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Lead (Pb) concentrations in Pb-treated rubies and beryllium (Be) concentrations in
beryllium-treated sapphires were carried out using total digestion method; consequently, ranges of
Pb contents in ruby and Be contents in sapphires ranged from 1,610-2,963 mg/kg and from
80.05-124.00 mg/kg, respectively. Subsequently, leaching tests for both types of stone were
experimented using Three-stage Sequential Extraction Procedure (BCR three stages) which has
been designed for different chemical binding forms, i.e., acid-extractable form, reducible form and
oxidisable form. This procedure was applied for powdered samples and whole-stone samples for both
types of treated stone. Pb contents of all leaching steps were recorded within the ranges of 0.14-
31.84 mg/kg and 0.32-16.44 mg/kg for powdered samples and whole stones of Pb-treated
rubies, respectively. On the other hand, Be contents yielded at 0.55-1.33 mg/kg for powdered
samples and below detection limit (0.001mg/kg) for whole stones of Be-treated sapphires.
Moreover, all Pb-treated rubies showed somehow altered appearance throughout the experiment
whereas Be-treated sapphires were unchanged. However, gemological properties of both stone
types still remained the same as before testing. International standard testing procedure for Pb
content in Jewelry was additionally applied to Pb-treated rubies; consequently, powdered samples
yielded at 910-1,530 mg/kg which were mostly higher than the standard level (< 600 mg/kg);
however, testing of whole stones resulted a lot lower contents falling within a range of 70.67-169.00
mg/kg.

Assessment of hazardous waste, suggested by Department of Industrial Works, was
carried out for crucibles undergone Pb and Be-heating processes. As the result, Pb-heated crucibles,
the ranges of Pb contents were 1,990.33-42,278.67 mg/kg, which are higher than the standard level;
consequently, they are defined as hazardous waste. For Be-heated crucibles, Be contents are yielded
at 19.67-35.33 mg/kg, which are lower than the standard level; therefore, they are recognized as

non-hazardous waste.
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2.7.1 NMSNARALMILAE Three-Stage Sequential Extraction Procedure (BCR)

aal -il/ [ 9 9 o 1 a A o 1

8N19nedeuRiduniIsnadeurI AN NTuaadlans luFaeg19AN UTafaaeg
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A1T9N 2.1 udnsdumeunnImAdeLsagas BCR three-stage sequential extraction

Extraction
Reactive/concentration Solid phase
step
Acetic acid (0.11 mol/l) Exchangeable, water and
1 acid soluble(e.g.,
carbonates)
Hydroxylamine hydrochloride (0.5 mol/l) Reducible(e.g.,iron/
? manganese oxides)
Hydrogen peroxide(8.8 mol/l) followed Oxidisable(e.g.,organic
3 by Ammonium acetate (1.0 mol/l) substance and sulphides)

AN : fenlasann Serife (2001)

2.7.2 NNSNARALAILITNITNARALALN LUBAILFULATDILTEAL

aa oI/ o A -dl o o 1 J~1 aa Qlld
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Usinlqsdaaanuteulnamainasszneuuiansia Aunnsgiuduiunmagaunzily
Faaueieslsz sy (Standard Operating Procedure for Determining Lead ) 41
BNnRzidneia C-024  1fluARANMAdaLTe United States Consumer  Safty

Commission (CPSC) (CPSC, 2005) (n1ANuan ) %uﬂwmmmﬁ@u@LL@:é’umm

Y a

fuslna TnedBnnsiiazld Nitric acid U Hydrochloric acid lun1snageudiuiumnsia

a

WAy United States Consumer Safty Commission (CPSC) VL@Tﬁwummmﬂﬁum:ﬁ"ﬂuﬁq
Faurraatlsesy 181uifn 0.06 percent lead (600 parts per million) vize ldifiu 175

lulAsnu (CPSC, 2005)
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P37 NINTINUGAAINNTIN, 2551
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a al 1 o J~1 é{/ a o
@NININABNLAE (5) nisEanavadwlaeniy waz (6) n1snannINu@anae (@011

Auwandanlng, 2554)
) miﬁﬂugmmummLLmﬂizmﬁivm (Nua.)
a 1 a v ¢=llo/ a

nsiangnatunssuwislsznelng - Suinfulegeulunisgua
fangraunssuiaunn 23 dan Tellsannuiadulszanns 2,200 Teseu Tae nua. 90
a r-‘ll v Y o a dll
nsuenaazluliangnaunssy iinaliglsznaunismiinisuenlssanTinedtey e

] o [~1 o o afg va .i’ o o
dzaanAanIgaaLiLLasniane laganiznistleenud [Winnisissssunsededuiuag s
Al waznuualiin1sdnnisuesie 2 Uszian AeeRsiuanfneiy dausuassialln

a g ff/ = 1 o o o aa A aa
mmumuuM::mammmm::mmm@mimﬂfmmﬂmlmmLmﬂmmﬂ@d@ﬂ P DRI EIAR
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Naw (Sanitary landfil) dmiuaedaduase dangparunssudnaiislsainnindaasin

o CE o

WaWnsanisdeliindnngueiznisnndanninissnugnatunssusall (anniiudsuandan

e, 2554)
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v ¥
o a

ﬂ’]?ﬁﬂ‘]&f’]a’ﬁ/ﬂﬁ?\‘iu L‘ﬂuﬂ’]?ﬁﬂ‘]ﬂ’]ﬁqqﬂ Wudurasnzia LL@ZL‘].I?@LEEIN@’mW@@EIﬂ@

g o dl 1 o 4 4 a ol/ v a
Fusuntunszuaunisliulsaaainnieulnaninmanansdsenaunsia luiuinuas
a = o -dl =® 9 9 oI/ a =
a19tsznauiuFa e luyEeAN Wans unIA Nl uIaIRTiILaTILTAALNUAL
Tanalunisduteuguysduazdswanden waziinisdnsiaaududusesnziouas
a a v QII ¥ ar 14 a oI/
wiaana it lunszusunisdiulgananssanisiinanslszneunziouay
a = o) o o 2 g o o
anstszneviiFaaen ienaseuadMiluledsdunsaveinnldnssuaunisdiulgs

TnengnnsAneannsnaglldaenini 3.1

3.1 ANBIANNLTNTULDIASNAILALLLSALAUNANNNADLADTUANNNIUNTZUIWNG
UfulganrapnusaulnanisiBnaisissnauunanznaluviuyinuwazaisilssnau

wisalaanlulH9IAN

3.1.1 AR 1aNAREN LE buAISANE

'
a A

3.1.1.1 wasviuAnNIunsruaunisdiulpednaadnieulnanisiinaislszna
% nI/ o 1 | o agf
wiapziaanuow 2 Tseenn wiseandlusail
1) WaRuRUANAINTI9IUA 1 HIWARINE 3.00-4.00 N5 ANWUTNY
was Hgddrauungillel (Oval) waziasseluwiivaasuas (Mix cut)
2)  NaRsPUANAINTI NN 2 HAUIARILA 0.16-0.50 NS ANHauLe
Tssuas Hgusreunngillal (Oval) uwazidsselunuumaauuas (Mix cut)
[ dl 1 o v v a
3.1.1.2 WaneHINANTNUNIzUauN U S Ul gedas A uFaulaanisLF
a a o 1 o nill
gn7usvnauiialdgnanuan 2 199901 wieanilusail
1) WAREYHINANAINTINIUN 1 JIuasaus 0.86-1.32 NiN AnNmOLe
Tildquas Agrlsaunugilla (Oval) uaziasseluliLmALNNaN (Mix cut)

2) W@@ﬂqmﬁﬁmmimmuﬁ2 Haurafaus 0.01-0.03 N5 Anwouy

Tildauas Hg1ls19ununas (Round) waziasse lWMLILIMARNEAN (Mix cut)
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3.1.2 NISLASENAIDLNNNADLN LT LNITANEN
dl o 1 1 al dl 1 o KX a = o 1 tdl
Haaanndaasanan s lulAa s 1 U1 U AN LANFANNAY A9RNNITWF N AR89
LANFNAY Fail
s v a =
NENN 1 NasuiLTiNaINlsun 1
- didhattanansiszinny 30 e uasanAwlditune waldlunig
NARBUAILAT Total digestion WATAT C-02.4
- dadhatanans 1 1Wa nnnsdautaande 3 dou Taaludoun 1
1 (3 ] o Y @ -dl Ut % aa
PaguAazEAaznINITuATINAWlE LW e lElun1Imadausaeag
BCR three stages uazwagends 2 diuiliuasaztinldvinimagey

A7eRT BCR three stages uagds C-02.4

D

NANN 2 wanesTUfinanTssad 2

- dhnedranaestszanns 50 Wi uasusulidune e ldlunns
NARBUALAT Total digestion WATAT C-02.4

- hdhethanaes 1160 sinsneaniu 2 dou Inelugaud 1 sinns

uasau Ul unaLeinnIMaReLEILAE BCR three stages a1y

1
a

d9UR 2 KNNMARALAILAT BCR three stages

o o 1

- YFnat AU AN AN INNINARALANAE C-02.4

1
oAl

NANN 3 W@@ﬂqmﬁﬁmmiﬂmuﬁ 1

- hgnedranaestszanns 30 Wi uasusulFidune Waldlunns
NAGALALEAS Total digestion

- dhdhethanaes 1180 sinsineendu 2 dou teelugoud 1 sinns
uasuAIFITuR e nsAgaLEeRR BCR three stages a1y
g9ufi 2 Fmsnadeudnea BCR three stages

mg'u‘ﬁl 4 W@faﬂqmﬂﬁumnimmuﬁ 2

- dhedranaestzann 50 e uasuswlidune e ldlunns

NARBUALAT Total digestion WATAT BCR three stages

o % 1 ?:/ (=3 dl o v acl
- UWIAMRHENWARRENNLUALNANINITINARALAILIT BCR three stages
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NANTENLAILIARANANNNADEADTUANLALLT NN

ﬂﬁ‘ZUQuﬂ’]ﬁ‘LN’?é}'}ﬂLLﬁ’JﬁltﬁfJLLﬂtLﬂ?‘@LaﬂN

1
=

A 4

FnatiNINARL ADFUANANIUNITNAQ8I2191 92 NaLRZAILALILBALALIN

v

4w
NABYNUALTI U

v

v

A 4

o 1 ¥ dl % nl/ a =
e I lunszuaunIsiAeaNslssnaumziaLaziLiTa LA

waa lueunITUA

v

a - o a a
NATZAUTNURNZNI LA ZLLTALAEIN

A 4

ATIZAUIAN Total  Threshold

a - o a o
NATZAUTNI UL LA ZLLTALAEIN

Limit Concentration (TTLC) 1agi3%

v v

¥ |

Total digestion BCR Three stage

Method 3050 B (US.EPA.1996)

Method C-02.4 v

A

LANTEYNAD S Method C-02.4

LT LANNTNADEY

o

UNN

BCR Three stage v

AAI1ZUUAT Soluble Threshold

Limit Concentration (STLC) Iagl

A% Waste Extraction Test (WET)

(ﬂﬁ?uiﬁwﬂu@mmumm, 2548)

