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Abstract 

Physicochemical parameters of seawater from 22 stations around Ko Samae 

San were studies on 23 June 2013. Thirteen samples of seawater were collected to 

analyze for total suspended solids. Twelve samples of sediments were collected to 

analyze for sedimentological characteristics, nitrogen, phosphorus, biogenic silica, 

mercury and arsenic. The results found that surface and bottom seawater had 

temperature, salinity, dissolved oxygen and pH in the range of 30.16 - 30.30 °C and 29.83 

- 30.32 °C, 31.40 - 31.74 and 31.48 - 31.73, 0.77 - 5.91 and 0.85 - 5.72 mg/l, 8.19 - 8.27 

and 8.21 - 8.28, respectively. The range of total suspended solids was 1.95 - 15.5 mg/l. 

During sampling periods, it was suspected that there was an intrusion of bottom water 

from the middle of the Gulf of Thailand, resulting a hypoxia phenomenon in some 

stations in the area. The sediment around Ko Samae San contained sand « 63 IJm) 

composition over 75%. Calcium carbonate was ranged from 0.4% to 1.3%. Average value 

of biogenic silica was 705 ± 252 IJg/~ dry wei~ht, while average nitrogen and phosphorus 

were 33.6 ± 9.0 and 15.3 ± 2.8 IJ~/g dry weight. The area of high nutrient had also high 

organic matter and biogenic silica. From nitrogen and phosphorus molar ratio, it is 

suggested that nitrogen was limited. Mercury and arsenic contamination was low at the 

range of 1.6 - 34.2 (average 22.6 ± 8.5) ng/g dry wei~ht and 1.2 - 2.6 (1.7 ± 0.4) IJg/g dry 

weight, respectively. 

Keywords: sediment, nutrient, mercury, arsenic 
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~LUn.ln.n.~n.!l-~~rtBE-n.1Jm&~B~(j) LRUke~n.~n.lw~'I:-B!A~Lu::m' .Lr~~~~n.~~L~n.:::~"l:-lilf':::LM'~LU 
f\ C"P 1\ .. 

I:-rt:::tl1n.L~n.P.~1::1I1R.'1LU n.n."11~n.rt1:::~I1~LUn.' n.L~n.M~rtBn.n.Q.'R.'BM1 LRU ~lA,n.Mn.' R.M~LII1.LB~L~ '" ~ '" t. "" I.,f''' ~"t. F' PI'" .f' t. .. 

I:-Bn.~(j)~~M::~"W~[jl-n.&~B~(j) LP.~tltn.t tLII1.LBtL~t-Bn.~G'L.\Jt-~1I1.,mlJ'~LUB~IAIt~~~t-~1I1.,mlJ'~Lun.l 
" 1\ 

n.BU~(j)n.~I:-Bn.MLl!~U~LRUke LRU~~n.~~LE-'~G'L.\Jt-~IA"UL&tLII1.LB~L~I:-~n.n.~LUn.tn.~W~~" ruLrt~ 

~G'L.\JI:-~IA"LRU~ n.Bu~~n.~~m'Lr~trtn.lp.~UIl1.LB~L~I:-BIl.L~t'I:-tp.~\;!~'mtl:-~11'm~~11'~LU 
, 


::~" IilL&::W~M'1~LULRUI"\::&lA,~I:-~~~f1.l1(j)tltt-& n ~L~IAI:-BmB(j)~LUI:-~~ln.n1t-Jl. n.tLUl:-t~l 
 I £;;~, fbF7pl': f" Ip-F'~ I 

LRUke~n.¥n.tD.~~LII1.LB~L~I:-Bn. (S:>!WeUAp) ~l-~M~~" (laapnq) 

n.1:-n.LtlA,!"-lB~1 ~t-L~~G'LYI:-~IA'1 UL&P.~~LII1.LBtL~I:-BIl.U,~~::~'1 P.~~LII1.LB~L~t-BIl.~G1L.\Jt-~1I1.'1 n.BU:::~ 

n.~n.1P.~tLII1.LB~L~::~1mBU::~n.~t-Bn.Itl1n.1\tLU Lr~trtI:-Bn.t-~11'm~~jl.1tLU t-~n.L~Lt~In.n.:::tn.IJ' 
• t-L~BLRUke~LUL,lA::&~tt~l:-~ ('~11LrMLU'ru~LRU~:::&UL&UBn.n.~t-~ ~n.¥t-Bn.MLl!t~I:-LlA,~L~IAUL~1A 

