S1897U7398
=
1594

n1sUsziuAuM N mSUNIsIaUTINMULEENBWALTIgaURIN

wasfufnisiedilaginanasnausinuauesniusailalnslnlaiines

Assuring the quality for determination of copper complex
wastewater from chemical laboratory using Flame Atomic

Absorption Spectrophotometer

UNE NUANT NS
MISS KANOKPORN SUPONG

Iesunuatuayunuddeansulszanuituela
Ussinndaaiuinide  Uszdrteuuszanu 2561
AISANYIAENS
dartumalulagnszaauinandnaunimsainnsels



5189719
1584

n1sUsziuquawamsunsiavs U denewauddauan
wesfinsiefilaenanazaaniinuaugeindusialnsinlaiines

Assuring the quality for determination of copper complex
wastewater from chemical laboratory using Flame Atomic

Absorption Spectrophotometer

UNEN NUANT  GNeY
MISS KANOKPORN SUPONG

IHSunuatuayuaddeainiulssautusnela
Ussindaatuinide  Uszinteuussunm 2561
ARIEINYIANENS
aartumalulagnszasuindndnummisainnssls



Lib
Textbox


MidduiFes ﬂ'mJ'53ﬁ’uqzumwﬁw%’umii’ﬂﬂ'%mmﬁ”lL?ﬁawaqum?ﬁﬂ%’aumﬂ
vesfuRnsiailleaatezaeuinueugaindualalnslnlaines

AN yuatvayuaddsanfunels Yseiandaaiuinidy

UsgdleuUssana  w.A. 2561 $ruudu 40,000 U @Eviluumian)

swovnahnide 17 dudifeunanau 2560 - fugiou 2561

AyHIdY e NUANS gy dinAaeivenmans
dnrdumalulagnszasuind) IWAMMTAIANTEUY

02-329-8000-8099
UNANED

= o

Tangnewadnaautilunisavatsgiuanimuwindeuninigniwnldiduingdudmu

9

v
o =

QAAMINIUTINaINVIANY Ao dumsfnummsusgiugunimvesUiinaumeundlutideain
nosuasduaszilasmaiianatsznauiinuaugeinduaialnsivlaiines (Flame Atomic
Absorption  Spectrophotometer  (FAAS)) %quiﬂﬂﬂiﬂixﬁuﬂmmwLﬂU%ﬂﬁﬂﬁfgﬁi@ﬂ?ﬂm
ihidetiovesnUinaemenmisitinsgiulutuasinds minseaeudeyauandiiidiy
Jrfinrufudunseifidenlutmesmiunduduinsgiumeaunssening 15 Sadndu/ dns
arwilaresmsliasigyinuinian 0.024 mel” fovaznisfAutazAdudsuusnnsgIudusing
Wi 91.43 % uaw 0.43 % muddu veuareINTIadeUiinumnInuIuduTes
vesundlutiisdagnimuaniungming nanisnaassuandliiuitnisussanarialivivey
nMsmLEeURe 0.00037 duiuuansiwmannsaaeuiitlunismsanmeuaduinde
duaswilaldmlnezsmoufinaiunlasinlafines (FAAS)

o o

fdndey : MIUTEAUAMAIN, NRILALTdeu, tdeduamey, uasineuad



Project Title Assuring the guality for determination of copper complex wastewater

from chemical laboratory wusing Flame Atomic Absorption

Spectrophotometer
Researcher Miss Kanokporn supong
Faculty: Science
Department: Chemistry
ABSTRACT

Copper that has high solubility in the aquatic environments used as a material for a
variety of industrial. This research is study assuring the quality for determination of
copper complex wastewater from chemical laboratory using Flame Atomic Absorption. It
is important for assurance that the determination of copper for reliability was performed
according to the Standard methods for the examination of water and wastewater. The
data validation shows possesses excellent linearity in the range of copper standard
concentration between 1-5 mg/L. The sensitivity of the analysis was found to be 0.024
mgL‘l. The percentage of recovery and the relative standard deviation are 91.43 % and
0.43 9%, respectively. The limit of quantitative measurement is lower than the
concentration of copper in the effluent which is determined by law. The experimental
results demonstrated that estimation of uncertainty from recovery uncertainty was
0.00037. They can demonstrate overall good quality of the results which assure the
quality for determination of copper in synthetic wastewater using flame atomic

absorption spectrometry (FAAS).

Keywords: assuring, copper-complex, synthetic wastewater, metrological chemistry
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1.1 gsanududunss (linearity range) U94ENSALALUINTFIUNSILAY
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1.3 IATAAUDINITATIANY
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NAUAUYDIATAYAILUINTFIUNIOWA
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tﬁa’[,ﬁc;ﬂ%'mamwmamﬁmmﬁ"ﬂﬂ (Standardization, 2005) TﬂamwwasmﬁiuﬁaL‘TJu"Lﬂmuﬂg]wma
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ay enuduiusnu ﬁau,am’tugﬂﬁ 2.1 (Chairman et al., 2016)

validation

Traceability. Uncertainty

3U# 2.1 AmnuduiugvedeAUsEnaumuinnTIieall

ﬁqﬁunﬂﬁﬂszﬁ’uﬂmmwwamsmaaaﬂuaﬁ%wmaammqmﬁ Fesznousetuneusine fail
1. N13RTIVEDUANUMUNZENVDIITILAT129 1A8Tin150TI980 UMMM EUYBINITIEHLADS
$7499) ail
1.1 anuduiusiBudunss (linearity) wunefs anuduiusseninsdnisaandunauys
Tagmssfuaududuresansazarsunsgiu daaruduiusluguaunisannesidadu (inear
regression) WazAILIAAT coefficient of determination (R*) @nnsal mudndr RE wnnndn
0.995 aufipdilng 1 audugaefianusassuiemuduiutvesinulsmaasldiliuede deuans
Tueseddioanunsaimsesilaeeraunyay (Barwick et al, 2014)
1.2 AnwlareenisTasedt (sensitivity)  ueda anududuvessnivinlidagans
aandudsuly 0.0044 drdisnangnimualilugiioides Tnefmuslifiinaueannindevliiifu

+ 20 % laAuluAIcharacteristic concentration (me/l) AENANSH 2.1

Characteristic concentration(me/l)= (0.0044xC)/Abs.\ade (2.1)

We  C Ao enuuduvesansazaneunsgIunld (Hadnsu/dns)
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1.3 ¥adnfinvesn1smsrany (Limit of Detection ; LOD) wanefia amnududushand
annsansinialneiaioseznaufiawaureiniuanlnsinlndwed Taevialy LOD SAUssung 3 wih
TosdudsuuLINAsTILTeENTaTANEILUAH
1.4 FadrinvansiniBaUiunas (Limit of Quantitative ; LOQ) mngfis Anadudusiian
ﬁaﬁmiai’ﬂU%mmmﬂumié”hasha“[.ﬂaﬁﬂ'nmLﬂmLazmmLﬁmaeﬂummﬁﬁaam%’u Tneviludndaia

19I5 IABsUSIa (LOQ) TunisAuinazliduszua 10 whvesdrwdssuuuinsgiuves
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(method verification) laen1sifinansuasgruinsuanududuSinaulosadlusagne udéuin
nduinlugUSesasvasnisndufiu amnmsainsmuesaisazateuinsgrueaunaifianszymsiuses
Beannsaaeunduludsiangradeiusesiindnlag NIST (National Institute of Standards and

Technology) Useineawn3gawisn (Shepherd et al., 2014) faaunisi 2.2
$ouavueINSNAUAY (% recovery) = (A-B) X 100/ C (2.2)

WA Ao Uhinasensiislluiegssinduuiinamanasyuiduasly @eandu/ans)
B Ao USwansidlusets @adnsu/ans)
C fio Vhnesfillushegraade @adniu/ans)
Tnefidn % RSD Taiaasunnnda 7 uag @1 % means recovery A258¢luI 80 — 110 (Technical,
2013)

3. nsussauAtANliuLuauYeiSeaau et ARFlEuNISASEaNeSIvaRanIsa

fnnnmuraaAiiou. Fauvasesiinruliviueu dalddu 2 ngu fil

®  ANUARIALARBULUUEY (random errors) 138 Aalsuyueu type A fio urawwasAIy

1 i 4:1 - E? ' L2 |y o LY ! 5 L s = ar
hiviueuifatuananuusnsrsfueseitldanmstausazase Wuawmglideyasinnsnszanesaly
v Anadie Inghiasnsamenisaluulifivesmuuansald anuerainideunuud Adeunaasiion

yamsing Gafide precision %38 repeatability (Petrov et al., 2009)



