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ABSTRACT 

Many results of seawater and sediment metals in the coastal area were reported from various 

research institutes, but the results were quite different. In order to improve the analysis results, 

the accurate analysis of heavy metals in seawater and sediments were accomplished by the 

QA/QC(Quality Assurance/Quality Control) program. The QA/QC programs included sampling, 

delivery and preservation, sample analysis, and results analysis. The 90 samples of seawater and 

the 54 samples of sediments were taken from kwangyang Bay in 1997. For the purpose of 

accuracy, standard reference materials(SRM 1643d) certified from National Institute of 

Standards and Technology were used in the determination of trace elements of standard 

samples. The chemicals used in the pretreatment of samples were double distilled PPB/TeflonCD 

grade and ACS grade. The heavy metals in seawater and sediments were analyzed using 

ICP-MSOnductively Coupled Plasma-Mass Spectrometry) or AFS(Atomic Florescence 

Spectroscopy) . 

Key Words :	 Metals; Quality Assurance; Quality Control: Seawater: Sediment; Heavy metals, 

Analysis. 
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~~91 '?:! 'i!"5~ Q:j~ "Cl1lt.5'.. uHl.:g-",-}.£ 'ili5}ej 

"5~y91 %%0] J;I!~~oJ] uj-e.} "5~oJ~78 Q:j"'-] 3..71] 

J;I!~i5}~~~ • .:g-'ilB-A].9t z}%~'il~]oJ]Ai 1l~~5'] 

~ ~'iljlj]y~ y~~ A~~91 ..2-~% 7l]4;=- {l~A] 

7']2 c;J~~. "5~oJ ~~Ell71191 J;I!~7} ~Dl5']2 c;J 

"CJ-. uj-e.}A~ .2-~%~91 A~~BJ-'i! ~ ~w"Cl1~yl:l 

g .!f1~ "5~oJ~78oJ] "Cl1~ Ail~~A91 ~.I1J·do] ;;lJ] 

7]5']2 c;J"CJ-LZ). 

A]~77}A] ejc~ '?:!-r7]-tl-oJ]Ai '?:!'i!"5~Q:j91 "51ly ~ 

1']-3j%91 -F~;=~.Ad% ~Ai5}~~t+ '?:!-r7]-tl-~ ::t: 

"'-}).] 7] oj] uj-e.} A~.£ .AJ-om ~~7} ~lE5']~"CJ-3.4.5). 

~ '?:!-roJ]Ai~ -F~1;:L6l {l~~~91 Ail~£~ "8J 
AJ-A]7']7].!f1i5}ej QAlQC(Quality Assurance/Quality 

Control) ~ -3j %i5}ej ::t:"'-}i5}~"CJ-. 

1997\::!oJ] ~oJ~oJ]Ai 907~91 "5~YA]li.9t 547~91 

1'] -3j '£'A]li ~ ;<H]i5}ej 137~ -F~4;=-"8"J--&% ~Ail i5} 

ej ICP-MS(Inductively Coupled Plasma-Mass 

Spectrometry).9t AA(Atomic Absorption)~.£ -lE

6li5}~~~ QAlQC~ {lA]i5}ej {l~~:il}91 Ail~ 

.Ad g {j ";;" i5}~"CJ-. 

2 l..H;: q,1 I::l H:H 
• ...LL..:A: 0 I=l 

~ '?:! -r oj] Ai ~ QIPs( Quality Improvement 

Programs) .£Ai Quality Assurance/Quality Control 

(QA/QC) g -F-ff4;=--lE-6JoJ] -3j%i5}~"CJ-. QA/QA91 

-2~-3j'il -&31 ~ ).]li4~]~1l1. ).]li;<~2}j. A]li91 

-&-lfr ~ 5!.-t!-. ).]li91 -lE-6l. {l ~ ~ ~91 "5~ 6J %0\1 

¥:~f31~.£ 31%i5}ej).i 7]~91 ::t:"'-}.9t ll]..ili5}ej 

-lE-6J A}li91 Ail ~).il ~ Ail ~.Ad% ~B-71] ~o] ~ J;j] 

c;J"CJ-. QA/QC~ -iE:6lA}li91 1'J~.Aj~ {!5q.Ad ~ 

5!.%.!f1"51l ~ Ail ~ lE~%~ (Standard Reference 

Materials: SRM)91 -lE-6J% {lAli5}~ . .2-~}~71]91 

7]~(Control limits) g 1Pili5}ejoj: ~"CJ-. ~ '?:!-r 

oj] A~ -i=- 3j {j Alli~ ;<~ 2}j i5} 71 ~.!j!-~ %-lE-~ .£.91 

~ 7~~ QAlQC~~% ejcf~A011 oP~71] ¥.W" 

).l~-3!'i.lAl 7l]~% ~~1~2 ~ ::t:A}~ ~~~i5}~"CJ-. 