rtL('~~~'fu~~LUt-~t-L~B::LMtn~~l LrtrtL~IilLII1.~~' ~t:I ~~1ftp &t-~~t t-L~B::: m'~t L!A'~1n.P.lill:::tl1 
1:t l11LrtL~:::&L.~ ~n.¥t-Bn.M.Ll!tE!I:-LlA,1£ ~t:I~ t:I n.kl:-B~ ~LU MLl! Iil U~n.~,~1I1LrtLp.~&~n.t~n.~~ftt~B 

n. " 
lJ~~rtBE-!"-lL,lA lJ~'t!KQtE!~~" lJ\,!' L.~lA,~UlA,B }~~L~1lA,rt~I:-L~Ii1.::~n.q;!U ~11Lf'l.Uke~LunlJm!l-rt~1n.n.l' 

1\ • " 
LRUketLU ~'1 n.B~Lrt~L~rt~'1~L.U'ftlA~n.¥nlnBU ~~n.~~m'LrMLl!ru~LRU~~LUlJ:::&L~~ 
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~1~B1't,n~-w"lll'U'U1.:)~'Uviml~'U1-3·lb':)L1~1 L~B-3,;)1n~'U~~nB'ULU'ULL'VIr;i-3~~~~~1~~1':) ~ viL"li'1~~lmi1 
1~mLuYn~m.h-3~'1~1~a'U'VI~~ L~BLn~m~VmJ~~1f./1vw'Ynn';)~:g'Yl ';)~mnf./LU'U~1~m'VI1~Bij'U'VI~~, 

"".J it ~, 111 ~d ~ ~ 4 .J'
(~1~B1'V11~Yl"ll) 'VI~~mf./mJ 'U'U1~~'VI11'1~~nB'UJl1f./ ~~Jl11~'VIl.mBn~L,;)'U~1 ~1~m'VI1~'Vj"ll'U,;)~Cln 

~ 	 ~ 

tJ~~tJr;iBf./BBn,;)1n~'U~~nB'UBBnG'1J1~:mi1.:)~~nB'U LL~~LLYl~BBnG'11J1~J1 f11~LL~f1LtJ~f./'U~1~m'VI1~ 
~ " 

~~'VIi1-3~'U~~nB'Un'UJ1L 'VI'UB~~nB'U ~'1ija'VI5Yl~~Bf11~m~,;)1rJ"lJB':)~1~m'VI1~1'ULL'VIr;i'lJ1 (Kaspar et 

al., 	1985; Takanayana~i and Yamada, 1999; Mwashote and Jumba, 2002) 

'UB n,;)1n~ t'U'U1-3~'UviYl'Ul1 LL'VIr;i.:)n1 Lij~"lJB-!lr.n~B1'V11~Yl"llviL"li'1G'1~1 ~J1"ll1 f./ ~.:)m,;),;)~lJ1,;)1n 

J11~~'Um'VI~BBn~'VI~L~1~rJ~~-3 (submarine ~roundwater discharge; 
~ 

SGD) (Buddemeier, 1996; 

Moore, 1996, 1999; Zektser, 2000; Burnett et al., 2003; Slomp and Cappellen, 2004) 

~ 	 d 1 .1 1" v .J , .. cOfll1~~ ~'UL~B-!l SGD 'Uu~~L'VIP1 'VIf./~'UeJrJlJ1n 'VI~1'U~1~LYlf./':)-!l1'U"lJeJ':) Burnett et al. (2007) LL~~ 

Burnett et al. (2009) ~-!lYl'Ui1 SGD LU'ULL'VIr;i-!ln1Lij~611~ru"lJeJ':)~1~m'VI1~-W"ll,x'lviL"li'1G'1J1f1~eJ':)'VI~eJJ1 
v 	 " 

LLl.iJ1riB'UBBnG'1'V1~L~ LL~~viL"li'1~~lmi1'V1~L~l~rJm-3 l~rJ LUYl1~eJv1':)~-!l1'U~'Uvi"ll1rJ~.:)viij,hvh1'VI~" ~ 

