mSIU§au1ﬁau5§msnoaoumU§mmUson’lumnqqmmssuua:’ludwaﬁq :
nstUFinuyINskIUSTUUsSonluitnasg N [solwwatnuku
ua:nskIUSUItUUSONnluNINa:noudINS:uUUUaUNIdY
The comparison of method of mercury determination in solid waste and
leachate : A case study of mercury determination in coal fly ash from
power plant and sludge from wastewater treatment plant
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UNAQED

nMvaseUmMUSInam it uvesasUsenioun (Total Mercury) Tudswandeuiinruddy owinaisdsend
anuidufivgauazngrnedanadelussmdlneimualifemaaoumuinuanududuresansusenitaueludundond
anaditusi atleunasgumududuresUinaseniameiiseslidldludsndeussunnsstfutuagiuindusnmsgu
1o Wy hihAudeliifu 2 lulesn3udedns enafszuiseenanlssuiiinseninidomauariifinsunndidemada
Liifu 2.4 waz 3.0 fadnsudegnuiAiiuns MUEIAU waznINgnamnssuEATLNAYE 0.200 findnsusodmstnarin (Soluble
Threshold Limit Concentration, STLC) fudu TansvaaeumusunannudiduresansusenlulSnasiivasds saiins
\FenTBnsvadeuiivnzaniuegiusnunsvesiioguward e duduresUseniidosms innguandandon nsuinermans
U313 daduriesufiinmaaeusuduindeuasidumhsnunansiumsvageuvesssiva nanisvaaeusesiiaugnsies
indeftonaniufivensuluszivana melduieuiisunammasouiunusoniamaluTandnsduazsogannuesde
feBnsnasgumudnenmiliivesiesufuins lnseidunssiarldidnaesnnlsslrfidusunuresninvendeiiedinu
UiinasevluthatauasldTangsdeiiodenain Matrix vesnmnazneuanssuuthimindenasidnsesdusununinvesde
WemUSiasensionun TnefnviusuiisunanmaseuUSinanmnududuresusenimaaiildanisnmasou 2 35 EPA
Method 7471 B: Mercury in Solid or Semisolid Waste (Manual Cold-Vapor Technique) waz EPA Method 7473: Mercury
in Solid and Solutions by Thermal Decomposition, Amalgamation, and Atomic Absorption Spectrophotometry Wan1g
Ainy WUl wedla Cold-Vapor Technique tay Thermal Decomposition, Amalgamation, and Atomic Absorption
Spectrophotometry linanismageuidsUsunalduanasiusgsfitudAny Tunimanuldudueumaila Thermal Decomposition,
Arnalgamation, and Atomic Absorption Spectrophotometry fifnanaliuususiinit Cold - Vapor Technique wazansiiy
AAnTuanmsmageusemaiin Thermal Decomposition, Amalgamation, and Atomic Absorption Spectrophotometry &
Usinamazanufuiieiisnid Cold-Vapor Technique

Abstract

Mercury determination in the environment is really important, because of its highly toxic when contaminated
in the environment. Therefore, Thai government has limited total mercury concentration in the environment in low
concentration. Those concentrations are dependent on each standard for example less than 2 microgram per litter in
surface water, less than milligram per cubic meter in ambient air and less than 0.200 milligram per litter in leachate.
The alternatives of methods to determine low concentration mercury depend on physical property of sample and
range of mercury concentration.The Environment group, Department of Science Service is not only environment testing
laboratory but also the third party of testing in Thailand. Therefore, the test results must be of high precision, high
accuracy and acceptance. This research focuses on comparison of test results from two methods used to determine
low concentration mercury. These two methods are EPA Method 7471 B : Mercury in Solid or Semisolid Waste (Manual
Cold-Vapor Technique) and EPA Method 7473 : Mercury in Solid and Solutions by Thermal Decomposition, Amalgamation,
and Atomic Absorption Spectrophotometry. The reference material (mercury in sludge and mercury in fly ash) is total
mercury sample while coal fly ash from power plan is a leachate sample.The test results indicated that Cold - Vapor
Technique are not deference and Thermal Decomposition, Amalgamation, and Atomic Absorption Spectrophotometry.