BCR1 [ ANBUININNIEAIN
\ 4

BCR2 ¥ ANMUININAILAITN
\ 4

BCR3 [ ANBUININNIEAIN

PN 3.1 LAUEIULAANITNNIANTIUSUAN NN e
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3.1.3 AnmsunalavenanunlunaagnasuaNnleis Total digestion

o o 1 QII 1 as ¥ 1% = a oI/
U1 ﬁ]’)’ﬂﬂ’]\‘l‘W@’ﬂﬁl‘WN’]uﬂ’]i‘ﬂ?‘]_lﬂﬁgﬁﬁﬂ]ﬁlﬂ’)’]Ni“ﬂutﬁEINﬂ’]?Lﬁ]NZQ’]?‘]J?ZZﬂﬂU“IIﬂ\?ﬁ]tﬂ’)

waziidadenlddimsesivimn Total digeston  laelddnuilasannias Total digestion

1 v ¥
=K A o o a

(Leonard, 1975) (NMAKNUIN ) GINTURDUANL
1. F96ating 0.5 niu agludninasaiammnnant 1um 100 Naaans

2. LA Solution B acid mixture Nszedld 15 Janams aqludninas naulidn

3. Uadninefsaanszanuifineinmmnnasu tnldlFAnufeuuu wmnuduaudan
tszanny 12 Falug

4. dpsheenuazlinnudauselilsyinn 1 dalus vieaunseicldifinaduaes
NN

5. el3lduannifufia Conc. HNO, 5 fadans

6. WiAnuauaunILiaaNsazatiien MNIAARYNELALNAAT0S MnO, M&43IN
fiansazanendenliifin Hydrazine sulfate wazlsirnnudausielilszanns 30 undl

7. Pl Auaraneldanieninisiuiuaniy 100 Tadans daevingu
WAZNIRIAIYNTZANENTE

8. tanrazaneliiaszilansfaaiasas Inductively Coupled  Plasma-Mass

Spectrometry (ICP-MS) sia il

314 AnH1UTNIUAMNITNTULDIALNILASIUSALALNAIUAT  Three-stage
sequential extraction procedure (BCR  three stages) LASANBHUZNINNILATNA
a 1 dzjx o n&l
iasunladluanmazsing g ddunausil
VNNIANHIANH TN WNNIBNINFN] P2INARELTANBURATUAININ1TNAFAL 1T
dutln AFTRFNM ANANNENR I LaznnsiFealasnie liudauilenae uazinnng

nagaunaeeNUAuNLaT Nt ARNTURaUsaTl

1
o o

Tun 1 : F9daat1a 1 nFN a9luNaRANAAEIIWIA 50 HAAART AINTWLAN 0.11

i
mollL Acetic acid 40 Hadans uasllidiasevatiungt 16 dalus Agaunnivies

a

PAIRNNITUANIFIDENAILNIFANUINAU 20 RARAMNT LAZIUENALILATAITIUAQ IR LI

st 10 w? udeunansazataNlallaesiunsunuA N g N uIae LU AL N ILAY

|
o

mziamaeLATed Inductively Coupled Plasma-Mass Spectrometry (ICP-MS)
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v v 1
o o

dun 2 : tseedieendun 1 ldasluvaeanmnans anlwAn 0.5 molll
Hydroxylamine hydrochloride 40 Radams wdainlddnereaadiiunan 16 dalue 7
UUNATDI MAIAINTUAIFDL19FAIENITANUINAY 20 HaAART aziatinfoeATasiiy

neL L uReAaLlungan 10 Wi wastndnsazatanlalddimsziiundiunnianudugy

hO I )

VBUUFAENLATAZIAQELATE Inductively Coupled Plasma-Mass Spectrometry (ICP-

MS)

v 1
! o a

3 1 wsaedgandun 2 ldaslunanannasy AN 8.8 mol/ll  Hydrogen

e

U

o =b

. a aa 1 Y Y o :,/ 1 = 'S a aa £% % dl
peroxide 10 NARAAT el duanduaaldadninesawin 30 Haaans WANTaUn

80 + 2 asANIAl@ed aulunnranaailu 3 AaRART A NTLAN 8.8 mol/l Hydrogen

1
= a

peroxide 10 Hadans M liidhullamaniy uazrlinaufaungunnil 85 + 2 asAnaLi s

AauBNIATANAIAD 1 HAAAAT AN 1.0 moll Ammonium acetate 50 HARANT WAY

i lmenflung 16 dolus Nomuundivies uaztirarsazareflfliBaszimnilsunn
¥ ¥ a A QI/ 2 dll .

ANt uI LT IANNLALPEIOA9ELATEY Inductively  Coupled  Plasma-Mass

Spectrometry (ICP-MS)

tﬂl Y o 90/ o o/ 1 (=1 dl o
LZENMIAINZ 1 Bunniasazaad M rUsumuivinaassaat anaaalantuImaday

3.1.5 Ansdsuruanududuaainznlunaasviufin aag Method C-02.4
Lﬂ‘%’ﬂﬂtﬁﬂuﬁummmsgﬁummmﬁl"a"lul,ﬂ'%':mﬂezﬁumm U.S.CONSUMER PRODUCT

o

SAFETY COMMISSION (CPSC) Folunaasfiuaifunauasnansifingail

1. Kt 50 Aaansu asludinines s 50 Jadans

2. 1A Conc. HNO, 8 Hadams s lilsvimauumiuiuaiuieu auiliuimnsaes
anranaavaellazunnl 3 Daaans Neldldy

3. 1fid Conc. HCI 2 fadans aniimAsansfaeninnduauiiifunns 20 fadans

4. vnsiaghuazlfanuieudaairieatiuasliannuiou (Shaker Bath) flu
nan 4 Falus

5. ﬂ?uﬂ?mmﬁwﬁﬁmﬁwﬂ?mm@mﬁwLﬂu 50 Haqaamns

6. thasazaneillldRiAszidaeiedes Inductively Coupled  Plasma-Mass

Spectrometry (ICP-MS) iavniFunuaanudnduasansia

e~ v o 5 o o e« Ao
NNELTR Bunniansazatan L FUsumuiiminaassnatanaeelantitummadaay
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3.1.6 LATRINANLITIUMSIATIERIANE ANBMUENINNIENIN LAsAMANTANIIETY
NUURINADE
1. LATRINAN M LUNISLASENLASNARALAIDE1INADE
- Araedentineazi@en (Analytical Balance)
- AFRaUARaetng (Ball Mill)
- wAzesfnnant (Low Speed Saw)
- A789L28N (Table Shaker)
4 4 o .
- IATIUHULUIENANNLTIZY (Centrifuge)
- ALEBANNFaN (Hot Plate)
4 4' a9 o P 'Y
2. aUnsal uazlATEINAAIUSUNISANHIANEHMUENIINIENIN
- wAzasenefadmilaniag (UltravioletFlourescence/UV Lamp)
-dl o 1 o a o
- IATANIAANATUINLU (Refractometer)
- ATENTAMINNENNANNE (Specific Gravity Balance)
3. AR M lun153tAsIzRdFN AN T U TauE
- LATDY Inductively Coupled Plasma-Mass Spectrometry (ICP-MS) g%a Agilent

114 7500ce

9 @@ [ y I 1 v @ d
3.2 Anw1ANluaaddeauns a9 tINn bl untusldNaa e ARsUANLND b L1
nszuaunsdsudgslnamsiBnansisznaunznanazansisenatiusaas

3.2.1 At lglunsAnmn
1. nldduniausldnassaaiusuine 14 lunszusunisiulglaanisims
ansusznaumninauau 2 13y
2. whildidunirusldnassasfuduialdlunszuaunislfulelaanissia
a = o
anstszneuiFalmeNaIuon 2 T9991u

3. s ldinunisldenu

3.2.2 nIstAsaNAdatNgIN g lunisAn®E

ngud 1 wihaldlunszuounisdiulgsleaniafinansdsznaunzisaesusiazlssnu

PunuaLluaNa NI AZaLA2eas Method 3050B LAY 38 Waste extraction test
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ngun 2 Wil lunszuaunislfulaslaanisfinansdsenauiisaiaanaasusas
Tesshunuaiunaiveninismaaausagds Method 3050B WAz 35 Waste  extraction

test

o

ngui 3 whindldiiunisldeu dnuaduraieninismaseusonids Method

3050B WAy 31 Waste extraction test

9 a [ a [
323 ANEUFNIMA NI NTULDIALNILALLUIALALNAIN LU bUANTNAD LAY

(Total Threshold Limit Concentration, TTLC) Hiunauaail

6

1. F9snating 1 niu ldludninasauin 50 Jaaang

a

2. \Au Conc. HNO, 10 faaams tnlliaoufeunauuni 95 asATades

q u

a

Uszanns 10-15 Wi sxfsednififenuazieldldu Hn Conc. HNO, 5 iadans uaxiln
faenszanuning winifaasudiimnaldiiu Conc. HNO, pSear 5 TaAART AunIzie
asudihmamely wasinluduauldtBunnsgading 5 fadans Uszanni 2 dalue e
aunsziadu

%

3. WNUINAU 2 Haaans uay 30% H,0, 3 Naaans Uasaaunszanuiing uarli
P : o 2 2 Y o
AMFaURRAUNITivansaratRanuas e L1
4. \Rist 30% H,0,1 {adans wazliavnfauaunseiialsdiBunnsgarine 5 iaaans
Welalnan wazdiuilsunmsgainaiu 100 Haaansfaeuindl anNtunNsedsenNIzaANL
N384
5. WngnrazaneldlfdiAsnziiiATes  Inductively  Coupled  Plasma-Mass

Spectrometry (ICP-MS) tiautEunnianudnduresnsiaLaziizade

324  AndFunaiA Nl NTUARIALNALALILSALAENANLLN lUUNEN A (Soluble

Threshold Limit Concentration, STLC) Hiumaufail

1. Kt 50 n3u ldasluannwanaintssnmindien3auiiitnde

2. Fuingfn 500 Haaans avlusaetg antuinvesusyllldenniagaaine
Tulnsiaw finan 15 undl ieldeendiauluingdneenly wasilasiulailieandiawly
annrazateadliluesng Weledauda1iinnstndnnimusednemabe waziinliliaen
Ineld Table Shaker #7@ Overhead Stirrer %i7e Rotary Extractor %qmmmﬁﬂﬁmm
N@Nﬂgﬂu@ﬂﬂwgﬂmummﬂgmmmLme (Vigorously Agitated Suspension) tfluiaan 48

ST
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|
A

3. aniiuingessanlinges u‘%‘*@mnmn@ué’wmeﬂué’wLL@aLuﬁﬂq(Centrifuged)
WAIHININIBINIULNUNIBINELLITY (Membrane  Filter) ﬁﬁw’mmu@uﬂ’nmwmgmm
0.45 lumsau Iaald Thick-walled Suction Flask

4. Tulasiaating 100 Jadans asludninad s Conc. HNO, 3 HadaAT LAz
Tagnansvanunfnidensfuumusinaoniey authBuinswaedssunn 5 Jaaans

5. AN Conc. HNO, 5 Naaans FenelAuumusuaaten Uszanm 15 wil

6. 1Fis HCL 1:1 1357m3 10 Tadams uaxtnnaw 15 Naaans fenaliummiugLy
ANTaU Uszannd 15 wl

7. NTRNARRENNARENTEANENIRNLDT 42 waztfuiBunnadn 100 Radans Aag
rindu

8. tnansazanefill1dRinszridaeieieq Inductively Coupled  Plasma-Mass
Spectrometry (ICP-MS) ey Bunauanududuresnyfiuazi s aiaey
wanewe : Maugdidlunisaia pastunisugielesudalugnsazany Nitric Acid g
rﬁimﬁm %ﬁmmmLm‘?\ﬂu%’mnmiﬁmm Nitric Acid Solution 1 N#@NTL Deionized

