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if 'Wi1A11:JJ�n�e:J-.'.lbL�� LL:W'Wtl11 vimn��(,] B nvr-.1�-.'.JG'l1:w1'Jfl'V111 Vl15n1 d 1 'Wn1'J�(,]'U (1JVl1\11n Memory Effect 

Lb��A11:JJLL\9ln\9l1-.'.l'lle:J-.'.l Matrix '1Je:J-.'.l011e:ici1-.1\11ni:-J� n111bA11��dG"11:w11ririntl1l tJ1, 'U'W:w1M'Ji\i1'W 1 'W n11'11l tJ 
'\I ,., 

u5u&i-.11'W'IJe:i-.1�1m1'W�'W 1 �u5u&iVJii1�1,� ti1ie:i-.:inu n1111,r111��u1e:i'Vl 1'W011e:itJ1-.1�-.11,1, 1\>l�e:i:w1911tJ 1,r1�e.J-.1 

ICP-OES ll91Bn\911tJ 

1. 1, �e:i11,m1�vfo m 1 u:w'llmit1Jt1J1Wn11Me:JUG'l'We:J-.1'1Je:i-.:iu1e:i'Vl 1,1,��n111umuit1Jt1J1W\11n011n�1-.1

'IJ'U\>1�1-.'.l 1

2. 1,�m11i:-J�n111Lm1���lJi'l 'U'Vl\>1�€l-.'.!G"1�1-.1 Calibration Curve '1J€l-.'.l'U'J€l'Vlb u011nm-.1LL���'1J'U\>l

3. L �e:i11,r111��Vl1'1J'U\>1'1Je:J-.1G"111 LAiJ bb��1in11�1-.:itJ1e:i'Vl�\9lnf'l1-.11 m�uu 1 umru�\9111\11\>1011e:ici1-.1
d V V 
'VlA11:JJb'!J:W'!J'WG'l-.'.l

nl 'i' �dl""' 1.3 u'a� btJ'U'W'Vl lil'a'U 

1. 'Vl11u�-.1i:-J�m�'Vl'\JLL��1,1, m 1 U:W'lle:J-.'.l�t1J�1flJ'1Je:J-.'.l'U'Je:J'Vl1 u011 nm-.:iLL���'IJ'Ulil

'°'"" ,., o I 
d 

2. 1tm11m-.:iu<a€l'Vle:Je:Jn\11m�'\J'\J'IJ€l-.'.lbA1€l-.'.l ICP-OES

3. 15:wl \91 'Ji\i1'W'!J €l-.'.l'Vl€l-.'.l'U nu&i n1 'aG'l fl1'U'W1 I() tJG'ln11� bbl vl i\' e:J:JJ \lv:11� -.'.l n'J ill:JJVl11'Vl m� tJ 6'11Vlfo n1 'a
,., � ' 
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1.4 "l.leJ'Ub"l.l\9l"l.leJ-:JnTa1br1<a1�� 

'\J':i:;L�'UUqJVl1'ileJ-:Jvl1nm-:i�:wN6'1\i1eJ�qiqi1ru"l.leJ-:J'U':ieJ'Vl 1vic.Jf'1n�1v11nm-:i 5 "l.l'UVl l\ilbLn 3% HCl, 10% 

HCl, 1 % HN03 , 5% HN03 bb6'l�J1niu (DI) ':i1ii'lu�-:Jnl':i1bfl'i1�1t1Vl1?l1''.Hfl:W b�elGl1-:J'U'iel'Vl�vlnA1-:i1u 

'j:;'\j'lJ'iJel-:J ICP-OES b�el6'1Vl'U q)Vl1n1'ibf1Vl Memory Effect 1Vlc.J1'V?l1'i6'1:;mc.Jmvi 5 "l.l'UVl llii'LLn 3% HCl, 

10% HCl, 1 % HN03 , 5% HN03 LL6'1:;?ll'i6'1�611tl Aqua Regia b�el'<\11-:J 10 LV11 

"' ., ( 1.5 'Ucl1:WA'V'fVl 

1) Hydrochloric Acid (HCl) VliJlcJ�-:J mvil�1vi1r16'1eJ�n

2) Nitric Acid (HN03) VliJlcJ�-:i mviluv1�n

3) J1niu (Distilled Water: DI) Vlmc.J�-:i J1��1um:;mun11ni'W'<il'W:Wm1:wu�?l'Vli?1-:i cl1wfo
' 'U 

1 'Ub 'Un1':i1bfl':i1��'iJel-:J'VleJ-:J'Ufi'U&in1':i 

4) Aqua Regia Vlmc.J�-:J ?ll'i6'1�611c.JN?li!':i�Vl11-:J HCl LL6'1:; HN03 1 'UBvi'i1�1'U 3 : 1 vi1:W�1\i1'U



d 
'U'Vl'Vl 2 

nT�A n'l'.!11 bfn'1�'Vl1 'WA frd b U'W n111br111��t:-i6'\'lJeJ--1�1nm--1\ileJi� �1 ru'lleJ-nheJ'Vl bb6'1� n11\9l nfi'1-.:i
'lJ eJ-.'.l'U 'je) Vl � fl11il b 'U ii 'U'W ?1-.'.!1�'VI 11--1 nl1\9l 11'<il1 (i)\j]l t.l ICP-OES n 11'\/l 'U '\/ll'W J d d t'\J m nJ� b� t.l l'U e)-.'.j fl'U

'\J 

n11An'l'.!11br111�vi'1'Wr1f--1d �11,r111::;V1b(?l�n'l'.!1bb6'1::;A'WA11'<il1meJn?111 --11'W1�t.1 bb'Wlfl(i) Vl�'l'.l�\il1--1 1 bb6'1�
frm'1 'Wm tJ 1J v( 1 i eJ \9l 1mhK 'U r1-.:i d

2.1 'UeJiJ6'\bdeJ--1(i)'W'lJeJ-.:J'U1eJV1 (Mercury (Hg))
'\J 

� ,e,v dd ii 2.3 -.'.ll'W1bfl11�'Vl;1'<ilt.1Vlbntll'lJeJ-.'.l

" Jt " "I 2.1 'lleJ�G'lb'UeJ-:J\il'W'lJeMu'a0'VI (Mercury (Hg))

'U1eJ'\/l (Mercury (Hg)) b 'Ll'W61��'Y'l'U 1(91\9l1W511il'lJ1� bb6'1� bb 'Y'l�m�'<illt.1rj�--1 bb 1(i)ieJiJ'<il1nn'<ilm1iJ
\il1--1 1 'lleJ-:JiJ'4'l'.ltJ bi'W �\9l?11V1m1ii fl11bn'l'.l\9l1 n11'\/lV111 fl11bb'Y'l'\/ltJ bb6'1�1'Vlt.11f'11?1\9l{ 'IJ1eJ'\/l�ffw1m1-ifb'U'W
1\9lfl�'Ub'Wfl11t:-J�(,lt:-J�\i1Jl!1l'v1\il1-:J " b6/j'W b'VleJ11ii:ub\i'leJ{ eJ'\Jmru'J(i)fl11ilrl'Wl6'\�\,l ?111bAiin1�(i)�\i)'j�'lJ

, I , 'U 

bfl�eJ-.:ii1mb6'1�0'U mru1 '1'1Yh 'Vl�mbif bb\ilfl11t:-l�\i11� b 'U(i) (n0-.:J�(i) fl11?111bb6'\�'lJe)-.'.Jb�t.lel'W\9l11t.l, 1998) f\11
' 

bb 'Y'l�m�'<il1t.1'lleJ-:J'lb0V1��--1bb 1(i)�eJiJ�1bb 'Wn11i1\ tl'Wr1-.:id
'\J 

1. n11bb'Y'l�m::;'<iJ1t.1b'W�-.'.lbb1(i)ieJiJ'\/l1-.:J1J1
'U1eJVl 1 'Wbb 'Vl�-.:Jtl1\il1-.'.l 1 iim1bb 'Y'l�m�'<il1t.lbb\i'ln\il1-.'.l n'Wl 'U\i11il?lfl1'Y'li'W� bb6'\�f1'<il m1ii l(i)tJ'jeJ'lJbb VI�-.'.!

J1tr'W bbV1ci--1J1�v1vh'l 'U'<il::!'Y'l'U'U'aeJ'\/l€J�1 'W'U1-.'.l 10-50 'W11'Wnrii\il€J�\i'l'a (ng/L) 1 'W'lJru::!�bbV1ci--1J1�v1�1€J-.:Jfo
'lJeJ-:Jb� t.1'<il1nmAeJ\i1?11V1m1ii 'Vl�eJiibb V1ci-:JeJ\9l?11V1m1iJeJUl(i)t.11€J'U iJ niiri1tJ1e:iV1?1-:in11 1 lii 1mn{iJ\ileJ�\i11

'I , 'IJ 'U 

(µg/L) 1'W�l'W'lleJ-.:J'U1eJV11 'Wtl1'\/l�b6'1�1bJiim1'\J'Wb �eJ'W'<il�iiri1'\J1�mru 20 ng/L bb6'1�6'11V1fotl1'Vl�b6'1�iim1
'U'Wb�eJ'W'lJeJ-.'.l'U1el'\/l�-.'.l b'U'W �11lJ'W1il1\i'l�b'W'U1�b'\/lf'1��'W'Y'l'U11iiA1'U1el'\/l�-.'.l�-:J 1.6-3.6 µg/L

2. n11bb'Y'l�m�'<illt.lb 'W�-:Jbbl(i)ieJiJ'\/11-:J�'W
l(i) t.1�11 'U 'Y'l 'U11 'Ul e)'\/l '<il �n f\11 bb 'Yi� m ::!'<il 1 t.11 'W � --1 bb l(i) � e)iJ'\/ll--1 �'W'hJm nun ii A 1 bQ� t.le) ��'U d �m ru

'\J 

70 'W1 l 'Wn{iJ\ileJn{ii (ng/g) 1 'W'llru���'W'U�b 1ru�iimw'hb V1i1eJ-:Jbb �'Y'l'U11iin11'\J'Wb�eJ'W'lJcM'\J10V1�--1bn'Wn11
500 µg/g

3. n11bb'Y'l�m�'<i11t.11'W�-.:iii�1\i1
f\11 bb 'Yi� m � '<ill t.l'lJ €1-.'.l'U 1eJVl b 'W � -.:iii�1\i1 bf1 (i)'<iJ 1 n f\11��-.'.l bb 1 (i) � eJil� b 'U'W� eJ U eJ1 � t.l'lJeN � -.:JiJ�l \9l 'U � b 1 ru

t!'W J--1J1bb6'\��'Wi1nwt.l'Wb �eJ'W'lJ€J-.:J'U1€J'\/l bb6'1�?11m'aflflnci1t.1'\/l€J(i) l '\J��-.:iii�1\i1�1'Wv11-.'.! l'l1eJ1'V11'a l(i) t.l f\11 n'W
'\J '\J 
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'l.lel-:J'U 'HJ'VI � 11.nh-:i 1'/i mV11Ti'l v ru11 e'.f � el V'U'Ll '<il vi 6'1-:JG'l vi'l.l el-:J1t11-:i 1'/i m'Vl 1 'J '<il::: :u nl'JG'l::: 6'1:w 'lJ el-:J'U 'Jel vi 6'1-:i n11
\J \J 'I '\J 'I \J 

N'U�1rn·11 t11A1-:i 1'1imV11'J1 t1Gll\?1'U��1n11
'\J 

'U'Jel'VI (Mercury (Hg)) LDt151��:UbG'l'lJel:::(i)el:W 80 :umG'l1mG'l�G'lLVl1fl'U 200.589 n-r:w�el1:WG'l
(g/mol) :um1mDuvh1�-:i :wn'Ll'J1n!)el�1'Ll�-:Jbb1vliel:wb�tl1G'l'Vl:::'l.l'Jel'VI (Hg(0)) 'U'Jel'Vlel'Ll'Ll'V1�8 (Hg(I) bbG'l:::
Hg(II)) bbG'l:::tl·rnviB'Ll'Vl�8 (Organomercury Compounds) (Wieteska & Ziotek, 2000) LD'Ll�'l/l'J1'Ull'Ll�
11 Hg(II) LLG'l:::'Ll'Jel'VIB'Ll'V1�8�:Utl'J:::�mn (Organomercury Cations) :wn'<il:::Lnv1m1tl'J:::nel'Ufl'UVl�SUG'll!Jv1
�Gl (-SH) bbG'l:::u1ltl�n1'JG'l:::6'1:w1mdm�el'lJel-:J�-:J:U�1(,) bbG'l:::nel1vi\nviei''Ll(,)'J1f.J�elel1f.J1:::�1-:i 1 m1mDi rY1�
'l.Jel-:J'U'Jel'Vl'l.1t1t'Llelt! nmtlvlel'fo'l/11-:Jbfl:U ( Chemical Form) 'l.Jel-:J'U'Jel'l/l b Dt1m'fo 1vi f.JbQ'\Al1:::6'11'J'U'J::: nel'U'l.Jel-:J

'\J '\J 

'U'Jel'l/l8'Ll'Vl�cJ (Organomercury) �:U6'11cJ1'1i'l.leM Alkyl Group it1 1 b�'Ll Methyl Vl�el Ethyl 'l1t1 'l"l'\J17'<\l:!