The comparison of uncertainty between Thermal Decomposition, Amalgamation, and Atomic Absorption Spectrophotometry
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and Cold - Vapor Technique showed that Thermal Decomposition, Amalgamation, and Atomic Absorption Spectrophotometry
were less than Cold - Vapor Technique. Moreover, the volume of waste and its toxicity from Thermal Decomposition,
Amalgamation, and Atomic Absorption Spectrophotometry were less than Cold - Vapor Technique.

Adndgy: Usen Lonasy TavedeunUsuiailsen

Keywords: Mercury, Fly ash, Mercury determination
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1. unun (Introduction)
nngeamnssudaiiutagmdeiisninnszuaunianan
e nlssnugaamnssusndudetunsnageum UL
a'ﬁé’umwaﬁgﬂugﬂmmﬁmmmiﬁu’wm (Total Threshold
Limit Concentration, TTLC) wazUSinaiansluthadn (Soluble
Threshold Limit Concentration, STLC) axUsenansulsesu
gnanmnsay FesdsufnaviteTaniilaldudy we. 2548 [1] Usew
\uansdunsefiddmsdwesniaignimualimaaeum
Usnamuusznan fanana esannansusendianuduiiv
gjnLLazijamiﬂiawﬂwﬁauﬁwdﬁwxLﬂﬁﬂugﬂLﬂuaﬂiUiam
Buisd viefiBunin “wiiawesdid (Methyl mercury)” ane
Tannylfoendiau Feansdinamiidaruniufiviigunndu
ansfineliAnlsafivvesUsenvizedisdinlude Tsaiunnng
Femmilinasinaspunnududuvesasusenivenlnilsly
mMngnamnssuseglutiinas nanfennuituduvessen
Tuguves TTLC Amualiilsiiu 20 fadnfudenlansu uas
Usinasenitanueluguves STLC Awmali7 0.2 Sadniu

#RanS (W1aNA) LagNUeIN1SEaNSUITanANaIdn LUl LEe/Adn

v '
a a

e Amualsi 5.0 lulasnSusiodns fuiulunmsidendsnig
nadoumUSinaseniiaudududiiludwnndon Sedan
ddyduesdaiielildundmamsnasouigndosuaziay
Undefio Jagtiunsmageumuiinuanudutuvesusen
anunsovildvangistueg futsernduduiidosnimaaey
wazvfinvasiegafifosnisnaasy

TunsiteiiasrhnisSsudiounansiausinanin
Wuduvesansusenitavun (Total Mercury) lushegnanin
graminssuialugUves TTLC warUlmmenududuvesans
Usensimualuthataluguues STLC Tas@nwiuisuidiousa
myiaUsnasenitinldmiisinsgunazmudneniniivies
Uuinisanunsaviinisvegeuld naife

1) mimmaaumﬂ%mmmiﬂiawﬂg@wmhﬂWﬂqmammiu
Tusy TTLC vinmsid3euiisunanisnaaeumiusuiaming
WL TUYIUTBNIETBUIn5g1U EPA Method 7471 B : Mercury
in Solid or Semisolid Waste (Manual Cold - Vapor Technique)
[2] wag EPA Method 7473 : Mercury in Solid and Solutions
by Thermal Decomposition, Amalgamation, and Atomic
Absorption Spectrophotometry [3]

2) mneadeumUinaeasuseviluiadin (STLC) vims
WisuLiguRanITRde UMUTIIAANUTLTUYRIUTONAEAD
UIM3371U EPA Method 7470 A : Mercury in Liquid Waste
(Manual Cold-Vapor Technique) [4] iag EPA Method 7473
: Mercury in Solid and Solutions by Thermal Decomposition,

Amalgamation, and Atomic Absorption Spectrophotometry

2. 35MsS399 (Experimental)
ANsANwIUSgUguISNagaumUSuNauUsenaIy

v v o

WutuslunIngaamng sy fiuneunsvhmsanuilagda
ot
2.1 Asanduns
2.1.1 wageumUiunaansUsensnuadiemadn
Thermal Decomposition, Amalgamation, and Atomic
Absorption Spectrophotometry
2111 vedeuAnuamIsaveaiasiieinssi
2.1.1.2 VIA@0UANNEINNTOURNIDIATIZN
_ PEEUALLIY ALY wazAIL
laiuduauresNIsNRERUY
- NAFDUINUDININAGDY
2.1.2 ‘1/1maaumﬂ’%mmmiﬂiamﬁ%wmﬁwwmﬁﬂ Cold
vapor Atomic Absorption Spectrophotometry
2121 vedsumLEnsaveLAsesiiodnTz
2.1.2.2 VIA@8UANNENNITOUDIIDIATIEN
~ VREUAMLLIY AINILTIE LazAINL
laiudueureINIsIRERU
- NAFDUYNUDINITNAGDU

