~'Vlll'l51~, 2551) 1rn:::iui1JtttNmt\9lf1~1-:inun1Jm'.i'Vl~'1e1-:iiu'flf-:id 1~t1tJ\il11ihu'lle-:i 
q 

d f 

Mg:Ca, Na:Mg, Na:K, Cl:Na, Cl:K, trn::: Ca:P ll'fll 1.3:1, 2.6:1, 1.2:1, 0.08:1, 0.09:1 trn::: 0.2:1 

lillmhiu (ffi1-:i'l'l-:JEJ ffllllllil'.i, 2552) t'lf'Wt~t11nuiu l'flHfffi-:i1iJ~t1f1fl\9l'.il'ff1'W'lltl-:J Mg:Ca, 

<d ' 0 Q.I 

Na:Mg, Na:K, Cl:Na, Cl:K trn::: Ca:P ll'fll 0.08:1, 2.4:1, 2.0:1, 1.4:1, 2.9:11rn::: 26.4:1 \9llll'11~1J 

' ,I 
(ff1WVMlJ illllll\911, 2552) 

Cl I o&&a., t od1 ~9' d d 
1. fll'.ilff'.illll'.i1il\il l~tl'fll'U-:Jfl-:Jtl\il'.ilil1'W 'ill!U'W\9ltlf11'.it'1tl-:Jfl-:J'lll1 (L. vannamei) 'l'l'fl11lll'flll 

q q 

J1n11 10 ppt 'llru:::~w:nm~ll\l~'Wl'il:::iim'.i 1t11md 1illoJ'Ul-:J']j''W~'1-:J 1iJr~e1 i ttii51i111ri1u'Ue1-:itd1i11oJ 

d Cl.I 9J d d 9J 
'Vll'Yilll:::ffllfl'lJ'fl11ll\iltl-:Jfl1'.i'Vll-:Jff'.i'.i:::t'flll'lltl-:JfJ-:J'lll1 (L. vannamei) 

V V 

2. f11'.ilffjlJ!t11i1\il 1~Vfll'W-:JO-:Jfl\il'.il'ff1'W iu1:::1J'Uf11'.il~tl-:Jfi-:J'll11 (L. vannamei) 'lutJl'fl11ll 
q q 

1~1JJ1iiY1111J~11~umh-:it-:i 

~ 

'Uel!tf'lHl U 1-! ~ 

1 fll'Htr1mdlil\il l 'l-!'.i:::1J1Jtl1t~el i .«1it1-:in-:i'\J11 (L. vannamei) fl1'.i'W'illHU lfl\il'jl'ff1'l-!~ 
• q q 

mm:::mJn1JY1111J;ei-:im1'llei-:in-:i t~ein-:i i~t111d1i1\il itlii'1h::: 1t1'lfu1~mh-:iii1h:::iY'l'liim'l'I 
q q q 

2 fll'j 1tr1mdli7\ilrt-:J lut11Ju iiNrt'l'll ltt'fl11llt~lJt1ltr-:J~'l-! ,~ vi'u~1it1-:in-:i~iit'IJ\il~~~tli-:J 
• q cu q 

'J} Q.I Q,I d• .dt fj)dtda.,t 

fl1'.i \iltl-:J'J':::ll~ '.i::: 1-:J Nrtfl'.i:::'l'l'U'llel-:J'fl 1llJl'fllJ\il tl'.i~1J1Jfll '.i lflll\il'.i tl'l-! "l ttrt~'fl 1'.i\iltl-:JlJ1J tllfl1Jflfl'l-! 1 

mt1i uyh{ii 
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'i 1 F.J fl TH) H el~ 

V JI 

•JHH) ihrw:inw trn~ Vl'.i!~fl' 1l'W'YlH'")j'")j'fHl. (2547). ewitrmm'i1Jnl'itW1:t:tti{J-JD-J1uv'i:t:mfl' 
q qJ q q 

1rw. rl1tl'm1uflw~mn1m11iv11M~"lf1~. 206 11tl'i. 

1Jt!Jf 1,n11.h~'l'Jll"lfl~. (2545). wntrnV'i:t:nBvnntrB'l-l1<J11m'i1rn:;:1ti;-J'lfWit-J. mf11'if1111"lf 

o' q ,I Q. Q.I 'J) 

ft'lff\91'.i, flW~1'Y1Vlft'lff\91'.i. lJ'l111YW1'1VtlJVll. 524 '11'Wl. 