UeJrJ SGD "Il~Lu'ULL'VIr;i.:)n1L\j~"lJB':)~1~m'VI1~Yl"ll1'U'VI~Lrlvi~1~ru 'UeJn"ll1n~ ~-dlrJP11~m1,;)1~~ ~~. 
v " 

5~~~~n~ ~lJ'U (~~~eJG'11'U~1) LLrl~ ~eJ':)P11~~~1"1l1~~ ~~ . l~ru'Vj irJf11qj"ll-w~'I'Vhi~rJl'U~'UviLL'Ul 
tJ~m~-!l"lJB'I1 'VIrJ Yl'Ui1ijtJ~1n!lm~rufl~1rJfl1~1'VIrleJeJn"lJB.:)J11tX~'UeJeJn~J1'V1~ Lrl1'U'U1-!l'U~L1ru"lJeJ':)LL'Ul 

tJ~m~-!l LL~nE1.:)1l.iLflrJijm~~m~1eJ~1':)"Il~':)~':) 

1~ClU~~a'l~~v'l1f1~'1n1~1~U, 

... 


1. 	 ~n~1~n~ru~'VI1'1I'l~nB'Ui'VIrJ1"lJeJ-3~'UI'l~ nB'UYl'U'VI~L~ 
~ I .diI.d 1"" 42. 	 P1n~1fl1~LLYl~m~,;)1rJt'11~m'VI1~Yl"ll'VI~~t'1~ 'U~'U~~neJ'U 

04 ~ Q.I 	 d d d II 

3. 	 t'1'UeJ':)Yl~~~1"l1~1~t'1~ L~,;)Yl~~L'VI'Vj~~'U~1"llt'1~1 i t'1 rJ1lJ'U~~~1"l1n~1~ L YlBn1'H ~rJ'U~LLrl~, 	 , ~ 

'1111tJ1itJ~~lrJ"ll-wB~1-!lt.:)v'U 
.c:...c:t 0 Q .QOJ 

1i5n1''a~1 b'IJ'IJn1'a17\)£J 

.r d~ 
'W'U'VI \'1 n't!t1 

'VIl.iLm~LLt'1~t'11~ B.~I'l~'U ';)."ll~'U~ (~tJvi 1) l'U~'Uvi"lJeJ':)'VItilm:rru"ll1m~t'1-!lfl~1lJYiLP1~'VI1'1
\J , 'U 'U 

4 <IdI IV ~ ~I ~ d -r QI ~ V ~ Q.I d 
L~ eJ n B'I L ~V rJ'VI5 f11~ n eJ'I 'VIVH~B LLrl ~ Lu 'UYl'U'VI"lJ B -!l ~ fI ~ -!l f11 ~v'U ~ fl~Yl'U5 n ~ ~~Yl"ll v'U LWl ':)lJ1 ';)1 n, 	 , , 

O.Q a. Q.I 	 q 

Yl~~~1"ll~1~ t'1lJL~,;)Yl~~L'VI'W~I'l'U~1"lJt'1~1i t'1rJ1lJ'U~lJ~1"l1nlJ1~, , 

'" .., . 


fl1'nflU~1vU1{1 

o c;:f a. u •
1. 	 m'VI'U~~m'ULfl'Ul'llBrJ1-!l ~v'ULm~LL~lJt'11~ 

2. 	 Ln'U~lv~1-!l1'U1'Uvi 23 lJCl'U1rJ'U 25561~f./liL~vtJ~~lJ.:)1'U~'Uvi. 	 , 
3. 	 L~eJ~-!l~1LL'VIti-!l~Cl1'nbn'U~lvv1':) vl1m~I'l~1"1l1~flru.fl1YlJ1'V11'1f11VJl1YlLflii 1~LLri vru'VIJllJ , 	 , " 

a..,. .. 
fld1lJLfllJ eJeJfl~L"Il'Url~mrJ YlLeJ"ll 

fl) fll1lJ~flJ1 'VIt'l~lmfl~v-!l Speedtech® Instruments Depthmate Portable 

Sounder 



OJ" d
"lJ) pH IWj11iJ1(1\(1\1mfl)B-:J pH meter 

fl) BruVlfljj fl11lJL~lJ LL~:::BBn~LliJ'U":::mE.J 1'l)1:Vl(1\~1mfl~eN YS,® Multiprobe
, 	 'II 