Water luemns4dou 1 fa 1 Ineasunms

325 Asasiiafldlunisdmszimlangluitnunaas
1. msaeiiafldlunisimsanLaznadaufIagiaii
- Lﬂ%ﬂﬂ%ﬂ@ﬂ’]ﬂﬂtfﬁﬂﬁ (Analytical Balance)
- L AaeeUAGaating (Ball Mill)
- e (Table Shaker)
- Lﬂ?ﬂquHuLuéﬂqﬂqquLﬁqzﬂq (Centrifuge)
- BNLRIAIINGRL (Hot Plate)
2. idaildlunisdasziltanuaanudnaulans
- Lﬁ?:m Inductively Coupled Plasma-Mass Spectrometry (ICP-MS) éﬁ@ Agilent

114 7500
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N@LL@%%QW?IﬁNﬂﬂﬁiVIﬂ@@Q

b

[ % 1

ﬂ’?‘iﬁﬂ‘]&’ﬂ AN NTUaRIRAEY LL@ZL‘LI?‘@LIEHN@WHW@@HF’]@%‘/M@NWNWM

¥ 1%

nszuaunsliulgesaamanufaulaanisiinaslszneuasiouazanslssnaudaiaas

1
al g

, = = p = v o o A >
LLNNNTANERaNLTUAZ2Y A 1. ﬁﬂ‘]&l’qﬂrJ’]NL‘ﬁNmum@QWZﬂqLL@zLU?@L@ﬂNW\?MNQIUW@@ﬂ

ARSUAN  2) ANHIANNNITNTUIRIRLTILAZILSA AL NN FANTIANHLLNINNILATND

= R | o = v o o - P o
L‘]J@‘F;IuLL‘]J@\‘leLu@ﬂwaLLmﬂm’Nﬂu 3.) ANBHIANNTNT WAL UTeung U LA

nlx dll [ % = a o agl/ ¥ o =® | =
mmgmmmmzmium?mﬂimu was 4.) mmﬂmqwuimmmmﬂmmmLﬂummmﬂ

dunseaaaiinnldidunsusldanassnrsfusiialdlunszuasunisfudgalaaniafis

#a131svnaunzianazanslsenauidalasy IasutanisAnaantiugesdiy Aa ANeI
o o o a = v o o a o

ANNHNTUTRIREAILALLLFALALN (TTLC) LaZANEIAMNINTULIAZIaLAZILTALAN

% 1% dJ =K 2’/ = a [ % é’
AINUIANA (STLC) TNHANITANBIVNUNANINLALLALAANL

41 AMNLMINTUARIAENILASLLSALAINNIUNANANALAAINNADEADSUANAQEN D
Total digestion

(1) ANMHNENIULBIRZAIANNABENUNN

¥

ﬂ’]?ﬁﬂ‘]&f’]‘W‘]_l’j’] mmﬁmumﬁmmmﬁqﬁwu ALAINARENLAN AN

[ %

199977 1 4ay 2 (AN9990 4.1) HAwNAU 2,963.33 + 83.27 way 1,610 + 25.00 NN/

' '
a o

nn. m"]ll@of]ﬁ’gl/ﬂ ﬂq?ﬁﬂqqﬂL%N"iljul,ﬁ@ﬂ?l@\‘imgﬁﬂqqqﬂW@@ﬂI?\Nquﬁ 1 Q\mdﬂ?w’]uﬁ 2
~ Ao o o a | oA o a
Lu@\?qqﬂQMﬂ'TW?J@\TW@ﬂﬂmuqﬂqﬂﬁ‘ﬂﬂﬁ;\‘lﬂﬂﬂﬂmzwLLmﬂm'Nﬂuﬁ@ W@ﬂﬂmumﬂ@’]ﬂiﬁ\i\‘ﬂu

-QII ff/ a o tﬂld % 1 o a QII ff/ ;:ll dll
N1 YUNANHULEANLLAILAZIALLANF1ININNIINARETILANAINT999UN 2 Aelliliesann

a 1% 1%

Fansdiulsmaesiiuiinsaauionzin Tnaduisnisgesesuanuavdesdnglunaas i

' 1
o P

aginliansilsznaumziandnllanlusaaunndia (Hughes, 1984) Anulunastainisssnu
4 . J e . o S
71 AfFunaumnnndinaesannisea uin 2 nldannududuresnziannuannnass 199911

I~ | I~
N1 zgmmwzwmm‘ﬂmmum 2
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|
o

~ Y o e~
1919 4.1 ANMHLINLULBRIRNENING

[

AlAannaasiuinfaeAs Total digestion

- - AN N WA ALaAE
(Nn./nn.) (Nn./nn.)
Pb 1-1 2,990.00
Pb 1-2 3,030.00 2,963.33 + 83.27
1 Pb 1-3 2,870.00
Pb 2-1 1,585.00
) Pb 2-1 1,610.00 1,610 + 25.00
Pb 2-3 1,635.00

(2) AnudinduIedLLEARENAINNABLLEIIAN
AINNITANTINLGT AN NTULRALTDULTAL AL NAINNAYRINAD S
YEIAN ANT98uil 1 uay 2 (AN399 4.2) HAWnAU 124.03 + 324 uar 80.05 +
44 v o o - . -
3.60 1n./nn. Hn1snANdndueaveFadana nwaeslswIun 1 gandnlasnui
a o 1 a a QII o 1 1 1 o -dl A o
2 anaiinandadounenizaimeni ldlunnsdiulsusas Trsmldvinduaaneidunonudy

wazmaiinreusiazlasanuuazaruuaisaeinislivlgmass luusazidaliwinduy Ae u

v
o o

NS UU AU LN EAINITINIATIAZANUIUNIN. AR NETA TuLAarATAAzARIaNIY

= gy = Ny @ Aoy iy ya ppy = ° : | Iy
ﬁmqﬂmmﬁﬂﬂﬂqﬂﬂﬂiq ‘WmLN@IWWHQM%@rfl’m‘wmmmﬁ‘ﬂ@wnﬂ’]ﬂmM’:’J@uﬂm@ﬂm

2D

e =
AN

o—

v
k%4 o o !

d.:llg/ © KX Ao ?:/ v ! o o b4
ANFFeInIs AstunassusazidnasiauuaivlunisunInteauansneiy inli
L7374 a a = ] o a 1 o o 1
AN duresFalRsNiANLANANTY uazasanasanieuninisliulaeusias
Ts99nuilAuuAnsNeiY A NaeayssANneulfullgaeslseun 1 A un[uwny
= ! dl aal A = tﬂld d%; a = =
e doulsssud 2 Falnumdesunudsn TnanaesnimuduiRuuwnu@acazilEunn
= : PP oA = = o yas N
Timdauuinndmasendmudmassunuden Gelunisliuilanaeslfi@maeanusn
L waeaNH LA RuLNN@Anlsswn 1 agldininuuFadnnInndwaes i
mudmaeaunul@eaainlssnuil 2 Wasainsisuiaasasiiuinfiduneafiusie

wnnilden (Mg™)  Adagudnludaneiuin Aellduilunguinsea¥isten BeTio, uas

1 v
d1|dd| o % @

. = a = A a A A 1
MgTiO, %NiNNANaY V@\W’muuﬂﬁﬂﬁ’]@L‘LI‘J“@L@HNLL@Z/‘M?@LLNT]LLL“HHNL‘Wﬁ‘ﬂ’ﬂﬂ”ﬂﬂ (GLHLN@

WaRHNARINA  (Be+Mg)/Ti wnndn 1 ) sapveaessinatafimaesylivinuiinga

] ]
a A a = =

o a A A o v a a =
UNA1NAWARS 1178 Yellow colour center MIMIAAAIMABINIANES TOLTUNLLLTAIALN
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A
Auanndn ey (Mg” +Be” >Ti") Az liiin@waesuiniu (Pisutha-Armond et al.,
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2002, 2003,2004) fatiunisipanudnduidaiaanannnaasisuun 1 1nnndnlsaaui
2 anaflunaainiffunudndouaassnn inndoundegudnlunassuaziizaaauidnll

TunwaasAasuduiil BufALanFANaTw

a v v a a dlww ¥ o Y ax . .
199N 4.2 AN TIULDNLUTALAENNA mimmnwmﬂummummﬁ Total digestion

N - AMNLANTULLISALRE N ALaAe
(Nn./nn.) (Nn./nn.)
Be 1-1 121.80
1 Be 1-2 127.75 124.03 + 3.24
Be 1-3 122.55
Be 2-1 76.55
2 Be 2-2 79.85 80.05 + 3.60
Be 2-3 83.75

L4 v G'J o = d >3 v % (%4 ¥ a
42  ANNMENTUARIASNILALIUTRLAUNNANALAAINNADLADSUANAIEAE BCR
three  stage WazN19LURLUULURIANHUSNIINIAATNURIININTENALARZTUA DY
421 AanNNTUralanzaINNaaARSUANNUALTIWNS
(1) ANMNENIULBIRZAIANNABENUTN
nsAnEnaesiURN AL uNeluan1siuANF19i (BCR three stage)
. v v i) o .Y A e X
WU AT URAUadRZA2a N I5NIUN 1 was 2 Muusazdy (AN9197 4.3) HA1A9H
BCR 1 Winfiu 31.84 + 1.97 uay 21.76 + 1.37 un./nn. BCR 2 Wiy 21.05 + 2.91 LAz
1.36 + 0.11 NN./NN. WAz BCR3 windlu 3.27 £ 0.17 waz 0.14 + 0.02 4n./nN. ANNANAL

Inelafidudanudutunziaeas luAasduiauiulRuiamsiaianuan ldannniaia

'
o A

(N 4.1) wuslafifuiaonududuedsaesnzioflrgegalu 4un 1 (Exchangeable)
Y Y ¥ v 4 Y . : o A
ga9ra 2 139901 etz ludun 1 Wuduneurednisadindosnsneat waswianinig
nanmzinadkl aznilianuuilaaediioanad (nNa93ns ansdusinua, 2548) asn 1
wAandnzionaneg ldnuniudanisianseuaainsnasinliiinn stz azare1a9mnzio

nnugaluaninzil
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A597 4.3 ANNTuIesRziaRdn A nnassLRNuAlLNeA2eRE BCR three stage

AN NI URAE AR
T5991u AaBeNg (un./nn.)
BCR 1 BCR 2 BCR 3
Pb 1-1 30.38 19.60 3.16
Pb 1-2 31.07 24.40 3.19
1 Pb 1-3 34.08 19.14 3.47
V’]I’WLQE‘]IEI 31.84 +£1.97 21.05+2.91 3.27 £ 0.17
Pb 2-1 23.35 1.32 0.12
Pb 2-2 20.97 1.48 0.16
? Pb 2-3 20.97 1.28 0.13
V’]I’WLQE‘]IEI 21.76 £+ 1.37 1.36 £ 0.11 0.14 £ 0.02
00 - 93.55
Y 0T 57
»% 80 1 37.48 e
68 o B BCR 2
o 5.85
ER a2 W BCR3
0.6
0 T f
T5991u9 1 Ts991u 2

