
aruru1~el"ll1ml"1~B-:l1B~wLL:lJaaLy.Jl"11tw~ih\91el4 (Inductive Coupled Plasma Mass Spectrometer)
'" '" o .,;

ICP-MS 'o\l1'U1'U ~ Ll"1~B-:l 

~rurultl1j''U'l11011:ff'U ru ~h1n.nwflru~m')jJn1"j{JB-:ln'Wbb~::;tl,)1'Utl"jljJtJ1b61~~\?l b~'1J~ tt 
" 'V 

()'W'W~'Wbb\?l-:l bb'1J1..:lmjJb61'Wl'W b'1J\91~rul1Vl m..:lb'VI~Uvn'WfI,) uhrr'W~ (9)rn b~e:J'W 5'U11f1jJ ~ .Pl. l!lctt:>o "j::;vrh~ ~hUn-:ll'W" , 
f1ru::;n')"jjJn1'){J'tl~n'Wbbm:tl"jl'Utl"j ·ljJtJ1 b61~~\?l hw 'W1CJ1"jlI'lJU b~-:lrll'W1tJ r:;rll'W1 CJn1,)~luntJVllil"1161\911 

~ , 
fmjl~l'1ln1"jbb Vl'W b~'1Jl~m"jflru:;-n')~jJn1"j{Jel..:ln'Wbb~~tl,)lutl,)ljJCJlb61~~\?l ~..:l~e:J 1tll'W"'rurul'l1L~tJnl1 "r:;~'tl" 

'V ., ~ 

e'J1CJ'M~-:ln'U U~';Vl b~e:J1n'W b'tlmjJ'tl1 ~ln\?l ~..:l'J\i)VlnuCJ'Wbu'WD~'UflfI~ ru ~1~n..:ll'WVl~bUtJ'W,x'W~1'WU~';'Vl, , 
m-:lb'Vl~jJ'Ml'Wm mjJ'vl~buCJ'Wn1"jfll m~Vl"j1-:l~lru'1l~ n~l'un-:ll'Wl'Mru 'tl~b~'1J~ l!l<io '(je:JCJ (9)Q'li ()'W'W~,)~,)ljJ <i 

, 'V ~ 

bb'1J1..:l'Ul'1n~U b'1J(i1,x1CJ'1J11..:l m-:lb'Vl~jJ'Vll'Wm l\?ltJ 'WltJb61n61"j"j i~CJl m"jjJn1')r:;iirll'Wl'l~..:l'WljJ~nV¥'W'U~'Uflfl~ 
, 'U 'U .. 

tl,)ln!l(i11jJvru~~e:Jf'U"je:J..:l '1J'tl..:l~lUn'l1'W'Vl~bUCJ'W~'W~1'W'U~';'Vln~..:lb'Vl~jJ'Vll'Wfl,) mjJV¥\lW'Wl~')n'lnl"jfll m~VlYJ'I~lru'1l~ 

~ G'l'l.rn (9)l!ll!lgjrn<i ~..:l1'W~ Q'li ~~I"l~n1CJ'W ~ .I"l . l!lctt:>o jJe:J'U'ell'Wl'l1,x 'W1CJru~~..:lPi l~bn'lj dJ'W~~'1'WljJl'W"''1J'Ml 
(i11jJ'Vl~..:l~e:JjJe:J'Urll'Wl'l ~'11'W~ (9)l!l 5'WllfljJ ~ .Pl. l!lttbo ;'1(P)e:J1tl1'W~t1!'Mldb~CJnll "~'1JltJ" ~ne'J1CJ'Vl~..:l 

~~tlltlll1~(i1n~..:ln'Wn-U'tlfll1jJl9i'~I'1'tl1tl'l1 

i' i' )f 
"lIB~. "lJe:J\91n~..'J6lIB"lI1CJ 

r:;;l'tl\91n~'1;mb~~r:;'1JltJ\91 n~'1'1JltJbb~~~\?l~-:l bfl~e:J~ 1'V;~ bbjJ?l61 b"fll"11\91"jij b\91'tl~ ( Inductive 
\J ~ 