4.~lJLnUl'11B~1-:JJ1 U1-:J6'1I;nU L~BiLfl)1:::~tJ~lJ1ru total suspended solids l(1\E.Jl.u water 

sampler 
cudv I ~d"" Vc:1 dQJ I.e:. 

s. 	 VI~-:JLLflU\?l1BCJ1-:J'U1L)E.JU)Bmbm 1iJ\l1iJ:::LnUI'l1Bm\l(1\'UI'l:::nB'U 

6. 	 VI~B'U grab sampler :V1m~el~-:JbnuI'i'1el~1\1~'U\?l:::nel'U):::~u~1V1-U1 bb~b~B\l1iJ1fll'U'1f1\1~~ 
~bnUI?l1el~1\1 iifl11:::fl~'U~lJbL)\I vh1mll611lJ1)mnuI?l1el~1\11~mu\?l1lJ-wn(1\~n1V1'U(1\11 
b~lJ bb~:::ul-361mffill611lJ1)mnu~'UI'l:::flel'U1~ ~1bbVI'Il-:J61mi1~bnUI?l1el~1-:J bb61(1\-:J1'U~tJ~ 1 

7. 	 bnu-rfl'lonI?l1el~1-:J~-:JJ1 bb~:::~'Ul(1\E.Jfl1)bb'1fbV'U 'l11fl~Ub-U1~B\ltJnU~fl1)fl1E.J1'U 24 i11lJ-:J 

b~B'Vhfl1)ibm1:::~ 

~q ~ fI QJ I 

'Hin1"';i1Lfl "';i1::'VItiI1 Btn\l 

1. 	 ibfl)1:::~tJ~lJ1ru total suspended solids l'U1?l1mh\lJl'vl:::l" 1(1\E.Jfl1)fl1B-:JJl'V\:::L"~1CJ 
I 	 d ~ tV d I I I 

bb(:..J'Ufl1el-3 GF/C elUI'l:::nB'Ull'lJ1'Um)tJ'Vl 100±2°C Vl1'U1V1'Ufl'Vlbll'lfll?l1'1'J:::Vl11\1lbe.J'Ufl1el-:J 
.ol.. 1 0

GF/F 'VllJlb"::: lJl'l:::flB'Ulb'lJ1'U~BtJ 

2. 	 'l11~'UI'l:::nel'U1?l1el~1-:JlJl'Vh1VllbVl\ll(1\tJ1.ubf\~B-:J Freeze-Dried 

3. 	 bbtJ-:J~'U\?l:::m)'UbbVl\lbU'U 2 ;;11'U ;;11'UVI~\ll11~B-:Ju(1\ 6'11V1-rU1mbf\)1:::~el'lf1tJ):::flBU'lJ'U1(1\'lJB\I 
~'U\?l:::nel'U Bfl;;11'UVI~-3U(1\1Vl~:::bBCJ(1\~1CJ agate mortar b~Bibm1:::~'Vl1'1bf\ii 

"';jtJ~ 1 61~l'ihnuI?l1B~1'1 
" 

4. ibf\)1:::~Vl1B'If1tJ):::m)U"lJ'U1(1\"lJB\I~'UI'l:::flB'U 1(1\tJi5 wet sieving bb~::: pipette method 

5 



5. 	 1 Lfl11~'t-1'VI1t1~1J1ru~11~h.tVl~ vvt€l€ln~1~'1141 v1'U~'U\J1:H)€l'U hHJ1~ Walkey-Black 

method 

6. 	 1Lfl11~'t-1'Vl1m1J1ruLLflm~v1Jfl1'hJ€lL'U\J11'U~'U\J1~f)€l'U 1~v1~ Acid-Base titration 

7. 	 1 Lfl11~'t-1l·ntl~1J1ru1 'U1\J11LIil'U LL6'l~vlm1'rJ€l-r~l'U~'U\J1~f)€l'U ~€lVt111t11~ n€l'UB'U'VI~~ 

1'U1\J11LIil'ULL6'l~vl€lt1vl€l-r~1~LtJ'U€l\l'U'VI~~1 'U1\J11LIil'Uf1€l'U 1~ ~1~ alkaline persulphate 

oxidation (Grasshoff et al., 1999) LL6'l~m1Iill~tI~1J1ru1~V1Lfl11~Vl1'UL\J11\J1~'W1~ 

colorimetric method (Strickland and Parsons, 1972) 