~7}A] "\,,,,~5']-i=- QAlQC~~}-i=- 7]7]91 5!.Aj ~ 

{j.£.. {j ~ BJ-lfl ~ ~ 2J=~.!fl91 1\3 7}. -lE-6J BJ-lfl91 Ad 

~£.9t Ad~£91 ~7}. -lE-6J-F ..2-~~ Zlll91 ~ 

).], ~l:l-{! {l~{lZl91 ll]..ilE.£.::z.~~.£Ai. -lE-6l 

y~~91 ~.!j!- QA1\37}.9t A}li91 "5~6J% ¥.W"i5}~"CJ-. 

Alli-lE-6J ~ ~91 {!5q.Ad% ~5!.i5}7] .!fli5}ej .AJ-.:Q:. 

1l]..il E.£.::z.~ (Cross-Check) % £ ~ i5}~ ~ J;jl. -F 

~4;=- -lE-6J..g. D] ~91 University of Wisconsin

Madison91 Soil & Plant Analysis Lab. 011 Ai ICP

MS.£ y"6~ i5}~"CJ-. 

QAlQC91 ,Ij].!j!-31'il ~~}.9t 1-J1%..g. et%-~ ~"CJ-. 

2.1. QAlQC 

2.1.1. A~~:j7:l1~ 

~ '?:!-roJ] Ai -i=- ).lli~ ;<~2}j i5}71~oj] ::t:A}Al ~ 91 

"Cl1lE.Ado] c;J-i=- x% {:lAili5}2A} i5}~~~ "5~oJ% 

cj31 ~.Ail~ 7]~91 ::t:"'-}78~% -27J.£ ~oJ~"5~ 

y-i=- 157~AHj(6~). 1']31%~ 547~ Al~ g {:lAd 

i5}~ "CJ-l.Z.
3.4.5l. -F-ff4f91 -lE-6J..g. ~~~ cj ).1 '2.foJl 91 

~ c:3 "8"Jo] 3.E...£ "'-}%).l '2.f~.£ -i=- double distilled. 

PPB/TeflonR%-B'"(Aldrich. USA). %"5~-ff4;=-~Ad% 

Ounsei Chemical Co.. Japan)~.£ {i l2lJ i5}~"CJ-. 

~AJ-Alli ;<~2}j~oJl z}z}91 5!.-t!-%71-i=- ~78.2- ~ 

.:g-AilAl~lfloJ] uj-e.} ~~oJ] 'a--2~ ";;"ff-y.£ ~~;&j 

i5}ej 5!.-t!-i5}~"CJ-6l. ).lli;<~2}j~AjoJ1A~ ~ ).lli2Ail. 

).lli5!.-t!- % g .:g-Ail).l ~ lfl oj] uj-e.} y~~ i5}ej 01 oj] 

uj--e- .2-~}~ &1"Cl1~ ~~ y c;J£~ .J::.i;!;j15}~"CJ-. 

).lli;<~2}j+ "5~yAlli-i=- -lE-6l;z!77}Al ~;;<J-5!.-t!- i5}~ 



~t9 ~-3j%~ ~i101l~i@1j]j011 "COl ~% ~i1-%} 

~q.. 

2.1.3. Alli~~ 

7}AJ .2..;<}7} ~ol ~A~~ 'T ~~E..£ A,f~j-5:.~ 

~ Aa %} 71 ~ %j] Ai oj r:j 71-t!-01l Ai illl .,.1.1 %}~ QA/QC 

3I.£.::z.~OJl u:J-ij- Alli~ ~~%}~q1.8). Alli ~~ 

Alo}q ~5:.7} q~ 71;>.lAlli~ z.j-z.j- 27H~. ~Al 

li(Blank)::: 2-37H~. "5-~Alli(DuplicateH:' t 
Alli91 lO%Ol1.Jl .¥.W%}oj ~~%}~q. 

Table 2.1 Certified mass concentration from NIST 

Table 2.2 Detection limits of ICP-MS 

.::z.i1.:i!. ICP-MS ~~"5- 717191 ~~AJEll ~ ~ 

~%}71 ~"5}oj Alli ~Aa~~ 57H91 Alli~~"5-n 

o}q. ol.;r Nationnal Institute Of Standards & 

Te:hnoldgy(NIST) 011Ai ~%-"5~ Standard Reference 

MateriaJ(SRM)% 1±.€-Alli(Standard).£ A}%"5} 

oj -lE-~"5}~q. 

q% Table 2.1011 SRM91 ~~-lE-~~~~ L.j-E} 

1.Jl~~t9 Table 2.2011 ICP-MS91 ~iHl-7jl ~ L.j

E}1.Jl~q. 

Elements Concentration (1Jg/ I ) Elements Concentration (1Jg/ I ) 

Aluminum 127.60 ± 3.5 Lead 18.15 ± 0.64 

Antimony 54.10 ± 1.1 Lithium 16.50 ± 0.55 

Arsenic 56.02 ± 0.73 Manganese 37.66 ± 0.83 

Barium 506.50 ± 8.9 Molybdenum 112.90 ± 1.7 

Berylium 12.53 ± 0.28 Nickel 58.10 ± 2.7 

Boron 144.80 ± 5.2 Selenium 11.43 ± 0.17 

Cadmium 6.47 ± 0.37 Silver 1.27 ± 0.057 

Chromium 18.53 ± 0.2 Strontium 294.8 ± 3.4 

Cobalt 25.00 ± 0.59 Thallium 7.28 ± 0.25 

Copper 20.50 ± 3.8 Vanadium 35.10 ± 1.4 

Iron 91.20 ± 3.9 Zinc 72.48 ± 0.65 

Elements Concentration (1Jg/ I ) Elements Concentration (1Jg/ I ) 