2.1.3 WSguiguAUEIUNsnveedasIonnaaU

2.2 wasile uaz gunsal

2.2.1 Atomic Absorption Spectrophotometry 8
wAla Cold Vapor Atomic Absorption  Spectrophotometry
2.2.2 Direct Mercury Analyzer (Thermal Decomposition,
Amalgamation, and Atomic Absorption

Spectrophotometry)

2.3 @91Adl
2.3.1 7% Direct Mercury Analyzer (Thermal
Decomposition, Amalgamation, and Atomic
Absorption Spectrophotometry)
1) Deionized water (DI water) : dhusraan
looau fifle Resistivity liitosni
18.2 M .cm.
2) nsalglasaassn (Hydrochloric acid, HCL),
37% w/w: nInRzdednTIATIziaull
U3avis TngenenullaiuTavisasdoaiosnineni
MflaniiisanansataldMDL) Faazanansa
T4la
3) Hg standard solution 1,000 JaansumAans
4) Hg standard solution 1,000 iadn3usiodns
AUAZLNAINUTD 3
5) Hg standard solution: 0, 2, 5, 10, 20, 50
lulasnsusiedns waz 0.1, 0.2, 0.5, 1.0, and
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2.0 fiadn3uadn$1999719 Hg standard solution

ATMLTNTU A9 9 AIBdIsazaty 1 % HCL

6) Standard Reference Material 2782: Industrial
Sludge traceable to NIST

7) CRM: Fly ash traceable to IRMM 14 8usaeha
AvANLazYiNan1sinaeunauls 14
Wudnegmaaey

2.3.2 35 Cold Vapor Atomic Absorption

Spectrophotometry

1) Potassium permanganate AR grade

2) Tin(INchloride dehydrate AR grade

3) Sodium borohydride AR grade

4) Conc. Nitric acid

5) Conc. Hydrochloric acid

6) Conc. Sulfuric acid

7) Sodium hydroxide AR grade
Gﬂgumaumiﬁ%ﬁmm LLa@ﬂugUﬁ 1

3. waua=391snd (Results and Discussion)
3.1 nansasauUIIaIUseNTaving (TTLO)
mﬂm3wmaaumﬂ%mmﬂiawﬁy’mmﬁlui’amﬁnaa (CRM)

Ineldinalla Thermal Decomposition, Amalgamation, and

Atomic Absorption Spectrophotometry wag Cold Vapor

Absorption Spectrophotometry Han1sMAdoUAILERASI AT

#3.1-32
3.2 namsuagauUianaUsevlutain (STLO)

nswWisudieunamsnageuUsinasenluhatinlagld spike

sample fiinsifvasazaneUsonnasguiiaTluUunasig
adlumegraudnassainisalniununisleiandnsds Tneans
azanoumsuAltlunsAuiaumasivansazaensgIud

THlunsadansvlinnsgu nmaaeudiinauuselutharn

Fonld spike sample 109910 ¥an81984715 matrix Lieafuid

aoufimegunn warlutumeunanioudegidaddiegs

Tud3unann (nndi 500 n5u)

9819

1. EPA Method 7471 B
2. EPA Method 7473

v

- MDL

- Precision and Accuracy
- Matrix effect

- Range (Linearity)

1. EPA Method 7470 A
2. EPA Method 7473

v

- MDL

- Precision and Accuracy
- Matrix effect

- Range (Linearity)

T

F-test /

-t-test

v

Useana/slanatasilSeudeutan-Uaidevaanatan byl
ANSNAEDUNS 2 WwiAdle

JUN 1 wNuradunewisaiiuam
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M15°99 3.1 wan1snadauMIUSIAMUTaNIMNATudEAS198e Ussinnidinassanlssluiuazninaznauainssuutntnii
\de Tneldinaiin Cold Vapor Atomic Absorption Spectrophotometry