®  AUAAIALARBUYBITTUY (systematic error) wiamulauLueu type B Ain Wwasniny

LmuauﬁLﬁms‘fgj‘uﬂWﬂﬂamhjauuusm“lumﬁﬂ flnauinfnilerisidn iaansaviliuinaanadls
Fremsindn lun dmnsfisnarnvesnesgudstianluuanmanisaeudioy, Amaaiviuenly
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1AIFIY, TBANIUNT wazanIzwndenven1svedau (Altieri et al., 2011)
Frnmsindinsgandunaseaesundaeindosezneufinuavresnduaiualnsiniafines

ansoAnumeMUdIduremesuasiuidefiaunisi 2.3 (Marques et al., 2015)

Cu (mg) _ (coxVeina)

= (2.3)
l Vinitial Recovery

Taeil ¢ A anududuiildanmsifisunsmanasg
Viinal fa USUIMIAIBENRINITTDDN
Vinitial Ao U3umsiegnensunisidens
Recovery #e mslandufiuvesansazaisdaBannsgu

naenuuYssiiuaauliviusueanisdia Tnswuinienisuszuiuainvliniusudos
Adlatisnnuliuiveunnuvasgesiited Aty (Altier et al., 2010) Tnefidunausail
3.1 munaearnaliuiuen (dentify sources of uncertainty) lagldunugfifinsan
9Ingns Cause and effect diagram laeilgulinadnsidunnu dumwisfimasainge (parameters) Tu
& v o o v a & o ' [ ) 1 tn)
qmﬂumqﬂmwan wazuwrasunvesnulustuauninedadluwiazineaUamdn nfleslstvnanen
senillufireuandes (Chairman et al., 2003) fasegnalusud 2.2
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3.2 Auauaullutusuvesudazunas lnaduiurauldudueuveusazfilang ey
FaaunsaTuunuraainylisiveulunsianesnsanideduase il ds st
3.2.1 avwliutiveuamnnismuseudasssarasinasgu(L(R) ) Tasnsiiey

AunNsININATFIY fienssaunisn 2.4 (Santana, E.S.Sarkis, S.Azevedo, Ulrich, et al., 2011)

2 2
v (Ccrm S
o - () b 2o
CcrM nx Chps
u(R) i mnaliudusuIINMIITNUABUMEANTAYANBINASEY

u (Corpy) 7o fnmmliiuieuiININETsazaBINATEI

=

Ccrm Ao mnududuvesansasanednedanmaifisunsmwunsgiu
Sobs Ao ﬁhtff’imLuummgmﬁlﬁmnm‘s’a’m%ﬂ‘ua\aﬁ'aae}w
n An  duauiieg
3.2.3 Aradnallaiuiusuannising
mnliudueunnmshidoasasaennigiu Feluvaseuliidueudos 3

wids A mwmmmﬂ?{aumnaauLﬁaumm‘sgmm‘%‘amﬁq 15918 UaEINgRIMYT
° mmammmﬁawaaﬂ%mmmﬂmsﬁw{fﬂumiL%]"amqaﬁasa'}ammgﬂumaau,m
dwfuaiunaminasgiu Fedlddumsifensiuandugud 2.3 (Bader, 2011)
° m'mﬂawmLﬂé"aumﬂmiaauLﬁaummigwum‘%"ml,l,ﬁ’a

> YININYININST BUIA 100 UaddnT AA1uAaALARDUN + 0.1 Uagans

gaunil 20 sarnwaldys

=i

> Unuuunsezounn 10 $adans SANNARIALAREUT + 0.02 fadans

gaungil 20 aer ATy
> Uawuuadinarunn 5 faddns fnrwnaiaedewd = 0.02 addns ngaumngll

20 a9A YAy

® AmuAaIAAduIINgUNYE HasangungifinadonsugnefivesuTuinsti

Wi 2.1 x 10 7 fadansdessrwaded (Dobiliene et al., 2008)
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20 1911

99719 100 171

Cu 1 mg/L

v

Cu 100 mg/L

- 1
L9IN 50 1M

=3 1
199979 25 1

Cu2 mg/L 1999193333 1

Cu 4 mg/L

Cu 3 mg/L
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uwvdsvasanaliuiuay TAUAMULTRIU (%) | JUMUUNISNTZRNEAT | fawns
= T | a 1 | @ o
Viunasfideuulasiiiesanngumgl Taisgypandediu Awidey V3
ralliuiueuanainawsesiiotavinly | ldsryanudediy Awdey V3

< v ' A a o &
Tolerance YA Tisgyanuidredu GIVEL V3
Resolution Y944A3BILA7 laisgypnundeiy GRHIYEHH V6

v g < ' 4 &

MY/ NAEBUTNEMIAIULTE ladsgypnundediv 1
MIATIEBULATDID ladszyanuiesiv 1

3.2 AruaAIA21Y i UUaUTININLARZIRES

e nsalarAnuldnuveuuiazunadiviieifeniu Titha Standard uncertainty

sunuleLay seaunsi 2.5

H = \/Jualz"'ﬂazz + s Uan® (2.5)

® Astiviieei A1 Standard  uncertainty 3 nAAlduuBUINATE Y
duMNS (Relative Standard Uncertainty, Uy, lagundn Standard Uncertainty

L = gj 1 vV =2 o L2 o =
#15ABUIUUUDA parameter UUNBDU LATIUUITIUAU AFUNTIN 2.6

- Hstd
quantity of parameter

Hysu (2.6)

3.3 AruruAInuliktueauIIn (Combined uncertainty) wazvesadulivivey

(expanded uncertainty) iieraidiesiu nMsvengmauliuiueusiulnegaue coverage factor
(k) MIzAUAIULIDNY 95% MAIEUNTTN 2.7-2.8

He — 2 2 2
——— S + 27
qwantiy = V@22 +. . (1) @
Hexpand = k.uc (2.8)
e U Wiy Awldusivauinasgiusy
Hi—n wiriu - enulisivsuinesguveudazdady

Hexpand iy Arlintusuvens



k Winfiu  coverage factor

quantity Wiy USinauvesdady

| W 4 P i
3.4 swawan1vaaeulugy X & Uexrpang Tseduanuibetu 95% Fedanasiants

dadulaluniseeusuvielisensunisidaneunduindedeidnsdndn Swmudetmunves
ISO/IEC 17025 : 2005 48 5.10.3.1 (@) rwualiafiialasiuduaianuliniuou ag”lumwﬁﬁ
oy awnInsenuimtliuiueu Tnsdnnuauivddyrdiganailon (yenanagud) oy
Teuiiarliiy 2 d dunsdluanaaeunmslinunesunmdeiintesniidasitalun1ssads

Y3 (LOQ) LiideauszanauAanulaiuvivey (Ghorbani et al., 2008)

4. MINUNIUITTAUNSIUTIAEadas (Literature review)

Santana et al., 2011 Iﬁﬁﬂmu‘i%’mﬁmﬁ’umimﬂ%mmaqiamwﬂfﬂemf] Toun daned nasuaq
Uson wazmzia TuidlovandeldidumdTamadinmlngitosnoufinuoure nduaninsums
(Atomic Absorption Spectrometry) tielfidudeyamdlunsusaiuamnimdswiadenvauvadni
lagiinsmageunnuasmuresiiaaeulaeiinisiauiinaredangninlunairieg wazai
ideiedivamou lngiimsAuiniesazvesnsndufuansazareinnsgudislissynisiuses d
mmmaauné’ulﬂa“fﬁaﬂé’w@ﬁumqﬁwﬁmiﬂFJ NIST (National Institute of Standards and
Technology) ﬂ‘éamam‘swmamﬁlé’lﬂEJU‘szLﬁuﬂ"lmmlu'LL“tiuawaqm'ii’mIamwﬁ’ﬂﬁm‘| A9 Usen
Fined voswas wazmzMluidouan 18wty 7.70 + 0.88, 2.58 + 0.30, 3.13 + 0.37 uway 2.32 +
0.17 lulasniuseitiovamiandy s