2.2 b'Vlfl'Uflf11'J\ol'J1�1vl 

b 'VI fl'U fl n 7'J (,\ 'J1'<\l 1 vl� 11 n 1 'ITT, 'Ll n1'J1 bfl 'J1 :::vitl�:w 1ill 'lJ el-:J'U 'Jel '1/l 1 'Ll (911 el cl 1-:J 'VI 1-:J� -:i bb 1v1-a el:W:U VlG'l 1 ti
b'l/lfl'Wfl b�'Ll CV-AAS, ICP-OES bbG'l::: ICP-MS 1vim'Vlfl'Wfln1'J(,)'J1'<\!1vl'U'Jel'l/l�'Vl1-:JVlel-:J'U-!]'U�n1'J 6'11l1'\J'Ll1-;;Jf.J
G'lm1:::bb1vl�el:W '<iJVl1G'l-:Jn'Jt\hJVl11'Vlf.J1ii'cJ l1i1'l11m1m'Lln1'J1bfl'J1:::vi'l.l'Jel'VI Ael ICP-OES 1viu:um'fon1J
'Vl1-:J1'Ll Ael n7'J 1oif b 'Vlfl'Llfl'V11-:Jbb6'1-:J (Spectrometry) 1 'Lln1'J{i)'J1'<\llvl'U�:IJ1ill'l.lel-:J'U'Jel'Vl1 'Ll(ll1elt!7-:J 1vi f.J'U'Jel'Vl'<il:::
11 nm::: \ll'Ll \ill tl'\Al ii'-:i-:i 1 'Ll 'Vl 11 �8 bG'l fl (,\J el 'Ll ( Electron) b 'U � f.J'Ll 'J::: \?1'\J J 'Ll '\Al ii'-:i-:i 11.J bbG'l::: '<i) 1 n'l.1 'Ll 8 bG'l fl(,\ J el'Ll
'\J ' 

\?1-:J n �11'<\l::: fl1 ti '\Al i1-:i-:i1t1 el el mn 1 mtl'lJ el-:J bbG'l-:J bb-a1 bfl � el-:J n el �-:J '<\! :!1vl f\11:W b 'U:W'U'Ll'lJ el-:J bbG'l-:J �'U'Jel'VI 1 'W(9)1 el t!1'1
tlG'l vitl� el u elel n:w 1 tl�:w 1 ill'l.lel-:JbbG'l-:J �tlG'l vitl� el u el el n:w1d '<il::: b Dt1� v1�1t11vi u (,\'J-:J n'\Jfl 11:w b 'V:W'V'Ll'lJel-:J'U 'Jel'VI
b'Vlfl'Wfl\?1-:Jn�11d:u�v1'<iJ1nv1n1'J(,)'J1'<il1vl (Limit of Detection: LOO) ��1 �-:i6'11m'Jll\ol'J1'<il1vl'U�mru'lJel-:J
'U J el villil bbiJ '<i) ::::u fl 11:W b 'V:W 'V 'Ll � � 1 n (,\ 1:W 'Ll el n '<\) 1 nd1i n 1 J1 bfl J1 :::vid 8-:J:U fl11:Wl 1'lJ el-:J n 111 bfl 'J1::: vi
(Sensitivity) bbG'l:::ilm1:wi1L'\Al1::: (Selectivity) 6'1-:J �-:iv'i11�r-.mn7'J\ol'J1"1l1v1:um1:w11n\llel-:Jbb'1:::bbilwJ16'1-:i 0n

'\J '\J '\J 

�-:iit1(,)el1.Jn7'Jb(,)�cJ:W\>11elci1-:i t'.(-:il:iJG'!ii''Usu'U.if eJt1 Ldm 'Yl u'\J n'U n1'J1bfl'J1:::vi'lJ'Jel'Vl\il1m 'Vlfl'Wfl CV-AAS � 

\>11elci1-:i'<\l:::\llel-:J11m(,)�cJ:w�1t1m:::'U1t1n1'JV11-:ibfl:UVlG'l1cJ.frt1(,)eJ1.J '<il1b DwXel-:i 1 oif 'J:::u:::L 1m1.J1t1 bbG'l::: 1 oif 6'11'Jbfl:U�
:Ufl17:WeJ'Ll(,)'J1cJG'l-:J 'Llel m Vlil'ell 'l.l'<il1n'l.1t1n1'J1 bfl'J1:::vi(ll1eJtl1-:ili11 mfl �el-:i ICP-OES 'l.1t1tJ-:i 1oif-:i'Utl1:::mru 1 'Llm'J

� o-�cv dd v 
2.3 -:J1'Ll1bf111:::Vl;1�cl'Vlbnl:.11'lJeM 
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(Matrix) Vl�eJ�-:i1umu (Interferences) �1-:i 1 �ifo�1u�1el87-:JeJeJn1vfVl:lJA zj'1�1el87-:Jbb�i;,::;\.b::;bmn!u 

�7-:Jfl'<illb 'UU(lleJ-:J1'li?111bAi'l1 Un718eltl�lel87'1� bb(,ln�1-:inueJeJn hJ b'liu \il1el87-:Jtl7b�tl :wn'<il::;8e)tlvl1tlmA 

HNO3 b'U:lJ'UU 1'W'vru::;��1el87-:J�m!u'<iJ::;fln8eJtlvl1tlmA HNO3 b'U:lJ'UU frnnumv1 HCl b'U:lJ'U'W 1u 
" 

eJ(,117�1U 1 : 3 Vl�el�b�tlff)l 6'171i;,::;6'17tl Aqua Regia J--1dn11Hm1br1�bb6'1::;15n111un11n11cieJt1�1el87-:J 

bb�i;,::;'1luv1Su'<iJ::;(lleJ-:J�'<iJ11ru1'<il1nfl n�ru::;6lJeJ'1\il1eJt!7'1b 'lluVlfl n Ji'1m Vi(,ld �--1vh 1 vf Matrix 1 u\il1eJtJ1--1Sum'<il 
' 

b 'lJ � tlU bb 'lJG'l-:il '\.J(,17:lJ n 1 ::;m'W n 71 b(,l � tl:lJ \ill el 87 --1�1 oif n 1::; U1U n71 b VI� 1d � 7'1 n � '1 e-rn � eJi ru ru 7 ru'U eJ'1'lJ1 f f\11� fl n 
V V \) 

(,111'<\llA 1v1mA�eJ-:i ICP-OES J--1iu Ldm,h�1eJci1--1� cieJmb�l 1v1t11fln11� n�11m'lfl '\.Jv111'<\l1v1v11t1 bA�eJ-:i 

ICP-OES zj,:i 1v1t1un�Su m1vlmv11:01u:w nt1 rnv1�t1:iJ1'W6'111�::;m t1mv1'1liJv11v1'1luv1V1�-:i b 'liu 6'111�::;m t1m111 "' " 

1 % HNO3 (Allibone et al., 1999) zj,:iiJn'<iJ::;nm1:iJb'U:lJ'UU'lJeJ-:Jm\i1�bbvln�1-:ilu'<iJ1n�1nm--1'lJeJ'1�1el87-:J� 

\)::; flnlbA 11::;1,,1 �-:J'\/171 vfi ru ru1ru\l1n m1vlmv11:01'W bb���1mh-:iSu�Al U1f fVl�hJ b uul u1 U'Ylf'1V11-:Jb�t11nu 
'U V V � 

\il-:Jb 'liu \ill el 87-:J-:JlUl � ti� 17 tl-:J7U n-:i e-rn n 71(,111\llA Al 7:lJ b 'U:lJ'UU 'U eJ-:J'lJ 1el 'VI 'lJ el-1 Standard Reference 

Material (SRM) 11'<iJ::;nr11fl n (Ile),:) n�mdeJ�l nm'1'llel-:J6'1716'1::;mt1U1el'Vl�1'li6'1{1-:im1vlmm:01un A17:lJ " "' 
V V I Q./  .d1 I V , 

b'll:lJ'UU'lleJ'1mli1 HNO3 b'Vllnu6'111�::;mt1'lleJ-:J SRM 'Vlmun11t1eJmbm (J1an et al., 2000) e-rnn11'\ll\i16'1eJ-:J 

bb6'1\i1-:Jel 87'1'UA b \JU17�1 n � 7-:J'lJ el-:J�lel 8 7'1 bb�::; 6'1716'1::; m tl:lJ7vl1:\i1U Sun A17:lJG'l 7fl ru � el n71 v) 11'<\llA'lJ 1el'Vl \ill ti 
d-$ V 

bfl�el--1 ICP-OES lil1t16'1Jl7'Y fU�V17�bnli1tud U\l�'U'W'v'lU17n71'Vl7 Matrix Matching SmtlU15n71V1d--1� 

6'17:lJ 11 fl 'li1 t1 Lbnu ruV11 A17:lJ bbn �7-:J'lleJ'1i ru ru 1 flJ'UeJ -:iU1eJ'Vl 1 u \ill eJci1-:i bbG'l::;?111� ::;m t1mv11:01ulvi' n�11A eJ 
V V V d..!) 

Matrix Matching Su Ael n71'Vl71 vf Matrix 1 U\il1el87-:Jbb�::;m16'1::;mt1mv11JllUnm1mV1n€l'WVl�elnfln�ru::; 

1nii'bAMnu 1 vimn�6'1vi L�eJ'Vl11 vi�.:i\il1eJci1-:ibb�::;m16'1::;mt1mv11:01uSuflmun1u1 ufln�ru::;L�t11nu bb�::; 
'¼ d.i '\J 

�-:icrn 1 vfi��1ru�lvl'<illnbA�el-:JneJSmuu'l u1 U'Vll'l'\117-:Jb�tllflU n71'Vl1 Matrix Matching d 'v'lU116'17:lJ71fl 

u�u�lv1�1t1 b �el-:J'<iJ7n�U�'U�-:J7U6'11:lJ71mvl� tl:lJ 6'111�::;mt1:lJ1vl1Jl1Ubb�::;(111eJ87'11 vf n Matrix b� tll nulJi'

\il-:J'<iJ::;b'1�ulJi''<iJ1n-:i1u1�t1V1mm�eJ-:i�Hn11V11 Matrix Match 1u�v1n111umu'<il1n Matrix 1u\il1el87'1b�el

n111111'lJ1eJ'Vl b'liu n11H'L'VIA'UA Matrix Matching b�e:J'Vl11vin116'1{1-:im1vlmv11Jl7U'llel-:J faV1::;m1'n6'11m1fl

'Vl1lv1�1t1 bb�::;'bJnrrnn1::;'VIU'<il7n Matrix �u 11un11m1\l1A (Detcheva & Grobecker, 2006)

Ueln'<iJ1nS'Wbb6lltJ-:Jn-:i1u1�t1zj-:J'Vl7n71vl11'<il1\i1faVl�VIUn lvi'Lbn \,)��1 bbA\i1bdt1:lJ bb��U1eJ'Vl 1U\il1el87-:Jb�e)v)

zj,:ifln�li1b'UU�1el87-:J�n Matrix 6'1-:J bb��:irnn'lJ�mrufaVl�1u'lJ�mru�7 n111'Ub'\/lA'UA Matrix Matchino Su" " � 

bb�mhmn;u (Palmer et al., 2016) 

BnAru6'1:lJ'U�V1d-:J'lJel-:JU1el'\/l�b tlu'llruV17nUn711bf!J7�v1 Ael 'lJ1e:J'Vls'Wb 'U'Wt:i7{,1�nA17:lJ6'17:lJ71fl 1 u 
S V S 

n71 bn7��AnU 16'1�U1� bJl'\/l'v'l�16'1�n (Louie et al., 2012) b\i1t1 �1�uun11tl1�1el87'1 (Sample 

Introduction) 'lleNbA�e:J-:J ICP-OES Suut1:iJ1'li16'1�'<il7'v'l1n'YH;'l76'1�n b'llU Poly Vinyl Chloride (PVC) b'UU 

16'1\i16'17Vl'ru'VlTVlelU1�1el81-:J bdeJ'Vl7n711 bA17�v1�1el87-:J�nr11'UeJ-:JU1el'\/l6'1'1 bb�l 1 '1115n71�7-:Jbb uu'\.Jn��-:ihJ 
' " 