Ysuausunausanlu Method . Ysunauseanluninaznauainssuu
g Blank ‘U‘%mmﬂja:n’l,zsmlﬂiaﬂalniﬂlw% St
fafnsusianlaniy Sineinsiuiaflandi fiadnSusianlansu
1 0.0035 1.62 1.54
2 0.0036 1.36 2.01
3 0.0041 1.30 1.16
4 0.0037 1.14 1.28
5 0.0036 1.24 1.16
6 0.0035 1.18 0.932
7 0.0032 0.988 1.03
8 0.0030 1.06 0.921
9 0.0056 0.987 0.986
10 0.0044 1.31 0.980
ALadey 0.0038 130 1.20
SD 0.0007 0.3243 0.3422
MDL 0.0059 - -
LOQ 0.011 - -
Assign Value, me/kg - 1.60 + 0.23 1.10 + 0.19
% Recovery - 81.25 109.09
%RSD - 24.94 28.52

T
v o '

e Tayanauariun1snaaeu outlier lagld Grubbs’ test wuinlaill outlier

Y

3.2 1nsnadeumysinaseniuhatnueiaogng
wWasganlsslnidy Tagldwaiia Thermal Decomposition,
Amalgamation, and Atomic Absorption Spectrophotometry
lkag Cold Vapor Atomic Absorption Spectrophotometry
Naﬂﬂi‘ﬂﬂﬂa‘UéﬁLLﬁ@]\ﬂ‘uWﬁ’N‘ﬁl 3.3

3.2.2 msnedeumusinaseviluthatavesshogadn
aoe1nlseliing spike Usendivasnnududusewing 0.010
flv 2,00 fiadnsusiodnsiarin (3¢ nans uaz ) Tneltinada
Thermal Decomposition, Amalgamation, and Atomic
Absorption Spectrophotometry wag Cold Vapor Atomic
Absorption Spectrophotometry Nan1snaaUAILAAITUAITIS
3.4
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A15197 3.2 Han1INAgaUMIUTINMUTaNN N luTand1eds Ussianidnassanlsdlviauazninaznauainszuutindaun

\de Ineldinailn Thermal Decomposition, Amalgamation and Atomic Absorption Spectrophotometry

YSuauusunauusanly Method

YSunadsanludrasgainlselnin

Ysunauusanluninasnauainseuu

andudl Blank o e triadude
(TimdnJusianlaniu) (adnsuiaflanii (BimdnJusiailani)
1 0.0021 1.38 1.32
2 0.0034 1.58 1.29
3 0.0020 1.33 1.25
a4 0.0011 1.33 1.22
5 0.0033 1.44 1.21
0.0032 1.58 1.28
7 0.0030 1.49 1.23
8 0.0016 1.40 1.18
9 0.0012 1.55 1.17
10 0.0026 1.27 1.23
ALadey 0.0023 1.44 1.24
SD 0.0009 0.1058 0.0453
MDL 0.005 - -
LOQ 0.011 - -
Assign Value, mg/kg - 1.60 + 0.23 1.10 + 0.19
% Recovery - 90.0 112.73
%RSD - 7.35 3.65

e Teyaniauariunmagey outlier Ingld Grubbs’ test wu3tlaill outlier

A157197 3.3 wan1snadaumUsunaUsanlutndnnainalegrutnassanlsslninlagldinatin Thermal Decomposition,

Amalgamation, and Atomic Absorption Spectrophotometry was Cold Vapor Atomic Absorption Spectrophotometry

Method Bank
A Thermal Decomposition, Amalgamation, and
Cold Vapor Atomic Absorption
Atomic Absorption Spectrophotometry
o - Spectrophotometry
(Waansueoans) |
(Hagnsusadns)
1 0.0034 0.007
2 0.0035 0.003
3 0.0031 0.006
4 0.0031 0.001
5 0.0022 0.002
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6 0.0034 0.002
7 0.0018 0.002

8 0.0021 0.001

9 0.0022 0.005
10 0.0022 0.003
Aade 0.0027 0.003
sD 0.0006 0.002
MDL 0.0045 0.009
LOQ 0.0087 0.023