Aluminum 40 Lead 40 

Antimony 30 Lithium 4 

Arsenic 50 Manganese 2 

Barium 2 Molybdenum 8 

Berylium 0.3 Nickel 15 

Boron 5 Selenium 75 

Cadmium 4 Silver 7 

Chromium 7 Strontium 0.5 

Cobalt 7 Thallium 40 

Copper 6 Vanadium 8 

Iron 7 Zinc 2 
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2.1.4. ~1!.~5H~ 

:§:]9%o] 85-115% 1iJ~ ~ ~01'*%trJl:c ~~ 

oJ1A~ ~~Al31t:}. ~Alii.(Blank)£1 ~~~~7} ~ 

~~ ~*~71].!2.t:} li-%trJl:c 1f..€Alli(Standard) 

~ ~~~~~t:} ~~.~L %~~ii.* ~ ~ 

~*"8"}Ctj ~;>;c:J"8"}CtjA~ ~~%-&£1 ~~£1 ;>;c:J~Ad% 

~£,,5}~t:}. Alii.~;>;d ~~o]y. tJ}Al~ Alii. ~~ 

~oJl 1f..€,Alii.(Standard)* ~~"8"}~% trJl °1~£1 

~;>;d~l9} 25%o]AJ ;t}O]7}Y.It! ~~~~oJ]A~ fill~ 

Al31t:}. Jil-*~~£1 AJtJ1.2.A7} 20% O]AJ ~trJls:. 

Alii.~~~~* .!f!-K;t~c.l"8"}~t:}. 

%W~ ~ QA/OC 1i~l-* s:.-6j"8"}It! t:}% Fig. 2.1 

~ ~ol y.Ej-\M 9 ~t:}9). 

- Choice of sampling location 
PlANNING - Choice of sampling procedure 

- Choice of material 

;;g-0J:~~ ~-2-iSH Q:j £1 iSH °J:9~£1 tJ11f...Ac:J g y.Ej-t11 

7] ~ "8"}Ctj lis:. ~ ~1l ~£. % 157H Al1l % ~"8"} 

Ctj ::i':A}"8"}~.Q.oj. ~~Al1l% Fig. 2.2oj] s:.Al"8"}~ 

t:}. Alii.~H ~ ~ ;;g-0J:~ iSH Q:j £1 tJ1 ::i':71 * JI.. Dj "8"}Ctj 

7.J3':.9t '9-::i': trJl£. ::i':A}71~% {!~"8"}~t:}. iSH9£1 

AliVH~:C { 6:§:]~ A]"8~"8"}~t:}. 

Fig. 2.2 Location of seawater sampling 
stations in Kwangyang Bay 

Fig. 2.1 Flow diagram of QA/QC program 

- Compare to reference samples 
- Bias 
- Precision 

INTERPRETATION 
OF RESULTS 

- Sample collection 
- Sample handling 
- Cleaning procedureFIELD 
- Transport 
- Preservation 
- Storage 

SAMPLING 

- Recovery of known additions 
- Analysis of reagent blanks 
- Analysis of externally supplied 

standards. 
- Calibration with standards 
- Analysis of duplicates 

2.2. 5H.:r 

2.2.1. ~A~AI~ 

iSH Q:j £1 Al Q:j ~ !"i .Ad • ~~£1 ;t}oJ] rrJ-.e iSH 9% 

% ~ ..2..~%~£1 ..!J!-"8"}%l=~ iSH9 9~% Jl..Dj"8"}Ctj 

2.2.2. gE"1;~6:l 

~~~g ~~.~~ ~01~ ~%l=% ~~.:c 

.Ac:J~% ~iSH ~~ ~iSH ;;(~171"8"}7] ~~ ::i':-3j-~£.. 

~~~ .Ac:J~£1 ~~ ~ ~E- %71~"€f%£1 ~iSHfill 

71* ~"8"}Ctj Alli£1 ~;t~c.l* "8"}~t:}. 9-€:-(Hg)% 

fil]~~ ~~~ ~~g ~"8"}Ctj %uH 4"-*Jtl~ ~y 

-B- :sr]£.c.l'i:l t:1E1..2.. 7'}1:l}uJlol E t'£Jtl(APDC

MIBK)% A}%"8"}~t:}. Alli 200ml(EE.:C ~~iSH~ 

Alii. ~~%l=)~ ~<2IJ~trJl7]oJl %~~ ~Y-B- :sr].5!.. 

c.l'i:l t:1E1..2.. 7'}1:l}uJ]ols(2WIV%) 5m1* ~JI.. ~ 

%01 ~~l~t:} . .::z.c.lJl.. uJl~ol~¥~711.:e(MIBK) 

* lOmI* ~JI.. '2.J' 30~%~ Z9 ~ "8"}71] !::~ ;>;c:J 

~l"8"}Ctj %71%ul~(~~)% ~c.l~t:}. ~c.l~ % 

71%uH%- g 100ml 1:l1 o]7'H %7=l ';;t-€:-.g-s:.£1 '€I. 