1 1 1 v
i 4.1 lefidusnziananalsannnaasiuinuaiiluas luLAadunauaas BCR three

U2 '
g =

A A o o Vv
stage LN@LWﬂUﬂUﬁqumgﬂqmﬂﬂﬂﬂm@ﬂmvl,m
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2) mqmﬁu%’ummLu?maﬂmqﬂwaﬂﬂqmqﬁu

naAnenaesyEsANuALusluan19EiLAnsaii (BCR three

1
o P

! ¥ % dl a = nzll |
stage) WuUAN AUdNTRAEIadILTARaNANTINUN 1 Lar 2 luusazdu (13NN

¥
a

4.4) UANA9 BCR 1 winfu 1.33 + 0.10 WAz 0.67 + 0.06 Hn./nn. BCR2 Winiu 0.56
+0.05 way 0.55+ 0.04 NN./NN. bar BCR3 wNNy 0.58 +0.06 hax 0.62 +0.11 {N./
an. aNasy IeslafidusannuidudueatradizaaanlutsardunguiuLT
a al ?:/ dl v [ tﬂl 1 c @ 6 v v tﬂl
WEALAgNIuNARlAaInn12a0 A (NNA 4.2) wudndesiduiAnududuaanaea

v 1 v
%

iiFalaNEA1gagalu 9ui 1 (Exchangeable) 1849%4 2 199971 @1AHAMENIAINNI97

= @ = o g uNA aa v o qw o
‘ﬂlal.ﬂ’]md’llu’]ﬂL@ﬂ@\iVI’ﬂMNWHVIN’ﬂuﬂ’]?QﬂﬂZ@Z@’]ﬁ@’]ﬂ@’]?@t@’]ﬁ1ﬁﬁ~l’1ﬂ M lvinnsana’lu
Z: A ga// ¥ P ' ¥ ¥ a BN = 90// 90//
2UN 1 uumwmmmxmﬂfa@ﬂmimmnmzgm LL[EIWJ’]NLﬂ]NﬂJuLU‘i@L@ENWWUIu‘VJﬂ’] WUUU
| ¥ Y QIIOI Y & 1 a al v
HuANNNTUNAININ LLZQ@\?SL‘VIL‘VIWJ’]L‘LI?@L@ﬂllQﬂ’ﬂt@:ﬁ@’]ﬁlﬂﬂﬂwﬁiﬁﬂ’miunﬂj AN1IT
dll a al A a = Z// a dl a a % o £ ndld
Lu‘ﬂ\‘l@’mﬂ@iﬂﬂ’]?mﬂ@LV@@\?‘H@\‘ILU?@L@ﬂNuuLﬂﬂ@Wﬂﬂ’]ﬁ‘WLU?@L@HNL“]J’]VL‘]JVI’]WWWIHQ
- = A a . v = 2 =
@uﬁlﬂ@ﬁﬂ@ (Yellow colour center) MAARINANNLNNTALDIIATIATNKNAN TINT9N

Ce

a  a o o o = o o 8 v a =
L‘Ll?@L@ElllLﬂlqiﬂwqﬁuqmﬁlﬁﬂuﬂﬂ@q\iﬁiutﬂ?ﬂ'ZQ?’]\WJ@\?W@@H‘V]']SLWLﬂﬂﬂrl’]NL@ﬂﬂ?ll']ﬂ

a

(Pisutha-Arnod et al., 2002, 2003,2004) ﬁamﬂﬁiﬂmﬁgﬂmﬁmiummqwmj

dl L7 a a dl 1% ¥ o | ¥ as
ANTNN 4.4 ﬁ’JWNL"]JSJ?.Iuﬂ‘ﬂ\‘lL‘]_Iﬁ‘@L@HN“V]@ﬂﬁi@@’mW@‘ﬂHuH‘i’]ﬁNUﬁL‘]J‘LlN\‘iﬁ'JH’Jﬁ BCR

three stage

AMNLANTULLISALAEN
T9997u AR (un./nn.)
BCR 1 BCR 2 BCR 3

Be 1-1 1.38 0.57 0.65
Be 1-2 1.21 0.51 0.55

1 Be 1-3 1.40 0.60 0.54
ﬂ’]L'ﬁ@IF;I 1.33+£0.10 0.56 £ 0.05 0.58 + 0.06
Be 2-1 0.74 0.52 0.72
Be 2-2 0.66 0.54 0.62

? Be 2-3 0.62 0.60 0.51
ﬂWL'ﬁ@IEI 0.67 £ 0.06 0.55+0.04 0.62 £ 0.1
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53.85

50 36.41

=

29.89
40 - 22.67 33.7 B BCR 1
30 - 23.48

=9
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B BCR?2

=3
iU ALUSALAE N

<

m BCR3

vla

10 A

= =
T5997UM 1 T5997UMN 2

ni 4.2 wWefidudisalaannaialdainwassysdnusilunsluusazdunauaas BCR

dl = o a a zl/ dl o 14
three stage WanguAULTUNLILA L@ﬂﬁJVlﬂﬁﬁJﬂVI@ﬂﬂlﬂ

o [ % o e [~
422 ﬂ’J’]NL‘lgIlN"llyu?I’ﬂﬂ AZNALASANBEUSNINNIENTNUADINABEABTUANLNA

(1) AN NTULBIRZIIANNNABERUNN
ANIANHINUIN AN NTUIRIAZTIANNNARLTUANAINNIFEN A
Tugn1sRuAnFA1eiy HANAIT (M19199 4.7 4aT 4.8) ANMINTUIRIRZALQA8AN
1999749 1 uway 2 luuFazdy Aa BCR 1 winfu 0.94 + 0.73 WAz 0.23 + 0.20 NA./NN.
BCR 2 Wiy 4.49 + 3.52 uax 0.32+0.16 NN./NN. Lay BCR 3 winfdyu 16.44 + 10.20
o o/ 6 @ 6 v v QI/ dl 1 z// =l
LAY 527 + 0.29 un/nn. AINAsU Iesilafidudaoududusnsiomas lulmasdune
AU Nupsiiannan ldannn1sane (M 4.3 ) wudefidudanududuedsues

1
%

peiolAngegalu 9ui 3 (Oxidisable) 18499 2 199911 Gainladnannududunsia

v 1
a o A

INAURNANHUENINgN WAL AUl aelTNRndUn 1 (Exchangeable) InaNAnEUY

e
b

o

n3RULANTALLTRAwAZATARILANTRY JduR 2 (Reducible) BuAn1siasuwlaanig

v v 1
4 A o a

49( 1 :’/ dl (=3 Y o dl o dl ad o
NIENINAUNANLUN 1 LL@:ﬁmullWﬁﬁ]L@uﬂ@ﬂiuﬂu@ﬂwqﬂﬂ@ 1UN 3 Lu@\‘i@qﬂ’Jﬁﬂqﬁ‘ﬂﬁ‘UﬂfN
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=

poaufaazintuiunisgasasuaninluitlenaas wassntnuliuleRadansuela
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(2) AMILABULAIANHULNINILATNYBINADEITLAH

o =<

= o a aa A
NITANEHINADLNUNNNHNANT SN L LA (Opaque) @Wﬂtﬁ\ixﬁu‘w 1

1
a

uwazAnenuzTildanas (Transparent) a1nTsee ui 2 NiunszuaunslfuLlesaanania

o o a

Iﬁﬂﬂ’]?LﬁﬂJZﬁ’]?ﬂ?:ﬁﬂﬂULLﬁ’W]ﬁiﬁI/'J eazidanlneaslAuantAn1es iyNnaulaznasann
% s

q

NARBLUAAIAIANTNT 4.5 LA 4.6

19999 4.5 agtanandEnedyndiaesnassiuinuinneunisgeazanafigids BCR

three stage

RI Fluorescence
199911 SG Bi
N, N, LW SWwW
1 3.96-4.00 | 1.770-1.771 1.761 0.008 - 0.009 | St. (red) inert
2 3.96 - 3.99 1.770 1.761-1.762 0.008 - 0.009 | St. (red) inert

F19797 4.6 A7UAnENTRN TN lresnaRiLANEANBNAINNITEATANE/983E BCR

three stage

RI Fluorescence
199911 SG Bi
N, N, LW SWwW
1 3.96-4.00 | 1.770-1.771 1.761 0.008 - 0.009 | St. (red) inert
2 3.96 - 3.99 1.770 1.761-1.762 0.008 - 0.009 | St. (red) inert

ANINAFAUNIITANTAUIAINARENLAN VAN NENUANFAITURT 3 TUAaL WUIN

A o =

AANITAN NSy reananeie 2 1aenu Innddsuuilastieanininasaazidananas

9

v v 1
% 1

FoatineisunaagluniAuon 9 uinaasyia 2 lrsnuildnsuenenanwiasuulas
T (11997 4.5 wazr 4.6) atdaauinganiznasspaiusuainiswnun 1 Aa 1Wle
~ ' > & =R o Y o oa X A, y
wheumeu s arTuasIUINAN B saUAN T TIANNINTY ATa9908989N19yNTauTas
waseiNsNAulnsazwilidaaungaluduin 3 (Oxidiable) aa9vnidnaInwaaslssuy
1 doudneaenianianneadlssnud 2 Tudisuo ldudulllunnafsnduiulsesnun 1
o y P .z c wave A v e y
padsaauAn I NNInIuluLAardy waziiulddaiaungaludun 3 wudu  1le

- > [y ' a ~ A
Weeueuie 2 Tseanuudanudnnaagainlssnud 1 Annslasuilasnianianinunn

uazdAAuNd 19U 2 WesanAnEurIesnae A LNTNNN F U 99 A A WU ATUN W



36

Py P e X A Y ° ! X a =
NLEANFINNU LuﬂWﬂ’ﬂﬂT@\ﬁ?\i\?quw 1 uuﬂﬂmﬂqwmqﬂqqm’ﬂ\?Lu@W@ﬂﬂT@ﬂIﬁ\NunI 2 19
X a A o= : p asa )y = o 8o A
Lu’ﬂW@’ﬂﬂV]NV’]‘m.ﬂqwﬁﬂ’]']ﬂ’ﬂllllﬁ'ﬂ’]ﬂJV]uV]’]um@@’]?LﬂNLL@gﬂ{]ﬂ?ﬂqiﬂNqﬂﬂqq ’Q\?VIWIWLN’I’J

| Yy = G o S PN .
N’]‘Llﬂ'??‘Vlﬂ@‘ﬂ‘ULL@Q@\‘Imu@ﬂ‘]ﬂ’mtmﬁﬂﬂﬁﬂﬂ’w‘mL‘]J@ﬂuLLﬂ@ﬂiﬂﬂl@ﬂIﬁ‘\Nﬁuxﬂuw'] NN

1999747 2

ANTNN 4.7 N AsunlAeAN ML NI NIEN N LA AN N UR TTaI N an LY

AENRININARBLALEAT BCR Three stage (T5991u# 1)

A2REINNAUN o o
ANBUTNIINIENNLATUTNIUAZNL (NN./NN.)
BCR
BCR 1 BCR 2 BCR 3
Pbi-1_BCR Pbi-1 BCRI Pbl-1_BCR2 Pbl-1 BCR3

| c

| 11

0.37

— | cM

1.40

| c

6.53

Pbl-2 BCR

—— | CIT

Pbl-2 BCR1

e | M

1.76

Pbl-2_BCR2

— | T

8.33

Pbl-2_BCR3

e |

26.90

Pbl-3_BCR

e | cm

Pb1-3_BCRI

s | cm

0.68

Pbl-3 BCR2

e | cm

3.76

Pbl-3 BCR3

e | cm

15.88

1 =
ANLRAL

0.94+£0.73

449 + 3.52

16.44 £ 10.20




37

AN9NN 4.8 At uLLAININAN U NNEN N LA AN N UR TTaI N AR LU Y

AENRININARBLALEAT BCR Three stage (19991u7 2)