A19199 3.4 USunadsenlutndnavesiiegnaudiassainlssluilng spike Useniigasanuidudu
$2%914 0.010 -2.00 adnsurodns Uann

Thermal
Cold Vapor Atomic Absorption
Decomposition, Amalgamation, and Atomic
; Spectrophotometry
aaudi Absorption Spectrophotometry | _ _ . _
AAAAA (Hadnsusadang)
(UaanIumBaANT)
Blank 0.010 0.500 2.00 Blank 0.010 0.500 2.00
1 0.0034 0.0099 0.5348 2.10 0.007 0.010 0.524 2.181
2 0.0035 0.0106 0.5387 2.11 0.003 0.013 0.529 2.041
3 0.0031 0.0107 0.4392 2.10 0.006 0.012 0.535 2.177
4 0.0031 0.0107 0.548 2.14 0.001 0.012 0.544 2.174
5 0.0022 0.0106 0.5467 2.15 0.002 0.011 0.539 2.187
6 0.0034 0.0112 0.5281 2.15 0.002 0.013 0.530 2.149
7 0.0018 0.0107 0.5600 2.15 0.002 0.012 0.481 2.170
8 0.0021 0.0106 0.5467 2.18 0.001 0.011 0.539 2.127
9 0.0022 0.0108 0.5414 2.16 0.005 0.011 0.529 2.196
10 0.0022 0.0109 0.4640 2.18 0.003 0.013 0.536 2.150
ﬂ"ll,aala 0.0027 0.01067 0.464 2.14 0.003 0.012 0.582 2.155
% Recovery - 106.6 92.8 107 - 120 116 108
%RSD - 2.96 8.60 1.39 - 8.33 3.41 2.09

4. asuU (Conclusion)

nMsPnwIUSEUTisUTRNMsadeumMUSinaseniinun (TTLO) lushegradassannlsaluih (funuvesfegraiu
ansotuind) warludhetsnnngnauanssuuttntde Fhunuvessneseiiduanssurad) wasisnsvngeumusunamson
Tuhafin (STLC) ansheghadnassanlssliin Tngldmadia Thermal Decomposition, Amalgamation, and Atomic Absorption
Spectrophotometry waz Cold Vapor Atomic Absorption Spectrophotometry lngtuSauiisutanuaztatdes Tuaiumiee il

4.1 ATUNANISNAFDU

4.1.1 msSyuiiisunannaau
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1) Mswseuiisuindnnaueionageu (Method Detection Limit, MDL) na1iavasusunad (Limit of Quantitation, LOQ)
ANANTNAFDUAILERAIIUAITIIN 4.1
A157199 4.1 NMsiSeuiisulnanaveslsnagau (Method Detection Limit, MDL) ¥nd1nnvasusunas (Limit of Quantitation,
LOQ)

Fnagau
INYN17
Thermal Decomposition, Amalgamation, and
Cold Vapor Atomic Absorption
Atomic Absorption Spectrophotometry
Spectrophotometry
TTLC
0.005 0.006
MDL, mg/kg
0.011 0.011
LOQ, mg/ke
STLC
0.0045 0.009
MDL, mg/l
0.0087 0.023
LOQ, mg/l

9nm3d 4.1 wandidiuindnsinvefiinegeusarinsinvesUiiadildanmaiiataesdinlduansisiuluns
negaulusiog1a vl Lwﬂumﬁ‘wmaa‘umﬁmmﬂiaﬂuﬁ’laﬁ'ﬂwuiﬂL‘Vlﬂﬁﬂ Thermal Decomposition, Amalgamation, and
Atomic Absorption Spectrophotometry SfndasinvesisnadeunazinsiinvesUaiinninanie aunsansiainlaly
Vnanududuiiiosndn saioraidunsizaruls (Sensitivity) veusiasiiefifaussausfiunnseiu Sntamaiia Cold Vapor
Atomic Absorption Spectrophotometry ﬁ%gumauﬁmﬂﬂ’jwv‘fﬂﬁwamiwmaa‘lﬂmgmmimmaaﬂﬁmmwﬁmLuummgm (Standard
deviation) figsniuazdswaliinamasuiniasifnuesiinndeuuasdnstavesiinaiicgdunaluge