6'11:lJ71fl�7-:J'lJ1eJ'VleleJnlJi''<iJUVl:lJ\i1 'Vll 1 vi\n111 Memory Effect �-:ic-rn 1 vf61'��7ru'lJeJ-:J'lJ1eJ'\/l'lJel-:J�1el87'1i11i1'l u 

Sunr116'1-:i;ff u b �el-:J\17 n b uui ru ru1 ru'lJeJ-:J�lel 87-:J� f1761-:JlbAJ7�v111:lJ nui ru ru1 ru�{,1 nr11-:i el ci1 m::;uu \ill ti 
\j V V V V 'IJ 
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lV1(,ldm11'll?l1'HAiJG'l'1vrfrnh:m;urn1,uu1,�:w l'U'W r111G'l�mcJ nw1 HNO3 1 - 2 % l lG'l�1�cJ�nmbvi1b�:W 
' 

�-:i hlr11:w11fl� "ll��1-:iu 1eJ'Vl�(,l nA 1-:iei �1 u1�uu'l1i1 'Vl11 �ilr111:w --511, Du�ei-:i 1, �:wd� cJ� 1, 1G'l1 n1dtf 1-:i1�uu 1 � 
mu:ffu 5mD'W15f11J�l:w1,V1m�?l:W(,leJf11J'U�uil\"\l�-:J (Zhu & Alexandratos, 2007) 'WeJn"\l1m!m1,�1md1'1f 
\, 1m 1 'Wf111� 1--1 J �'U'U�'W1'Wtrrmf unhi?11m1t1 �'W cYuM11"\l�?l1:w11fl � 7-:J 'U'iel'Vlel el n"ll7 n d �uulli1Vl:Wvl 

e-m m1Am111,1,G'l�'Vl'U'Vl1'W1'i'iru m1:w 'Y'l'U11il m1A m111�cJ 16f11'iblG'l�?1111,r1il�1, V1m�61'1wtu1 'UG'lv1 
e-mm�'Vl'U'l.lel--1 Memory Effect 1um'im1"1l1vl'U'iel'VI l'U'W f11'i'Vlv1G'lel-:Jn7'if11�v1 Memory Effect 1un11 
(,\J1"\l1vl'U'iel'Vlli11mA�el--1 ICP-OES lv1cJ1°lJ?1111,r1iJ 5 '1J'Uv1 'lli1llfl Gold(III) Chloride Solution (Au(lll)Cl3), 

Trirethylamine (TEA), Ethylenediamine Tetraacetic Acid (EDTA), Disodium EDTA (Na2EDTA) bbG'l� 
Thiourea 1'Wn11r1,:J?l.fl7'Y'l'U'ieJ'Vl1�ei�1'Wr111G'l�G'l7cJ e,rnn1'i'Vlv1G'leJ-:J'Y'l'Ul7?l7'iG'l�G'l1cJ Au(lll)Cl3 blG'l� 

'IJ 

Thiourea l!u?11:w11ri'U1cJn1�v1 Memory Effect 'lleJ--1n111v1'U'ieJ'VI bb(,l?l7'iri�r11c.1 Au(lll)Cl3 l!uiloifo 
lli1 b 'U� cJ'Un111 ml�'lJ el-:JA17rn �1'l.lel-:J'U� n�c.11 �wh 1 �?l1:w1Jt11lfl'i1���1'W1'Wli11el�1-:Jlvi'm n n111,1,ri�'i1vlb �1 
n11r111ri�mcJ Thiourea (Zhu & Alexandratos, 2007) 

'W el n "\) 1 n 11 'W cJ-:J 'Y'l 'U d 1 cJ-:J 1 'W i:--1 Gl n 1 d 1 � ti �1 'U ?l 1 d Gl � Gl 1ti'VIel--11 u n 1 d 'U -r 'U \, ?l � ti d 'U d el 'VI 1 u 1111 el� 1--1 
r111ri�r11cJ mTvlmm�1'W'UJel'VI blrl�?l1JG'l�ri1t1�1 '1f G'f 1V1{ u f11'i�7-:JJ�'U'U f11J'W11111el �1--11, �eiriv1 Memory 
Effect bbrl�'Y'l'U i:--1 Gl n7 'j'i/1 vi Gl el-:J � ?l elvl Ail el--11 u1 'WVl Y'l'VI 1--1\, � cJ1 fl'W 11 ?l1JG°l � mtl'VI ei-:il!uiJ'U'i� �'1/15.fl1'Y'l v'i 11 � 
'U'iel'Vlfl-:Jelt11m'U?l1'iri�mc.11:J1,nv1f11'i\,f11�Mvlfl'U�1'W(,]1-:J '1 'lJel-:J\,A�eJ-:Jilei (Allibone et al., 1999) 

'" '" I 

V v c< o c,J 1� olv c, ol 'Weln"ll1 n?l1'irl�Glltl'Vlel-:J\,\,Gl1 cJ--1:W f11'i'W1?11'ilf1:Wel'W 1 :lJ1 '1J, 'Wn1'i u'i'U\,?lrlcJ'i'l.lel-:J u'iel'VI \,\,G'l�rlvln1'i 
1,nv1 Memory Effect Bn l'U'W '11'W1�tl'l.lel-:J Li \,\,rj�flru� zj,:il\i1'Vl1n1J'Vlvlrlel-:J\,'U�cJ'\J\,'Y)tl'\J'UJ��'Vl5.fl1'Y'llwmd 
�1-:J'U'iel'Vl'l.lel-:J?l1JlAiJ'1J'Uv1(,]1-:J 1 lv11,1,n EDTA, Na2EDTA, Potassium Bromide (KBr), Sodium Sulfide 
(Na2S), Sodium Thiosulfate (Na2S2O3), 2-Mercaptoethanol (ME), Cysteine ( Cys) 1,1,ri � ( R,R)-1,4-
Dimercapto-2,3-butanediol (Dithiothreitol, OTT) bbrl�'l"l'U11n111,il\:w Cys ri--11'Wr111ri�r11c.161'1V11'un11 
�1--1 'i�'U'U mm1ri'U1m �:w'U 'i��'Vl5m'l"l 1 un11�1--11�uul1i1�:ff u uein"\l1nl!m1,�1m11,il\:w Cys ri-:i 1 u1111ei �1--1 
cJ-:J?11m1ri'U1t1�1-:iu1ei'l/leieJn"ll1m�uu 11i1�1t1:ff uBn\i11t1 1,1,il'11"\l� 1 '1f v01c.i--1J1 DI 1'Wm1�1--11�uu V11m1,(,]1 'W 
d � cJ � cJ 11el1"\l'\1111 � 1,n vi 'U '\] VI 1A 'i1'U \,'l.l :iJ 1�1A 'W Ii) vi 'U rl 1 ti 'l"I rl 1 ?l:W 1 ( Cooled Cone) 'lJ el --11,A �ei-:illi1 
uei m V1ifol 'U"ll1nl!ucY-:iil n11A m111� t1�'Y'lu11 r111u1� neirn :S-:i•ifou�il.a'm vfo{1, Du ei-:ir1u d� neiu A ei Cys 
\,\,G'l� Thiourea �rimil\:wri-:il u1 'W?l1'irl�r11cJ'U'iel'VI ?11:ln'ifl'U1tl n7�vl Memory Effect 'l.lel-:J'U'ieJ'VllvlBn\i11cJ 

'IJ 

lvlcJ'U'iel'Vl�'U1-:Jfl11:1J1,'U:IJ'U'W�1 (1 mg/L) ?l1:IJ1'it1�nn1�\111mv1cJn1'ilM:W Cys 1u'l.lru��'U'iel'Vl�'ll1'1fl11:W 
\,'V:W'V'W?l-:Jl!'W 'l"l'U11?l1:ln'it1t1nn1�\lllmv1t1f11'ibM:W Thiourea 'WeJn"ll1nl!'WcJ-:J'l"l'U11n1'ibM:W Cys cJ--1?11:ln'irl 

'IJ 'IJ 

'U1cJG'lvl�\11�1nv1n1111,r111�� (Limit of Detection: LOO) "ll1n 2.5 (Chen et al., 2000) 
1u'llru�� Fryer & Woods "ll7nu��'VI Agilent Technologies l1i1bl'W�u1n11�1--11�urndrnl1eiwh 

f11'i1lfl'i1��'6'11'i�iJA11:W?l1m'it1 fon11Lf11�M\ll b'U'W 'U'iel'VI lv1c.1n111 'li'6'11'irl�mcJi:--1?l:W'l.lel-:J EDTA, Triton X 
- 100, Ammonium Hydroxide (NH4OH) Lbrl� Hydrogen Peroxide (H2O2) 1vit1ei1\'\cJVl�nn11'l.leJ-:Jn7'i
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b'U�tl'Wbb'U�-1 pH 'IJ0-:J?l11�::.:mcJ bb�::.:n11bf1\il?ll1'U1::.:n0rn'll-:isu0tJh!n11i1-:i1�'U'U fac.Jhii1b'U'W\i10-:J1-if 
,J.,, ' 1" ?111�::.:mcJ'Vl:lfilAlbb'V'M 0tl1-:Jn71 'IJ?l11�::.:mcJ'Vl0-:J 

i:-rn n 11'Vlu'Vl 1'W111 ru m1:1wh -:i 1 \il-:J nci 11 oiJ 1-:i \i1'W ?11m1 tl?l iullii' 11 ?111 LAJJ vrn 1 cJ'IJD \il J'Wil 

'U1::.:�'Vl6Jl1y,j1'Wn71�\ilbb�::.:n1-;;i'\il Memory Effect 'IJ0-:J'U10'Vl00ffi17m::.:u'U'IJ0-:Jbfl�0-:J ICP-OES llii' Vllnbb\91 

n1';i1 i?11';ibflfo'Vl�10'W 1 'Wn1';ii1-:i1�uutt-:iA-:iili0'<i11n\il 1 'WVlmcJlii'1'W b�\J ';i71"11?11';ibflil�r10'Ui1-:i?1-:i 11:wl u�-:i 

t:-.mm::.:'Vl'U\9101::.:'U'U'IJ0-:Jbfl�0-:J ICP-OES Bni-:iu-:irfo1vi\n\ilfl11:Wci-:imn iuSU0'W imu�mnm1'Wn71b(,)�cJ:W 

?l7';ibA� bb�::.:i1L 'U'W\i10-:i?111bAffi 'Wn11i1-:i1::.:uumnt'W zj-:i�-:ir:.m 1 �bn\il'll0-:Jb�cJ 1 'Wu�mru�mnt'W(,)7:W'l Uli11cJ 

lii'1 cJ b Vl(,)d n11A m111 LA ';i7::.:�d �-:i� -:i b 'W'W n 7 ';i1 LA 11::.:� Lb 'W11 u:w'IJ 0-:i� ru ru 1 ru'll 0-:iu ';jeJ'VJ�eJ1'Wl1i1'<il7 n LA�0-:i 
'I 'I V V 

ICP-OES 1wi11nm-:i�vi1-:in'W b�01i11b1J'Wn71 Matrix Matching 1::.:Vl11-:iM10ci1-:i��1'Wn11ci0mLi1 bbri::.: 

m1vlmm�l'W'U10'Vl 'ylj faii fl'U1 bfl17::.:�Vl1?111bflJJ� b Vl:IJ1::.:?l:w1 'W n11�l-:J'U10'Vl 1 'W1::.:Vl11-:Jn71(,)11'<il1\il 

v110ci1-:i b�0rl\il'Vl�0f11-;;J\il Memory Effect 'IJ0-:Jn71\,)11'<il1\il'U10'Vl 1\ilcJlli1�-:Jb'U'Wn71?111bflm'Wn11b(,)�cJ:W 

M10ci1-:izj-:i�n�-:im1bA11::.:���0-:iu�u�n11b'U'Wu1::.:'il1 L\ilmrrn1::.: 0ci1-:i�-:i ?l71bA�'il7'ylj1 nm\ilv11-:i I b�'W 
� V t J' ,d I Q./ iJ I ol o.) 1 

"' .,,,,j 
HN03 bbrl� HCl b'U'Wr)'W 'Vl-:J'Wby,j0rl\ilfl11:W�-:Jtl1n 61.!U'lleJ'W bbr1::.:'IJ1cJu1::.:VlcJ\ilb1r11 'Wn71br)ltl:W?l11bfl:W0'W 1 

b \Jn711bfl17::.:�\!'Wb0-:J 



d 
'U'Vl'Vl 3 

n 111 bA 11::;vi � G'l'lJ B--1 �1 n G'l 1--1 � B � ru ru 1 ru 'lJ B --1'\.J "i B'VI bbG'l::; n 11 v1 n fi' 1--1'lJ B--'.l'U "i B'VI � r111ii b -if ii -if ui:1--1
V V " 