Coupled Plasma Mass Spectrometer) ICP-MS ~1'W1'W (9) Lfl~e:J..:l ~~€JjJ~tlmrubb~~'tl1i'Ml\91l,noff~'Vl5 
1tl,)bbn')W~1€ljJvh b\91e:J~~~'tljJ~h CJ~mbm~Aij'tln1"j1ittl"jbbmjJfl€JjJ~1b\91€J1 1911m·1CJ~:;-b~CJ(i1 u'W'UVll tJ~runn ~ljJ bu'W 

\J " 'V 

"jlfll~'1~'W Q'li,Q'lioo,ooo 'Ul'Vl (b~\?l~l'Wb~\?lbb61'W'Ul'Vl~l'W) ~'11~~lWll;jJ~Alb.y;jJ ~l'Wl'W crorn,Q'lirn~.rnl!l irm (,xl bb?l'W 
\J 

G'lljJV¥'Wb~\i)~€J CJ611jJ~'U utl\?l'Ul'VlmjJ~uG'l€J..:l?lm'lfl) \91~ €I \?l'l'WJl1~€Jl m~'W '1 bbm~All off~ 1 CJ~'1tll..:l ~1 mb~l 

~'1J1CJfm€J~ l~..:l~'1JltJ1,x(i1ljJ~tlltll-tbU'W'1J'tl..:lbbVl '1J€J-:l1'M~ bJ bflCJH'11Wln €J'WbJ bU 'W'1l'tl..:lbnlbn'U 

bb~ ~n flruJl1~ ua ~ fl ru61 jJu~1~ ~1 nll~ nl'Vl'W \?l1nu,€I n611 ')u'W'UVll CJ~ruon 
" " 1U V 

1'Wmru~ bU 'Wn1,)~'tl~ '1'1J€J..:l;..:l'l~~ €J..:lii n1')ml'J'Vl\?l~m ti'1J1CJf'U,)'tl'l11 bi1 €I \91 ')1'J'Vl\?l?Isu bb~1 
\J 

~'tl'liiflruJl1~ bb~~fl ruG'ljJu~1~ ~1 nl1~ n 1'Vl'W \?l11~1 CJ, , 
i' v:;l,.l d OJ

"lJ'tl h b'tlna1~'tl'Ubu'Wbll'U'WU..'J"lJB..'Jaruru1 
'" w 

b'tln611,)bb'W'UVllCJ~t1!tllll9i'..:lI'1'tl 1tlm,x~mtJ'W~l'W'M~..:l'1J€J~~t1!tlll'l1 
h (9) ~'Wdn (9) b€Jn?ll,),)lCJ~:;-bBCJ\?lfl ,ru«n'ljru~bu~l~~~e:JjJbbfl\91\91l~'tln ,Jl'Ul'W (9)l!ll!l 'Vl'Wl 

hl!l ~'Wln l!l1'UbG'l'UmlfllU~~'VlU'l~€JV'WiT'W,)lfll ,Jl'Wl'W en 'MtJl 

fll1jJ1\?llucanarsu'W'UVllCJ~t1!tlll~-V\i)bbV..:ln'U-U'tlfllljJ1'U~tlJtlll\11'Mlii€Jfll1jJ1'W"'tllf\!l 

\1U'IAU uae1'Umru~ be:Jn61l') u'W'UVllCJ~tlltlll-V\?lbbV..:l n'W be:J 'I ~'1J1CJ'l~~€J..:ltl5llii(i11jJAliU'l~CJ'1Je:J..:l~;e:J 

iiB sn . n1')61'WB'U 

rr'1J1CJ'l~~-:ljJe:Ju~~'1J€J'I~t'tl'1Jl tJ~~e:JjJ&l\?l~..:lmjJ"'f1lrul1 ,xbbntit'tl ru 61mU'Ul'1l1msuae 
~ o~ ~ ~ 

\91)l'l-WG'l'lUtJlb61~&l\i) ~lUn..:ll'W il .il.a . [lltJ1'W l'U~ (9)l!l ~f)'lj[llfljJ ~.I"l . l!lcrb(9) 1,x()n~€J..:lbb~::;m'U~1'W 
\J °1 ~ 

\911jJ~nl'Vl'W\?l1 n'Uoff€J (9) . u1A'I"'rurult1 ~~e:JjJ~'1i1'U1A'tl'Vl~mfl~€J'If\?lYr'Wr-J nl\?lm~tJ'U ~mJ 
" 'V \J 