2) MsiUieunanmsvageulsinaUseniinageulddaemaiiaThermal Decomposition, Amalgamation, and Atomic
Absorption Spectrophotometry Wag Cold Vapor Atomic Absorption Spectrophotometry mai@famgagmmamiwmaaum
Usunudsenaiemaila Thermal Decomposition, Amalgamation, and Atomic Absorption Spectrophotometry wag Cold
Vapor Atomic Absorption Spectrophotometry fiauuanesiusgadituddey (HO) Tnenisvadeun1eadn tiun F-test uilo
T Judeyalunisiden ttest FunnzauseavBunuaniiinsed 4.2 uag 4.3

- wansvadeUsaRRiUTeufsuaudduressentonun (TTLO) Tutagdnsdaianseiin (Whassuasmenauainssuy
Vrdiminide) insdeuldann 2 33 liuandnafuegreiidudey

M13°99 4.2 MIANUINAT F-testvadTandnede (Bave): Anududuusenyisnun (TTLC)

F-Test Two-Sample for Variances

Cold vapor Thermal Decomposition
Mean 1.2985 1.435
Variance 0.15176722 0.01242778

Observations 10 10

df 9 9
F 8.463035315
P(F<=f) one-tail 0.001958911
F Critical one-tail 3.178893104
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M19197 4.3 NIAUINAT t-testvaeTand1ede (aee): Anududuusennaun (TTLC)

Cold vapor Thermal Decomposition
Mean 1.2985 1.435
Variance 0.15176722 0.01242778
Observations 10 10
Hypothesized Mean Difference 0
df 11
t Stat -1.258695506

P(T<=t) one-tail

0.117099083

t Critical one-tail

1.795884819

P(T<=t) two-tail

0.234198166

t Critical two-tail

2.20098516

A19199 4.4 ASAUINAT F-test ¥a93HA81989 (Aznawanszuuirinuide): Anududulsen Navua (TTLC)

F-Test Two-Sample for Variances

Cold vapor Thermal Decomposition
Mean 1.1999 1.238
Variance 0.117117878 0.002284444
Observations 10 10
df 9 9
F 51.2675535
P(F<=f) one-tail 1.16147E-06

F Critical one-tail

3.178893104

M13°99 4.5 MIAUINAT t-test Va9IERT19BY (AznauInsEuvtIUnuLde) : Anududuusenyisnan (TTLC)

t-Test: Two-Sample Assuming Unequal Variances

Cold vapor Thermal Decomposition
Mean 1.1999 1.238
Variance 0.117117878 0.002284444
Observations 10 10

Hypothesized Mean Difference 0
df 9

t Stat -0.348673217

P(T<=t) one-tail 0.367676211

t Critical one-tail

1.833112933

P(T<=t) two-tail

0.735352421

t Critical two-tail

2.262157163
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- HaMIegeUNERAUSs U uANINTuYeIUsenTuadn (STLC) anniinasefinnAuduty inaaeuldain 2 35
lalupnansiueg1editedfy
4.1.2 mawSsuiisunanisusranaatadliiuueureansinusunu Mercury 1me Method 7471B: Mercury in solid

or semisolid waste (Manual cold - vapor technique) Waz Method 7473 B: Mercury in solids and solutions by thermal
decomposition, Amalgamation, and atomic absorption spectrophotometry

A15197 4.6 n1sSeuisuAIadldwtuauYaIn1sIUSUIUsanTuana(STLC) Nstauaududy 2 fadnsunadng