"j::;'1,111'1n1"ivl"i'1'<il1VJ\i1'1 ti brl�B--1 ICP-OES n1v1n'lJ"i::;i,'l{!f) b �B 1) b � Bl brl"i1t1,1bb 'Ul l 'Wil 'lJB--1� ru ru 1ru nl"i
' V V 

v1e:iui:1'UB--'.l'lJB--1'lJ1B'VI bbG'l::; m"i"i'U m'U�f:ll t:lJ 1ru '<i11 n�1 nG'l1--'.l 'lJ'W1>1�1--1 1 2) b � m11�G'l n111br111::;vi�lJi'l 'lJ
'VIVJG'IB--'.li:1�1--1 Calibration Curve 'lJB--1'U"iB'Vl1'U�'1n'11'1bb�G'J::;'lJ'WVJ 3) b�Blbfrn::;viv11'lJ'Wl>li:11"ibAiJ bbG'l:::
15n1"i�1'1'U"iB'Vl�vlnA1'11m:::uu1umru�vl"i'1'<il1VJ�'1B81'1�rl'11m-ifii-ifui:1'1 bbG'l::: 4) b�mr�'U115n1"i�b'Ll'U" 

il1\i1'i1J1'UG'11Vl{'U n111 bA"i1::;vi'lJ1B'VI 1 u�'1B 81'1'1/11--1�'1 bb '1VJ�Bil'lJ B--'.li:f (11U'Ul�tli:!Jl1'1::: bb '1VJi1 Bil '<il'Vl1'1'1 n"i ru� ' 
V V V V 

A. V V at A. 6' � V .::f A. 'cJ at cJ A,c,j o A, Q..J cJ ilv11'1'1/1 tl1'1tl '1/1--'.l'U n1"i'1 bfl"j1:;Vlbb'1t bn'U'lJelilG'l'lJB-:i n7 "i \'1 n�7\,\,'1t'1 brl"i1tVl'UJJ"it b U tlU'16VJ 1 \, 'U'U n7 "jVJ-:J'U" 

3.1 'U"it'lJ1m/n�iJ�'1Bt!1'1 Vl�B bbVl�--1-ifBJJG'l' " 
J "" �!fl "' (3.2 brl"iB--'.IJJB'VI b 'lJ 1, 'Un1"i'1brl"i1tVl

3.3 n7"ibflU"i'1U"i'1il-ifBJJG'l" 

3.1.1 n111br111::;V1bb'U11-u:w'lJe1--1�ruru1run11v1BUGl'UB--'.l'lJB--'.l'U1B'VI bb6'1::;m 11un1u�ruru1ru'<il1n
V V V V 

v11nm-!l'l.limm--1 61
n�ii �'1 el t! 1--1�1 'Ul 'U nl"il brl"i1tvi A el i:f 1"iG'J::;m tl'U"iB'i/1�(1 m111� tlil�'U 1 'UV!B-:J'U D'IJ�'lJB-:Ji:f muu1� ti

' " ...J 

i:f.fl1'1tbb'1VJi1Bii �Vl16'1--1mruiim1'Vlt11�t1 �m1:wb-ifii-ifu 1000 µg/L lw�1mn--1'lJ'WVJ�1-:i 1 AB
1) 3% HCl

2) 10% HCl
3) 1% HNO3 

4) 5% HNO3 

5) 111 DI

"' ' "' "" "'"" ,, o I d ,, 1 "I ""d ., 3.1.2 n1 'a1 brl 'al ::;V1V11 'lJ'U VJ 611 'a bfl :W bb6'1::;16 n1'a6'11{! u 'aB'VI 'V1 vi n fl 1 {! 'U "j::;'l)'l) b 'Un 'aill 'Vl 111 'a'J<il 1 VJ
v , d v v vl1Bm-!l'Vlfl11iib'lJ:W'lJ'U�{!

lVJt1l1i1�1b 'W'Un7"i'VIVJi:IBU'U"it�'Vl5Jl1'\/'ln1"ii11-:i'U"iel'Vl�li1nA1-:Jel81 m::;uu'lJB--1 ICP-OES \i1'1tli:11"i brln" 
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1) 3% HCl

2) 10% HCl

3) 5% HN03 

4) 6'17':iG'l�mt.1 Aqua Regia L�e:J�7'1 10 wh

J "" d1 � :'1 J "" "' ''1 V J "' '1 "' V LA':ie:J--lile:JVl '1Jb'Wn7':iVlv1G'le:J'1 Lu'WLA':ie:J'1ile:J1LA':i7�Vl,G'l'\ll�Vl'Wn LA':ie:J--1 ICP-OES �G'l(,hv!t.1'\J':i't/Vl

Analytik Jena iu PQ 9000 elite 'Ve:J--11Xe:i--1'\.JnuPin116'1"1'\J'Wl�t.16'1m1�LL1Vlfle)iJ �V!7G'1'1n':itWiJ'\ll11Vlt.11Glt.1 

1v1 tJ LA�e:J--1� e:i�--i n � 11d1Ji'fo n7':i�e:im111--1'\.J1�'11U (Preventive Maintenance: PM) e:i tJ1--1r1J1L6'1ile:J 
' 

'11'W1'W 2 r1{--1;tl 1v1t.1�1'1N'lJ1'W1tUn7':i'Ve:J'1'\J��VlN��\9\LLG'l��Vl\11'\ll'W1t.lbA�e)._j�e) 

1 

Wavelength (nm) 

Power (w) 

Plasma gas (L/min) 

Direction 

Read signal (Times) 

Fast mode (s) 

Read time (s) 

SJ V SJ 

Parameters Value 

184.886 

1200 

12.0 

Axial 

3 

10 

5 

6'11':iLA�\?11'1 1 �1 'Ub 'Wnl':iVlVIG'le:J--1 lALLn 1) 6'11':iG'l�G'11t.liJ1\9l':i.1l1'WU':ie:JVlA11iJL 'LJiJ'LJ'W 1000 mg/L 1 'U 

2-5% HN03 �1nu��Vl AccuStandard® (Hg standard solution 1000 mg/Lin 2-5% HN03) 2 )

HN03 L'Uil'U'W 65% �1nu��Vl Merck (65% HN03 AR grade) 3 )  HCl L'Uil'U'U 37% �1nu��Vl JT Baker

(37% HCl AR grade) LLG'l� 4) tl1niu (Deionized water: DI water) A11il'IJ�6'1VlB 15 MQ-cm (bA�e:J--1
' 

��\9\J1u��viB 'IJ��Vl Elga iu Option R 7 with maxima HPLC)



a ., 

3.3 nTnnunu'a1iJ'UeJiJ6l 

3.3.1.1 �1j&1�s11t1nj�'611Viiun11bvi�t1a.1�1e1V1\Jbb61��1\J-a�uu 

1) �TH1�mt1m\91 HCl 3% (v/v)

11 

bvl�t1i11\9lt1n7'H�eJ\17-:Jn1\91 HCl L'LJ:W'LJ'W lil'rnJ 1 DI 1'WJv111�1'Wn1\91A eJtl1LU'W

3 ml: 97 ml 

2) �71G'l�mt1m\91 HCl 10% (v/v)

bv1�t1i11\9lt1n1'H�eJ\1 1-:in'a\91 HCl b'LJ:W 'LJ 'W \il1t1tl1 DI b 'WeJv1'a1�1'Wm\91(9)eJtl1 bU'W 

10 ml: 90 ml 

3) m'a6l�mt1m\91 HN03 5% (v/v)

Lv1�t1i11\9lt1n7'ab�eJ\17-:Jn'a\91 HN03 b'LJ:W'LJ'W lil1t1tl1 DI 1'WJm1�1'Wn'a\91Ae:itl1 bU'W

5 ml: 95 ml 

4) �7'aG'l�mtJ Aqua Regia b�eJ\11-:J 10 wh

Lv1�t1i11\9lt1n7'at:-i�iim\91 HCl b'LJ:W'LJ'W bbG'l�m\91 HN03 b'LJ:W'LJ'Wb'WBm1�1'W 3 : 1 v11:w�1\'l'IJ
V V 

\11m!'W�-:it11�1'aG'l�mt1m\9l mb�eJ\17-:J 10 b'V171il1t1'l11 DI 

3.3.1.2 6ll'a'61�6l1f.J\il1el81.:J'U'ael'Vl 

1) �1'aG'l�mt1v11e:icJ1-:ithe:imoif:woif'W 1000 µg/l

Ub'Uvl �1'aG'l�Gl1tJmvl'a:07'W'U'aeJ'VlA17m'LJ:w'LJ'W 1000 mg/l u�mv1'a 0.1 ml 1�G'l.:J b'W
.,_, 

Volumetric Flask 'U'Wl\91 100 ml bbG'i'1u{uu�mv1'alillt1�7'aG'l�G'l1tJA7-:J 1 'U'a�ffti'U\illtJ 3% HCl, 10%

HCl, 1 % HN03, 5% HN03 bbG1�J1 DI b�eJb(,l�tJ:W�1'aGl�mt1mm.)11'W'U'ael'VlA11:wb'LJ:W'LJ'W 1000 µg/l 

2) �1'aG1�'17tJ v11eJ81.:J'U'aeJ'Vlb'LJll'LJ'W 10 µg/l

ti b 'U (,] � 1 J G1 � G1 1  tJ (,) 1 e) cJ 1 .::i 'U J e) 'V1 Al  1 :W b 'LJ ii 'LJ 'W 1000 µ g/ l 'U � ii 1 m 1 ml 1 � Gl .::i 1 'W

Volumetric Flask 'U'Wl\91 100 ml bbG'llU{'\JU1mv1'alillt1�1'aGl�G11tJA1.:J 1 'U'a�neJ'\JlilltJ 3% HCl, 5%

HN03, bbG1�'\J1 DI 

3.3.2 16vl1b'W'Wn7'a'Vl\916lel.:J bb6l�bf1'U'Uell.J6l 

3.3.2.1 n7'a'VlW16leJ'Uii1ruru1run1'a(,leJ'lJ6l'WeJ.:J ., ., 

5% HN03 (hmu'aeJ'Vl) b�eJvl'a1\l�eJ'Un7'a'a'\Jnl'W���1ru\17nv11nm-:ivfli 

2) 'Vl 1n7'a1\91� � � 1 ru n7'avleJ'\J�'WeN'lleJ��1'aG1�Gl1 tJ'U'aeJ'Vl� r111rn 'li:W'll'W 10 µg/l bbG'l �

1000 µg/l 1'Wm'aG1�'17tJA1� 1 llilbbn 3% HCl, 10% HCl, 1 % HN03, 5% HN03 bb6l�J1 DI 
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3. 3 .2. 2 01 ';iVl �Wl0'U 01-rn {1.:i m1'v'J 6l 1 ';i61::; 611 tim Fl ';i�1'W'll ';jeJVJ 1 'W i 1 mn .:i 'll'W VI vi1.:i 61

1) Lv11m-J?l7"i?l�G11t1mv1"i.i11'W'U'HJVl�r111moiJ:w-um�\i1\wh-:i 1 v1-rd 5, 10, 50, 100, LL?I�

500 µg/L 1VlmFl1t1:w?\1';iG1�mt1mm.i17'W'U';ielVJL'Lllillmn.:i'll'WVlv17-:J 1 Ael 3% HCl, 1 % HN03 LL?I::; Aqua 

Regia b�ff<i)1,:j 10 b'V11 

2) vhn1';i?1{1.:in';i1'V1mv1';i�7'W?\7';iG1�G11t1tJ';ielV11u1>11nG11-:ii.:i 3 'll'W\i'I 1V1t1Hr11i-:i., 

Calibration ·;;nn1 'U';iLLmmJeJ.:Jbrl�el.:J 

3.3.2.3 nTrnV16leJ'U01';iFlnr11.:ibb61::;n1';i'6i'1.:i'\J';ieJV1Flnr11.:ie:ie:in'<il1m::;'U'U 

1) V11n7';iQVl?\1';iGl�G'lltl'l.helVlA17m'LJ:W'V'W 1000 µg/L 1'W 3% HCl 1,'U1�\,A�el-:J ICP-OES
'\J 

\, 'U'Ub�tl1 fl'W fl'U nl';i\9l';il'<iJ1Vl'U ';ielVl 1 'Wlil1 eJ 81-:JFl 1:W'U n� 

2) 'Y11n7';i'U'\.J'Vlnfl1iqi qj1ill'llel-:J'U';ielVl 'j1ji{-:J'<i]7m!'W�-:J�1,lJ�'U'UFl1:Wi'WFlel'W'llel-:J 1 'U';ibbm:W

'llel.:JbA�el.:J ICP-OES 1Vltib'U?\1';iGl�Gl1tl\911-:J 1 (hliJ'U';ielVl) lJi'LLri 3% HCl, 1 % HN03 5% HN03 bbGl� 