-le-

nT'J~ -:J~fJ'U~-:J"iJfJ-:J(f)l~~'lJ'l!ld hj ':hiJ~dJ'U nl"j~ -:J~eJ'U~ ~CJ-:JA f-:J ~&1 m 'VI~ eJ~ -:J~fJ'U'VImCJAf-:J 
~"iJ1CJ"~~fJ-:JU ..ij-:Jnl'V1'U~~ lm~-:J~ fJ'U~b~~~Af-:J 1~m11b D'U'VIu-:J~fJ'l111 tJ~'U~m-JifJ ru 611Un-:Jl'UAru~ nJ'J~n1'J 
~	 ~ 

tleJ-:Jn'U~~l;'l~tJ'Jl'UtJ'Jl~tJ1~~~~~ 1'Un~T~l"l1n1'J rifJ'Ul'U~-:J~fJ'U hj,j'fJCJn11 en l'Uv11 nl'J 1~CJ~"iJ1EJ~fJ-:J-r'U~~"lIfJ'U 
~ 

fh1i~lEJ~bn~~'U~-:J'VI~~ 

ileJ C£.	 n1'J1't1~~fJ1v1V 

ti'l~-:J"iJeJ-:J~"~~eJ-:J~-:J~fJ'U 1Vibbn~ifJm~~f) lund bD'U~-:J"iJeJ-:J~~"iJ1CJ" ~~fJ-:J~-:J'VI~fJ'l11 ~ ill 
\} D~ IV \} 

m"ln~l-:JtJ'J~~'VI 131 ~bl;'l ~~-:J"iJfJ-:JtT'U~ eJ-:J'l1wulml~CJ'Vll-:J b~fJ1'U~~'U'VI1-:Jb~'U~~fJ~ih~eJ 1'VI EJ b~'UfJ ~ ua ~611m'JtI 
~ 

1Vi'U~nl'J-r'U"iJ'U1~~1~~-r~~'U~~11nl'Jn'J~'VI'J1-:JA~'U1A~tJ'J~nl~nl'V1'U~ ~"iJ1EJ~fJ-:J~~nl'J1Vi~-:J"lIfJ-:J~-:Jn~11 
~	 ~ 

'UJ'J'YJnl~m~eJ1'VICJ'VI~m~fJ~iJ~'VI6~-U'U~~CJltl'U~1fJ1'VIEJ"ln~h-:JtJ'J ~b 'VI~~1 EJ-:JtJ'J~b 'Vl~1 'VI EJ ~ 1'U~~~" ~ hW'UeJ'4C\!l~ 

"lnm~~..ijlvhnfJ'U'U'J'J'VIn"iJfJ-:JtT'Ul;'l-:J b1fJ~'U~iJ1-d b~eJ 1'VICJ 'VI~eJ ~ D'U"iJfJ-:J~-r~~'U(f)~11 n1'JnJ~'VI'J1-:JA~'U1A~tJ'J~ n1~, ~ 

EJnbl'U1Vl'U'J'J'VIn1~m~eJ5'U 1ti1 ~-:Jt1 hJ--hn1'J~-:J'VI~fJ~-:J~eJ~-:J'lJfJ-:J~-:Jmh l"ln~l-:JtJ'J~ ~ 'VI131"~lD'U~b 'U'U lfJYlleJu,, 
~lfJvJfJ1{ .mmfJvJ 'VI~m~'U'U~'U1~ 

1'Un1'J~-:J~fJ'U~-:J"iJfJ-:Jm~~rurul1 Vi~~ri~~eJ ti'l~-:J"iJfJ-:JJ'Ub u'U~-:J"iJmm~l'J'JA'VI~-:J ~"iJl EJ 
v ~ cu	 'U 

"~~fJ-:J~-:J~fJ'U1 'Uml6'1-:J (Bill of Lading) 'VI~fJ611b 'Ul1'U~'Jl~-:J~l'V1-r'U"iJeJ-:Jt1'U ~-:Jbb61~-:Jl11ti1'U'J'J'YJn~1l~m~fJ1'VICJ 

'VI~m~fJ~iJ~'VI6b -U'Ub~EJl n'U~~eJ 1'VIEJ1Vlblri~ieJ~~fJ~tl'Un1'J~-:J~eJ'U~-:J"iJfJ-:Jti11CJ 
" 