o . AW liiuiuaulugy Relative standard uncertainty
urasarAulinduau
Thermal decomposition Cold vapor
AN (Up o eatabivey) 0.014 0.021
US1m580819 (Uy gmpie) 4.0 x 10° 0.0007
Umtind19819 (U, o0 - -
aﬁiaxaﬁﬂuﬁmiﬁ’m (UStd. calibration) 00271 00271
ﬂiqwm’]mii’]u (UCalibration curve) 0053 0030
Aauldutusuveeiissiuaude
O v 0.260 0.197
fusovay 95, me/L
Nan15IAUTeN, me/L 2.14 2.16
Andusouay 12.1 9.1
A197 4.7 MmawSeuiieudianuliuviueuvainisiausinasenviaiunluilegradiase (TTLC)
o o A laiuiuaulugy Relative standard uncertainty
unasaraulinduau
Thermal decomposition Cold vapor
AN (Up o eatabitiy) 0.073 0.250
Usuasiegne (U, ) - 0.0007
Umting9819 (U, o) 0.0035 0.0035
a19988180I5 U (Usyy catibration) 0.0080 0.0148
NINUIATTU (U iration curve) 0.030 0.030
Arealalutueuvenedisssuanuide
O w 0.213 0.654
dusovay 95, me/L
Nan1TInuTeN, me/L 1.44 1.30
Andusevay 14.8 50.3
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A15199 4.8 n1sidSeuisuAtaXliniuauYaINIsIAUSUNAUTaNNIMUA luAI8819RENauRINSTULUIUAUEY (TTLC)

o o A liiuiuaulugy Relative standard uncertainty
urasAnulintueu
Thermal decomposition Cold vapor
AL (Ui 0.0365 0.285
Us11m5598879 (Uy gmpie) 0.0007
Umtindeeg1e (Uy, o) 0.0035 0.0035
a1993818093971U (Usyy catibration) 0.0067 0.0148
NIINUINIFTIU (U uration curve) 0.030 0.030
aauliluivewveneiissiuaunde
o v 0.0929 0.689
4UIBYaY 95, me/L
NaN1TIAUTON, me/L 1.24 1.22
Anlusouay 7.49 57.4

PNNTNT 4.6 wanansUTeuiisumaaliintuey
vasmsiasinaseviuiegwhatn Amanuldudueures
3% Thermal Decomposition, Amalgamation, and Atomic
Absorption Spectrophotometry a@jﬁ%@aaz 12.1 luwausiiis
Cold vapor Atomic Absorption Spectrophotometry 684"171'%'68
av 9.1 FalumndnsfusnntinuaganAaiiss (%precision
Favldiann 96RSD) wastis 2 BoglunamidiosfoRnmstmun
namfelidiudesay 10 (wnsedl 3.9) luvaeiionsedl 4.7
uaz 4.8 uansnsilssuiisumanuldidusuresnsinuinnu
Usenamunluiogadnassuasmnnznauanszuutita
\d@e wuanaaunldniusuvesnisinusunuusennaeis
Thermal Decomposition, Amalgamation, and Atomic
Absorption Spectrophotometry dftagninaauliniueu
PMNNTIAUTUIUTENAI875 Cold vapor Atomic Absorption
Spectrophotometry Tsitisanlunsnadeusieds Cold
vapor Atomic Absorption Spectrophotometry ﬁ%umau
11117135 Thermal Decomposition, Amalgamation, and
Atomic Absorption Spectrophotometry Flnsvhengingg
wUSUTIMLINATIINANTUSELIUAIY F-test F9diAnuunnmneiy
agnafitfodifny Fauandlunnsne Ftest 7 4.2 uag 4.4 wazene
wnileshlrdnanssnusoranalsiuiuouduandunisd
4.7 uay 4.8 feulunsaliidesnsiausinastmuslusess
Huveaudsds Thermal Decomposition, Amalgamation, and
Atomic Absorption Spectrophotometry AzL#NZaAUNINID
Cold vapor Atomic Absorption Spectrophotometry floann
3% Thermal Decomposition, Amalgamation, and Atomic
Absorption Spectrophotometry TanALLsLuAEALTES

ogfluinaifiviosu fiRnsensuiiimunliifesas 80-120 uas
LiAunirdesar 10 suddu Tuwaeiias Cold vapor Atomic
Absorption Spectrophotometry Iﬁf-ﬁ'ﬁmmuﬁuagﬂummsﬁﬁ
viosUftRnseensy urmAuissdiamnniunae (Fauans
Tumsnsii 3.1) uazrmsliuvueuiidngenn

4.2 fusuNU

4.2.1 \n3esilolumvasou

Mercury analyzer (Cold vapor) 5181 1,300,000 U
TneAndnandeusinveanissdiofosas 20 del uawiile
nududszaniamvesdinenmluiesufuifinisaunse
naaeufiegdld 15 degreotu lu 1 9 Anfurieud
245 Fu fstunsusaananmsfunuluduveasdeslunmagey
ANUINAN