?\1';iGl�Gl1tl Aqua Regia b�el'<il1-:J 10 b'V11 Lbii'1'Ylln1';i1VliqJqi7ru'llel-:J'U';ielVlb'U?\1';iGl�G'lltl�-:J 3 'llU\i'I b�el 

Fl ';i1'<il?lel'U � ru ru 1 ttJ'll el-:J'U ';i elVl� Fl n A1-:i el 8
V V '\) 

3.4.1 V1-a-:i'<il1n�l#i'-uel¾jG1iqiqi1ru'llel-:J'U';ielV11u1>11nm-:i'll'WV1\917-:J 1 '<il1mr1�el-:1 ICP-OES LLii'1 

N1bf1J1�vflm 'd'Uel:WG1\i1-:Jn�111 'Wnl"i?1f1-:i Calibration Curve 'll'iN'U';iel'YlbbGl::! b 'U�tl'U b 'VJt1'Uiruru1ru'llel-:i'U';ielVl 
'U 'U V V 

1 'W�lnG11-:J'll'W\i1 \911-:J 1 bbGl::!1bA';i1��'U';i��Vl5.n1'\i'l1 'Wfl1';iii'1,nhelVl'll el-:J?\1';ibf1� bb\91Gl::!'ll'WVI 1VI ti i-:iLn\9l'<iJ7n 

';i::; ti::; b 1611 �1 if1 'W n 1 ';i J 1-:J ';i::; 'U 'U Lb Gl � i flJ flJ 1 ru 'll el-:J 'U ';i el Vl � b Vl �el� 1 �?\VI b 'U � ti 'U b 'VJ ti 'U fl 'U ?i' flJ flJ 1 ru 'll el -:J 

?\l';iGl::!Glltl Blank

V V 1 V V 

3.4.2 'Uel:WG1�'l#i''<il1 n fll';j'U';j�:1J1G1f..lG1'<il� '1 n'U1L?l'W el 1 u -a n'l'.lru�Fl1';i7-:J LLGl::! LL�u.nj'.j YJfo:welBu1 t1 Lrn � 
'\J '\J '\J 



4.1 f..l'6'lfl1'a'Vllil&1eJ'UiK�rnJ1run11\9leJ'U&1'Ue:i-:i 
., ., 

d 'U'Vl'Vl 4

e-J6'1nwv1vi6'1e:i-:i1vi�qiqi1rum1\9leJ'\J11'We:i-:J'lJeJ-:Jtbe:iV1'lJeJ-'l11116'1::;mc.J'1J'Wvivi1-:i 1 l(i)LLn 3% HCl, 10% 
HCl, 1 % HNO3, LL6'1::; 5% HNO3 (\9\111-:i� 2) 'V'l'\J17 �qiqi1ru'lJeJ-'l'U'JeJ'Vl1!uilrh�1 LL6'1::;1nii'Lfimn'Ulqiqi1ru 

�ll'l'<i17 n n11\9l'J1'<i11vi� ru ru1ru'<i11n't.J1e:ivi 1 uJ1 DI �-:i111JJ11t1111't.Jl(i)11� ru ru1ru'lJ eJ-'l'U'JeJ'Vl 1 uG'l7'J6'1 ::;6'11 c.J'/J'Wvi 
V V 'l V V 

v11'1 1 Su �f11b'V11fl'\J Background Signal bb6'1::;G'\1'J6'1::;mc.J�-:J 3 '1J'Wvi�1°Ul'Wfl1'JVlV16'1eJ'1J'Wl��fl1"i'U'Wb�eJ'W 
'<ill nu1e:ivi LL6'1::;l��mrv111 vi�ru ru1 ru'1Jm'lJ1e:iV1G'l'1e:1vi'lJ n� 

., ., " 

L�ml1G'1116'1::;mc.J�-:i 3 '/J'Wvivi'-:i n�11'1f 1'1v1'UmL\9l�c.JJJ1i11e:iv1-'l'U"ieJVl LLii'1'll1 l 't.Jvivi11e:i'U�t1J qi1ru m1 
\9\eJ'\JG'l'WeJ-'l (\9\111-:i� 3) 'V'l'\J17fl1"i1'UG'l1"i6'1::;mc.Jmvi HCl L'llui\'1nm-:i1um1b\9l�c.Jmhe:ivi,lu i1LLm1uJJ�'<il::; 
vh 1 vi'l ru ru 1ru fll"j(,\e)'LJG'\'W e),_'J'!Je) c.Jfl11 n111'UJ1 DI 1 'WVl1-:J\9l"i'1 nu'1f 1JJ 11111 'UG'\116'1::; m c.J fl"jli) HNO3 b 'U'W 

., " 

v11nm-:i n�'\J�LLm1-uJJ�'<il::;vh1vi�ruru1rum1\9\'€l'l.J11'W'€l-'lG'l-:Jn11�'1fl1"i1iJ1 DI Lb6'1::; HCl bU'Wv11nm-:i Ji'1c.J ., ., " 

b Vl\91d�-:iG'\1m'Jt1G'l'J'LJ'l1>l17 i.1116'1 ::;m c.J�1 'lJ b uui\'1nm-:i,!u�fl11JJG17Aru \l)e) fll'Jli) 'J1'iJ11i) 'LJ'J'€JVl(i)1 c.J bfl�'€)-:J ICP-
' ' " 

OES vi'-:iuu�-:ir111L\911mm116'1::;mc.Jm\9\1�1'WLL6'1::;G'll16'1::;mc.J'lJ'€l-:Ji11'€lv1-:i(i)1c.JG'l116'1::;6'11c.J'1J'WviL�c.J1n'W Vl�e:iv'f 1 
1 vf i\'1nm-:J'lJe),!li,17"jG7::;mmf-:iG'l'€l'1'1J'Wli)11'W�A11JJ 1rn\LAc.J-:Jn'Wmfl�G'\li) b �e)6'11i) 1'€lfl1G'lfl1"i'J'\J fll'W� ru ru1ru'lJ '€)-:J 

' " ., 

'\.J"i'€lVl '<ill ni\'1 n 6'11-:i� LL\91 nvi 7'1 n'W 'W '€l n'<il 1 n11uv'1 \91"i1'<il'V'l'l.J m1 vivi.a'u'lJe:i-:iu1'€l'Vl 1 m::;uu 5uu1 ::;n e:i'Ul 'U(i)1 c.J 
" 

Q.) i) Q.) � d � I Q..J Q.,J G'lqj qj1illfl1"j(,)'€)'\.J G'l'W'€l-:J'lJ'€l-:Jfl1"j'Vlli)i,1'€)'\.Jli)1c.JvJ1nm-:im DI Vl\911fl11vllmn-:i HNO3 bb��c.J-:J'V'l'l.J fl1"i"i'Un'J'U 

�ruf;Lrnu1 mtJLL uu�v'f 11 Vlfl1"i\91'€l'l.l11'W'€l-:J1;1vi�1�'1 b 'U'W �ruru1rufl1'J\91eJUG'l'W'€l-:J'lJ'€l-:Ji11nm-:i HCl 
V V 'IJ V V 

m11-:i� 2 ���1ru'iJ1ntJ·rnvi1'WG'l1"il;1�G11c.J'1J'Wviv11'1 1 (Fast Mode 10 1mvl bb6'1::; Read Time 5 1mvl) 

611 'a '6'l � '6'11 c.J 6fomnru (c/s) 
., ., 

DI 10 

1% HNO3 24 
3%HCl 17 
5% HNO3 21 
10% HCl 34 
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\il111-:J� 3 il11J11J1!1Fil7n'lhel'Vl�fl11l-H'ihJ'V'U 10 µg/L ll\;'1� 1000 µg/L 1'L.JG'111\;'1�\;llcJ'/J'U\71(1)1-:J 1 (Fast 

Mode 10 imvi ll\;'1� Read Time 5 imvi) 

1000 µg/L Hg in DI 

1000 µg/L Hg in 3% HCl 

1000 µg/L Hg in 10% HCl 

1000 µg/L Hg in 1 % HNO3 

1000 µg/L Hg in 5% HNO3 

10 µg/L Hg in DI 

10 µg/L Hg in 3% HCl 

10 µg/L Hg in 5% HNO3 

G1runnru (c/s) 
.., .., 

113,754 

115,925 

67,434 

205,664 

164,305 

1,195 

768 

1,271 

t:-J\;'1 fl11'Vl \71\;1el-:Ji111J 11J 1 ru'll el-:JU1el'Vl 1 u �1 fl\;'17-:J'il'U \71(1)1-:J 1 'l�t11i,.J 1� ll u 1 � \71 fl 11'\ll \71\;'j el-:JG'l �1-:i fl 11� 

G'\71\;'l�m cJm\il1:01u ( Calibration Curve) l � el fJ'UcJ'Ut:-J\;'l'IJ 0-.1�1 flm-:i 1 'WG'\11\;'l�mcJl'l1B 87..:J(l)eJ� ru ru1ru fl11 
"-' V V 

\91el'\JG'l'Wel'1'1Jel-:Jfl11\il111il1\71U1el'\ll b\7lcJ'l�Vl1fl11'\ll\71\;lel-:J 3 �\71 �fl17i,.Jl'LJJ-J'LJ'U'IJel-:JU1el'\ll 5-500 µg/L b\7lcJHJ' 

G'\11\;'l�mcJ'il'U\71(1)7..:J 1 l 'U'Wl'l1flm-:i 'lh� flel'U�1cJ 

'/J\71� 11'UG'l11\;'1�\;llcJ 3% HCl L'U'U�1nm-.1 

d 1" �I .., 
�vl'Vl 2 'iJG'\11\;'l�mcJ 1 % HNO3 l u'U\il1nm-:i 

d 1" "" I �I .., �vl'\ll 3 'iJG'\11\;'1�611cJ Aqua Regia llilellil1'1 10 l'\111 lu'Wmnm-.1 

t:-J\;'1 fl11'\llvl\;lel..:Jii'-.11tl� 1 llG'lvi-.11 Vil �u11 �ru ru1ru'IJ0-.1tl1el'Vl nlil�i'.lr111J-J(l)7..:Jn'Ll 'ltl1 u�1nm..:J(i)7..:J'il'Uvl 
V V V 

nu 1v1cJ�..:Jln\il'l�1i11nr111J-J'U'Ll'llel..:Jm1�m\9115i1'W 1vicJ'V'l'\J17G'171\;'l�mcJ 1 % HNO3 11u1vii111J11Jlru'llel..:J'\.J10'\ll 

�..:J��vi 1el-.1\;'1'1J-Jl �el �!1ll1J7ru'IJel..:J'U1el'Vl1um1\;'1�611cJ Aqua Regia L�Blil7'1 10 L'\117 �1'W�l1Jl1J70J'llel..:J'U1el'Vl 

1'WG'l7161�mcJ 3% HCl Ju '\l'l'\J111viilruru1ru'IJel..:JU1el'v1�1�G'lv1 t:-J\;'lfl11'\llr1\;'lel..:Jd�..:i8'UcJ'Wt:-J\;'l'IJB..:J�1nm-.1�Hl' 
V V S 

1 'WG'\11\;'1�\;1 lcJ(i) 0�  ru ru1ru'IJel..:JU1el'Vl lil7flfl11\91111illvl 0 flJ-.1cJ-.1G'\1m1t1G'11'\.J'l�11 fl111'Umv1 HCl 11'W Iii� 
V V S 

f)el 1 VILnvi o- �li)�flvlil11J11J7ru'llel..:JU1el'Vl1'1�i1�1�161'1 
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" " • I d" 4.3 i:-rnn1'a'Vl�6lel'Un1'a(i)nA1{1bb6'1�n1'a611{1u'ael'Vl(i)ffVIA1{1elelnlil1n'a�'U'U

500 

15 

Aqua re�ia 1�D 

,;i7� 10 wh

1 % Ht\10
3 

3% HCl 

e-.161n1'i'Vl�?lel'Un1'i'fl1{1'lhel'Vl(i)n�fi'1,re)elf f'il1n':i�'U'U vl1tl?ll'i61�611tl'lJ'U��1.:J 1 lv1bbn 3% HCl, 
' '

10% HCl Lbrl� 5% HNO3 bb?l�.:J\i1.:im'i7.:i'Vl 4 �,:i (9)1'i7.:i'Vl 6 (111iJ�1\i1'U 

d ., .1 d "" !'l ., v v 
(9)1'a1{1Vl 4 r1ruru1ru'lJe:i.:iu<ae:JVl'Vlrm Vlrle:Je:Jtl, mtuurnt1Vlr1.:i:v1n nTrn1.:i<atuumt1 3% HCl 

V V \) 