AIBEN1INBUNN o o
AnHUsNIINaMNLazUINUREN2 (NN./NN.)
BCR
BCR 1 BCR 2 BCR 3
Pb2-1 BCR Pb2-1 BCR1 Pb2-1 BCR2 Pb2-1 BCR3

—— C1

—— | CT

0.45

e

0.39

e 11

5.02

Pb2-2 BCR

e— | cm

Pb2-2 BCRI1

ee—— | C111

0.06

Pb2-2_BCR2

—— | c11

0.14

Pb2-2 BCR3

e— C11]

5.59

Pb2-3 BCR

Pb2-3 BCRI

e M

0.18

Pb2-3 BCR2

——  C11]

0.43

Pb2-3 BCR3

—— | C1

5.19

0.23+0.20

0.32+0.16

527 £0.29
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0 T f
T5397u9 1 15397U9 2

1
g o

A 4.3 wefidudnzianannldainnassiuiuidnluliardunaunas BCR  three

1Y
o o

tﬂl = o tzll o ¥
stage Lll’ﬂLWﬂUﬂUﬂ?ﬁqumZﬂ’JVI\?MNG]‘V]Zﬁﬂﬂiﬁ
(3) mmL%’u%’ummLu?mﬁﬂmmwaﬂﬂqmqﬁu
=2 1 ¥ v nzll a a dl ]
ngANEINLdN AN TR UIaALTadLUEALAas AN TINUN 1 Tuus

ardupouLas BCR  three  satage HAANdndudusnganiasesaInisndnseid

=

(Detection Limit = 0.001 4AN./AN.) kazANNENT QA8 LTAAINANNTsNIUN 2 &

[
o A

A1GH BCR 1 HAAndntsunuponudinduniganipsesainnsniimaeild  BCR 2

windu 0.01 un/nn. 4ar BCR 3 windu 0.01 8n/An. (119797 4.11 waz 4.12) n1si

a

¥ v = dl 1 dl < v =
AT NI UTBILLTALAENANN1999UN 2 zgamﬂm\mum 1 NUBLBIANAIURANIAN

¥
=l

A Aa Ao P2 o Iy )y " Y v Al R
PUNALLASNUNHNINHNINNAN @qulﬁﬂt’ﬂﬂq@QﬂﬂjzﬂqﬁiﬂﬂqﬂﬂqqﬁqﬁqqﬂLﬂNﬂuVliﬂ@ﬂZﬂ\?

v v 1 1
%

n91 wAdTNaA N nduaeie 2 TrseuiudadulFuaantdesnin Waesainnalnnng
a a o« A Y a A a o« o o o A= - a
Aedmaesaaausalasntuwinainnisiudaaasdi luiininntaguananad (Yellow
tzll a ] % =X z£| ¢ﬂl a = 7 3 £ ¢ﬂl
colour center) MAARIAANNUNNIBITRIIATAEFNAN Tan13NLLB AR NN T AwEn A
= & al v o Y a = .
tnfutinaedlulasairaresnassnn liiinaanuianasnan (Pisutha-Arnond et al., 2002,
2003,2004) aeNNNINABNITIZANTaLFaAsNNNe lUNARs AR LAY
(4) MaanuuAIANBIUEN NN INTDINABE VAN
=] o Adv ¢£I ] .
NITANBINADLLBTIANNN nuueNalUanas (Semi - Transparent)
4 . . 4 4,
AIN19991N 1 wazaneuellsauas (Transparent)  AaNlsNIUN 2 NEIUNTELIUNNT
Fuilgednaaaufaulnanisifinaislsznauianen aazidunlnaagdamuaniis

NNAYNRNAULAZMAININAFOLUAAIAIANTINN 4.9 Uaz 4.10
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7119199 4.9 agUAnanAn1edTyNdlresnaesyEIANIANAUNNITEAYAN8AaERE BCR

three stage

RI Flourescence
JEXRRTY SG Bi
N, N, LW SW
1 3.98-4.10 1.771-1.772 1.761-1.762 0.009 - 0.010 inert inert
2 3.95-4.05 1.769-1.771 1.760 - 1.762 0.008 - 0.010 inert inert

F113199 4.10 agUAnuaniin19d N tlreanae sy ANEAN I ENAINITE AT A8 F0ERD

BCR three stage

RI Flourescence
199911 SG Bi
N, N, LW SWwW
1 3.98-4.10 1.771-1.772 1.761-1.762 0.009-0.010 inert inert
2 3.95-4.05 1.769 - 1.771 1.760-1.762 0.008-0.010 inert inert

nNTNAGaLNITAANTaUTINans laN1NENWANFANSAWa 3 TUAAU WLIN
. o ~ o o = a o
AMANTAN A YN BUIINA 28 Y HIIANTNdalse1udnIsilasuulastdaanining
AL ATa9ARat N NNASE lUNIANLAN 9 TALANHIUENINNIUNTNTBINABEINY 2
19997 (1192971 411 uaz 4.12) wudn ldiinisulaeuulasle Aeludueesduazses
o A o o . A Ao
wenF1reanastsaanEuENNIan MmN magau il aauulacle) HAnwue
o o o aom 4 .
widaunaunsmeaauynilsznig Geanunnvinldnunisaauulasdnsnieniesniann
o d' 1 o a a a -dl
1eanaes ANt unszudunsliulalnanisianasdsznauiidadas Liesann

widaasNiudn 1l lulasesenanaaanaas (Pisutha-Armond et al., 2002, 2003,2004) 1

A 1% A o as a
Qﬂwﬁquﬁﬁﬂﬂﬂ?ﬂﬂLL[}‘lﬂ?’]’]L‘Vill’r]uﬂ‘]_lﬂq?ﬂ?ﬂﬂﬁ:ﬂtﬂﬂﬂ’]ﬂﬂﬂ

Tinaaunlananansau Tuls

o e o X A Ao o o A 4 A A Ao

winpzia MetmaznaetAunianliulsssanFananiuiunaas g AL AN
y s

ey = 9 ) o ~
VLNL‘]JHV]W@\?T—]’]?SIJQ\?W@W@ 'NWﬂ\‘lmuﬂ?:‘]_lfsﬂm‘iﬂ?uﬂﬁ;\‘lLW@IWL@ZWIWNM?
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UHIIANNLNAINIINAAAUSIEAE BCR Three stage (1999111 1)
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AT A UL AIAN HOULNINIL AN LA LA N NI ULLFALAL NURINAAE]

ADENINDAUN o o o
ANBUSNIINENNBALUTNIULLZALALN (NN./NN.)
BCR
BCR 1 BCR 2 BCR 3
Bel-1_ BCR Bel-1_BCRI Bel-1 BCR2 Bel-1 BCR3

e | 1

— | c1

ND

e | c1

ND

e | c

ND

Bel-2 BCR

e ¢

Bel-2 BCRI

—— | CT

ND

Bel-2 BCR2

—— | c

ND

Bel-2 BCR3

| CIT

ND

Bel-3_BCR

—— | 11

Bel-3_BCRI

— c111

0.001

Bel-3_BCR2

— | 1

ND

Bel-3_BCR3

e |

ND

! P
ATLRRE

nNNELiE - ND = not detected
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UBIIANNUNAINIINAAA LIS BCR Three stage (1999111 2)
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A7 AU A A NHENNNNEATNLAZ AN NI ULLFALA NI RIN AR S

BB

e ¢

8200

—— | C

ND

DO

—— | c

0.01

A2DENINDAUN o o o
ANBUNINEMNLAZLTNLLTALAeN (NN./NN.)
BCR
BCR 1 BCR 2 BCR 3
Be2-1 BCR Be2-1 BCRI Be2-1 BCR2 Be2-1 BCR3

HODLHO

—— | C

ND

Be2-2 BCR

96209

—— C1T1

Be2-2 BCR1

P00

e M

ND

Be2-2 BCR2

Po200

— | c

0.01

Be2-2 BCR3

90200

— | 1

0.01

Be2-3 BCR

(1.1 Ll

— | ¢

Be2-3 BCRI

S&dI%

— | CM1

ND

Be2-3 BCR2

(1.1 11

—— | CM

0.01

Be2-3 BCR3

@ d9I%

— | CM

0.01

P
ANLRAL

0.001

0.001

nNNeLiE - ND = not detected

4.3 AMNINTULRIALNAIANNAITANANADLADIUANAILIBNITNAFAUUTNIWAENA
TumasauiAsaslszAu Standard Operating Procedure for Determining Lead
o o a [~ o a [~
4.3.1 AMNMINTULTDIAENIANNNARANUNNUALL VHILASNUANLEA

= Y v dl nI/ v a A | !
NNTANMIANNITNTULRRYUANAEARNINNARL N LR NNUALTUNS WLdN

T399710 1 uaz 2 JAAwindy 1,530 £ 65.57 Ay 910+ 30 un./nn. AINAIAL LAZAN

1 o

% % d' aI/ o a (=1 1 ndl a
WutaaaeesnziiaInnaaeiuindn wudn 1999190 1 uay 2 HAWNNL 156.33 +

1
=

11.37 Wwa¥ 70.67 + 7.37 NA.AN.  ANNANAU (19197 4.13) TInaesiuANAUaLTILeaR
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pndndunziagandnaseln Wesanauineuniasaanassfuaiumdauadnngd
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4 . . d v L o md
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peinfnuuald (TdiAw 600 wn./nn.) (CPSC, 2005) avagulddwassiuninnliniunisg
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-QII ¥ v ¥ v Aa | v a (=3 ¥ ad
A1TIN9N 4.13 ﬂ’)’]llLﬂN‘HuﬂZﬂ’JVI'&ﬂﬂiﬂ@qﬂW@’ﬂﬂVIUVlﬂJﬂﬂLﬂuN\‘iLL@Z‘I’]UVINLN@@QEIQﬁ

M o A A o
NARDLALN MIFALTALATAILITZAL

U3anaumzna
T5991u A2BENY (§n./nn.)
NIUNITUA laisnun1sun
Pb 1-1 1,460.00 147.00
1 Pb 1-2 1,540.00 153.00
Pb 1-3 1,590.00 169.00
AR 1,530 + 65.57 156.33 + 11.37
Pb 2-1 940.00 79.00
2 Pb 2-2 910.00 65.00
Pb 2-3 880.00 68.00
AR 910 + 30 70.67 +7.37
mmgmﬂ?mmmﬁ;ﬂuﬁqﬁ*@um‘%‘lmﬂa‘zﬁu (CPSC, 2005) 600
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v v [ a o v ae ¥ o 'y
44 ANMATNTURIAENIUAZLLTARENAINLLIN LT ULA22InseUUL FuLl 59
NADLUAILAIMNSDULALNITIANFITLAN
4.4.1 Whannszurunsdsulganaasiunu

(1) A1 TTLC (Total Threshold Limit Concentration) UadAZAAANNLLINLEN
NafLLAN
m?ﬁﬂ‘]fﬂmﬂuL‘?ijum’a\‘lmxmﬂ’mLumshﬂuﬂ?zuquﬂﬁ‘uﬂﬁ;ﬂwa@ﬂ