8. 	 l'Ul€l~\lfl~~n1 (biogenic silica) l'U~'U\J1:m€l'U 1~v1urn1(;1ti~~'w NaOH (Olivarez Lyle, 

and Lyle, 2002) LL6'l~m1Iill~tI~1J1ru~1~1~ colorimetric method 

.. .. tI"" tI .d ~ "" 
9. 	 1Lfl11~VlVl1 11J1ru 1€l'VI'VI~~(;11JL'U~'U\J1~n€l'U 
.. ...~ .d 'I "" 1O. 	1Lfl11~VlVl1u11J1rut111V1'U'VI(;1~(;11J L'U~'U\J1~n€l'U 

'II 

11. 1Lfl11~'t-1V11~(;1()~iL:a~Yl11ru1 

12. LLtl1~6'l~11J ti'Uoff€l1J6'l'VI1~\J1~ n€l'U1'V1m 51ruLflij 
'II 
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g "" ~ 
~an')~Mn~1LLa~1~')~ru~a 

L~eJ'I:U1nfl~'UmJI.I.'l'lvl11 mlia1lJ1'H'lLfhJtJl1 mh'll~'leJlJ L01~eJ ~1'1LLYf\l~'1 LLa~lJ1'1a rni11li 

a1lJ1'H)LnlJtJi'1eJ~1'1~'U\9l~nv'U1~ ~'11~tJi'1eJ~1'1~'U\Jl~neJ'U L~~'1 12 arnu "1'Vl-rlJflruIlTVnhvl1'1, 
mEJIl1YlLflm~\Jl'l1:U1VlYlnarnu 'l1lJ~'1i'U 22 arnu LLa~~lJLnlJtJi'1eJ~1'1J1 13 arnu LyjeJ1Lfl'l1~~, , 
tl~lJ1ru\Jl~neJ'ULL'lI1'UavEJ 1Jl1'l1'1~ 1 LLaVl'lYlnVlvhLLVI'll'lami1LnlJtJi'1eJ~1'1 m1lJ~mi1 LLm~tJi'1eJ~1'1m~ 
~am'jiiimnLLaVl'l1'Um'j1'1~ 2 LLa~ 3 

1'U"li1'1 O1'l LnlJ tJi'1 eJ ~1'1J1Y1~La'leJlJ Ln 1~LLalJa1'l ijeJ ruVl IlmhJ1LLa~LVli1eJ~'UYI~ La eJ ti, ~ ~ 

l'U"li1'1 30.16 - 30.30 LL~~ 29.83 - 30.32 eJ'IP11L6!jm"liva m1lJL~lJm.i1'U"li1'1 31.40 - 31.74 LLa~ 
~ 

31.48 - 31.73 eJeJn~L'~'U~~m~eJ~"l'U"li1'1 0.77 - 5.91 LLa~ 0.85 - 5.72 ija~n-rlJvieJ~m fi1ViLmmti 
~ ~ 

l'U"li1'1 8.19 - 8.27 LL~~ 8.21 - 8.28 \Jl1lJc;f1~lJ fi1\Jl~nm.JLL'lI1'UaeJvl'UJ1eJ~~ 1.95 - 15.5 ija~n-rlJ
" vieJ~\Jl'j (\Jl1'l1'1~ 2) 

1>11'l1-1~ 1 ~nVlv\'1LLVI'll'larnULnlJtJi'1eJti1'1 m1lJ~nJ1 LLm~ tJi'1eJ~1'1~~m~11'U~ 23 ijt:l'U1~'U 2556 .. 
~mu 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 
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0910 
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0955 
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1015 
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1037 

1042 

,,~~~~ (N)
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12° 35.804' 

12° 35.964' 

12° 35.684' 

12° 34.955' 

12° 34.102' 

12° 35.199' 

12° 35.554' 

12° 35.668' 

12° 35.722' 

12° 35.652' 

12° 35.306' 

12° 35.220' 

12° 35.162' 

m)<l~~~ (E)
" 

100° 56.729' 

100° 56.386' 

100° 56.260' 

100° 56.303' 

100° 56.445' 

100° 57.332' 

100° 57.111' 

100° 58.130' 

100° 58.521' 

100° 58.925' 

100° 58.974' 

100° 58.654' 

100° 58.254' 

F111lJ~n (m) 
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-
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12° 34.550' 