1'UnJru~~-:J'lJfJ-:J~-:Jn~11 hi1~'U'J'J'VI,n"ln~l-:JtJ'J~~ 'VI~m EJ-:JtJ'J~ ~ 'VI 1311 'VICJ l(i)tJ b~ fJ 1 'Vl EJ 

Vl~m~fJ~iJ~'VI6b-U'Ub~tJdtl'U b~fJ1'VltJ r.r"iJltJti1fJ-:J~-:J~fJ'U'VI~n~1'U~-:Jb 1,~(i)-:J111ti1-r'UfJ'Urul~"lnm~ 1,..ijlvh1Vl'U'J'J'VIn"llfJ-:J 
'U -d.3 ~ .....	 ~ 

l~tJ l~fJ 5'U1~ 'VI~ fJ'VI~ n~l 'U~-:J ua ~-:Jl11~i1'J~f11 Ll'J'Jm umJ'vhl31'efl~ fJ-:J" 1 n nl'Jhj 'U 'J'J'Vl n"iJ fJ-:J l~ tJl~ fJ1 'VI tJ 
~ , 

m)J n{J'VI)J1 tJl1~1 tJn1'J~ -:J b~~~ n1'J'\"I1 ru"lltJ'Uliml1 fJ~l-:J1~fJ (h-:J'VI~-:J~lri~ifJ~ltJ 

1'UnJru~er"iJ1EJhj~-:J~fJ'U'VI~n;51'UfJ~1-:J'VI~-:JfJcil-:J1~~-:Jmhl1'U~ fJ-:Jl'J'JAoU1-:J[;]'U1Vi b~rierifJ 
~...	 ~ 

bb~"~'IJfJ~-:J)JfJ'U~-:J"iJfJ-:J(ij-:Jm111 1Vir.r~fJrifJ'U l~ EJ EJ-:JhJ-r'U"lh'J~ b~'Ufh ~-:J'IJ fJ-:J ~~fJiJ~'Vl6-r'U ~-:J'lJfJ-:J~-:Jml11 11nsuuae 
~	 ~ 

il'J~b~'UA1~-:J"iJfJ-:JbnfJer'IJ1EJ1~tJf)U~Lln~fJ-:JA'J'Ur:l1'U~-:Jmhlb~~11~ 
~	 ';,.J ~ 

"	 OJ'lJeJ «.	 n1'J~jd"j'U 

b~ fJtrifJl~ml ,,-r'U~-:J"iJ fJ-:J~~-:J~fJ'Ubb~~ b~'U11Ll n{;] fJ-:JAj'Uti'l'U~l)J~ runn U~l ~i fJ 
'\J	 'U LI Q,.I 'U 

"~fJfJ n'VI~n;51'U m 'J-r'U)J fJ'U111Vi b~fJer'lJ1 ml1m~ D'U'VI~ n;51'UtJ 'J::: nsun1'J'IJ fJ-r'U b~'UA1~-:J"iJ fJ-:Jl!'U 
~ ~ ... 

r:llr.J~'lJfJ-:Jn1'Jml" ~'UtJj1n!l11~-:J'lJfJ-:J~~'lJ1 tJ61-:J~ fJ'U hjm-:J\ill~ ~'lJ'lJ1 oU fJ (9) . 'VI~fJ hi 
tInlii'fJ-:JA'J'Ut11'Um)J bfJfI~ljlb'U'Uv11tJ~runn erifJ'VIj-:J11~-:J~'VI6~"::: llJ-r'U~-:J'IJ fJ-:J,!'U 1'Umrub-U'Ul1,j' ~"iJ 1 tJ\ii'fJ-:J~'U 
'U ~ LI 'U	 'U 