~"1lA~ ~~Al7'lJl... ~~(O.lN) 25m1oJ] ~Ctj ~<2IJ 

o £. ~t:}. 1f..{! oJl ~4"-01 .!2.-tl-~~. ICP-MS* 

°l%"8"}Ctj Zj- ~~£1 ~tJ1 ~9n};<JoJ1A~ %%s:.~ 



~Aai5}e:j Z} ~4i-~ .if..~~~S!.. 3j-Aa i1 {l%"{!oj] 

~"5~A-j "5'~4i- *5O.~ ;zj]~H:l-q. 

Hg~ 1~-c ICP-MSS!.. ~Aai5}S1,% 1IJl *Alli 

(Blank) ~ iE-~. .if..~A]li( Standard) ~ .!f-~ oJ! A-j 

AJ-'l~ .2A7} ~:BQ~~E...5!.. Atomic F10rescence 

SpeetroSCOpylJJ-~ oj] ~ i5}e:j ~~i5}S1,q. 

2.3. £I~~ 

2.3.1. 3':NAI~ 

~OJ'i!- "5~ ~ ~ ~ 3j % .2.. 'iJ5O. Aa ~~A~ !fI i5} 

e:j '2.t 547H 7.] {l g l2J i5}e:j ~A}i5}S1,~nj. ~A}7.] 

{l::'. Fig. 2.3oJ! L.j-E}l-jJ ~ q. ~~ "5'~ -6J Core ~~ 

~71~ 0]%i5}e:j ~3j%~ AJ-%-(~3j% .if..;'!~S!.. 