&11'a61�611tl 
.., d 

1;1ruru1ru (c/s) A'a{!Vl 
., QJ 

1000 µg/L Hg in 3% HCl 113,062 

1 6061 

2 2237 

3 1209 

4 787 
3% HCl 

5 546 

6 389 

7 301 

8 220 



611'a&l�&11cl 

1000 µg/L Hg in 3% HCl

5% HNO3

1000 µg/L Hg in 3% HCl
10% HCl

., d 
fl'a-:J'Vl 

1 

2
3
4 

., d 

rl'a-:J'Vl 

1

ii'tyty1ru (c/s) 

113,754
914
377
298
258

ii'ru�nru (c/s) 
QJ QJ 

119,166
212

16

v-JG'l n11'Vlv1 mi-:i 1,1,G1 vi-:i 1 �1, ih..111i1 n7'a\>1 nfi'1-:i'lJeJ-:JU'HJ'VIB81 m:;uu mt1V1ti'-:i n1"i\>l'a1'<illvlU'aeJ'Vl�fl11:w
1, 'V:W'V'WG1-:JeJci1-:iim'<il'W 1vimavn:;eJ ci1-:iti-:i1 'WJl1cJV1fi'-:i'<il1nn1'a�1-:i'a�'\J'\J(i)lt1 3% HCl (m'a1-:i� 4) 1,1,G'l:;1,1,�11

" 

'<il�Vl1n7'a�1-:J'a�'\J'U(i)1tl 3% HCl 1, 'U'Wlil1'\.J1'WG'1-:Jt'i-:i 8 fl�-:J(i)1t.lfl'W nv-:ir1-:i'l"lu-Kruru1ru'lJB-:J'U'aeJ'Vl�\>lnfl1-:ieJt11 'W
'\J V V 'U 

1 V q V .,;._, 1 J V V J ) 'a�'\J'\J v-JG'ln1'a'Vlvl&leJ-:J 'W&1m1ru�1,v1t11n'Urn.Mt1n\>l'a1'<il'l"l'\J m�'IJ'\J'Vlt1nm-:iv11t1 5% HNO3 (m11-:i'VI 5 
" " 

eJci1-:i'bn� 'l"l'\J11n7'a�1-:J'a�'\J'\J\i11tl 5% HNO3 '1'W1if'oJ1'W1'Wfl{-:i1'Wn7'a�1-:J'a�'\J'\J�Umm11n11�1-:i1:;uuv11t1
3% HCl 1,deJ-:i'<il1n-K��1ru'lJmtJ1e1'Vl�fl-:ib'Vl�eJe1�1m:;uumt1V1ti'-:i'<iJ1nn11�1-:i1:;uu(!)1t1 3% HCl bbG'l:; 5%
HNO 3 '1'W v-:ir1-:ii1ri1�-:in11-K� �1ru'lJeJ-:J'U'aeJ'Vl�'a:;#i'u Background Signal (\>1111-:J� 3) (i)1t11,'Vl�i1�-:i
G11m1 t"1G11tJM11G1T�l;'1� m ti� -:i 2 'lJ'Wvl 1:J 1, 'Vim� G1:w 1 'W n11u 1m 1if n11� 1-:i 1� uu n111 bfl 11� v1tJ1eJ'VI v11 t1
bfl�eJ-:i ICP-OES 0n�-:iv-:i1:J1, V1m�G1:w 1 'Wm1u1m 1 'Vb'U'WG'11'al;'1�mtl 1 'Wn7'albfl':i1�vifl1Bci1-:i

v11m'Vl�v-Jl;'1#1-:in�11i1-1(,)'U�-:i1v1'Vlv16'leJ-:J�1-:i1�uu1vicJ1ir 10% HCl i:-ll;'1n1':i'l/lvll;'1eJ-:J'l"l'\J11 10% HCl
'1'Ui1tJ1��'1/16J71'1"11 'W n11�1-:itJ1e1V1eJeJ n'<il1m:;'IJ'IJ 'lJB-:J bfl�eJ-:i ICP-OES �-:iG11m1t"1-K-:ibn\>11v1'<il1n-K� �1 ru'lJeJ-:J
"I d c:i !6l V V q � d� I Q,) "I � I =i u'aeJ'Vl'Vlfl-1 b 'VIG'leJeJtl6 'W'a�'U'\JJl1tl'Vll;'1-:J n11m-:i 1:;urn '\"I t1-:i 1 fl 1-:i 'Vl:Wfl1G'1 ru ru 1 ru'lJ eJ-:J u':ieJ'Vlfl-:J b VlG'l eJeJ m 'l"I t1-:i 212

'U V V 'U 

c/ s Bci1-:i 1 'afl\>11:W -K ru ru1ru'lJeJ-:J'U'aeJVl�fl-:i 1, 'Vl�BBci1 'WtJ�mru�1d '\"l'\J11eJ1'<iliJG111, Vl\>1:iJ1'<il1n n111,nv1 o- �nvi
V V '\J � 

-K � �1 ill'lJeJ-:J'U'aeJVl 1 �i'.Jfl1�1l;'1-:J flb(i)
#i'-:i'1'W e'.f1br1'a1:;v1�-:Jb\il'Vlvll;'\eJ-:J1°U 10% HCl 1,1,l;'\� 5% HNO31'Un1':i�1-11:;U'\J'lJeJ-:Jl,fl�eJ-:J ICP-OES

" 

'\"l'U11 10% HCl '1m11m1ri'lJ��1-:i1,mtJ1e1'Vl�\>lnfl1-:imJ1m:;uue1e1nm'l(!) 1,1,l;'1�1,�m\1-:i1:;uu�e1v11t1 5%
" 

HNO3 bb�1nti''IJ'\"l'\J1161��1ru'lJeJ-:J'U'ael'Vl�-1'1'Wi1r111, �:w b�ntleJtl �-:Je)1'<i]I, tJ'U'l tJ'l(i)11'U'ael'VI� tJ-:Jfl-:J\>lnf11-:JeJ�1 'W
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t V d V V � d .::f tjJ�'\J'\J'U'Wfln'iJ�m--1e:ie:inm-;;;i1m�'\J'\_J'lJe)'1bflJe)--1v11cJ 5% HNO3 v11tlbv1\ilm�'\J'\J'lJe)--1bflJe)--1 ICP-OES ';;J-:j),j
SJ ' 

A11iJ?l�B1vlmntw11cJv1ir--1n11�1--1'J�'\J'\Jv11cJ 10% HCl bb�� 5% HNO3 \il--'.lbb?l\91--'.le,,m 1 'U\i11'J1-:J� 7

d Q...I 
Q 

I J � 11 V V V V V v1111-:i'Vl 7 muru1ru'lJB-:Ju1B'Vl'VlA--1bv1�BBcJ 'U'i�'\J'\JJl1cJv1�-:i-;;;i1nn11m--11�'\J'\JvllcJ 10% HCl ?1�'\Jf fU 5%
V V SJ 

HNO3

1000 µg/L Hg in 3% HCl

10% HCl

5% HNO3

10% HCl

5% HNO
3 

1
2
3
4

�ruru1ru (c/s)., ., 

171,527
97

102
39
51

bb��bdmJ1?111��mcJt;.J?li,J'lJB'1 HCl bb�� HNO3 (?111���1cJ Aqua Regia b�e:i-;;;i1--1 10 wh) m1i
�1--11�'\J'\Jbb�l 'V'l'\J11 J ru ru 1 ru'lJ e:i--:itJ 'JB'Vl � ri-:i b v1�e:i e:i 81 m�'U'UiJ A1b v1�e:imJ vv1 cJ--1 118 els bb�� 96 els

v V � V 

V V tj � o v  d mcJv1�--1-;;;i1nn11m--11�'\J'\Jb'V'lcJ-:J 1 bb�� 2 A'J--1 v11i,Jmv1'\J (v1111-:i'Vl 8)

bd e:i tJ1 �m�t;.J �Jru ru 1ru'lJe:i--1tJ 1B'Vl�A--1 b v1�e:ie:i 81 m�'\J'\Jm 1:mir--1-;;;i 1n n11�1--11�uuv11 cJ?111���1cJ
V V SJ 

'IJ'U\91�1-:J 1 bb�1'V'l'\J11 ?11'J��l;11cJ 10% HCL bb�� ?11'Jl;1��1cJ Aqua Regia b�B'sJ1--1 10 b'\ll1'U'U iJ
tJ1��'Vl5m'V'l1un11'iJ��1--1tJ1e:i'Vle:ie:in-;;;i1m�uu'lJe:i--1bA�e:i-:i ICP-OES lvi'tn�b�cJ-:inu bb��?111��mcJ�--1 2 'IJilvi
m-;;;i ?11m11:1'iJ��1--1tJ1e:i'Vl e:ie:i n-;;;i1m�'\J'U'lJB-:JbA�e:i--1 ICP-OES lv1 v1iiv1 mm �m� cJ�b 1mv11e:itJ�mv11 'lJB--1
?111��mcJ�1mun11�1--1'J�'U'\J'lJB-:Jbfl�B--1 ICP-OES 1vfmntu

\Jl1'n-:i� 8 Jt1jt1j1ru'lJB-:JU'JB'Vl�fl--1bv1�DD�b'U'i�'\J'\JJl1cJv1ir-:i-;;;i1nn11�1--11�'\J'\JvllcJ Aqua Regia b�e:i-;;;i1-:i 10
b'\111

1000 µg/L Hg in 3% HCl

Aqua Regia 
1 

2 

115,925
118
96

bdm tJ1cJrn v1 cJmrn n11'Vlv1�e:i-:in11\ilDU?l'UD--'.l'lJD-:iJt1Jt1J1ru'lJe:i-:itJ1e:i'Vl1 uvi' 1nm--1'lJilv1�1-:i 1 'V'l'U11
U'iB'Vl�e:i�1u?111���1cJ 10% HCl Jui1r11Jt1Jt1J1ru�1��v1 zj--1e:i1-;;;ibnv1 -;;;i1n tJ11n{ln11�Jn1'ibnv1
Polyatomic Ion Interference 1u'V'l�1?1i11'lJD--1bfl�B--1 ICP-OES zj--1bnv1-;;;i1nn1111J.Jvl1'lJB-:Jle:ie:ie:im11mu 2
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1e:ie:ie:i'W�iJmnlw'\Alm?1ll1 b'li'W m{ne:i'W (Argon (Ar)) m,�1'Wi(rvhG'l�mcJvt�e:i\i11mn:i1'W?ITrn�mcJ zj,:ifo
m1i31n'l'1Tdisfo o- 'il1nmA HCl (1;'l'fom1 '1Jn�'W, 2011) n111'lJm'WG1ruru1ru1mfo'l'1ru�dirmnAtmde:iH

� 'U V V 

mA HCl 1 'Wn111bm1�vi if 'W 'il��,:ie.rn 1 vf G1ru ru1ru 'Ue:i-:i m11 brn1�vi\9l1mr1�e:i-:i ICP-OES t!'W ri m'lJ m'Wl\9l
V V " 

mh-:i'hn� 1'W'IJ7-:Jmrut1'Wm'ill�mm1rivt�flb�cJ,:Jf1111'ifmA HCl 1'Wfl711bf117�V!l\9l b�e),:j:l.J1'iJ7flfl1\9) HCl

l1'W?17:l.J11rt'UlcJ1'Uf'lJb?l�cJ1'Ue:J-:J57vi'IJ7-:J'1J'UA b'li'W '\AIG11-:J (Antimony (Sb)) b1'W (Silver (Ag)) 11:wl 'IJ�-:i'IJ1e:iV1' 

(U.S. EPA.,1994; Louie et al, 2012) famu'\Al7�fl711bA11�vi'IJ1e:iV11'W 1�\il'lJ ppb J'W mA HCl "ll�
?11:l.J11rt'UlcJV171 vf '1J1e:iV1t!'Wr1-:J?IJl1'\Ale:J �1 'W�'U'1Je:J-:J?l11G'l�mcJ Hg(II) 1 'WJ71'1J'W�m1�'1J'UA Low Density Poly

Ethylene (LOPE) l\9l (Paul, 2011) \9l18bvt�i1fl11bvi�cJ:W\i11e:l87-:JbbG'l�?l11G'l�mcJ6'11vtf'IJ?l�1-:JflHY-lmv11�1'W
( Calibration Curve) 1 mb�G'l� r1.f-:i�-:im1�e:i-:i1�irm�1-:i 1 'W fl71b�e:J fl\ill nG'l1-:i�Hf b �e:i 1 Vl?l7:WTrn�1 b 'U'W fl71
vh Matrix Matching 1�vt11-:im1��mcJm1v-lmv11�1'WUG'l�\ille:J ci1-:il\9l zj,:i'il�'Vl11 VIG1rt.J rt.J1illfl71vie:J'\J?l'We:J-:J
'1Je:i-:i'IJ1e:iV11'W?111��mcJm1v-lmm\i1'Wbb��\i11e:ici1-:it1mtl'Wl'IJ1'Wv1f'1Vl1-:Jb�cJ1n'W (U.S. EPA., 1994) \il-:Jb'li'W... 