'l11~-:J'lJfJ-:JtT'Un~'UA'Ul~m~1~~~ bvh~"~v111~ bbl;'l~'l11~-:J'lJfJ-:Jm~-:J)JfJ'U1Vi1 'VIlJ 'VI~fJlii' fJ-:Jv11 nl'J~bm 'IJ1Viti nl9'lfJ-:J , " 
\ill)J~rurulI1l1tJA11 i~ltJ"iJfJ-:Jer'IJ1EJ ~fJ-:J bb~~j~EJ~llm~ b~ tJ1tlb'\"I'Jl ~ b'VI~~-:J mhler'IJ1 EJ,,:::'l11)J1'51-:J bU'Ub'VI\il'IJfJ'lJtJ1tJ 

oQJ'i.I 'U	 1 cu '\ 

bdmvllm'Jm~~'lJqj1'V1~fJ'lJfJ-:J~'VI~fJ~~AltJ~'U1)J1Ji' 
1unsru~ ~'lJ1tJ~-:J)J fJ'U ~ ~'lJfJ~Lln\ii' fJ~ bb~llJm'lJ\h'Ul'U Vl~fJ~-:J~ fJ'Um'U~l'Ul 'U bbt9i1lJ 

~	 ~ 

tlnl9'lfJ-:J~-:J'VI~~ ~~fJ"~ llJml"'¥'U ~-:J"iJfJ~~-:Jn;;:il1 'VI~fJ"~l'Ijl,,-r'UW~l~~l'U~LlnI9'lfJ-:J 1~ EJfJfJnVl~ nmunljml"
'V 'U	 'U..u 

-r'Ubu'\"l1~~1'UtT'Un1~ 



v 

-rn­

.ijeJ b.	 n1':i111'J:::b~'U 

r-J;€J\J1nGl'l"lll':i~b~'U~l~'l'lJeJ'lm~ieJ<9>. h1bLri~'lJ1CJ bn€J~~eJll'1'fu~eJu~'l'lJeJ'lm~ieJ ct. 
"	 " " 

l11~CJmuCl'1'U bb,,::;m':i~n1':i\J1':i'1'J'fu1l'1\J1':i1'J-rubb~1 

n1':i~1 m~'Um~b~ eJ'Uh uvi'l~qj qj1'if ~;eJ'J~Iau b~'Ub i1Uqj;g b~'U~l n5'U1 f11':i'lJeJ'l~'lJ1 CJ 

~eJ 5'U1fll'~m'lb'V1~ ":ii'ln~ (:WVl1'lJ'U) ?l1'lJ1()'U'U~':i~':i1:W ~ ~eJuru'U U~';'V1 b~eJ1n'U beJ"b:WeJ1 ":ii'ln~ 'lh:::bfl'VIUru:O 
,	 '" 

eJeJ~'VI'f~~	 b"'lJ~Ufll;g \!)<9>etoctmlo<i<9>O ~'l.o r-J'lJ1CJ\J1nGl'lbu'Ucr-rum':i~b~'U~15':i':i:W biltJ~ Vl~eJFil'\.J ~m':i~'Ut~ 
. ~ "" 

bMmn'\.J n1':ibeJ'U~5t.l1fll'H~CJmnu bbGl:::~'UCJeJ:W t 'I-1~n1':i~m~'U\P1'ln~1'1'J1n":ii'1'U'1'Ub~t.lbeJt.l1 'U 'l'1V1,T'U 1 

.ijPJ rrI.	 m':i~U\h:::n'Ufl'11)J"li1':i~'U nvdeJ'J, 
~'lJ 1tJtJ€J:W 'fmh:::n'Ufl '11mh 1V1'U n~~ eJ'l 'ltY~ eJ'1T~i €J'l'lJ eJ'l~'l'lJ eJ'l m:W~qj qj1.0 bU'Ub'1 m 

hJ-um.Jnl1 \!) UUm)~'J1nit.l~ erteJ 1~'f'U:w eJU b~ tJfl1CJ1t.lfl1 'ltYt.lV1b1mlii''l n~l'1 Vl1 n~'l'U€J'l1ll1~~ru ru1'ifbilV1
" " " 

"l11':i ~U n~~ tl'l'ltY~mjV1 i eJ 'I eJ'U b~ eJ'l~ 1'l1 n m ':i1i'l1t.lm~U n ~ rr'lJ 1tJ 'J::: ~ eJ 'l~V1 m ':i bU~ tJ'U 'Ii eJ:W bb"ll~'ltY ~ €J , " 
bbm'lJ1 'I-1tl~1 uari1~ ~1-v m':i1~~ Iii''l b~~ n1tJt 'U frJ i'U ,y'U5~'llnl'Uffil'1-r'Ubb~'l'llnr-J~tl b~tJ hjAV1~1 Hf~1CJ tV1 <1 