Y v a o ! - YR o
AreANTaRlAENITANANTUIENaLALAINLAN (AN99NN 4.14) AMNLANTUYBIAZNIANN

o

Wil uns Ul AN AN Nd WA WNAL 8.87 + 2.15 NA/AN.  ANNMNTY

1e9nzia@asantnAn unnsldeueeslsaenun 1 way 2 wiadu 42,278.67 + 7,058 AL

1,990.33 + 598 wn./nn. eNA1AY Fauidungldenuudoimnududunesnzingandn

I
[ v a 1

b4 dl ¥ ! o v 4 ?:/ = ¥ S|
L‘LI’W]iSJN’WHﬂ’]ﬁ‘%J\‘i’]HN’Wﬂ WAAYINUAIAINNT LI UL RE Az Rnagn1e LT W

u

o -dl oI/ o 14 9 =
UL LHasannaziadulaneniin ﬂammwmﬂumﬂmimmn (NTNNITNYINTEU

5971, 2543) wardpdiuaasazianldunscusunisliulaailudndounuiniiiasannmzind

I
o a 1
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?']ﬂ']‘l’]h\l@;\?lmﬂ ’Q\?V]qlﬁﬂ’]ﬂﬁﬂﬂﬂq?ﬂiﬂﬂﬁ:\‘iLL@QL‘M@@[}]'Zﬂ mﬂ@ﬂuﬂqﬂ1ULUqﬂ?qu3Jqﬂ

wazieauAUAY Total  Threshold Limit Concentration (TTLC) @aiiluAnnsgiu

] ]
¥ v A g al
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AN NN 4.14 A1 TTLC 289MZAI_aNNNI3AT AN NARET LA

.. 3snumzia ALRAE
159971 ABENg
(Nn./nn.) (Nn./nn.)
o } Blank 1 6.70
falaiinunigld
Blank 2 8.90 8.87 £2.15
U
Blank 3 11.00
Pb 1-1 49,915.00
1 Pb 1-2 35,992.00 42.278.67 + 7,058
Pb 1-3 40,929.00
Pb 2-1 2,676.00
2 Pb 2-2 1,725.00 1,990.33 £ 598
Pb 2-3 1,570.00
mmgmﬂ?‘mmmﬁqu%ma‘ﬂizﬂ@umﬁqimﬁu
1,000
(mu‘lﬁwmugmmumw, 2548)

(2) A" STLC (Soluble Threshold Limit Concentration) 184Aziaa1nUnafALNLHY
RREIH
=K v v QI/ v ‘ﬂl 1 o/ %
nsAnEIANdNduIeInzia NN sz uaul fULRNaRE A AN
¥ - S o Y o . o e
Foulnannsidinanstlsznaunzionudn (119799 4.15) Aonudnduaesmzioainidiandaly
1 173 g ¥ ¥ tﬂl | o ¥ ¥ tﬂl QI/
tunslduiApNdnduedY Windu 0.76 £ 0.03 1n/a. ANdNdURALTeIRTia
o o » - a0 o
AN 1EUIe9T99 N 1 war 2 HAWINAL 3,595.67 + 70.36 LAy 277.33 +
o o ¢£I ¥ ¢ﬂl 1 ¥ vy ¥ ¥ 1 ¥ tﬂl [ ¥
10.07 wn/a. puasu Sarideunisldanuudaiaoududugandidinnldiiunisld
NUNIN wEAINAIAINNIg IFuIdaTiuariaziafnagn e luiidusuaunan Weeann
peiqdlulansuiin ﬂammwmﬂummﬂiﬁmﬂ (NFUNFNEINNTHATE, 2543) wWazAAAIL
< o . ¢ oA Soa s o
we3nzianldlunscuaunisdiudgailudndoununinitiasanaziadsanldgeuin awin
TinandasnisdfulgudomasaciofinegnialuinTunnuin waziamauiuan
Soluble Threshold Limit Concentration (STLC) FailuAunmsgiuesdsznav@elfna
A o dl 16 ¥ ¥ dl | a o dl o o Q'
wiradani i ldudoniduresdedunsaninlszniAnsznggaaingss 5o9 N19N1ARES

dinavisedanililduda w.a. 2548 wudniBuimuaonudndunldainidhddiunnsgig
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v
o 3 a 1

Fan1UUA I NANId NI UlAY 5.0  HAANSNARAMT FNUUTNINARETUNNNNIY

nszuaunsliulgsaninansasanuFeunazansilszneunsinasdniuresdadunsg

AN NN 4.15 A1 STLC 1a9ALAANUIAT AL NARE LN

. Baaunzna ALRRE
99971 FERERN
(Wn./q.) (Nn./q.)
o 3 Blank 1 0.73
flalaitinunngld
Blank 2 0.76 0.76 £0.03
Naps!
Blank 3 0.79
Pb 1-1 3,566.00
1 Pb 1-2 3,676.00 3,595.67 + 70.36
Pb 1-3 3,545.00
Pb 2-1 268.00
2 Pb 2-2 288.00 277.33 +10.07
Pb 2-3 276.00
NmsgIuTINURTiavTeaNsUsTnaumia Ay
5.00
(mu‘mmu@mmﬁmm, 2548)

4.4.2 WhannszuiunistlsulganaasyusAn
(1) A1 TTLC (Total Threshold Limit Concentration) YBILLFALALNANLTN
IWNABELETIAN
=2 Y v a = 3 A 2t [
nsAnEIANITNTuTeLLTaReNAT AT lunssuauLfulss
AN NNaesfaeANFeulnan sANafsUsEnaLILFARENNLLT (1191991 4.16) AATN
Y a = 3 -QIIV [ ¥ IS DA Y v tﬂl 1o
dinduzedadanannidingeliiiunsldon araududueds Wiy 0.54 +0.01

Y v dl a = v dl 1 ¥ dl =
an/nn. Anddndueagreuialaauan Nt nEIwn s euaeslseeun 1 waz 2 dfn

a

Winfu 19.67 + 0.58 WAY 35.33 + 0.58 WN/AN. ANNANFLU TNEWN191F9uuaaH
o o Ve A % - & v ! o o Y ¥ oo
pMdndugendntin liiun s ldeuiessdniies uanadaudsainnisldauudaiu §
v U a a v al OI dll a = [~ dld% o
ANt FalReNA el HlsunasAnnitiesanniFalaeddlussniiamin

LN mmm@@ﬂmeﬂqmzmﬂﬂhmmﬂié’d’m (Taylor et al., 2003) warn13tl5ugs

b

a

¥ a N 2’/ ¥ ! a a ] o dll a
WaRLAELLTALAtNTUA Y M ndaua9LLETa L@HNiNNWﬂuﬂLu’ﬂﬁ@’mﬁ‘ﬁﬁﬂ’]@ﬂﬁl‘ﬂ\‘i bLTRLAEIN

\HelfiauiuA Total  Threshold  Limit  Concentration (TTLC) @aiiluAnimnsgiu
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asftsrnaudlfnavsedanilaldudomiuresdedunsanintezniansznaag

9

~ ° a A o 4'1.

gRa1INIIN 1389 n1ennandsdnavredannladlduds w.e. 2548 wudnanuidndu
a = dl 1% v A 1a dl o Ddl L7 7 1a a a o !
wWiiaRenilFanti A ldiiusnsgn aenualinasudnduldnuy 75 Iadniuse
a o o ff/ v -QII 1 o ¥ a = =2 1o | a
Alanfu Astiwrifdunszuounisdfudgedaaansdszneuinanenaslddmduredy

AUMNTNE

FIN999 4.16 A1 TTLC 204LL3ARNAINNNTAT AT NABEL AN

.. Saauusataas ALRAE
159971 AR
(Nn./nn.) ({n./nn.)
o ) Blank 1 0.54
falaisinunigld
Blank 2 0.55 0.54 £ 0.01
U
Blank 3 0.54
Be 1-1 19.00
1 Be 1-2 20.00 19.67 £ 0.58
Be 1-3 20.00
Be 2-1 35.00
2 Be 2-2 35.00 35.33+0.58
Be 2-3 36.00
NRIFIULBNNUEARNTeANTUsTnaLLLFARe N 1A
75.00
(mu‘lﬁwmugmmumw, 2548)

(2) AN STLC (Soluble Threshold Limit Concentration, STLC) 284
LBARENANNTNATARTNNABE AN
= I U a a v Al e o
nsAnAdudusesFadanantinn i lunsruaulFulgs
v v a a = 1 dl ¥ ¥
NARLAEAINNFAUIABNITANANTUIZNDLLLEAALNNUAN (A1347 4.17) AN NduYeg
wizaaeNan A lud 11N F N UT AN AN NTURAY WINdU 0.45 + 0.02 HNNJ/A.
v v = a A o o 1% ~ P |
AN NTULRALUBLFALA NN N WA IE I UEe9T999 1UR 1 TA1AIN91AN
dndunganiATasaINnsnaLAszile (Detection Limit = 0.001 pg/kg) wazANNdNdY
RALARILLFALRLNANTNNIUNNT I UEe9 1999 UA 2 HANWINAY 0.21 + 0.01 HNJ/A.
'4! v dl 1 £ v £ v °I 1 v dl [ 3 al v
e uns I uLdaAudndusnninn i 1w enaiarmeunannitin

an o o o Y oA o X y P AR o Iy
V]VLNN']Uﬂ']?SLT\?']HHULﬂuLU']‘V]N@mmulu“ﬁ’)\?m@qwLlﬁlﬂ[ﬂq\‘iﬂﬂLﬂqﬂmquﬂqilm\?quu@q LN
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a tﬂl 1 o -dl 1 a Y o 1 a -QII 1 % =S o £%
NAR 1T UNLANANNABTILAAE 1999 19a zHiN1T I ER A9 u N 1T ARN AN 39N b
1 v v a = v Av [ v ¢ﬂl 1 v tﬂl 1 73 v tﬂl
wudnaNdnduBapenluni g lddunisldanunganduiniiunisldon uazig

1 ¥ gn// oA a a a ] v | o [ 2 dll a a
{1119 MU LRI A L@wmmfagmﬂmm WA UIULANURY LHANAINLLTALAEIN

1%
= o o

Lﬂuﬁmﬁ'umuumm aunsnassuarilenszansllluainialidng (Taylor et al., 2003)
LaziileiflauRuAY Soluble Threshold Limit Concentration (STLC) %mﬂummmgm
mﬁﬂixﬂ@u?ﬁﬂﬁqwﬁ*@%m@ﬁiﬂf’mz’iqﬁLflummL%ﬂﬁumwmuﬂ?zmﬂmzmw
BAAIUNTTN Fa9 miﬁﬁ%mﬁqﬂﬁqw‘?\@fm@ﬁiﬂf’ﬂm”q W.A. 2548 WUINHLFNIAN

v v a A pRigy v o L a =< o o v v L a
L°]J3~I°]J‘L<LL‘L|‘3‘@L@EIN‘VIVLQQ’mL‘LI’]Nﬂ'ﬂNLﬂuN’Wlﬁ‘ﬂ’]u Sﬁ\‘mwumifmmmmmuimnu 0.75
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>
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)
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=
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=
e
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>

Tunszuaunsliuilsedasansdsznaudaiaenaslddnidu

YRR LFUATE]