12° 34.475' 

12° 34.459' 

12° 34.252' 

12° 34.052' 

12° 33.744' 

12° 33.458' 

12° 35.223' 

12° 35.567' 

100° 58.109' 

100° 58.641' 

100° 59.031 ' 

100° 59.037' 

100° 58.559' 
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100° 58.149' 

100° 57.465' 

100° 57.492' 
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~fl~ru~Vll'1\11~flBtJ1VlEll bb'" ~ fl1~tltJbtiBtJ"UB'Itl ~tlVl bb",~(;1l ~'VItJ1tJ~tJ \11 ~ flBtJVl ~ bm'll'1~htJ 
" 

Vifl1L'VIijmb"'~~ltJVifl1\11~ltJBBfl"Utl'lLfl1~ bb(;1lJ(;1l~ bL(;1Vl'lL11.tJm~l'1v1 3 ~tJ\1I~fltltJ'U~L1rubfll~ U.(;1lJ(;1l~ 
~1tJl'VIqJb{]tJVl~lE1 'Vlfl(;1mij\h~flB'U~"mm~.fllfl"!.ltJ1V1Vl~lE1 « 63 LlJlfl~blJ\1I~) lJlflfl11~tlEl"'~ 75 ii 

l1I~flBtJ"UtJ1V1~tJbVl-UEl1 «2 LlJlfl~blJ\1I~) bu~EI~BElm~ 14 lV1E1iiBtJ.fllfl"UtJ1V1 2 - 63 LlJlfl~blJl1I~ bUtJ, 
tl'lf1tb~flB'Utlt1UtlEi ~tlv1 2 bbG'1V1'1~V1~1tJ"uB'IBtJ.fllfl"UtJ1V1Vl~lE1 Vl~lmL,j'l Lb"'~~tJb'VI-Utl11tJbL~(;l~" " ,
~1tlt11'1 mlJlrubbfl"'b~tllJfll{'UmtJ\1ILtJ~tJl1I~ flBtJiifl11lJ bbtl~tl~1tJrlBtJ-nl'1(;1'1 ~'1 LblJitl~~lJl ru~BtI(;l~ 3 

" 
5'1~BtI(;l~ 25 "!.Itl'lJ1Vl'l1fl~tJ\1I~flBtJ tl~lJlruG'1l~BtJ'Vl~V~BBfl~LV1~~lE1iirll~lBtlltJ"li1'1-rBtI(;l~ 0.4 5'1 

q, ..J II' " 
1.3 bb(;l~lJfllbu"'tI~tltl(;l~ 0.8 

tl~lJlruL'U~Hlfl~~fl1iirllbu~tI 705 ± 252LlJlfl~fl~lJ~Bfl-r~nll'V1'11flu.~'1 rll(;1l~B1'V11~ 
tl~~b.fl'VlLtJll11w\ltJbb"'~v.JmwlB-r(;1LtJ~tJ\1I~flBtJbu~tlB~~ 33.6 ± 9.0 bb(;l~ 15.3 ± 2.8LlJlfl~fl-rlJ~Bfl-rlJ 

" Jl'V1'11mb~'1 (Vl~B 2.4 ± 0.6 Lb(;l~ 0.49 ± 0.09LlJlml~ml{) Iillflrll~'Ifl~l1';)~l~rll N : P moLar 

ratio ~tl~~lJlru 5 : 1 b~mVitl'Un'U RedfieLd ratio ~'I N : P bvhn'U 16 : 1 ,j'loff11~tJv1~'Ifl~11LUtJ 
.f .,j~ 1 0 <V

'WtJ'Vl'Vl btJ \1I~bliltJlillflV1 

fl1~tltJb~BtJ"!.IB,:jtl~tlVlbb"'~6'llJ'VItJ1tJ~tJl1I~flBtJiir11~11V1tJiir11mntJ"li1'1 1.6 - 34.2 (Lu~tI
" " 

22.6 ± 8.5) tJl1tJfl-rlJ~Bfl-rml1'V1'11flLL~,:j LL"'~ 1.2 - 2.6 (1.7 ± 0.4) 1lJlfl~mlJ~tlfl-rlJJ1'V1'11mL~,:j 
\1I1lJt;il~'U ~tl~ 3 tl~lJ1ru(;11~BtJVl~V 1'UlB~-ufl'B~fl1 LLflm61ltllJfl1{'UmtJl1I G'1l~tl1VllJ~"lI (ttJlmL';)tJ