Gentscheva et al., 2012 ldhanAdeRefunsiauTunamedanssing ludh fomeaiamay
svmoulnueureinduaUninsinlammi (Atomic Absorption Spectrometry) Tnannmznaudae 2-
nitroso-1-naphthol - SsanuanisnaasanuindasifinnisamanuvesZnalangnosuas dnda
Tausas wagneia Idvinfu 0.61, 0.64, 089, 0.10 waz 0.60 lulasnSuseansauddu Tngly
nivvIumsaaesiinsmuaeunduldlneldiandredeiuses SPS-WW2-Spectrapure Standards 7
WAnINUsEWALDSY wasmanTeliazinanisvnassfenailuussndldiuiude

dszwnsa 2557)  Idvihawdduiferfunsussdiuamannliuiueuvesnsislunsdiian
wanaaeulatalndiAsstuinusismunildlunsindy Tnedeieudiousaliuiueunsie
Uiinasevlushetinirlnemeia Flow Injection Atomic Absorption Spectrometry fildnnas
UTnuAmILLITe 1SO/GUM . uasuuanieinislideyasnnnismsisasunimasmgaunanasis
lngannsAnwimuuasiauliniuoumauInig 1ISO/GUM laun anudies Usumsiiogng
Vinmsuuasd anududuresinednittalnenisuiiisuiunsmanasg dauusernulitivey
muuImenslideyainmsasingeuanuauvnaunaves 1iun munileazaududes m

AnulLUuauvENeNTEAUAMLTRIY 95 % TLeTAWINTY 85 % waz 11 % muaiey
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gnnd] uazenie (2558) Ievhawideiierfunmsiauinasnnaseumingnieswesisiinme
a1smy mzi waz uanilon lugayulng Tagds Graphite  Furmace  Atomic  Absorption
Spectrophotometry (GFAAS) leUszifiuninulaendeewndnsia wisufegelngiidosaans
MENIA UAINTIIUTNIAEIT GFAAS I5I9a0UANYNABIVRIITANNLLINIE ICH-Q2 (R)
wuinansvy pgia uae uaawdlon Tmnuduidunsdutig 580, 10-80 uay 0.25-4.0 urlunuse
finddnsnudiu Tnefiinduyseansanduiuunnndt 0.999 dadiavasnansawy whiu 2.5, 2.5
way 0.16 wlunsureliaddnsnuaidu leednsnfnueanisinlelSuia wihfu 1, 2 waz 0.1
lulasn3usiensunudifu Msmaaeunnuwiuvesisliriaieiesasvesnisndufuminiu 105.6,
98.8 wag 101.0 Faneriimniedlaafesarresrndosuunasgiuduivg doondn 2.9, 2.0
wag 4.7 audidy et iTiiesgidlunnamnsiuidiouvesaavy aef uay uandlen Tugn
apdlwsiiidmieluvszmalng wuinsvudouveslansmindfsauninlifunasguiidmualy
Tudsunasgruenayulnslve

uinuauazns.Anians (2558) livieideifeasunsmuinalansndn vesuas agia uag
dangaluhuhlnsmadamlanesnouinuevroinduadninsinlnumi fduainfminanaunsuay
Funfidnau 5 Fre819 thiegrsiahuidessensalunin Sasidu 2:1 TneUsuns wasiiu
lelasinueseonlsluduneunsiiames wuindsnavinasgududunswedavefimuidudu
Tuteflunnsinefudel 2.0-6.0, 1.0-50, 1.0-20.0 uae 0.2 - 1.0 fadn3usiodng Audwu Tnedian
SuusEAndandinius (*) > 0.997 uagA1 LOD warlOQ Teuminuasnasunsiiniviiu Ae 0.012
waz 0.04 fladnfusedns mud iy dmiune Wiy 0.195 uay 0.65 Tadniusiodns wasdingd
Wiy 0.063 wag 0.21 flafinfurieding mudiu ArFevasnisAundueglutie 83.1-92.9, 85.1-99.1,
90.5 -105 mudiu mduduveslaveiiwulushegiaiiuain fid 8.65 - 10.26, 1.46 - 3.08, 3.90 -
4.02 uag ldamsonsatald sudidy mnmswieudsumamuimalaneluiegiaiisnlagds

v a

NS MRIFIUAUITRLETavaeNInsgIu WU USinalansiialiunnsnaiuegndidud Ay dalu

k4
aoa o

FadraundmduauAl OTOP  andminanauss uazdoniil flauvasadesieduslannigle

U
i

wasguRAnSusignamnssuinefitmuaUiinagegavedaveiisenulddmiu wmdn 15 Sadniu
siodins newwnsuazdnyd 5 fadnSudedns wazmrm 0.2 fadniusiodng

Ata et al, 2015 ldAnwmiaunisinseilunmsmuinadnsdludugdulneiniesesnoni
nuaugesnduaUnnslinesimemaianmavinlidngdnaraidulamenmsfdlndulelase udmu
drilluwalilelasiay mmdeuanamilalasiouinlisgnareliuesnona’ Tneiafiauen
adu 213.9 wiluwes lnefinsnageunsfinesaagveaaios W faeeududunsewesniny
duduiudinsganiu Famuiirnududuvesaisazansunsgiudangdeglugag 0.20 - 1.20
LulasnIusiefiafiang lneanuduiudegluguauniadadu y = 0.144x-0.010 difn coefficient of

= < 2 [T o o [%] g 1 £ 9 ar
determination, R” winfu 0.99842 nadauAuiewadislun1sindwaazdlusnieluiudeadu 3
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1 1 d‘ 1 s 1 1 1 A t ‘O’ L HI 1 s
WNNUIBYASVDIANULILUUUINGZIY N 0.78 Iﬂﬁluﬁﬂ’lLLG\ﬂﬁ!’NLN@’JCﬂ%ﬂH’]UWLLG]ﬂWNﬂ‘U

3.

s

AINAVDINITNTITNUY LaE VAIAAVDINTIATUSU WU 0.0032 wag 0.0120 lulasnsuse

(=1}

fmit |

aa b = o [T = 1 P~ 1o =
8907 LazIngazNIIAUNaULNNY 99.8 T,mamaaaz‘uaamwmwummgw bN1AU 1,13 299910019

LY

Adenuinisaenaidenuly dntefio wagAuwLug Fedaumunzaulunisinusuudinsaly

a o

dugdulnuasosaznaulinkaurasntualuningiines

v
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uni 3

50 HUN1578

3.1gunsaluazarsadl
3.1.1 d@151adl

1. Apuweidanmunselawsn (Coppersulfate pentrahydrate, CuSOL5 H,O) nsa
AUATIEN 9INUTEN Ajax Chemical Usswiresainside

2. nsndaSnidudu (Sulfuric acid, H,SO,) N5ATLATIEN 2NUTEN Ajax  Chemical
UsewFoaalniiae

3. wonludieulansonlas (Ammonium hydroxide, NH,OH) 1N3A3AS1$% nU3ew
Ajax ChemicalUsgiveoaainsiae

4. @13a8aPUNTFIUNBILAY 1,000 ppm NIATATIEE INUIEN Merck  Usine
\wasuil

5. n3lunsnidudu (Nitric acid, HNO,) 1nseAlas1ev 91nUTEW Ajax Chemical Ussine
29ANILAY

3.1.2 gUnsaluaziniesile

1. wndes¥anuiunsa-uadie Metrohm U 827 UTEW Metrohm  Uszine
alawosiaun

2. \n3eseznauinuavsesniuanlnsinlnfined (Atomic Absorption  Spectro-
photometer) #%a Perkin Elmer U SpectrAA-200 U3®W Compaq Hewlett Packard
Usenranigewisn

3. wdesdeazifn 4 shumis Se Shimadzu U AUX 220 U¥ Shimadzu Uszine
iy
E]"Nﬁwmwmqquﬁ
\nFeansasiwiledinesanaaluda
wiasluilwes
fou
AsBlaviindignyu

Lﬂ%@Qﬂ‘iaﬁﬂ’]‘i‘iSUﬂaﬂjﬁy'}ﬂ']ﬁ

e N R



10. weauianing 4 ldud wnTaviumseunn 100 fadans Dupnuuaing Tiumwuy
nszn1y vandarumsdnzvenh nsvaunsedlenis naguvuy Tnines vannses
asazanyavisuidmivandulonsa vandmiudes amausuea wawestn sy