t:-1G'lfl11VIAG'le:J-:J?1�1-:i m1v-lmv11,�1'W'Um'IJ1e:iV1�16if \i11nm-:i'1JuA�1-:i 11 'Wm1f'lmn1 bm1�vid�'\Al'lJ1761rt.Jrt.J7ru
'Ue:i-:iu1 e:iVJ1 'W \ill nG'l 1-:ib� cJ1n'W tf 'Wn bb m 1 u:wl u1 'W'Yl f'1V11-:i b� cJ1nmd e:i r111:w b i:wi'W'U e:i-:iu 1e:iV1 b �:w ?1-:it'W bbG'l �" 

?!' t1.J t1.J 7 ru'U e) -:i'IJ 1e:JVI 11 'W "\) �n fll 7:l.Jbbvi n� 7-:J ll'W 1 'W \ill n G'l 7'1��7-1 ll'W b\91 cJ 61-:JbflvilVl'<il 7 n f111:l.J'U'W'U e)-:J b�'W m1v-l �
bbvlfl�1-:J1l'W

1 , 
d 1 " .1 .,i 'W?ll'W'U e:J -1 fl11Vl AG'l e)-:Jvt1?11'm � mc.JVI b vtm� ?l:W 'W fl11m-:J u 1 e)VJ e)e) ffil 1 m�'\J'\J'U e),:j bA 1eM ICP-OES

t!'W '\Al'IJ171Ac.J�1l 'IJ'IJ1e:iV11 'WV1n'U1-:im1m.if:wimY'W"il�?1�?1:we:ici1 m�uu'Umbr1�e:i-:i ICP-OES 11ii' bb��"il��-:it:-iG'l' " 

vt11 VlbnA Memory Effect '<il'W'Vl11 Vl�rt.J rt.J1ill'Ue:J-:J'U1e:JVl1 'W\i11e:J81-:Jt1A 1 'IJt!m �:wt'Ue:ici1-:i�m�e:i,:i Bn�-:icY-:i
�-:ii:-m 1 vf m1v-lmm\i1'Wlll b tl'Wb�'Wm-:i vt11Vl'<il7b'U'W�e:i-:i16if 1�c.J�b 1m 1 'Wm1�1-11�'\J'\J'Ue:J-:Jbr1�e:i-:i ICP-OES

b�:wtm�mbn'U rt.jvt1v1-:in�11 (Zhu & Alexandratos, 2007) 1Amu'\Al1�e:ici1-:i�-:ibde:i\i11e:ici1-:iiJ'U1-:ir111:w
b'LJ:W'LJ'W'UeN'U1e:JVl�bbv1n�1-:in'Wmn 'l (i-:ibb�m1m.if:w.if'W1m�v1u ppb 1'IJ'<il'W�-:J1�1i1'\J ppm) '<il��-:i�-:it:-iG'l'Vl1
1 Vlt:-JG'lfid�Vl'\J'Ue:J-:J Memory Effect J'W'UAb"ll'W:l.J1fl('W t:-JG'lfl11VIAG'le:J-:J�11ii''<il1flfl11�n'l'111bf111�Vldbb?IA-:J1 vi
b �'W11 fl71� 7-:J1�'\J'\J'U e),:j bfl �e)-:J ICP-OES J71 c.JvtrA'-:J'<i:11 n n 711bf111�vi ?I 11G'l �m tl'U 1e:JVI� f111:l.Jb 'LJ:l.J'LJ'W 1000

µg/L li11tl?l11G'l�G'l7tlfid\91 3% HCl 11'W'<il1b'U'W"ll::;�e),:J�7,:J1::;'\J'\Jvtmc.Jflf:1 b�e:i1vi'IJ1e:iV1�bfl7::;e)�Jl1cJ1m::;u'lJ
'Ue:J-:J ICP-OES vtG'lAernnm bb�::;bdm�:wr111m.if:w.if'W'Ue:J-:JmA1vimn�'W 1Ac.Jfl711'if 10% HCl 1'Wm1�1-:i
1::;uu'\Alu11 ?11m1ri'lJ::;�1-:i'IJ1e:iV1e:ie:Jn"il1m�'lJ'Ullii'mnt'W �-:ii1btl'Wt:-i�m"il1n o- �iJml1'WmA HCl t!'W

'U 

?11m1rivt11vf Hg(II) 0�1'W�'U'UeNl000mv1v11�r1�0hb:w0�1b1v1 (Tetrachloromercurate, [HgCl4]2-) �
?11:l.J11rtG'l�mm11lvi' \il-:J?l:Wfl71� 1 (Louie et al., 2012; OpenStax College, 2015)

d (?1:Wfl71Vl 1)

1'W�l'W'Ue:J-:Jf111�1-:J1::;'lJ'IJ'LJ0-:Jbfl�e:J-:i ICP-OES VllcJfid\91 5% HNO3 t!'W '\Al'U11 bbif11 5% HNO3 "�
?11m1ri'1J::; �1-:i'IJ1e:iVJ00 n "ill m ::;'lJ'\J'Ue:J-:i bfl � e:i-:i ICP-OES lvi' bb�'IJ 1��V15J71'\Al'Ue:J-:i m1'1J::; � 1-:it!'WiJ�1 �1n11
'IJ1::;�V15Jl1'\Al'Ue:J-:Jfl71'lJ::;�1-:ivi'1cJ 10% HCl
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d 
1" 

., ., 
1 

,, d ,, 
b:Wel 'lJG'\l'�fl�-alt.l 10% HCl bbfl� 5% HNO3 6'\fl'\Jn'U 'Uf 11'Jfl1,:J'��'\J'\J'llel-'.lbfl'Jel'1 ICP-OES um 

' 1 "" I "" "" 1 ,, 0 I d � ,, .¥ '\" fl V d 
�'\J11 Vlu'J�6'\'V15Jl1� 'U'lJ�f\1-1 u'Jel'Vlelelf1�1n':i�'\J'\J'llel-'.lbf11el-1 ICP-OES bVIG'l-'.l'lJ'U bVlt.lbu'Ue-.Jflel'Ub'Uel-1m�1n 

'IJ 

mVI HNO3 11'U6'11m1r;iv'h1 �bnV11.l£in�t.J1elelf1'VbVl'U'U'lJel'11J1el'V11 'U�1J'VJel{:W�1'1 11 �b1J�t.J'Ul 1Jel�1'U�1J Hg(II) 

�6'\1m1'1fl�fl1t.Jt11'lA (71,'.J6'\ljf11'j� 2 (OpenStax College, 2015) Hg(II) �bflVl�'Ui16'11m1mih1Jljn�t.J1n'\J 

o- 'll el-1 m VI HC l LnVI L 'U'UG'\11� fl� m t.Jl\il��-:i 6'\1m 1 r;i r;i n'll� -a\:rnel nm� {el:w n'\J 6'111fl�m tJ m V1�1-ill'Um1111-1
'IJ 

1�'\J'UlA (Livengood, & Mendelsohn, 1999) 

bbfln�elb'U6'\1'jfl�fllt.l Aqua Regia b�el�1'1 10bV11 1'Uf111�1'11�'\J'\J'llel-'.lbfl�el'1 ICP-OES b�el 

fl el 1 � bflVle-.Jfl'lJ el-1 Cl- �� el tj1 'Um VI HCl bbfl�1Jl) n� t.l1elel n'IJ bVl'U'U� bflVI � 1 f1 m VI HNO3 fob 1fl1 b� t.l1 n'U11'U 

�'\J17 6'171fl�fllt.l Aqua Regia '1�1J1��'V15.f11�1'Uf111117'11�'\J'\J'llel-'.lbA�el'1 ICP-OES �-:i��VI €1mt1il'-1 

mm1mih 1 �1� t.J� Lm 1 'Un11ii'1-11�'\J'\J'llel-'.lLA�el-1 ICP-OES J'Ui'U�G'IVIB nA1t.J 'Uelm Vl'Wel 11J�1n1Y'UtJ-'.l�'U11 

6'\1'Jbfl�'ll'WVl�'U 1 ��A11:W6'\7m1'11'Uf11'j1Jfob6'1�t.J'j'lJel'11J1el'Vl b'li'U 6'\1'jfl�fl1t.lbf1�el'Vlel'1 (Gold(III) 

Chloride (Au(lll)Cl3)) Vl�el6'\71bA��'Vl11�LnV1Ael:wb��n61J (Complexing Agent) 1'Un111Jfob6'1�t.l1'llel'1 

1J1el'Vl b'li'U 1mLel'V11b'Ufl7�'U (Triethylamine, TEA) bbfl�bel'Yl�'U1V1Lel�'Ubrlr11�el�'ll\i\mel'IJV1 (Ethylene 

Diamine T etraacetic Acid, EDTA) 11'U n6'\1m'J'r;ir;intl1m Hf L 'U'U6'\71'll�ll7'11J1el'Vleleln�1 m�'\J'\J'llel-1 LA�el-1 
'IJ 

ICP-OES 'llilL'lJ'Ub�t.J1n'U (Louie et aL, 2012) J-:idm1L�eln1'ii6'111'lJ��1-11J1elV1�LVlm�6'1:w1YwKel-1A1-w-1�-1 

'LJel� 1 flVl'lJ el-1 bfl�el-'.l�el 11:w'l 1.J �-1 A11:W6'1 �V\1 n'll el-:J�1.l£iu\i\-11'UB f1\il1 tJ 

'U el n L Vl'U ell 1J � 1 n J 'U � '\J 176'171fl � fl 1 tJ 1J 1 el'Vl 11'U A 11 r;i n Ln '\J el �1 mn VI LU71'll'W VI Borosilicate 
'IJ 'IJ 

L�el-:i�1n Hg(II) 11'Wmm1r;i�f1\i,)V1'/J'\J'\J'U16'\\i)1.l1�bfl'Vl�fl16'1\!1nllii' (Paul, 2011) 



d 
'U'Vl'Vl 5 

Nri n7';i1bfl';i7�vlbbi:1\il-:J 1 VIL viu�-:iNri n7';i\WeJ'Ui:1'Wel-:J'1lel-:Ji<()Jt1J7ru '<il1mhel'Vl 1 'W(,11 nm-:i'LJ'U\il\117-:J 1 b\ilEJn7';i 
(l)';i1'<il1\ilv71mr1iel-:i ICP-OES i!u 'bJ'v'-l'UG1t1J t1J7f1!'1lel-:J'lhel'Vl'l.h1 n!)t'W bbi:1\il-:Jb VIL viti11 hH1 n7';iU'Ub�el'W'1lel-:J 
U';iel'Vl 1 'W(i)1 nm-:ilii'-:in�11 bbri� bdel'Vl\ili:1el'UG1f1! t1J7f1!'1lel-:JU';iel'Vlb 'W(i)1 nm-:i b V1�1i!mbii'1'1"-lu11n1';ib'U HNO3 b U'W 
(,11 nri1-:i 1 ti n1';ib\9l�tll-Ji:17';il-J7\9l';i�7'WU';iel'Vli!'W'<il� 1 vf ri1G1ru ru1ru'Uel-:JU';i el'Vli:1-:J�i:1\il �-:i 1 u�1-:iA11l-Jb 'Ul-J'U'Wi:1-:J bbri� 

d.i V V '\J � <\.I 

r111m 'Ul-J'U'W �1 (3% HCl) '<il :;'l�'v'-l'U n7';i';i'\J mui( t1J t1J 1 ru'll el-:JU';iel'Vl v°i'-:i'<il :;i(,:i bn (I) 'lv1'<il1 ni< t1J (lJ 1 ru 'U el-:JU';i elVl � 
1nii'bAtJ-:inun7';ib'll DI bti'W(,)1nm-:i bb\llbdel';i:;v1ur111m'Ul-J'U'W'LJel'1m\il HCl b�l-J�'W n�'U'v'-ltJ11i1't1J (JJ7ru'llel-:J 
'U';ielVli!'W6'1\il'1'1el81-:JbV1'W'lv7'll\il btiel-:imn'<il7nNri'llel'1 Polyatomic Ion Interference bb\llbtiel-1'<il1nn1';ib'Un';i\il 
HCl i!m1-:i�m1ml1bti'U 1 u n1';i�1tl'Ufobi:1� tl';i'Uel-:J'U';ielVlb Vlel8b 'Wi:17';ir,:;r,1t) zj-:i 1 'W'U1-:Jmrui!'Uell'<il'l�i:17l-Jl';ifl 

" 