" 
LLmrrltl(;1v.JB-r6'l) 1",'VI~'VI'I1fl (tlJB'VlLb"'~6'llJ'VItJ) bb(;l~tl~lJ1ru\1l ~fltltJ'" ~ba tlV11tJ~tJ\1I~ flBtJ bL~"'~6'lmij
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nl"f~'~n~:U"1JeJ.:!ieJlJ"~mihihJ~deJ~1,3th1~tlliLV1r1Ur1 Cluster Analysis 1~fJ1iiJ~~tI 
f1rumYlJIV11'1mfJ.nlYlLr1ii (l~bLri eJ(U'VI.niJ r1dl:Ub~lJ ViLeJ'!1 bbm:U~:Ulrutltln~ib~'l.m~"lfJ) L'U\J~dbL'\.h. . " 
1\Jn1'HLU.:!ncilJ Ylu'hnci:U~deJ~l.:!tlmLU':!eJeJmU\J 4 Clusters ('luvl 6) ~eJ Cluster 11~LLri ~mii 3, 5;

, , \I \J 

Cluster IIA 1~LLri ~mii 6, 7, 8 , 16, 18, 19, A; Cluster IIBl 1~bbn ~mii 2, 4, 9, 10, 11, 12, 13, 

14, 15, 17, 20, B bL"~ Cluster IIB21~LLri ~mii 1 

~lnm)~~nci:w~miiLihJ~deJ~1.:!J1V1~La 1~tlnl)iLml~~iJ"il~tlr1ru.nlYlJ1V11.:!n1t1mYl 
Lflii~dtl Principle Component Analysis (PCA) ~lm)tl~~n~:w~m;jvlLi'hJ~dtl~1.:!J1V1~LaeJtlmiJ\J 
4 nci:w l~~eJ~r1~eJ'lfl'Um)~~nci:wvn:w Cluster Analysis ~.:!)uvl 7 ~.:!;1. . " 

Cluster 11'l'l'ltlunci:u I LiJ\J~mm\JL"1JI'lJl~\J• 
Cluster IIA 1'l'l.:!tl'Un~:u IIA LiJ'lJn~:w~muv1Ln~~.nl1~Yl~tl'lVtln~L~'U (hypoxia) 

iiu~mrueJeJn~L~'U"~mfJ~ln11 2 iJ"~n1':U~eJ~l'l) 
Cluster IIBl 1'l'l.:!tl'Unci:w IIBl LiJ'Unci:w~m;jv1mmrutleJn~L~'U~ln11 5 :n"~n~lJ 
~eJ~m LL~~.:!n11 35 :n"~n~lJ~eJ~m ~'18.:!hj:S'~eJtll'U~md~Yl~eJ':!eJBn~L~'U

" " 
Cluster IIB2 1'l'l.:!tl'Unci:w IIB2 LiJ'U~muv1u~:UlrueJeJn~L~'U"~"lt1~.:! (Ln'Un11 5. " 
~ .c:a.. QJ I ~ I d (. I .ad ~ '" 
:u"amlJl'lv"I'l) LLa~f11YlLeJ'1ll'llml~m'UeJ'UL"n'Utltl 

'luvl 8 bb~~.:!n1)~~LLu'lnci:w~miib'8'1~'Uv1l'll:wiJ~:S'tlfltlJ.nlYlJl'V11.:!n1t1.nlYl bflii ~lnn1)" . . 
1LfI'l1~~ Cluster Analysis LLa~ Principle Component AnaLysis ~mm'Un~:u IIA LiJ'U~miiv1ii 
~ml~Yl~B'IeJBn~L~'U r11~111'U"lil.:!v1bnul1ilB~l.:! mmhff'Ucil.:!~lmi111V1fJv1~m~eJ.:!:Wl"illnn1'l~'U~l 
billJ11'U'ehl1V1t1"1JB.:!Jl~lnVl~b"~'U1111 ~'1:W1mrl;1eJeJn~L"il'U~1 tln~'U1-HLLVI'ml1ilLil:Ul1mi'~.:!'U~Llru;1

" 

Nearest neighbour 

/ c=£--q 

[ / '·~lJ
IIB1 11 i 
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