11. nszawyilinesdadufianes

12. 939 HDPE aunm 125 {iaddns

3.2 Mmewieuasiall
3.2.1 MswiguENTazateansgY Uinansavarsunsgiuneaaadudi 1,000

fiadinsu/@ns 91wy 10 Taddns Tdvindausuinsuunm 100 fadns udwdn 1% HNO, quis
UnTanes sgldasaransunsgiuvesuasnudiudu (Copper standard solution) 100
Nadnsu/ans mﬁaﬂﬂnﬁ’juTJL‘LJmmiaxmammgmwaaLmq*?im‘%smﬁqnﬁﬂ MU 1,2, 3,4
waz 5 laddnsauawiu Tduaninusuiesuunm 100 fadns wduAn 1% HNO, aufidn
Uinns agliasazasuinsgiunesaadudy anududu 1, 2,3, 4 ez 5 fadans/ans
AU

3.2.2 mawdsuiiegaindevswaadsdoudunsed feiamududuremeung 2
ladniunedns %QL?‘J‘uﬁhmmigﬂum‘a‘duLﬁaumummg'}uﬁﬂﬁwammim’m NIENTN
PNEAMNTIN

1. Uimansagangunsgiunesuns (Copper  standard  solution) Adsdudy 100
Nadn3u/ans 9y 20 addens TdvanTausuinsauna 1,000 dadns ududuuenlailelen
sonlaaludnsdruluavedlossunswnsuonlindeulansenles whiu 1 - 4 USuuinmnsdiech
Usirianlosswauiuinims 1 8ns avldansasaennsgruneswaadsdoududu 2 fadans/
ans

2. {i"']Lﬁﬂ‘wammL%e%’aumnﬁmﬂﬁﬁ'ﬁmimﬁ 91A13AUGTEUTINANAINTELNN
TusIEaN

3.3 A5N15Na9

174
3.3.1 A79daUAINMNIZaNYRINTIAUSUI B nas Ul Fenosuaadeday 1oy
wellaauassauiinuaugesnduauninsuns lasldwisfiwesdwsuinseiiniasaznaus

nuevgasntuaninsiWlaiined daanslunisiei 3.1

= = ¢ o o o ¢ A a ¢ W a s
M1519% 3.1 W']'i'mL(ﬂﬂiaqﬂi"dqLﬂ'ﬁqﬁ‘wLﬂiﬂﬂagﬂaumﬂLL@U%@?W‘UUE“LUﬂIVﬁI‘VﬂWNLm@i

WITLRDS Wavelength Flame Background Linear to Sensitivity Check
(nm) type correction (mg/L) (mg/L)
NDILAY 324.8 Air-acetylene on 1.6 1.3
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Inediasigrinnumuizanea3snldlunismusunavemawaslui g snswaudadou

D

4
1) nMsmaulivesnsiasent (Sensitivity) mAaulivesnisieseyt tiiusimenn
leeau wazansazasunsgrunesuasnufuduiitidiinisganduuas = 0.2 thlufadins
gAnAuuaIsIuaL 10 ady ihldmAnadsAinsgandunamdsinuuasd antunieses
Uszananar characteristic concentration (mg/l) faun1sfl 2.1
2) MNeaaUANTUEUATILALYI9UBINITIATIEI (linearity range) Unansazany
IATFIUNDINAIAITUTUY 1, 2, 3, 4, 5 mg/l Tiadmganduuas a51ensiunsgiuLans
AnuduiussEnitsasduduiuAnsg anduuas Auaendul sy avsanduiug iednwm
anududunss Famasienldsiang 0.995
3) MINUATINAVBINITNTIINY (LOD) Uagn1smAndnfinvasnisiadausuna (LOQ) 1
fheehauuasdsuAnsgAnduLas 10 ASy \nsosrszananadeyasenuilusuamududulag
Wisuiilsuiunswiinasgudiaiisld uddomaenndudueds (Mean) wazdrdmudoauy
15§51 (SD) Pt LOD = mnudidiuindsvesuuase + 35D AMUIUNIAT LOgguan
= anududuiadevesuuasd + 105D
3.3.2 MIMUFBUITNAgaU lnen1svndeumuLiuYeITIATIE fatl
wtnaTasaretideneunaddeudaunsed 2 fedntusedns ldluwniausings
119 100 fladdns $1wou 4 v vdendudsmsarasnasgunswameunadudy 100
HadnJusiadng adlurininuSunsaanans 3997 0,1, 3 way 5 Daansumuaisu USuuSunss
fe 1%  HNO; FsluriafauSuinsavdsenaudisansaraiensuaadwouduasziuas
asazaneumsgIuenadudu 0,1, 3 uar 5 fadndudednsnudiiu wnduthaisazans
asnanluindiinamemesuns Insldinadamavesneuinueugeinduaiualnsinlnines lng
Tdmsfiwesamunisd 3.1 9inuamsvnaesduinui fosazuesnsnduiy (% recovery) 189
wazAadudl AuanAedsdosazveinisnduiu (% mean recovery) WaA13peaLvaIAT
\Jeauunnsgudinivg (% Relative Standard Deviation, %RSD Tagft % mean recovery
Adsaglutag 80-110 uazA % RSD vomosundlisnnnin 7
3.3.3 msUszanauAInuliuiueuYen1sin (Measurement uncertainty) 499015
naaas vhnsmuauasldulveuiiunanmsmuasy §i
anuliutiveusinnismiudey Wasanansazasansgudiedaiianududusiniy
1,000 = 0.005 fadnsusedns aflamnsamuinarnuliiuauInnIsIuEsy Faaunisi

QJ

2.4 S18UNANITNAFIUNTTINNITATIDILATIENNILANTI Do URILASIETTisedU 2 HadnSusde

] '

dns AMwnmAauliuiueusn (Combined uncertainty) fsaun15f 2.7, MulnA1vene

15



tu

Aulaiuuay (expanded uncertainty) ieruidedulasgae coverage factor (k) fiszdy
ANULTBIU 95% Fsaunsh 2.8

3.3.4 YaUsinalessunasuadlutindededou dmdendinaFeulvimaeiiiluuas
UftRnaeiifosdu Fesmsusznoulreesiuiy

3.3.5 seaunan1sinlesaunssuasluindedadou Tugd X * Uerpana fszRuay
\Hestu 95%
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undi 4
Nan1sIvekazanUs1gNa

PnmnTeaeuliinalessuneunduiidenewnsddou Tagldmsfivesainaisg
7l 3.1 Fafinsuseunuamdmiumsiaiinailossunewunmiuunsinemaad WWud Ao
NFRIYRNITIATIZI (Validation Method), nszurunisasunduld (Traceability Process) ua
nMsUszanamamiliuineunnns¥a (Measurement Uncertainty) Iénanisvnasssail
4.1. HafN¥IAUYNADIYBIITAATIZI (Validation Method) TeUsznause
4.1.1 analaraan1sAATent (Sensitivity) sewp3osasnauiinueuseinduaninsinla
lwes latldasasaglossunewunududy 1.3 fadinudedns thluindnsaanduuasdiun

10 A39 NNTUTEUIAHAVOLASDUNDAIUINYNAN characteristic concentration linasansiaf
a.1

A13199 4.1 Arruhivesnsiesgieeasesesnoulinuavvesnduaiuninsinlniimesd

Characteristic concentration average (mg/l)
Characteristic concentration gy 0.024
Characteristic concentration Lﬂ%‘ﬂﬂﬁa 0.025
% ﬂ"]ﬂ'llWﬁJﬂﬂ’lﬂLﬂﬁauﬁ]’lﬂLﬂ%‘lﬂﬁﬁ’é} 4

4.1.2 HAN1SNAEBY system suitability thansagaresnnigiuvsaunsaududu 1, 2, 3,
4, 5 mg/l lWindmsganduueas szldnansmaeesduanslumsned 4.2

:i =Y =3 !g =) v
A519 4.2 NSUTEEIUAIUMINSANYBISEULTDINTIAS1EnasLaslutdelae Ty FAAS

Copper standard Absorbance  (mean) % Relative standard deviation
(mgl ) (%RSD)
1 0.104 1.28
2 0.21 0.57
3 0.305 0.50
4 0.345 1.22
5 0.496 Q.57
6 0.565 0.28