'Vl;m�mn7';ib'llm\il HCl ln1';icimm�elnl';ib\?l�tll-J\i11elci1-:ilv1 v11m'\ll\?ld�-:i�m1:lJ�1v\Ju1tim';ibbnl'Uuru'Vl11\iltJ 
' V 

nwvh Matrix Matching 
c:,, ( 

v 
,,I 

d 6l ,::,tdv 1 .<:::I v v Nr, n7';i1bfl';i1:;'\ll n1';ir,1-:]u';ielVlelel n'<il1m:;'\J'U'llel-:J b\"l';iel-:J ICP-OES b 'Wn';if1!Vl(l)1eltl1'1l-Jf111l-J b 'UJJ'll'W'llel-:J 
U';ielVl�-:i b �'W r111m 'UJJ'U'W'll el-:JU';ielVl m n n11 o .5 mg/L 'l"-l'U171il7b 'U'W(i)el-:J b'll ';i:; u:; b 1m 1 'W n1';iii'1-:i';i�'U'\J'llel'1 
bfliel-:i ICP-OES �tl11'U1'W bb6'1:;'\"-l'\J11n7';ib�l-Jfl11l-Jb'UJJ'U'W'llel-:Jm\il HCl �1mtin1'�ii'1,:i';i�'U'U'llel-:Jbfl�el-:J ICP­
OES '<il7n 3% b'U'W 10% t!ti1vf'\J';it�Vl5fl1'1"-l1un1';iii'1-:i'\J';iel'Vlelelmnm::;uu�i:1-:i�u bbritV11rn�m�l-J.fr'W\?lel'W 

" 

n7';i�7-:J';it'\J'U'LJel-:Jbfliel-:iv11t.Jn1';ib'll lO% HCl l:l�unu 5% HNO3 '<iJ:;'Vl11vf'\J';i��'Vl5m'v'-l1tin1';iii'1-:i'\J';iel'\ileleln 
'<il7m�uu�A7l:1-:J�'Wmnn11n1';ib'lli:11';iri:;mum\ilbY1tJ-:i'LJu\ilb�tJ1 b ti el'1'<il7n HNO3 '<il�'ll1tl'Vl71 Vlbfl\ilnl';ieleln'll 

" 

b\il4ti'Um'\J';iel'V1b'Vlel�"l.u�u�eliJJ'llel-:J Hg(II) �l:17JJ1';ifl'Vl1u{jn�u1nu o- 'llel-:Jm\il HCl bn\ilb'U'Wl:11';i�ri�mu'lv1 
��-:] 61 n'LJ�ii'1-:iel el nl-Jl'y',j 1ell-J 17'\J i:11';ir,� '11tl n';i\il�bm 'W n7';iii'1'1';i :;tJ'lJ 1 'W�1'W'll el-:J nl';ib 'll Aqua Regia � b 'U'W 

" 

�1'WNi:1:lJ'llel-:J HCl bbr,t HNO3 1 'W'iJ\9l';i1�1'W 3: 1 bbii'1b�el'<il1-:J 10 bVl1 1 'Wn7';iii'1-:J';it'U'\J'llel-:Jbfl�el-:J ICP-OES i!u 
I ., • I � """· I "" "" J d "" .., • I d d 'v'-l'U17 l:l1m ';ii;im-:i u';iel'Vl el el n'<il1 m::;uu b\il :lJ u ';i:; i:1'VlfiJl1'y',j l:1-:J'Vli:1 \il bl-J m 'Vl tl'U n'Ui:11';i6'1::; m tJ u ';i:; bil'\11 el'W b 'Wel-:J'<il 1 n 

" ' 

i:11:lJl';ii;)'Vll 1 Vlbfl\il nl';ielel n'llb\il4'W'llel-:J'U ';iel'Vl 1 Vlel�b 'W�'U�el{l-J'LJel-:J Hg(II) �l:11l-J1';ifl'Vl1'U{] n�tl11l'U o- 'llel-:J n';i\il 
HCl bfl\ilb 'U'Wl:11';i�r,:;m u'lv1��-:it1n'LJt ii'1-:ielelnl-J1'1"-l1ell-J /l'Ui,'ll';ir,:;r,7t) n';i\il�b m 'Wn7';iii'1-:J';it'\J'U'lv7b �'Wll'W �-:J'Vl1 
1 vil:l1m';iri'\J';it'VlcJ\ilb 1m 1 un1';iii'1-:i';it'\J'U'lv'i'mn�u 
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5.2 'Uelb6'1'Uelbb'U::: 

1. 'LJ'UV1el'Un1'at:)e)l:J�1elt:11.:J

1.1, �1eici1-ru1
1) m.:i�1eici1.:it!1tFhrnrJ 25 ml 1G'11'W Vessel 'Vel.:JbA�ei.:ih11mrn-'l
2) b&i:Wmlil HN03 b'V:W'V'W (cone. HN03) 'lJ�mVl'a 2.5 ml bb'1:::n'ilil HCl b'V:W'U'W (cone. HCl)

1 Vlc.Jlil ('lJ�m\911'lJ1:::mru 0.05 mU '1.:J1'W\vl1eJci1.:i (Paul, 2011)

3) 8€) 8\vl1€l 81.:Jlillt.Jbfl�el.:Jlj_j bfl'abl�
4) bde:J fl1'at1€l8\vlle:Jci1.:ilii'1mA�e:J.:i l:w bA'ab 1� bG'1�'<ilbb�1 �.:J'U'1€ll:.l 1 � Vessel bV'UG'l-:Jci.:ieiruvi.nil�e:J-:i

' SJ 

bbi11�.:ime:J.:i\vl1e:Jci1.:ilii'1tJm:::lil1�me:J.:i b'Ue:J{ 40 G'l.:J1'W'V11il'lJfo'lJ�m\911'V'W11il 25 ml

5) 'lJfo'lJ�m\911\vlle:Jci1.:i'<il'Wllii''lJ�m\9l<a 25 ml lil1tJt!1 DI bb�1�.:iil1l'lJ1bm1:::v1vi1ri1'lJ1e:J'\lllil1tJ
d bme:J.:i ICP-OES

6) m1G1f 1-:i m1�m\911�1m!u A11b\9l�cJjJ'<iJ7 nr111mf fa�1u'lJ1€l'v1 11ilcJ 1 ir111G'l:::6'11c.Je-.Jrlmrn-:i mvi� � 
HN03 A11:l.Jb'Vj_]'LJ'W 10% (v/v) bbG'l:::mvi HCl A11:l.Jb'Ujj'LJ'Ll 0.2% (v/v) bDur11nm-:i b�e:J1�

\vl1€lt11.:JbbG'l:::m1�m\911�1'Wii Matrix b�tl1fl'Ll� 
vimmvill): vi1ni1e:Jci1.:ibD'Ut!1�:w 1�vhn11'lJfu pH lilltlmlil HN03 b'Vjj'U'Ll (HN03 65%)

'lJ1:::mru 1-2 Vltllilv1e:Jt!1'lJ�m\911 50 ml bb�1tl1 l 'lJ31i11bm1:::v1vi1ri1'lJ1e:J'\lllil1mA�e:J-:i ICP-OES
., "" 

'\ll'Ll'\11 

1.2. \il1€lt11.:J�'U
1) tl1i1e:Jci1.:i1��mnv1 bbG'l:::bn�tJ1�1>11e:Jci1-:iiim1:wU1.:il:i.ibn'Ll 3 mm

2) tl1i1e:Jci1.:il'lJbb'llbb�.:J�e:Jruvi.nil -60 °c b'Um1m 24 -&11m
' SJ 

3) tl1i1e:Jci1.:il'lJb'V1bA�e:J.:J Freeze Dryer �A11:Wvl'Ll 0.1 mbar b'U'Wb16ll 24 -&11m
4) o&-:ii1e:Jci1.:i�'U'lJ1:::mru 0.50xx g 1ri1'WVl'1€llil'i'11Vlfot1ei8\vlle:Jci1-:i
5) b�jjn'jv) HN03 b'V:W'V'W '\J�mm 6 ml bbG'l::ln'ilil HCl b'UjJ'LJ'U '\J�m\911 2 ml 6'1-:J1'LlVlG'Je)v)

G'11Vlf 'U 8€l8\il1€l 81-:J
6) U1\il1€l 81.:Jl 'lJcie:J 8\i11t.Jbfl�e:J.:Jlj_j bfl'a b 1�
7) me:J.:ii1 e:J ci1.:i� ri n cimH� tJ'U fa mb�1 lii'1 cJ m:::lil1�me:J.:ib 'lrn1 40 G'l.:J 1 'Ll'V11il'U {u'lJ�m\911

SJ 

'V'W11il 50 ml bb�1�1.:JV!G'le)lil8€ltl\il1€l81.:J\il1tlt11niuvimt1 1 Af-:i bbG'l:::b'\11�1'Ll��n�1-:iG'l-:J1'W
m:::lil1�mei.:i
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8) ·1H\J'lfhnM1A1mh:i v11ml1 DI 'oJt1lv11..fh.J1M'J 50 ml LL�1l:i'l11l1J1Lr111�v1'Vl1r1TthiJ'Ylv11tJ
d 

Ll'WiJ-:J ICP-OES

9) n11?1�1-:i m1Y1 mM 'J \i1m!t1 m 'J LM � m.J 'oJ7 m'111mM 1 \i7'W 'll 'J'iJ'Yl b(i) t.11'if ?111 G'I � m mrn:w n"J(i)
� � 

HNO3 A17:WL'U:W'U'W 12% (v/v) bLG'l�n<a(i) HCl A17:!.JL'U:W'U'W 4% (v/v) LU'WA1n6'\7-:J L�B1vi

\fl1'iJ81-:JLLG'1�n'J1'V1:!.J7M'J\i1'W� Matrix L�t.11/l'W
dS 

'Vlmm 'Vlli): 1 'Wn'Jru�1 'U?l1'aG'1�m tJ Aqua Regia 1 'Wn7'a8'iJ tJ\fl1'iJ81-:J 1 Vlfl1'Ll1ill A11J.JL 'U:l.J'U'W'lJ'iJ-:J

n'a(i)'Vl�-:J'Ufo'U�:!.J1M'aLL�1 L �'i) 1 'Vb'Wnl'aLM�tJ:!.J m1'v'lmM'a\il'W

t ,., 

2. 'll'WM'iJ'Un1JM'J1'oJ1(i)

� 

1) vi'1n1<aLM�t.1J.J?ll<aG'1�mt.1mm\i1m11wr-trn�1-:im1'v'lmm\i1'W (Calibration Curve) 'll'iJ-:J
� dS 

'UJ'iJ'Yl b(i) m� 'iJ n'1Ji1(i)'lJ'iJ-:J m\i1 LLG'1�r11tn rurn1m 'UJ.J'U'W 1 vf L 'Vlm�flJ.Jn'lJA1'iJ i:J1-:i L �'iJ 1 vifl11G'l�mt.1

:!.J1M'J\i1'ULLG'1�A1'iJ81-:J� Matrix L'Vli'Jmin'W
� 

2) 'Vl1n7J?l�1-:im1'v'lmM1\il'W (Calibration Curve) �1t1.frt1M'iJ'Wnwv'i1-:i1t1'lJ'iJ-:JLA�m ICP-OES
"' 

LLG'1�1 vi�-:iLnM�ru ru1ru'll'iJ-:JU1'iJ'Yl11b tl'W'l u1 'WVlfJl'Y17-:JL� t.11n'W'Vl�Bl� 'Vl1n�ruru1rul�1,tl'W'l u1 'W 
V V V V 

'Vl A'Yl 7-:J L� t.11 fl'Ll 1 vivh n 1'a M JJ'oJ fl 'iJ'lJ11A11:!.J�(i)'j!\j G'11(i) Ln (i)t'W 11'Ll Ln (i)t'W � fl 1'JG'1 � G'11 t.l:l.Jl Md \il'W 
� 

'U'J'iJ'Yl�A17:!.JL'UJ.J'U'W1(i) ?17'JG'1�GlltJ:w7M'J\i7'W 'U'J'iJ'Y111'W� Matrix 'U'J�LJl'YlL�t.11/l'W'Vl�'iJ'b.J 'Vl7n 

'lJ'iJ-:J'U'J'iJ'Yl nmm-arm�n7'a?1�1-:innWmM1\i1'W'oJ7m�il'lJA11:!.JL'U:!.J'U'Wil-:in�11lv1 

3) 'Vl1n7'J�7-:J1�'U'U'll'iJ--'.l LA�'iJ-:J ICP-OES Jl1t.l'Vl�-:Jn7'J1 bA'J1��f11A11:!.Jb 'U:!.J'U'W'll'iJ-:J'U'J'iJ'Yl 1 'ULL�G'1�

lfl1'iJ87-:Jv11tJ?ll'JG'1�mtJ Aqua Regia &iJ'oJ7-:J 10 L Vl1

'Vl:!.JltJL'VlM: n1-a�1-:i1�'lJ'lJ'll'iJ-:JLr1�m ICP-OES 1!t1 m1�1Li1t1n11'oJ'Wff"J1�ruru1ru'llm'U1'iJ'Yl�lv1
' V V 
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