" "	 
" "I 

vl'l~'U 

1JPJ w:. Vl~mh:::n'Un1':itl~~911)Ja'1!~1 

1'U'lJru~yh~qjq)l,1 ~'lJ1tJ1l'1t11'ltY~nU':i~nt.lbu'U 'ltYU'l~ eJ~q)q)l~lU':i:::n'U ~~ ctolvlv'evolD<ictrn 

'lJeJ'l5'U1fl1':i.:s~bb'\.J'ln bB'U .beJ . ?l1'lJ1m'lb'VI~:w'ltY1t.lfl':i b~'U~l'U'1'U rn~ct,ooo '\.J1'V1 (?ll:Wbb?l'UbbUV1'ltYn'U'I-1l'W'U, 
'U1'V1 Cl1t.l)	 ~ 'I b'V" nufeJ tJ,,::; et 'lJ tl'l ':i1 fl1 ~'l 'ltY:w V1911:W~qjq)1 :W1:W€J'U1 'I-1bbn~~m ~m ~t.l'ltY~nu':i:::n'Um'.iu~u&i 

" 
m:W~q)qj1il 

1JPJ~.	 n1':i'UeJm~narunn 
'" '" 

b~eJm'Ur11Vlt.lV1?i'l:W eJ'U~\l'lJeJ\l\J11:W~'1! qj1,1bb~1 ()1~'lJ1tJ hj?i'l~eJ'U ~ \l'Utl'l~ III n "'I 'lJ1 tJ 

1'I-1blrl r-J~eJVl~tl?i'l~ eJUhJnnt9leJ'l Vl~eJ1~fl':iu":ii'1'U1'U ~~eJ~i::;'VI5'\.J eJm~n~f11f111~'l'ltY:WV1Vl~€J'\.J1'l?i'1t.ll~
'U 'U	 'U Q~ D~ 

1un':iru~~;eJ1ii::;'VI5u€Jn b~ m1f1 1nn r-J~€JiJi::;'VI5~U'ltY~nU':i~n'UVl~tlb~tJnfeJ\l'lln5'U1fl1':i 
~	 g~ ~ 'U 

~tl€JnVl'u\l~€J~1th:::n'U\9n:W~qjqj1 ieJ ~. bU'U":ii'lt.l'1'Ub~t.l~'lVl:WV1 Vl~mb~'\.J1\l?i1t.lnl~ bb~1bbl9l~~tl'J~b ~'U?l:W flJ':i 

bb,,~n1rrttl~~~eJ~'l'lJeJ'l'J1 nUflfl,,5t.lb~:w":ii'1'U1t.lVl~mu~1:::":ii'1t.l1'U ~'lJ1 ~?i'l bb~1 bbl9l rrs ru m tJ1 'U r11'ltYt.l V1 sno It.l"	 , 
tiu bb~lt.l'U€Jm~n~ruon ~'lJ1tJ'J:::I'i'€J'l'llV11i':i1fl1~b~:W~'U'J1m1f11~r11'ltY'UV11-n'U~ruruTd'~1tJ 

IV'" \I	 '" !V 

1JeJ ~O. fhtl-r'U 

n ':iru~~'U1 CJ 1~?l1m srul ~ U~ \911:W~ qjq)1ieJVl~ 'litl1V1 ':i1 ~C; 'l1~ ?l1~ 1srnl !ju&im:w 

'Utl'U b'lJ\9l\l1'U~'l!qj1;€J'U1mb"::;~ V1~'l bfl~€J'lltl~wbb:W?l?l b~ flb\9l':iiJ L\J1€J~ ( Inducti ve Cou p led Plasm a Mass 

Spectrometer) ICP-MS ":ii'1'U1'U <9> bfl~eJ'l ~feJ:w~umrubb,,:::m~t1!1I11H1ii::;'VI5bU':ibbm~fleJ:WW'1bllleJ~~feJ:W~1tJ 

~mb"~~~ am '.i1-o1 '\.J':ibbm~fleJ:WW'1 bl1ltl{ 'ltY~mtln?ll'm 'Uuvl1tJaqjqj1 eJ'U~mD'U?i'1'U'ltYt1'l'Utl'l~'1!q)1'if 1'I-1~eJl1 
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