4.1.3 wan1snageuaUludunsiuazdiesuaenisinezd (inearity range) 91NHaNS

NAFDINITVIANFU

0.7

o
o

o
n

AANALLLEY

u

L
w =

o
[N

ALRAauNS

Oy +-0-020
LR TULY

4
ANUTNduvRvaas (HadnSudadng)

6

JUT 4.1 samaneseuanaduidunsauazdiaveinisiinse

4.2 naRNYINTIINIUEDY (Traceability process)

mamimmaawamsxmumimuaaﬂmanmﬁmﬁasmammgmwm WALLDLTY 1 LAy

3 fiadnsuradns adluarsazataddounauaadudy 2 adnsusedns Adanalun1sen 4.3

A19719% 4.3 58aYNSINAUAUYDINDILAILALNTEUIUANTNIUADU

asazany  AY A AL A M3l Andeauy  Tndre Inaiin
Wy W wWuduils  dududld ndudu WIASHU AR N1TIR
(mel™ NINUA RN NAUAY (%) Fuing wWu U3ua
(meL ™) UINIF U
(mel ™) .
(mgL ) (9)
sample 1.8663 2.8663 2.7754 0.9091 90.91 0.89 0.0042 0.014
Std.added 1
sample 1.8663 3.8663 4.2935 2.4272 80.91 0.0046
Std.added 3
sample 1.8663 6.8663 6.9891 5.1228 102.46 0.39

Std.added 5
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NnHanIIVaasnuImMsidnduiuindvesansazatsuinsgunesuniailndidestuAes

fio fogaznisndudiu fidwvindu 91.43, FesavAndeavuninsgiuduivg eglutassening

0.0046-0.89 1a8a1NN15ILATIERTIATINANIIATITNULALTAT A ANITTAUTUN ARy 0.0042

fladn3usioding uag LOQ 0.0140 fiadniusedns auddu fuainsanisdanan3siuualtiui

nsEUIUMIMARedinugndBsAaudIgs

4.3. wadnwin1suszanaaiauliviusuvesisnagau (Measurement uncertainty)
MnmsUszinaAadliutveuresnsinuiinalessunawadduiidenownudstou

¢ 2 Dy s =
sans1zed laglduuamanslideyaannsnneseunuaumvgaunavesisuandusud 4.2

Copper in synthetic wastewater
Other Precision
repeatability
Bias

U7 4.2 wnugiiisauanauvasnnaliviusureimsinuiinalessuneuns

Mnusugifansui 4.2 uansudsnaliuviueureamsiaviualossuneundy
hidevewunadedeudansisd Taglduumenislddayaannsasinaeunnuaumnaunases
T éun

4.3.1 mavian Wumaraliuiueusiia A Tneasedeunnuiirvedinageuainedasie
Waswhild Ao deanlanezneniinduoureinduaalnsinladines (Flame  Atomic

Absorption Spectrophotometer) @sanunsamulanlaainaunis

(Repe) ( MaxRSD)
epe = = =
H{kep \/;

al @ 1 . . . ] v =
lae? Max RSD Wiy #1 relative standard deviationgegnuastisildlunsiiasies
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n Wihiu Sruauisuaildlunsvageu

NNANNTNAABIAT Relative standard  deviation gegavesgianlelunisiiasizs
WINAU 0.551 Wag 91UIUNeuaNLalunIsnagau Wiy 50 f9tiuaINASENUAIRILaLn1SaEla
Aanuliviuaunesasile windu 0.0721

4.3.2 a21ulduiuauannisniugsy Liesvinaruandesdienan & 2 unas de
(R)m Wushunuvesitneaeu farsanainAinnududussfunarsilddnwaiugdes

-:dﬂ; a0 1 (Y] -1 n [~ @ 1 ;7 = = o 1
YarisgeliAiiy 3 mel uaz u(R)s Wudunuvemasadisldau Salawnsafuiuen
AU LULAUINNANTNIUADY FHEUNITN 2.4 7D

2
R - R ()’ i

2
Cspike nx Cops

Ry ) Ao anubiltuewanmsmugeuiieasazalsuInsg Iy
B Am ANNNSYNUABULREY
& 1 1 a a g
#(Cspire) Fo anuliiniveuinasguvasansazatennsgiulianadly spiked sample

a a , -1
Cspike  FD AUudurasasazareunsgIuiifivadly Spiked sample = 3 mgl

S e fip @hL{’Jmmummgwumwmaauﬁwm Spiked samplelunnaz repeatability
n o duuesfinedeudn = 10
1 (Cspike) u(Cetd 2 0.005 2 L
o — = — = — = 2.87x 10
Cspike Csta V3 x 1000
_ C 2.6232
B, -—228. . /== - 0.8744
Cspike 3

= . 53 (0.0035)2
u(R,,) = 08744 X \/ (287x1075)% + T

= 0.00037
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= o L5

M998 UAININEAIAVEIAIIUALDEY BIFDIRITUITIAIAUNEULANKI9IN 1

&

3ol lagld t-test
|1-Ryp | [1-0.8744|
uW(R)m  0.00037

= 339.46

Yoo =

NANIUNA tinn WBUARUAY coverage factor (k) NseAuAMILTaTY 95% TAwwiniu

2 AUTT Ly HANUINATT 2 FeurmAundUIawananeann 1 egnalitiudfey Auin

(R f—R, %2 =
G () Ry

_ 2
J(ﬁ;&) + (0.00037)2 - 00628

D v (R ] = 1 [ - ) ' 1 v
u(Rs) mildnnmdnulssuunnsgiuvesidunduinisvesiiegmasatadldnu

u(R )
Rs) _ o0 - 00038 el
Rg

Auraaa U ldvduauT LRI LA B

HE® (u(ﬁ_m)//)z L wE)?

= 2 2
= B 5 /(0.0628)2 + 0.0038

= 0.0629
AINMSANWIAIUA W DBILALANUTNEIVTI SNAaa UL NS ITUWUALaz IR TAUSIIRNSVUNS

99 wuuguludisssegnamils nansenuvsaaiosuiidalsesilduasnnsinndenisld
sullifuaranubiviveusnaudidsaasanuiiowda
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4.4. AuInuA1A18 N uNIR3g1UTIN (Combined  uncertainty) wazvgraadlyl

wiuaU (expanded uncertainty)

k2

4.4.1 AuuA1AuliutuauNIns§IUIIM (Combined uncertainty) 3MNaNNTTASH

% _ J(@)z =3 (9%)2 - J(0.0629)% + (0.0721)?

e = 0.0957x2 = 0.1914

4.4.2 AMUINAMYLLLLUBUTEBNTLAUAUTBLY 95% lasn1sveeaianulituueusiy

laeAuAN coverage factor (k) AaunT3

Hexpana =  kic =2x0.1914=03828
Wie Uc wihiu anuldwiusuaesgius
g —n whiu - anuldudusuinesguveausaziade

Hexpand Whfiu  mywibiviusuveny

k WU coverage factor

quantity 11U UYTuurealatey

45 Favsualessuvaiwasludndededou Wnhdondinsseulfifnsedivaliuay

UfuRnsialiiUawuy (Fosansusznaulrepsaludy a1naunis 2.3

Cil (mg) _ (CoxVfinar)

l - Vinitial Recovery

= 2591.71 {adnsunoans

lng#l Cq Gh) ANUNTUNLARINMSTEUNTINNINTEIU=2.3696
Viinal o USUn3M0819maeN151aea1 = 1000 Tadans
Vinitial Ao USumsiaegnneunsiens = 1 dadans
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Recovery #e nslanduAuasansaraIuenedanngIu =0.9143

a % a v P o
4.6 euwanisinlessunsunslutnidededou Tug X £ Ueypang  Taedua

4 = ° o ° v Ao oy w
Wadlu 95% Tawmnudarnuuaves ISO/IEC 17025 : 2005 98 5.10.3.1 (¢) AuualwAInlasIu
fueaabiviueu egluinaeieeusu