.!f-E-j 5cmo]l-jJ) g ~cji5}e:j ~~~S!.. '\~3ji1 '\~3j 

~cjoj]~~*7.1oJ! '401 11J%..Jil..:t!i5}S1,q. 

~~~~ ~3j%g %~~~ iE-1J}~ ~3j% A]li 

'2.t l.Og% Aj%"i5}e:j ];j]%~ B]0]7~oJ] '42. {1~ 

~{}(HN03). :i!}'iJ.1:~(HCI04):i!} ~~(HF) % 

Z}Z} 12.6.8ml% 7}~ ~ ~*~ ~. '€1~!fIoj]A-j 

.g-5O.;::; '4 175"CS!.. %7.]i5};'!A-j A]li7} Jf-l:fJ~1IJl7J} 

7.] ~%% AWt:f%. Ef-"{j g 7~*i5}e:j ~% %~ 

Fig. 2.3 Location of sediments sampling 
stations in Kwangyang Bay 

A1 ~A. ~ g0] ~\:! A]lioJ] IN-HN03 50ml;::; '4 

01 ~4;0~~~ %~ :§:]~A]3'lq. "5'~4;0~ iE-~::'. 

3.1. oH~ 

"5~4'-A]liiE-~ ~ QNQCS!..A-j :§]9"-&(Recovery). 

*A]li (Blank) iE-~. .if..~A1li(Standard) -It-~. "5' 
ilA1li(Duplicate) oJ1 :t!-~ ~:i!}~ Aa cj i5};'! q g 

:i!} ~q. Table 3.1:i!} ~01 37~~ 7]7.]A1li~ A]li 

9} ~o] iE-~i5}e:j :§]4'--&-% .B.'2.ti5}e:j L.j-E}l-jJ~q. 

1O~*~ "5'~4;0 :§]4'--&-0] 85.4-118.3%S!.. L.j-E});J.

q. ~~3j~£. :§]4'--&-oj 100±15%0]l-jJ~ .2.AS!.. 

~A}Q~~nj. ~ ~A}~ Aa~Aa%..Jil..e:j'?-c ~:i!} 

o]q. Fig. 3.1.?:- Z}Z}~ "5'~4;0~ 7]7.] A1lioJ] A-j 

%7}9} ~{I Jt!~oJ~ L.j-E}l-jJ2 ~q. Table 3.2-c 

*A]li(Blank)~ iE-~~:i!}o]nj. *A]li(Blank)~ 

D8 if( AVG):i!} .if..~JI1 ~H SD) ~ .B. '2.t i5}e:j L.j-E}l-jJ 

~q. A1liiE-~:i!} W7A] .if..~A]li(Standard);::; A] 

liiE-~~. A1li-It-~ "5':Q. Alli-It-~ + {l ~ i5}e:j 7] 

7]~ :;I~~Aa% ~.£~ ~:i!}~ Table 3.3oJ! L.j-E}l-jJ 

~q. ~~%:i!} 1J}7.]~~ AJ-t1l.2..~HRE)-c .,::'. % Al] 

50c-----~----·~--~-

40 

30 

·33
 

. -40
 

Metal 

Fig. 3.1	 Control chart for recovery ratio of 
heavy metals in seawater. 
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91 "5}~ 2.8 -13.9%.£ ~.g. 1:1 ~.AcJ g .5!.0:j2f'-~ ~ I:J-. Table 3.4~ z.j- "5-'5"4;'-91 ~ it. ]ffCJt!~}9} .AJ-t:Jl 

-1'<:'<: 71-",].A].li91 ~'T%~ ~,<: ~~]7} ~7,j£joj .2.~HRE)~ .5!.O:j2f'-~ ~I:J-. .AJ-t:Jl.2.~}~ Hg~ ~l 

Al ~ AJ~~}oJ1Al~ Atomic F10rescence Spec- 91~ I:J-~ .2.:e- "5-'5"4;'-0] Sample-1591 7cl-?- 0

troscopy (AFS) liJ~.£ fiH {E-~ "5}O:j ~~~~91 {} 19.8%. Sample-7A]li~ 0.2-13.6%.£ 3'A£j~I:J-. 

~.AcJ g ~~I:J-. iSHy91 QA/QC91 "5}Y-.£ %(~H 4-~~ 7cl-?- AJ~.£7} -?-y~ AFSlolJ-liJ oJ] 91 iSH 

li ~ 'Fil "5}O:j 3':A}"5}~ I:J-. fiH {E-~ "5}O:j ~ ~oJl .3j%"5}~ I:J-. 

Table 3.1 Known addition recovery for seawater QA/QC (Unit: %) 

Cd Pb Zn Cu V Co As Cr Ni Hg 

Recovery 100 85.4 91.4 106.3 118.3 104.3 104.1 87.5 105.9 86.9 

Table 3.2 Blank result for seawater QA/QC (Unit: I)g/ l ) 

Cd Pb Zn Cu V Co As Cr Ni Hg 

Blank-1 <'02 0.03 0.01 0.3 (OJ 0.01 0.1 0.6 0.0 0.3 

Blank-2 <'02 0.03 0.01 0.3 (OJ 0.01 0.1 0.5 0.0 0.4 

AVG <'02 0.03 0.01 0.3 (OJ 0.01 0.1 0.55 0.0 0.5 

SD 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.05 0.0 0.1 

Table 3.3 Standard calibration for seawater QA/QC (Unit: I)g/ l ) 

Cd Pb Zn Cu V Co As Cr Ni Hg 

STD-1 5.86 17.10 67.7 21.0 44.2 29.54 58.5 21.4 68.0 1.1 
STD-2 6.27 16.98 69.2 21.0 41.8 26.85 57.5 21.2 60.6 <.1 
STD-2 6.32 16.92 70.8 20.7 44.9 26.60 59.9 26.8 64.6 <.1 
STD-3 6.61 17.77 72.4 20.5 41.7 26.25 52.6 20.5 62.6 0.2 
STD-4 6.65 18.95 69.6 20.4 42.4 25.94 55.8 23.6 62.3 6.4 