Funu = (IAnaTesile x AdeusIAT) / S1uaudiegis

Ao du x uuiwihau..aunis (1)

AuvU = (1,300,000 U x 0.2) / 15630E19maTu x 245
U = 70.75 vmeafiags

Mercury analyzer (Direct) $91A1 1,500,000 U Lag@n
Samandounaenaiesiiofesay 20 deluaziilovihemudiy
UszavsnnvasdnaninluresufURnisaunsanaaaudiegng
1§ 60 shedhestetu lu 1 9 Antuinuil 245 Su feduns
Ussnamssuyuluduveasdedunsmadeudnnmuanns
(1)

Auvu = (1,500,000 UM x 0.2) / 60 fog1esedy x
245 1 = 20.41 UMFBAIBENS
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4.2.2 @15uAdl

Mercury analyzer
(Cold vapor)

Mercury analyzer (Direct)

1. NILATBUABENY
- Potassium permanganate (6U1%/#18819)
- Sodium borohydride (121U/f79814)
- Nitric acid (4.5UW/$18e14)
- Sulfuric acid (6uW/$0819)
- Sodium hydroxide (3Un/fA79¢14)
2. NIVAFDU
- Tin(ll)chloride dehydrate (36.5U1%/6798149)
- Hydrochloric acid (4un/f79814)
- Mercury Standard Solution (3un/f29814)

1. MIATENAIDEN
luifinsimsaudingng
2. MSNAFDU
- Nitric acid (4.5 U/§19819)
- Mercury Standard Solution (3u1%/#18819)

Lﬁaﬁwmmﬁunuﬁwmﬁﬁmﬁﬁuwudﬂ AUNUNTNAFDY
Usuauusenaiuwaila Cold Vapor Atomic Absorption
Spectrophotometry fifin 254.75 UMABIDENS haTAUNUNIT
nagoulIuaUTONMIBmALA Thermal Decomposition,
Amalgamation, and Atomic Absorption Spectrophotometry
A1 27.91 v sesOL19

4.3 Fufawindon

Tunsmusunausenmenaila Cold Vapor Atomic
Absorption Spectrophotometry ffuneunsAsEuaeEn
finsldansiafivaneviin wasdodldiogrdluuiinadinnme
Tnethg lUnsmeseumUSinalsendremaiatasiviing
veudeiiAntuannismegeuUszana 100§iaaansresioens
FafmnaviliAnansivludannden luvmefimsnadeumuiing
Usanmiomalla Thermal Decomposition, Amalgamation,
and Atomic Absorption Spectrophotometry Lifidunoulu
Mswensogns Usinased1siildiusinaiesun (geanl
w100 Tulasnsu) wazmsvegeudunuuyanelusyuula
uazdiszuugedulovondefiintunayliogluanmitlaiu
Summsuazdesion1sdants Ssenananildiwendeintune
ndIn1Tneasunematin  Thermal Decomposition,
Amalgamation, and Atomic Absorption Spectrophotometry
fianudufivsedundeuiesnitmaiia Cold Vapor Atomic
Absorption Spectrophotometry HiwdvosUSinakaya
JULTIVDINY
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il

6. 1ONa1S91WdY (Reference)

(1] NIgNTNYAANNTIU. UTENIANTENTNYAAINNTIN
Fos nmadndsufnanietanilsldud wa. 2548
59099 UNY). 2548, 123 (meuiiidwy 11 9), 14.

[2] UNITED STATES ENVIRONMENTAL PROTECTION
AGENCY, US EPA. (2007), EPA Method 7471 B:
Mercury in solid or semisolid waste (Manual
cold-vapor technigue), pp.11.

[3] UNITED STATES ENVIRONMENTAL PROTECTION
AGENCY, US EPA. (2007), EPA Method 7473:
Mercury in solid and solutions by thermal
decomposition, amalgamation, and atomic
absorption spectrophotometry, pp.17.

[4] UNITED STATES ENVIRONMENTAL PROTECTION
AGENCY, US EPA. (1994), EPA Method 7470 A :
Mercury in liquid waste (Manual cold-vapor

technique), pp.6.

BULLETIN OF APPLIED SCIENCES VOL. 5 NO. 5 AUGUST 2016