NOWAY = 2591.71 & 0.3828 meL  Tisedumnandosiu 95 %
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unim 5

d3UNaNI5IL LA TBLEUBNUE

5.1 d3UNan1s3Y
mﬂmiﬁmznLﬁ‘@ﬂi3ﬁ’uammwa"w%’um'ﬁi’mﬂ%mmﬁﬂLﬁwammL%Q%'auim&jmﬂﬁﬂl,wau
avmauiinuevgesUfuanlnsuvidanudimzianzasonain daududunsiduti 1-5
fiadnsusiedns (ppm) lesliAiAuliuesnsinsey, sesasAnlotuunnsgIuduinives
AUMINZaNTRSSTUY, Femnududunss,  Soraznisvmiudey,IndninuninInIiany,
PndrinveanisinlieSina iy 0.024 fadinfusedng, 0.74, 1-5 Sadnfusiedng, 91.43,
00042 waz 0014 fadniudedns sy Fuimmegluinasivensuld Aefesazussdn
Weavunnsgudimsnesundlininnia 7 uay resasvesnsnduiueglugas 80 - 110
ans TngrauiduduvemesunsfiszfuindifnveanisiadauTumiiaidiniidunnsgu
vasunaignimualluifisnuussmaveansulssnuganngsy nsenTenamMnTIY
drumsusziiiudreubivtiusuvesnsiaiuameaunduindsdaaszionuun
nanslddeyasnnnIInTIsdeuANALMRENNaYRddS tnefiarsauratauldudueuly
amsuilagldiauliuieunnns@nmanudidsuasmuiissvesiivaaey daldinng
PUNANTLNUIINATOIAINALAIEWINGDL IINHANTNARDIVIIAU 19 %  Fensusziium
aulduiueulaelduuimienisnssasunnuanivnaunareisisernlunaienes
visfiAmmeseuldidesnniduisidiumsldieuarasainniy sgdlsfnunisdenty
wamslawesufoinisdesiansanainumnsauuiinguszasanisldeudundnsmi
fasanaldieuszneude fruaieneitsddiensiviinunsluidiouremeuasy
ihitsldegnagnios wazthlulfifunasgulumsesaufinumeuadludidemudefmuaves

ﬂiuiix‘lﬂ’luq%ﬁ'}‘lﬂﬂﬁiﬂ NITNITNYAATUNIIUN

5.2 YoLaUBLUY

AsUsziuAALllkuaunsTadmiunsTausunanindeneanadaulaemaila
WanernouinwoureSUTUaALUNINTUNSAINLUINIG ISO/GUM  wSsurisuiunisuseidiue

ANULLINEUNTININLUIMINTNTIVEOUANLEALLAALNAYDITE
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NSUANYINANTUINNS. 2550. wuwmnen1saninauldldesdds. nyammumuns. AanssuMIiu
AYINNFVDINTUNTUINFENTUSNNT.
unua Ansdn way As.fnnans Junsine. 2558, mswivsunalansivan vaauas Az wazdanzdly
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15(1), 32-40.
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Method: std.Cu3 inHNO3 Page 3 Date: 2/12/2018 1:47:50 PM
1 [6) 0.599 12:56:27 No
2 (6] 0:..392 12 : 563 No
3 [6] 0.589 12:56:35 No

Mean: [6] 0.593

SD: 0 0.0050

$RSD: 0 0.85

Standard number € applied. ([6]

Correlation Coef.: 0.985879 Slope: 0.07034 Intercept: 0.00000

S-shaped calibration curve detected.

Two-coefficient equation used.

Calibration data for Cu 324.75

ID
h2o

Calib
Calib
Calib
Calib
Calib
Calib

Correlation Coef.:

Std
Std
Std
Std
Std
Std

Analysis Begun

Mean Signal
(Abs)

Logged In Analyst: tak

Spectrometer Model: AAnalyst 200,

.0000
0573
“TETT
.3001
.4117
.5049
S5O
0.985879

nte

Equation: Nonlinear Through Zero
Entered Calculated

Standard
Deviation
0 0.00
6 0.00
5 0. 18
2 0.00
2 0.00
5] 0.00
6 0.01
rcept: 0.00000

COoOO0OWUWOoOR
o W
o w
fos] o

@M N

Technique: AA Flame
S/N 20089081701 Autosampler Model:

Sample Information File: C:\data-AA\tak\Sample Information\KANOKPON\std.Cu2 in HNO3.sif

Batch ID:

Results Data Set:
Results Library:

Method Loaded

Method Name:

Method Description:

std.Cu 2 in HNO3
std.Cu 2 in HNO3

Method Last Saved:

Sequence No.:

Sample ID: H20

Analyst:

2/12/2018 12:59:37 PM

Autosampler Location:
Date Collected: 2/12/2018 1:00:52 PM
Data Type: Original

Replicate Data:
Repl SampleConc

# mg/L

1

2

3
Mean:
5D:
$RSD:

H20

StndConc BlnkCorr

mg/L
[0.00]
[0.00]
[0.00]
[0.00]
0.00
0.00

Auto-zero performed.

Sequence No.:

Sample ID: Calib Std 1

Analyst:

Signal
~0.003
-0.003
-0.002
-0.003
0.0005
18.11

Time

13:00:56
T3%01 s Ul
13:01:05

Signal
Stored
No
No
No

Autosampler Location:
Date Collected: 2/12/2018 1:01:30 PM
Data Type: Original

Replicate Data:
Repl SampleConc

# mg/L

1

Calib Std 1

StndConc BlnkCorr

mg/L
[1]

Signal
0.102

Time

13:01:31

30

Signal
Stored
No



Method: std.Cu3 inHNO3

Page 4 Date: 2/12/2018 1:47:50 PM
2 £ 0.104 13:01:35 No
3 (1] 0.105 13:01:40 No
Mean: {13 0.104
SD: 0 0.0013
3RSD: 0 1.28
Standard number 1 applied. [1]
Correlation Coef.: 0.995380 Slope: 0.08562 Intercept: 0.00000

S—-shaped calibration curve detected.

Two-coefficient equation used.

Sequence No.: 10
Sample ID: Calib Std 2
Analyst:

Replicate Data: Calib Std 2

0.10538

Autosampler Location:
Date Collected: 2/12/2018 1:02:01 PM

Data Type: Original

Repl SampleConc StndConc BlnkCorr Time Signal

# mg/L mg/L Signal Stored

1 [2] 0.209 13:02:01 No

2 [2] 0.210 13:02:05 No

3 [2] 0.211 13:02:09 No
Mean: [2] 0.210
SD: 0 0.0012
$RSD: 0 0.57
Standard number 2 applied. [2]
Correlation Coef.: 0.999645 Slope: Intercept: 0.00000

S-shaped calibration curve detected. Two-coefficient eguation used.

Sequence No.: 11
Sample ID: Calib Std 3
Analyst:

Autosampler Location:
Date Collected: 2/12/2018 1:02:30 PM
Data Type: Original

Replicate Data: Calib Std 3

Repl SampleConc StndConc BlnkCorr

# mg/L mg/L Signal

1 [3] 0.304

2 [3] ..305

2 [2] 0.307
Mean: [3] 3...305
SD: 0 0.0015
$RSD: 0 0.50
Standard number 3 applied. [3]
Correlation Coef.: 0.999794 Slope:

Time

13:02:31
13:02:35
13:02:40

0.10584

Signal
Stored
No
No
No

Intercept: 0.00000

S-shaped calibration curve detected. Two-coefficient equation used.

Sequence No.: 12
Sample ID: Calib Std 4
Analyst:

Autosampler Location:
Date Collected: 2/12/2018 1:03:09 PM
Data Type: Original

Replicate Data: Calib Std 4

Repl SampleConc StndConc BlnkCorr Time
# mg/L mg/L Signal
1 [4] 0.401 13:08:10
2 (4] 0302 1L23E03 525
3 (4] 0.392 137038 19

Mean: (4] 8+3985

SD: 0 0.0048

¥RSD: 0 1. 22

Standard number 4 applied. [4]

Correlation Coef.: 0.99%617 Slope: 0.10559

Signal
Stored
No
No
No

Intercept: 0.00000

S-shaped calibration curve detected. Two-coefficient equation used.
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Method: std.Cu3 inHNO3 Page 5 Date: 2/12/201i8 1:47:50 PM

ABCOSEMpLsY Location:
. B . - VT s 5 : ; 5 g .
Std 5 Date Collected: 2/712/2018 1:03:460 pPM

Replicate Data: Calib 5td 5
Repl SampleConc StndConc BlnkCorr Time Signal
mg/L mg/L Stored

S ]

Replicate Data: Calib Std 6

Repl SampleConc StndConc BlnkCorr Time Signal
# mg/L Signal Stored
: (5. 300 ‘ e
2 0.565 jife]
3 3.566 No
Mean: (. .565
%RSD: 0 0.28
Standard numoer 6 applied. [©]
Corrslation Cosf.: 0.988784 : 010443 Intercept: 0.00000
Calibration data for Cu 324.75 Egquation: Nonlinear Through Zeroc
Entered Calculated
Mean Signal Conc. Conc. Standard
{Abs) mg/L mg/L Deviation $RSD
G.2008 G C.000 G.0C 1804
6.1037 1.0 0.597 .00 1:3
32360 2.0 2,431 it
a 0.3052 3:0 2.974 0
Ca 0.35950 4.0 3.90C G
L9 0.4960 B 0 £.061 G