RE(%) 11.9 9.9 2.8 2.8 4.5 13.9 4.8 9.1 9.0 83.2 

* RE: Relative error 

Table 3.4 Duplicate result for seawater QA/QC (Unit: I)g/ l ) 

~ Cd Pb Zn Cu V Co As Cr Ni Hg 

Sample-15 <'08 0.54 18.1 1.00 8.4 0.02 1.6 2.90 0.91 0.50 
Sample-IS <'08 0.49 15.5 0.98 7.3 0.02 1.3 2.30 0.73 0.10 
AVG <'08 0.51 16.8 0.99 7.9 0.02 1.4 2.60 0.73 0.30 
SD 0.0 0.0 1.8 0.0 0.8 0.0 0.2 0.4 0.1 0.3 
RE(%) 0.0 8.7 14.4 1.9 13.2 18.2 19.8 20.7 . 19.8 80.1 
Sample-7 0.25 11.92 55.1 25.0 20.8 1.22 1.3 18.6 15.9 ( 0.1 
Sample-7 0.22 11.38 52.1 23.9 18.3 1.22 1.1 .16.3 14.2 6.9 
AVG 0.24 11.65 53.6 24.47 19.6 1.22 1.2 17.47 15.06 6.95 
SD 0.0 0.4 2.1 0.8 1.7 0.0 0.1 1.7 1.2 -
RE(%) 13.6 4.5 5.4 4.5 11.9 0.2 15.7 12.5 10.7 -

* -; failure 



3.2. ~I~~ 

Table 3.5oJ]Al9J-~0] ~3:J%A].fi.~ ~~H 7],A] 

A].fi. ~ ~~ ~ ~:2} 'T'-.g.% )(~]91 ~ 97~ 91 'Fii"4i

§1'T'-%0] 92-117%i2. y.E}};tq. rJ1~I3:J.Q.i2. §1'T'

%0] 100%0]AJ.Q.i2. y.E}* 7d~7} "i'£.g.t~1. 0] 

?;!~ A}%~ A1Q}oJ] 91~ ?;!.Q.i2. 4-~~q. 

A1.fi.9J- %'?J.iS"}71l. ACS~-B'-91 HF, HCl04, HNOJ 

A1Q}.Q.i2. ~~ C1 ~~ Blank-1:2} Blank-291 ~~ 

~:2}9J-. Jl'liHJ:(AVG):2} lE~lI1~}(SD)~~~:2}~ 

Table 3.601] y.E}t11~q. ACS~-B'-°] "i'£.g. ~'il:-% 

g W%iS"}~.Q.E.i2. A] Q}% double distilled PPBI 

Teflon%-B'-.Q.i2. Jl~~~ {l~~:2}~ Blank-3:2} 

Blank-4°] q. 

Al.fi.~Aa~:2} o},A10!} Al.fi.~1J~ %'?J.lE~Al.fi. 

(Standard)~ ~~iS"}~.Q.ul, Al.fi. 10-157~ o}q 

lE~Al.fi.(Standard)~ S':~ ~~~ ~~ Table 

3.7<>11 y.E}';!lq. Al.fi.~1J:2} o},A]~ Al.fi.~1J~91 

QA/QC~ 3:J%~ ~:2} AJrJ1.2A7} 1.7-12.1%i2. t1~ 

~ 3't.g. Aa~Aa% .5!.O:j"r2 ~q. % 547~ ~3:J% 

A].fi.'F 67~91 A].fi.<>11 rJ1'5~ 2Jti1!>J ~~iS"}~q. 

Table 3.8<>11 y.E}'d1:l}9J-~01. Pb, Zn, Cu, V, 

Co, Cr, Ni,.g. AJrJ1.2.~}7} 10% 0]t11i2. t1~~ 3't~ 

)(~~Aa% .5!.~.Q.ul, Cd 9J- As~ rJ1o<l]3:J.Q.i2. Q} 

20%0]t11i2.Al %K~ ~1l1~ .5!.0]2 ~q. 

'5~'T'-, ~3:J%, q-eA].fi. ~~u:j]91 'F~4i- lE~A] 

.fi. (Standard) 91 ~~ ~:2}~ Table 3.901] ~o<l]3:J.Q. 

i2. y.E}t11 ~ q. Y-e- 'F~4i- lE~Alli(Standard) 

91 lE~JI1A~ Jl'liBJ.-91 10% 0]t11i2. ~~oJ] A}% 

~ ICP-MS91 Aa~Ad g ~'FiS"}2~q. Fig. 3.3~ 

zJ-zJ-91 'Fii"4i- lE~Al.fi.(Standard) 91 lI1~}(High

low)~ y.E}';)l ?;!.Q.i2. ~~.:3j-%'F ~iS"] Cd91 ~ 

:2}7} 3't.g. Ad ~ Ad g .5!. O:j "r~ ?;!.Q.i2. ;~A ~ ~.Q. 

ul, Zn, V, As, Ni.g. AJrJ13:J.Q.i2. Q}Z!-91 lI1~}7} 

~~ ?;!.Q.i2. .5!. O:j ,A12~.Q. y., Y.!f- .2.~} ~7j] ° lt11 

~q. ~JI1 Table 3.99J- ~o] Hg lE~Al.fi. 

Table 3.5 Known addition recovery for sediment QA/QC (Unit: %) 

Metal Cd Pb Zn Cll V Co As Cr Ni 

Recovery 104.2 102.4 108.7 117.1 92.0 100.2 113.6 115.4 108.4 

Table 3.6 Blank result for sediment QA/QC (Unit: w.1 I ) 

Cd Pb Zn Cll V Co As Cr Ni 

Blank-1 1.80 2.50 21.20 10.10 88.00 0.11 1.10 54.60 1.10 

Blank-2 2.00 3.00 22.40 11.20 35.00 0.11 1.10 57.20 1.20 

Blank-3 <'02 0.03 0.10 0.30 <0.1 0.01 0.10 0.60 0.00 

Blank-4 <'02 0.03 0.10 0.30 <0.1 0.01 0.10 0.55 0.00 

Table 3.7 Standard calibration for sediment QA/QC (Unit: w.1 I ) 

Cd Pb Zn Cll V Co As Cr Ni 

STD-1 6.9 18.5 83.9 25.1 51 29.7 66.9 23.5 70.6 