1Jt!j1\91'W 1.h~'l'Jll"lfl~ umr~n !'deNum 11'1~tl'Welllftt7t 1Jt!Jfif1~. (2547t7). fl(l'llfJ-Jn?'ilffJlltniimd-
, • JI 

1ueJmntm:t:m'itVti{J'J-JllV(I-JffY'i:t:lflY'UfJ-JQ-Jf}(l1i1 (Penaeus monodon) nttifJ-J'i:t:1J1J'Wm't-J1. 

c:,, .c:::::::. o' .c:::::::. o' .c::::i. Q./ 'J/ 
.fllf11"lf111'.i"lfft'lff\91'.i. flW~1'Y1Vlft'lff\91'.i. lJ'l111'YlV1'1Vtlnn 64 '11'Wl 

"' 
Q,I o' ... I q .c:::::::. ' o' o' d : I 

'l.Jt\j'.i\91'W u'.i~'l'Jll"lfl\91 Vl"lflt!J ff11~1~ft' trn~,im 'ii lll"lfl tfl. (2546). fl!J'UfJ-Jfnllllf/ll't-JWlfJ 

'U1J'JUn1rnBnfl'i11Jlm:t:n1111.lf!i{J't-JllVB-Jrn-JffY'Jlf/Y'UB-J,jn:t:B. (Scylla serrata). 

C:,,Q.1 .c:::::::. Q./ 9/ 
'.ilV~l'W1'ilV lJ'l111'YlV1'1Vtl'.i'Vll. 78 '11'Wl. 

"' 
QI o' .c:::::::..c:::::::. ' rl o' d :', 

murnu 1.h~'Ylll"lfl\91 Vl"lflill ff11~1~ft' 11'1~,Je)';j,J :IJl<Jfl t~. (2547'U). flB'UfJ,Jfl'JllJlf/lJ't-Jlfp/f) 
q u q u 

- 1d . I "" "" . I 91 'U1J'J 't-J n 1m fJ nfl 'I 11Jl m:;: n ?'it u !J{J't-Jll u !J-J n Hff'I'i:t:lflll'UfJ-J 1J m (Portunus pelagicus) 

1urn1J'J,J'fl'Jn1rnf1nfl'I11J. '.ilV~l'W11lV ll'l111'Y1Vll:1Vtl'.i'Vll. 78 11tl'1 
"' 

Io' QJ(/ .c:::::::. d~• .d 
ff1N'Vl~'l:J fflJ:IJl\91'.i 11'1~1JUJ'.i\91'W 1.h~'Ylll<Jfl\91. (2551). H'1'Uel~fl1llJ!fllJ'Wl\91elfll'.i!'UM'W!!'l.fo~ . " . 

V 

eHJff tllm~~i'Wli'ieWl 11'1~fl1llJ!<-O'mi''W'llel~ll~1il\91 9 "lf'Wfl i 'W'Vl'11ff:IJl'UeJ~n~'Ul1 
q q 

JI • 

(Litopenaeus vannamei). i 'W n?'JV'J:t:1[l11<Jf?n?'J'UfJ-Jl11111'YlfJ1r:immNl'JFl'1ff'91J f/1-Jn 

'J) c:,, Q./ ,/ 

48 (tt'Wl 109-118). t7J ~l'Yl'Vl'-1: lJ'l111'YlV1'1Vltl'l:J\91'.ift'lff\91'.i. 
JI 

ff1N'Vl~ll ffll:IJl\91'.i. (2552). fl1J'UB-Jmm1;f uuwiBtrY1lf!iJ1m:;:nnlff1uu i1i1"11JH<JfU~ 1u1:t:1J1J . 
e:l' jl .c:::::::. .c:i. fl' .c:::::::. .c:::::::. o'.c:::::::. 

n?'JW{J-Jf}-J'Ul'J (Litopenaeus vannamei) l<Jf-J'Wlfl.l<Jf{J. 1'Y1Vl'W'Vl'W1i1'Y1Vlft'lff\91'.i 

a., .a,, Cl. c:,, r/ Q./ Cl c:,, Q.I c:,, Q./ fj/ 

ll'l11'l.JWCVl\91, ffl'U11"lf111'.i<Jfft'lff\91'.i, 'lJWCVl\911'YlV1'1V, lJ'l111'YlV1M\j'.i'Vll. 74 '11'Wl 
• JI 

1il'W'WYlf O1~. (2543). fl!J'Ufl-Jfl'J1W;{uiJ1~amrnanm11J'IJfJ-J,jn:;:m (Scylla sp.). 'Ut!J'l11'Vi!ft'll 

Q. Q.I c:,, .c:::::::. c:,, o' Q. o' q Q.I 

1Y1Vlft'lff\91'.i'l.JU! CVl\91, fllfl1"lf111'.i"lfft'lff\91'.i, flill~1Y1Vlft'lff\91'.i, lltt1TYW1'1V\j'.i'Vfl. 
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