Sequence He.: 15 Autosampler Location:
Sample ID: Sample001 Date Collected: 2/12/2018 1:06:07 PM
Analyst: Data Type: Original

Replicate Data: Sample001
Repl SampleConc 8StndConc BlnkCorr Time Signal

mo /T mer /T [
mg/ L mG/ L =
oo
A

0.003
-0.00

Ve VUL
gl

rer
S

10 ke e

o ()
o
0
o]

1
w
I
W

[0
2]

oy
0,087
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Method:

std.Cu3 inHNO3

Page 6

Date: 2/12/2018 1:47:50 PM

Sequence No.: 16

Autosampler Location:

2/12/2018 1:06:55 PM

Date Collected: 2/12/2018 1:07:28 PM

Date Collected: 2/12/2018 1:08:07 PM

Date Collected: 2/12/2018 1:08:50 PM

Sample ID: Sample002 Date Collected:
Analyst: Data Type: Original
Replicate Data: Sample002
Repl SampleCone StndConc BlnkCorr Time Signal
# mg/L mg/L Signal Stored
1 1.680 1.680 0.174 13:06:57 No
2 1721 L.g21 0.178 1307501 No
3 L2l 15721 0.178 13:07:05 No
Mean: 1.707 1o 2700 031571
SD: 0.024 0.024 0.0024
SRS 359 B 137
Sequence No.: 17 Autosampler Location:
Sample ID: Sample003
Analyst: Data Type: Original
Replicate Data: Sample003
Repl SampleConc StndConc BlnkCorr Time Signal
# ng/L mg/L Signal Stored
1 1.896 1.896 0.1%6 13:07:30 No
2 1.881 1.881 0.185 13:07:34 No
3 1.878 1.878 0.194 13:07:38 No
Mean: 1.885 1.885 019G
S 0.009 0.009 0.0010
$RSD: 0.503 0.503 0::50
Sequence No.: 18 Autosampler Location:
Sample ID: Sample004
Analyst: Data Type: Original
Replicate Data: Sample004
Repl SampleConc StndConc BlnkCorr Time Signal
# mg/L mg/L Signal Stored
i 1.854 1.854 0.192 13:08:08 No
2 1.839 12839 0.191 13:08:02 No
3 t.817 14817 0.188 13:08:17 No
Mean: 1.837 1887 0.190
SD: 0.01¢9 0.019 0.0019
%RSD: 1.016 1.016 1.00
Sequence No.: 19 Autosampler Location:
Sample ID: Sample005
Analyst: Data Type: Original
Replicate Data: Sample005
Repl SampleConc StndConc BlnkCorr Time Signal
# mg/L mg/L Signal Stored
1 1.796 17796 0.186 13:08:52 No
2 IR ) 1.772 0.184 - 13:08:56 No
3 1712 1o TEL2 Q. 197 13:09:00 No
Mean: 1.760 1.760 0.182
SD: 0.044 0.044 0.0045
$RSD: 2.472 2.472 2.45

Sequence No.: 20
Sample ID: Sample006
Analyst:

Autosampler Location:

Date Collected: 2/12/2018 1:09:21 PM

Data Type: Original
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Method: std.Cu3 inHNO3 Page 7 Date: 2/12/2018 1:47:50 PM

Replicate Data: Sample006

Repl SampleConc StndConc BlnkCorr Time Signal
# mg/L mg/L Signal Stored
1 1.832 1:832 0.190 15:092] No
2 1.827 X827 0.189 13:09:26 No
3 1.841 1.841 0.191 13:09:30 No
Mean: 1.833 1.833 0.190
SDi 0.007 0.007 0.0007
$RSD: 0.373 C..373 0.37
Sequence No.: 21 Autosampler Location:
Sample ID: Sample007 Date Collected: 2/12/2018 1:12:49 PM
Analyst: Data Type: Original

Replicate Data: Sample0Q07

Repl SampleConc StndConc BlnkCorr Time Signal
# ng/L mg/L Signal Stored
1 -0.001 -0.001 -0.000 13: 12851 No
2 -0.006 -0.006 -0.001 132 12:55 No
3 -0.006 -0.006 -0.001 13 L3500 No
Mean: -0.004 -0.004 -0.000
SD: 0.003 0.003 0.0003
$RSD: 63.82 63.82 63.82
Sequence No.: 22 Autosampler Location:
Sample ID: Sample008 Date Collected: 2/12/2018 1:13:25 PM
Analyst: Data Type: Original

Replicate Data: Sample008

Repl SampleConc StndConc BlnkCorr Time Signal
# mg/L mg/L Signal Stored
1 =0i1002 -0.002 -0.000 1300 3226 No
2 0.005 0.005 0.000 185 330 No
3 -0.006 -0.006 =0 OF0: 1:3a 3535 No
Mean: -0.001 -0.001 -0.000
SD: 0.000 0.006 0.0006
3RSD: 474.1 474.1 474.06
Sequence No.: 23 Autosampler Location:
Sample ID: Sample009 Date Collected: 2/12/2018 1:13:46 PM
Analyst: Data Type: Original

Replicate Data: Sample009

Repl SampleConc StndConc BlnkCorr Time Signal
# mg/L mg/L Signal Stored
1 -0.006 -0.006 =001 131 B2 46 No
2 -0.008 -0.008 =0:001 13 E13:50 No
3 -0.007 -0.007 -0.001 313 54 No

Mean: -0.007 =0,007 -0.001

S 0.001 0.001 0.0001

$RSD: 13.50 13.50 13.50

Analysis Begun

Logged In Analyst: tak Technique: AA Flame
Spectrometer Model: AAnalyst 200, S/N 20059081701 Autosampler Model:

Sample Information File: C:\data-AA\tak\Sample Information\KANOKPON\std.Cu3 in HNO3.sif
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Method:

Spiked sample repeat Page 1 Date: 6/19/2018 2:44:11 PM |
Cu 324.75 - Measured Characteristic Concentration: 0.024 mg/L
Cu 324.75 - Measured Characteristic Concentration: 0.024 mg/L
Cu 324.75 - Measured Characteristic Concentration: 0.024 mg/L
Cu 324.75 - Measured Characteristic Concentration: 0.024 mg/L
Cu 324.75 - Measured Characteristic Concentration: 0.024 mg/L

Analysis Begun

Logged In Analyst: tak
Spectrometer Model: AAnalyst 200,

Sample Information File:
Batch ID:

Results Data Set:
Results Library:

Method Loaded
Method Name: Spiked sample repeat
Method Description:

3equence No. :
Sample ID: H20
Analyst:

eplicate Data: H20

Repl SampleConc StndConc BlnkCorr
# mg/L mg/L Signal
i [0.00) 0.447
2 (0.00] 0.447
3 [0.00] 0.44¢
4 [0.00] 0.44¢6
5 [0.00) 0.446
6 (0.00] 0.448
7 [0.00] 0.449
8 [0.00) 0.447
9 [0.00] 0.447
10 [0.00] 0.449
ean [0.00] 0.447
D: 0.00 0.0010
RSD: 0.00 Q.22
uto-zero performed.

equence No.: 2

ample ID: H20

nalyst:

eplicate Data: H20

epl SampleConc StndCone BlnkCorr
it mg/L mng/L Signal
1 [0.00] 0.001
2 [0.00] 0.004

Time
14:20:
14:20:
14:20:
14:20:
14:20:57
14:21:089
i essDil e )
14:21:33
14:21:

44
14:2 1557

21
33

[

Time

14:22:33
14:22:45

Technique: AA Flame

$/N 20089081701 Autosampler Model:

Autosampler Location:
Date Collected: 6/19/2018 2:20:03 PM
Data Type: Original

Autosampler Location:
Date Collected: 6/19/2018 2:22:26 bM
Data Type: Original

Signal
Stored
No

No
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Method: Spiked sample repeat Page 2 Date: 6/19/2018 2:44:11 PM
3 [0.00] 0.001 1ds 22457 No
4 [0.00] =0.001 14:23:09 No
5 [0.00] 0.000 14 23 520 No
6 [0.00] 0.000 142 23:33 No
7 [0.00] 0.000 14223 545 No
8 [0.00] -0.001 14:23:56 No
9 [0.00] -0.001 14:24:08 No
10 [0.00] -0.001 14:24:20 No
Mean: [0.00] 0.000
SD: 0.00 0.0014
¥RSD: 0.00 547.25
Auto-zero performed.
Sequence No.: 3 Autosampler Location:
Sample ID: Calib Std 1 Date Collected: 6/19/2018 2:24:46 PM
Analyst: Data Type: Original
Replicate Data: Calib Std 1
Repl SampleConc StndConc BlnkCorr Time Signal
# mg/L mg/L Signal Stored
1 [3] 0.438 14 #24553 No
2 [31 0.438 14:25:05 No
3 [3] 0.432 14:25:17 No
4 [3] 0.430 14:25:28 No
5 [ 0.435 1.4 #2540 No
6 [3] 0.432 14:25:52 No
7 [3] 0.434 14:26:04 No
8 [3] 0.432 14:26:16 No
9 [3] 0.438 142627 No
10 [3] 0.436 14:26:39 No
Mean: [3] 0.435
SD: 0 0.0030
$RSD: 0 0.69
Standard number 1 applied. [3]
Correlation Coef.: 1.000000 Slope: 0.14486 Intercept: 0.00000