FIN999 4.17 A1 STLC 289iFalaenaInnaaininmInaaey#sAx

.. Saauusataas ALRAL
199971 AR
(Nn./a.) (Nn./q.)
o } Blank 1 0.45
fialainnunigld
Blank 2 0.47 0.45+£0.02
U
Blank 3 0.44
Be 1-1 ND
1 Be 1-2 ND -
Be 1-3 ND
Be 2-1 0.21
2 Be 2-2 0.22 0.21 £0.01
Be 2-3 0.20
Nms UL A RN sTna LT ARe N LW
0.75
(muimmuﬂm@wmm, 2548)
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5.1 dgUuan1snaaag

511  wasnuinniiunisdsulgemannusaulaanisiBnaisdsznay
AN
(1) W@ﬂﬂﬁuﬁuﬁthumtrﬂ?uﬂ@qé’wmm’f@uimamﬂﬁmmaﬂixﬂﬂ‘umﬁ“
Pumtlie
=] v a -QII 1 o % v a
ANNsANEINALE LN WNNsUF UL At AN FaulanisF

o dl 1 1 v b o b2 v aca
A19U52NaUALAINHIUNITUANLAIN ﬂrJqNL‘?JN?JH‘?J@\?mzﬂqwllﬁqqﬂﬂqﬁ\mm@@llﬂQﬂrJﬁTOta
. . 2 @ ad ~ 4 = v &
digestion "]NLﬂuQﬁwmﬁﬂ‘ULW@“’W_E‘N’]M@’]?WQVNﬁﬂqﬂiuwfﬁﬂﬂ Nﬂqqﬂmﬂmufﬁ\‘i@aﬁ AR
Iﬁ\‘i\?quﬁ 1 Ry 2 flﬂl"]Wi']ﬁ‘]J 2,963.33 £ 83.27 WAy 1,610 £ 25.00 {n./nn. mﬂmﬁﬂﬁu

A nI/ o A dl o A ndl a
7a9AINIARNITNARaULEN R WA FalATasUIe AL A 1999 U0 1 uaY 2 HA

)

o

Winfu 1,530 + 65.57 LAY 910 + 30 NA/AN. ANNATAU WAANIANINYTWN lAATIAR

)

I
o [ %

' acan v Y v o o A ax A
ﬂquqMﬁ\:‘g’]u LL@;‘ﬁfJﬁV}imWJ’mLﬂuﬂumﬂﬂﬁl;ﬁﬂ%[ﬁﬂw@m AR 99 BCR three stages HAAY

She

1999747 1 way 2 luusazdu Aa BCR 1 WU 31.84 + 1.97 WAy 21.76 + 1.37 Nn./nN.
BCR 2 wWinfiu 21.05 + 2.91 az 1.36 + 0.11 Nn./AN. Way BCR 3 winnu 3.27 + 0.17
WAY 0.14 + 0.02 NN/AN. ANANFL TUHALFIRLUANNAITARNLAZANIIIAILAALAD
4 | aa @ ada Aa o o d' py

1l WU413% BCR three stages Ludsnanunsanulaludidmlszariuninign wesann
F8iiluN199198940192619°) 3 anN19z A 1) exchangeable  2) reducible  UAY 3)
oxidisable  Fuduaniazinulilunng u wasilleiarsananndndunlilaeds BCR
three stages anniegesiseauluniazdu wudnaududueasaesnsiafunany
y o oo

NN AN

) wmﬂﬁuﬁuLﬁ@ﬁﬂhi&ﬂﬁiﬂ?ﬂﬂﬁ;ﬂéu’fmmqu’fﬂuimﬂmilﬁmmmim@u

|
a

aInnsAnENARLiUiNN WUl gsdas A nFeulaansiEn

a17Usznaumzinlunaasn lNIUNITUANLIY AT NTUIRALAZANAIN3 8NN AR L

Fnnunzialudairawareslszduiiaanududuganiinismageusoads BCR  Three
o -ilj U % oI/ aa oI/ o A -dl o

stages ARl ANENTUREARNAEN1MAge TN AT a AR TauLATRas YA LR

1999790 1 waz 2 HAWINAU 156.33 + 11.37 WAY 70.67 + 7.37 {N.NN. AINAAU LAY

ANdNdUnZ12a1n38 BCR Three stages 2841344717 1 uaz 2 luusazduiiAvintu
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BCR 1 Winfyu 0.94 + 0.73 waz 0.23 + 0.20 «N./AN. BCR 2 NNy 4.49 + 3.52 LAY

o

0.32 £ 0.16 «N./NN. WAy BCR 3 W1AU 16.44 + 10.20 WAy 5.27 + 0.29 Xn./AN.

1
4 4 1

pIxAaNAY FeAransdndunldainivaesnimmeaefudinfindiAunsgiupany
WnduneialusaEauasaatlszsunnmualdludiin 600 wn./nn.(CPSC, 2005) aglaflu
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o
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NN ARA UL WA ENITNARD LAY
=3 v a -QII 1 o v % a
AINNIANEINALETLANNNIUNTUF UL sa A FaulnnIIAN

#13U9vnauUnyin N luNaasNNIUN1UALAE LU H1LNTLARIN 99 ULALAT NI AR L
a o ! a d Y o o ! a4 4
ALY wumwmwmumimmmmmmmmmmzﬂqmﬁwmwhmumi‘um 14 b4

aaa o N ac aal
ARNIENANINNINAGAL AR 1TN1INAFAL BCR Three stages WAXAGNIINAAALILITNNUL

el/ o A 3 4 1 = v o (=1 = | -
pzialusnEean anuani1Inaaesia i ladneudtiinasedanuaTeazidunisiienig

s =
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nszuaunsliulgesaamnsdeulaanisinanssznaunzionn 14l tae ldidudunsasiar
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5.1.2 waaayrsIANNNIUNIsUSugenaaAnsaulaanisiBnaslsenay
LFALREN

(1) wassysANNiIuNslfulsedaaasfeulnanisinaislsznay

a 2 -QII [
SEERIRL G IS IAR

|
a

AINNIANEINAR Y BIIANTH WU FULesaaAnnFeulasng
a a = nzll | 1 v acl . . dl
AnansUsznauTalnenlunassnualuenLdl nmAgeUAeds Total digestion 4

@ aal ~ 4 A a Ve
L‘]JurJﬁ‘V]ﬁ@‘ﬂ‘ULW@W']‘]J?N']QAZQ']?VNWNﬁﬂqﬂﬁluW@@ﬂ@qﬂI?\?\?quw 1 WAy 2 qdAnanu

o S

124.03 + 3.24 uaz 80.05 + 3.60 NN./NN. AINRIAL TINAGINIIN1INARBUGALERE BCR

Three stages Aaannlsaaud 1 uaz 2 luwdazdy JA1A9 BCR 1 winfu 1.33 £ 0.10

LAY 0.67 + 0.06 {N./AN. BCR 2 WNnY 0.56 + 0.05 waz 0.55 + 0.04 WN./NN. WAL
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o acl

BCR 3 Wiy 0.58 + 0.06 uaz 0.62 + 0.11 WN./NN. AINAIGL T995 BCR Three
stages \lunnsmagaunanassaniaznainisanyldlutitnlszardu asagdlddnilunng
QII a 2 % o %’/ | o Y M v

ennannfizalsnnelulasaivesnaesyesaniy asiludunsasedaonldls
o (= dl 1 o 4 v a
2) waay#sANAANNIuN19li Ul AauFaulaanisimn
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anstlszneuialany
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a a a % as 1 ¥ v tzll
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wA.n/nN.) apoudndunldainnimesaudndniuaiaininiseldansnsouanld tne
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=2 | a [ % v dl ! 14
AINNITANEIANNLTULR AL 8 AT 8RN NH WA T Tl

nezuaun1gnfsliudganaseiuininanisiinatsdsynaumzia wudiAaLdnduaeg

1
a

Avanthwianuevaai luaninaeanda (TTLC) 284mzinann 19997uf 1 wazlsaaui 2

(P

HAWYINAL 42,278.67 + 7,058 Az 1,990.33 £ 598 WN./NN. AINAAL LHaMINWHLAL
ArunsgudelJavedan lildude Nnsznesegranunssuiauuald aeia uaz/ve

dn3usynaumeia (Lead and/or Lead Compounds) HAdsidndwlsladiin 1,000 Aaaniy

1
o 1 v A

santaninil nudrarndndunzisainidniAigeandiAnInsgIu Asdnduiiiiunng
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U.S. CONSUMER PRODUCT SAFETY COMMISSION
WASHINGTON, DC 20207
Interim Enforcement Policy Lead Levels*

2/14/2005

Accessible lead

Accessible lead from a lead-containing consumer product could be associated with
increased lead exposure, as determined by increased levels of lead in blood. If a
jewelry item contains a high enough amount of accessible lead, then even an acute
exposure could result in the blood lead level being chronically elevated. This is because
lead has a long half- life in the blood, especially in younger children. This situation would
be as deleterious as would chronic exposure to small amounts of lead. The CPSC staff's
acid extraction test is used to assess products for accessible lead. Acid extractable
lead represents the estimated lead intake from ingestion of an item.

CPSC staff recommends that children not ingest more than 175 pg of accessible lead.
This value is based on review of the scientific literature and calculation of the effect of
ingested lead on the blood lead level, taking into account a child’s physiology (e.g.,
body weight, blood volume), the bioavailability of lead, body compartmentalization of the
lead, and normal elimination of an ingested item from the gastrointestinal tract. Based on
factors relating to the elimination of lead from the blood over time, 93% of the initial
blood lead concentration remains after one month. Therefore, an initial blood lead level
of 10.8 pg/dL would result in chronic elevation of the blood lead level above 10 ug/dL.
This level represents an increase of 8.6 pg/dL above the geometric mean blood lead
level in U.S. children.

Assumptions:
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- Chronic elevation of at least one month of blood lead levels above the 10 ug/dL level of
concern is considered deleterious.

- NHANES 1999-2000 estimated that the geometric mean blood lead level in children
ages 1-5is 2.2 pg/dL, and 2.2% of this population have blood lead levels that exceed
10 pg/dL.

- Initially, the bioavailable lead enters the blood compartment of the body.

- Elimination of lead from the blood compartment is based on first order kinetics.

- The blood lead half- life is approximately 10 months for short-term lead exposures in
young children.

- A 14.5 kg child (average for ages 2-5 years) has a total blood volume of about 1.0 L
(based on blood volume of 0.072 L/kg body weight).

- Fifty percent of the acid extractable lead is bioavailable (based on biocavailability of

lead in food or water).

Total lead content

CPSC staff evaluated the data on total lead content and acid extractable lead obtained
from analysis of children’s metal jewelry. The staff determined that jewelry items that
contained greater than 0.06 percent lead (600 parts per million) were associated with an
increased likelihood of a result greater than 175 ug lead in the acid extraction test, while
items containing 0.06 percent lead or less were not associated with acid extraction

results greater than 175 ug.

SAMPLE PREPARATION METHODS

1. If the item is coated with paint or a similar surface coating, the coating should be
removed and analyzed separately from the base metal for lead content, as described in
the CPSC Standard Operating Procedure for Determining Lead (Pb) in Paint. Care
should be taken to remove as little of the substrate metal as possible.