STD-2 6.7 19.5 73.9 21.2 47 26.4 66.9 23.9 59.7 

STD-3 7.0 19.3 76.0 22.5 45 28.1 63.9 21.7 64.3 

STD-4 7.0 19.3 76.0 22.5 45 28.1 63.9 21.7 64.3 

STD-5 7.4 19.3 73.7 26.0 46 29.1 61.5 22.2 66.7 

RE(%) -6.2 -6.0 12.1 -3.6 10.9 1.7 8.0 5.7 2.3 
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(Standard).9.] ~~}7} ~7,:J.~~~E..£.. ~ ~A}011 

Ai ~ ~~.s:.7} li-.g- AFS1{j~.£. 9-.g-~ ~~i;}cxj 

Table 3.8 Duplicate result for sediment QA/QC (Unit: mg/kg) 

Cd Ph Zn Cu V Co As Cr Ni~ 
Sample-9 

Sample-9 

AVG 

0.37 

0.34 

0.36 

27.53 

28.74 

28.14 

113.75 

119.02 

116.28 

24.49 

26.61 

25.65 

92.17 

94.49 

93.33 

13.84 

12.93 

13.39 

14.53 

16.01 

15.27 

51.37 

50.66 

51.03 

30.93 

31.11 

31.02 

SD 0.02 0.88 3.73 1.64 1.64 0.64 1.05 0.49 0.13 

RE(%) 

Sample-1O 

Sample-1O 

AVG 

8.0 

0.5 

0.4 

0.45 

-4.4 

31.00 

30.83 

30.92 

-4.6 

125.02 

118.10 

121.56 

-9.4 

26.49 

25.10 

25.80 

-2.5 

80.93 

79.94 

80.43 

6.5 

12.70 

13.03 

12.86 

-10.1 

9.67 

8.38 

9.06 

1.3 

64.03 

63.98 

64.01 

-0.5 

28.91 

18.19 

28.55 

SD 0.13 0.12 4.90 0.98 0.70 0.23 0.99 0.03 0.50 

RE(%) 19.8 0.5 5.5 5.2 1.2 -2.5 14.4 0.07 23.4 

Sample-19 

Sample-19 

AVG 

0.31 

0.35 

0.33 

30.73 

29.97 

30.35 

95.30 

93.13 

94.22 

22.68 

20.42 

21.54 

73.67 

76.43 

75.05 

11.45 

10.60 

11.02 

9.56 

9.98 

9.77 

48.66 

44.62 

46.64 

25.76 

23.21 

24.48 

SD 0.10 0.54 1.53 1.58 1.95 0.60 0.30 2.86 1.81 

RE(%) -12.7 2.4 2.37 9.9 -3.8 7.4 -4.4 8.3 9.9 

Sample-30 

Sample-30 

AVG 

0.47 

0.31 

0.39 

28.41 

30.44 

29.43 

122.50 

129.27 

125.88 

26.08 

24.32 

25.19 

107.37 

92.02 

99.70 

13.33 

13.13 

13.23 

6.46 

7.05 

6.75 

53.96 

50.66 

52.31 

33.18 

34.01 

33.59 

SD 0.11 1.44 4.79 1.24 10.86 0.14 0.41 2.33 0.59 

RE(%) 

Sample-40 

Sample-40 

AVG 

33.5 

0.22 

0.26 

0.28 

-7.1 

21.76 

22.64 

22.20 

-5.5 

43.55 

43.57 

43.56 

6.7 

9.71 

9.02 

9.36 

14.3 

30.16 

32.15 

31.16' 

1.5 

4.51 

4.45 

4.48 

-9.0 

3.52 

4.77 

4.15 

6.1 

24.74 

24.90 

24.82 

-2.5 

8.82 

8.58 

8.70 

. 

SD 0.09 0.62 0.02 0.49 1.41 0.04 0.88 0.12 0.17 

RE(%) -19.3 -4.0 -0.06 7.1 -6.6 1.2 -35.5 -0.66 2.8 

Sample-54 

Sample-54 

AVG 

0.60 

0.48 

0.54 

34.41 

34.83 

34.62 

122.37 

125.00 

123.69 

31.17 

31.47 

31.32 

70.69 

67.78 

69.23 

12.02 

12.04 

12.03 

10.82 

8.93 

9.88 

53.56 

51.53 

52.55 

29.97 

31.21 

30.59 

SD 0.08 0.29 1.85 0.21 2.06 0.02 1.33 1.43 0.88 

RE(%) 20.1 -1.2 -2.1 -0.97 4.1 -0.23 17.4 3.8 -4.1 
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Table 3.9 QA/QC for precision of standard	 (Unit: (./g/ l ) 

tiJ-& 
Cd Pb Zn Cu 

STD-l 5.9 17.1 67.7 21.0 

STD-2 6.3 17.0 69.2 21.0 

STD-3 6.3 17.0 70.8 20.7 

STD-4 6.6 17.8 72.4 20.5 

STD-5 6.7 19.0 69.6 20.4 

STD-6 6.4 17.5 72.8 18.0 

STD-7 6.7 17.9 67.9 18.1 

STD-8 6.1 16.0 73.8 20.6 

STD-9 6.9 18.5 83.9 25.1 

STD-I0 6.7 19.5 73.9 21.2 

STD-ll 6.7 18.1 75.4 22.1 