Calibration data for Cu 324.75

Equation: Nonlinear Through Zero

Entered Calculated

Mean Signal Conc. Conc. Standard
ID (Abs) ng/L mg/L Deviation $RSD
H20 0.0000 0.000 0.00 547.3
Calib Std 1 0.4346 3.0 3.000 0.00 Q7

Correlation Coef.: 1.000000 Slope: 0.14486 Intercept: 0.00000
Sequence No.: 4 Autosampler Location:
Sample ID: Sample001 Date Collected: 6/19/2018 2:28:25 PM
Analyst: Data Type: Original
Replicate Data: Sample001
Repl SampleConc StndConc BlnkCorr Time Signal

# mg/L mg/L Signal Stored

1 1637 1637 02234 14:+28:32 No

2 15613 1.613 0.234 14:28:43 No

3 1.650 1.650 0239 14+28 :55 No

4 1.637 1.637 0.237 14l=29:04 No

5 1. 633 1633 0237 14:29:19 No

6 1.634 1.634 0..237 14:29:31 No

7 1. 655 1655 0.240 14:29:43 No

8 1.655 L6535 0.240 14:29:54 No

9 1.641 1.641 0238 14:30:06 No

10 1.663 1 603 0.241 14:30:18 No
Mean: 1.642 1.642 0.238
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Method: Spiked sample repeat Page 3 Date: 6/19/2018 2:44:11 PM
SD: 0018 0.015 0.0021
%RSD: 0.886 0.886 0.89
Sequence No.: 5 Autosampler Location:
Sample ID: Sample002 Date Collected: 6/19/2018 2:31:04 PM
Analyst: Data Type: Original
Replicate Data: Sample002
Repl SampleConc StndConc BlnkCorr Time Signal
# mg/L mg/L. Signal Stored
3 2.118 2:118 0.307 14:31:11 No
2 2.077 2,077 0.301 14:31:23 No
3 2071 2.071 0.300 14:31:34 No
4 2.088 2.088 0.302 14:31:46 No
5 52 2.052 0.297 14 31 558 No
6 2.070 22070 0.300 14:32:10 No
7 2070 2.070 0.300 14z 32322 No
8 2.064 2.064 0209 14:32:34 No
9 2.084 2.084 0.302 14:32:48% No
10 2.058 2.058 0.298 14232 :58 No
Mean: 2.075 2.075 0.301
SD: 0.018 0.018 0.0027
%RSD: 0.890 0.890 0.89
Sequence No.: 6 Autosampler Location:
Sample ID: Sample003 Date Collected: 6/19/2018 2:33:32 BM
Analyst: Data Type: Original
Replicate Data: Sample003
Repl SampleConc StndConc BlnkCorr Time Signal
# ng/L mg/L Signal Stored
1 2,812 2.812 0.407 14:33:39 No
2 2.833 2833 0.410 14:33:51 No
3 2.827 2.8217 0.410 14:34:03 No
4 2.855 25855 0.414 14:34:14 No
5 2.868 2.868 0.415 14:34:25 No
6 2.883 2.883 0.418 14:34:37 No
7 2.881 2.881 0.417 14:34:49 No
8 2.907 2.807 0.421 14:35:01 No
9 2.868 2.868 0.416 T4:38:43 No
10 2.900 2.900 0.420 14 38w 25 No
Mean: 2.863 2.863 0.415
SD: 0.032 0.032 0.0046
$RSD: 1.106 1.106 1.11
Sequence No.: 7 Autosampler Location:
Sample ID: Sample004 Date Collected: 6/19/2018 2:35:50 PM
Analyst: Data Type: Original
Replicate Data: Sample004
Repl SampleConc StndConc BlnkCorr Time Signal
# mg/L mg/L Signal Stored
1 4.614 4.614 0.668 14352571 No
Sample concentration is greater than that of the highest standard.
2 4.569 4.569 0.662 14236209 No
Sample concentration is greater than that of the highest standard.
3 4.579 4.579 0.663 143 3621 No
Sample concentration is greater than that of the highest standard.
4 4.558 4,558 0.660 T4z 36333 No
Sample concentration is greater than that of the highest standard.
5 4.584 4.584 0.664 14:36:44 No
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Page 4

Date:

6/19/2018 2:44:11 PM

Sample concentration is
6 4.574 4.574

greater than

0.663

Sample concentration is greater than
7 45567 4.567 0.662
Sample concentration is greater than
8 4.57¢6 4.576 0.663
Sample concentration is greater than
9 4.565 4.565 0.661
Sample concentration is greater than
10 4.547 4.547 0.659
Sample concentration is greater than
Meanzz 247573 43593 0.663
SD: 0.018 0.018 0.0026
%RSD: 0.391 (RS0 0.39

Sample concentration is greater than

Sequence No.: 8
Sample ID: Sample005
Analyst:

that of the highest
14:36:56 No
that of the highest
14:37:07 No
that of the highest
FrdiB 7] No
that of the highest
LidieBili:3i: No
that of the highest
led e 3 No
that of the highest standard.

standard.
standard.
standard.
standard.

standard.

that of the highest standard.

Autosampler Location:
Date Collected:
Data Type: Original

6/19/2018 2:38:09 PM

Replicate Data: Sample005
Repl SampleConc StndConc BlnkCorr
# mg/L mg/L Signal
1 S5ieBA3 SRS D= BIST]:
Sample concentration is greater than
2 5.882 5.882 0.852
Sample concentration is greater than
3 5.886 5.886 0.853
Sample concentration is greater than
4 5.898 5.898 0.854
Sample concentration is greater than
5] 5.902 5.902 0:855
Sample concentration is greater than
6 5.876 5.876 0.851
Sample concentration is greater than
7 5852 5.852 0.848
Sample concentration is greater than
8 5.874 5.874 0. 851
Sample concentration is greater than
9 5873 5873 0.851
Sample concentration is greater than
10 5.876 5.876 0.851
Sample concentration is greater than
dean: 5.879 5.879 0.852
3D: 0.014 0.014 0.0020
5RSD: 0.238 0.238 0.24

Sample concentration is greater than

Signal
Stored
14:38:16 No
that of the highest
T es 824 No
that of the highest
14:38:39 No
that of the highest
14:38:51 No
that of the highest
14:39:02 No
that of the highest standard.
ez a3 No
that of the highest
14:39:25 No
that of the highest
14:39:37 No
that of the highest
14:39:49 No
that of the highest
14:40:01 No
that of the highest

standard.
standard.
standard.

standard.

standard.

standard.

standard.

standard.

standard.

that of the highest standard.

3equence No.: 9
Sample ID: SampleQ06
Analyst:

Autosampler Locaticon:
Date Collected:
Data Type: Original

6/19/2018 2:40:21 PM

Replicate Data: SampleQ06

Repl SampleConc StndConc BlnkCorr
# mg/L mg/L Signal
1 -0.049 -0.049 -0.007
2 -0.054 -0.054 -0.008
3 ~0.058 -0.058 -0.008
4 -0.057 ~-0.057 -0.008
5 -0.070 -0.070 -0.010
6 ~-0.060 -0.060 ~0.009
7 =0.067 -0.067 -0.010
8 -0.060 -0.060 =B5009

Time Signal
Stored
14:40:28 No
14:40:40 No
14:40:51 No
14:41:03 No
1447 :15 No
14:41:27 No
14:41:39 No
14:41:51 Ne
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9 -0.061 -0.061 -0.008 14:42:02 No
10 -0.074 -0.074 -0.011 1442514 No
Mean: -0.061 =061 -0.009
SH: 0.007 0.007 0.0011
$RSD: 12.25 1225 12.25
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