STD-12 7.0 19.3 76.0 22.5 

STD-13 7.4 19.6 73.7 26.0 

SD 0.9 1.1 7.6 2.4 

AVG 6.5 18.2 72.5 20.5 

DL 0.37 0.64 0.65 3.8 

100 

80 

:0 50 
0. 
0. 

<i c 
0 
'-' 40 

20 

I 
- II 

I
 
I	 I I I 

::c 

Metal 

Fig. 3.2	 Control chart for standard deviations 
of heavy metals in standard 
reference materials(SRM). 

V Co As Cr Ni Hg 

44.2	 29.5 58.5 21.4 68.0 1.1 

41.8	 26.9 57.5 21.2 60.6 <.1 

44.9	 26.6 59.5 26.8 64.6 <.1 

41.7	 26.3 52.6 20.5 62.6 0.2 

42.4	 25.9 55.8 23.6 62.3 6.4 

44.2	 26.5 61.0 20.8 64.0 1.6 

36.9	 23.9 61.5 23.7 57.0 <.1 

46.5	 30.2 59.2 24.8 70.0 <.1 

51.0	 29.7 66.8 23.5 70.6 0.3 

47.0	 26.4 66.8 23.9 59.7 0.1 

48.0	 26.9 64.7 22.6 60.8 0.1 

45.0	 28.1 63.9 21.7 64.3 <.1 

46.0	 29.1 61.5 22.2 68.7 <.1 

3.4	 1.8 4.0 8.4 4.4 2.2 

35.1	 25.0 56.0 18.5 58.1 

1.4 0.59 0.73 0.2 2.7 

4. €I .£ 
' 

~0J='i'! 15~?~ ~ ~ % %ii-4f~~ 9.J QAlQA£ 

Ai Al.lij~2}1~l:l1. Al.lij~2}1, Al.li9.J ttJt! ~ .5!.-t!-, 

A]li.9.J ~~, {!~~49.J 15~~0]1 1i;<n~.Q.£ ~% 

<5}~ eJ-. 15~ ?Alli. ~~ ~ 4. 1O't-W-9.J %ii-4f §]? 

%°1 85.4-118.3%£ t..j-E}~eJ-. ~Jt!Zl.Q.£ §]? 

%°1 100±15%°11.J19.J .2-~} £ 3'A5'j ~.Q. D'1 11~ 

"@- ~~~4£ 4fr!i1i1eJ-. Ai~A]li.~ ~~Al 7].7.1 

Alli~ ~~"@- ~4 ?i?:-~ fi1\9.l"@- 97~9.J %ii-4f 
§]?%ol 92-117%£ t..j-E}~eJ-. t:jJ;<J1Zl.Q.£ §]? 

%0] lOO%o]AJ.Q.£ t..j-E}t..H=- 7cH-7} ~~t;Jl; °1 

?! i?:- A}%"@- A] Q.)=o]] 9.J ~ ~ °1eJ-. double distilled. 

PPB/TeflonR%iHAldrich, USA) 9.J Al Q.)= ~ 1i~i 

c.l 0]] A}%W 7cl-'f- :J. 11 ~ J8 ~ .5!.:;w ? ~eJ-. 

%ii-4f ]I~Alli.(standard).9J ]I~Jt!~}-c- ~TI-~ 
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.9J 10% °11...J1.£ ~~011 Ar%~ ICP-MS.9J ;l:a~Ad 

g ~~i5}.J7..'U~t:f-. 

5~-<j=-~-j?-4;-.9J AJl:1L2..ji;}~ Hg~ ~1~~ t:f-~ 5'.. 

~ ~-j?-4;-ol 0-19.8% EE.-c 0.2-13.6%.£ ~A£l 

~t:f-. ~~% ~-j?-4;-~~~:i!j- Pb, Zn, Cu, V, Co, 

Cr. Ni.9J AJt:J1..2.ji;}7r 10% ol1...J1.£ pH.. ~.g- ;A~~ 

Ad g .5!.~.Q.uj, Cd ~ Asi':- t:J1~1~.Q..£ ~ 20% 

°l1...J1.£Al %.fL~ ~}jl~ .5!.°1.J7.. 'Ut:f-. 

1.	 ~~~1'?:l.:r-'t!, aj~.:g1i:Fr~ ~1..2.'€l{lEl1 ~Al 

~A ~:i!j-.5!..J7..Al(11i1-}j]), 1-10 (1996). 

2.	 aj-<j=--<j=-{}t:J1"§:)-.il -<j=-{}:i!j-"§:)-'?:l.:r:±., aj~.:g1i1- ~1 

..2.'€lt:J1Z!J g~~ ;l:d~~A}A}'i}(5~OJ~0l=), 1-2 

(1997). 

3.	 ..¥..i5J~~~l~'T-6J:§:]A} :;g.°J~l~:±', :;g.°J~l~:±' 

~-2A1Qj -'b~ ~1..2.'€ls:. ~}~:i!j-.5!..J7..A-], (199(J). 

4.	 Al%t:J1"§:)-.il 5~OJ'i1.:r:±.. aj-<j=--<j=-{}t:J1"§:)-.il -<j=-{}:i!j

"§:)-'?:l.:r:±., %t~1~.:g'i}1i1-Al~AdP~~011 n:}:;: o-J 

'1j('r!)lIj5~~A} ~ .5!.AJQlj{l~, (1994). 

5.	 -¥-{}-<j=-{}5~OJt:J1"§:)-.il 5~OJ:i!j-"§:)-'i1.:r:±., :;g.0J'i1:1...J1 

o-J'i}lIj5~ -'t!~ it~(l). 4. ~~:i!j-"§:)-71~'?:l.:r-'t! 

(1996), aj~.:g1i1-'T~p}% ~1c:goJ ~ t:J1Z!J011 

:r!-~ 'i1.:r, (1991). 

6.	 ~1..2.'€l .:g;l:aAl~1fJ(-<j=-~, 5~-<j=-) (1995). 

7.	 APHA, AWWA, WEF, Standard Methocls for 

the Examination of Water and Wastewater. 

19, 4-13(1995). 

8.	 Mudroch, A. and Azcue, 1.M., Manual of 

Aquatic Sediment Sampling, Lewis Publishers, 

181-201 (1995). 