2. Weigh out a 30-100mg aliquot of a component part in a labeled 50ml digestion
vessel.Component parts of children’s products including metal jewelry items generally

weigh1 Determination of Total Lead in Metallic Consumer Products 2 Microwave
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Assisted Acid Digestion of Sediments, Sludges, Soils, and Oils several grams or more,
and an aliquot (with no paint or similar surface coating, but including any electroplated
coating which is considered to be part of the substrate) will have to be obtained.
Samples should be cut or ground into many small pieces to increase the dissolution
rate. If a grinding apparatus (such as a rotary grinding tool with disposable grinding
bits) is used, then any contaminated parts must be thoroughly cleaned or disposed of
between uses to prevent cross-contamination. Record the actual weight of the aliquot of
the ground up component part to the nearest 0.1mg.

3. In a chemical fume hood, add 8ml of concentrated nitric acid to each beaker and
evaporate to approximately 3ml on a hot block digester at 105+3°C.

4. After cooling to below 50°C, add 2ml of concentrated hydrochloric acid and stir.

5. Dilute with distilled water, washing the side of the beaker, to 20ml.

6. Warm up the solution to at least 60°C without boiling and gently agitate on an orbital
shaker or with a stirrer or shaker bath for a minimum of 4 hours.

7. Transfer quantitatively into a 50ml volumetric flask or disposable volumetric digestion
cups and dilute to 50ml with distilled water.

8. Dilute samples so that Pb results are within the calibration range of the instrument.

Generally a 1:50 dilution is sufficient.
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a o Aﬂl k%3 [ o = B D . . £ 1
Alanfuielduy (Rat)  ludndmaans v3eilAn Acute inhalation LC50 Waandn 10,000

v & =

daulududanlugnmaesleviefng viseleldnszsne fludnsnaans fidn acute dermal
LD50 1aendn 4,3003‘3@%ﬁ*mimzwﬁﬂﬁmﬁqﬁimn?u il A LD50 muneds AN(LFu100)
[aAL109819RE (Mediumlethal dosage) Fn R U measadedanllasani
(50%) AN LD50 fmbeifluiadniuresarsisdetnmingadnimaaemiilaniy uazen
LC50 MuneIna m(mmﬁuﬁu)Lfaﬁlmmmﬁw (Medium lethal concentration) Gluﬁmmq‘ﬁl
Pl Tlunmaae e TanllAseniie(50%) A1 LC50 fuaenfludau (IaeFuins
u?@ﬁmﬁn) m@amﬁiﬁwﬁi@z’v’numu(‘lmﬂﬂ?mmm‘?@ﬁwﬁﬂ) YAIFINAN
4.3 s fineAn Acute aquatic 96-hour LC50 #a&ni1 500 Haansuse
Anaidladaluindou (mmmzﬁw%\mm WINAY 40-48 ﬁ@ﬁﬂi"miﬂamlugﬂl,l,ml,%m
ANTUALA) Nullan fathead minnows (Pimephales promelas) 1lan rainbow trout (Salmo
gairdneri) M??@‘]ngolden shiners (Notemigonus crysoleucas) muﬁﬁwumh Part 800
2184 the “Standard Methods for the Examination of Water and Wastewater (16th
Edition),” American Public Health Association, 1985
4.4 Lﬂumﬁ'ﬁmﬁﬂixﬂ@mmmiﬁ?zq%amaﬁ TutfFunanududuaes

A5 lAEN VTR NI TRIENTHINA HANNTWEBITINAL 0.001% Tmeninwidn

4.4.1 2-Acetylaminofluorene (2-AAF)

4.4.2 Acrylonitrile

4.4.3 4-Aminodipheny!

4.4.4 Benzidine and its salts

4.4.5 bis (Chloromethyl) ether (BCME)

4.4.6 Methyl chloromethyl ether

4.4.7 1,2-Dibromo-3-chloropropane (DBCP)

4.4.8 3,3'-Dichlorobenzidine and its salts (DCB)

4.4.9 4-Dimethylaminoazobenzene (DAB)

4.4.10 Ethyleneimine (EL)

4.4.11 alpha-Naphthylamine (1-NA)

4.4.12 beta-Naphthylamine (2-NA)
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4.4.13 4-Nitrobiphenyl (4-NBP)
4.4.14 N-Nitrosodimethylamine (DMN)
4.4.15 beta-Propiolactone (BPL)
4.4.16 Vinyl chloride (VCM)
da 5 Anljnavsedani lildudaniedilsznauresdaanlu Anvualina
A o ! v v o a A LA -

5.1 WAUINIMIANTANMNITN TN MNATEIANRa LY WUIRaIAUIEna U
A9t uN TR UNINE LATA1TRUN T UM TuntaaRadnsuaaagnssanilanlanuueda
dfjnavisadannldlduda (mg/kg; wet weight) Winfussannndadn Total Threshold Limit
Concentration(TTLC) N uua 13sasialilil

WAURINT waz/AiTedNsUsrnauLaLR il 500 HaansFuFenlansy
(Antimony and/or antimony compounds)
AN9UY UAZ/MTEaN9LITNaULBIATNY 500 Ha@aninsenlaniu
(Arsenic and/or arsenic compounds)
wileiuviTaLedlUanad (Asbestos) 1.0 (Faeaz)

= A = a a o 1A o
LUTEN Laz/vTaaNslsenanlulzey 10,000 Haansusanlanid

% I's = o

(ﬂﬂmmm%wLL@zLLmiﬂm@w\Im)
(Barium and/or barium compounds (excluding barite and barium sulfate)

a al A a al a Aa o a %
WTALALN LAaY/MTaa1TUsenauiLTalasy 75 Naansusanlaniu
(Beryllium and/or beryllium compounds)

= = = a a o 1a o
LARLNEIN WaZ/ATag15UsenauuAnLie 100 Haandusaniansu
(Cadmium and/or cadmium compounds)
g13UsvnauaealAsL e ENTIN LAY 500 NaaniumAenlaniy
(Chromium (VI) compounds)

IAnlen wavAie a1sdsvnavaaalasiianlnsauwd 2,500 Naansusailaniy
(Chromium and/or chromium (I11) compounds)

IAueadl wavise a13tsenavaaslaLeat 8,000 {aansusanlandy
(Cobalt and/or cobalt compounds)

NBILAY LAT/YTD A19LTENALNDIALAY 2,500 {aansusanlandy
(Copper and/or copper compounds)

ansilsznauinaerasngealss (Fluoride salts) 18,000 Raansusanlansy



Pz uazAiesnLsznaumyia

(Lead and/or lead compounds)

e wavmzednslsznavilsan
(Mercury and/or mercury compounds)
WaUAIN wavsmTednslszneuTuALATN

(ldganTuauatdaladalne)

(Molybdenum and/or molybdenum compounds;

disulfide)
a a = a a
WiNa Laz/vIagnslsenauiing
(Nickel and/or nickel compounds)
aa a A aa a
FAUEN UWar/MTaanrlsenavamaliley
(Selenium and/or selenium compounds)
R LaY/MIANTUIENeLURaR Y
(Silver and/or silver compounds)
= = =
FIALAEIN UAZ/MTZ15UITNALEIALALIN
(Thallium and/or thallium compounds)
al A =

DLUAEIN LaZ/AMTag15UIeNau RN
(Vanadium and/or vanadium compounds)
o al = o al
AINed Laz/MseaIlsenaudansa
(Zinc and/or zinc compounds)
waaAIU (Aldrin)
ARBRLAY (Chlordane)

al =

f

A7 Asd 1178 AAA (DDT, DDE, DDD)

ho))}

2,4-5 (2,4-Dichlorophenoxyacetic acid)
Aar3L (Dieldrin)

lmaandu (Dioxin (2,3,7,8-TCDD))
L@UATY (Endrin)

W@UmA1Aaas (Heptachlor)

AlLlu (Kepone)
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1,000 Haanfusailaniy
20 Haansusanlaniu
3,500 Naansusanlaniu

excluding molybdenum
2,000 Haansusanlaniu
100 Naansusianianiu
500 daansusanlaniu
700 Aaansusenlaniu
2,400 Haansusanlaniu

5,000 HaansuAanlaniy

a o !

1.4 Haansusanlaniy

a o '

2.5 Haansusanlaniy
1.0 Aaansusailaniu
100 Naaniusianianiu
8.0 Haansusanlaniy

a o A

0.01 Haaniusanlani

a o A

0.2 Haaniusanlaniy

o a

4.7 daansuseanlaniy

[% a

21 AANTNABNIANTN
3

o ]

a3tlsznevaunisgaadnzia (Lead compounds, organic) 13 Haansusenianiy
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AU (Lindane) 4.0 ¥aansusanlansu
wWnnandaaas (Methoxychlor) 100 HaanFusanitaniy
13150 (Mirex) 21 Aaansusenlaniy
wumAaalsiliea (Pentachlorophenol) 17 Faansusantaniy

Inaraasumiinluifia (Polychlorinated biphenyls (PCBs)) 50 Raaniusanlansa

nang W (Toxaphene) 5 Jaansumanianiy

nspaalsieas (Trichloroethylene) 2,040 Haansusenlaniy

Tauin (Silvex; 2,4,5-Trichlorophenoxypropionic acid) 10 daaniusanlaniy
(ngmg - Ain vuaresatseidundd udidaduanuiduduaeseng Tildaes

a13tlszney

~ lunsdisesueaiuanaduazlavzang ArfinuualAlRdTuasfiegluanmsou

duee azieawinti vieil wedlLdnea a¥39NNe chrysotile amosite  crocidolite

tremoliteanthophyllite A< actinolite)

5.2 asfnavisedaniluildudonidatiunainfoads Waste Extraction Test (WET)

aca o‘acv/ o kY = I a a 5o a a 6o
WAZATIATIZHINANALAY NedALsenauae9aseliuystaunIneLaa3aunIaaunsne i
M NAANFUUIBIANTARANTVIUNATA (Mg/L) WinALuTaNINNG1AN Soluble Threshold

Limit Concentration (STLC) #in1uua bisasialUil

AN9UY UAZ/MTEaN9LITNaLLBIATNY 5.0 HAANINARANT

(Arsenic and/or arsenic compounds)

WUSEN LaYAiTednTlsTna LB 100 HAANTNADARNT
(B lsivazuuFandamn)

(Barium and/or barium compounds (excluding barite and barium sulfate)

W3RN Laz/MTednslsznaiuialaey 0.75 RaanTuAeans
(Beryllium and/or beryllium compounds)

WAALREN WAY/YTRANTUITNaL ARSI 1.0 RaAnFuARARS

(Cadmium and/or cadmium compounds)

g13tlsznevaeelailsniang LA W 5 HaaNTUFARAMNT

(Chromium (VI) compounds)
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TAsidlan wazaiza an91lsvnavuaslpnilanlngiauyl 5 NaanFusaang

(Chromium and/or chromium (l11) compounds)

TAuaaYl Lay/vira a13lsznavaaslauaayt
(Cobalt and/or cobalt compounds)
NAIUAN LAZ/ATE A17UTENALNDILAY

(Copper and/or copper compounds)

anslsznavinaevesngealss (Fluoride salts)

P WazAiegnTLlsznauRz i

(Lead and/or lead compounds)

e wavsmzednslsznavilsan
(Mercury and/or mercury compounds)
WaUAIN wavsmzednslszneuTuALATN

(ldganTuauadaladalne)

(Molybdenum and/or molybdenum compounds;

disulfide)
a a = a a
WiNa Laz/vIadnslsenauiing
(Nickel and/or nickel compounds)
aa a A aa a
FAUEN Uaz/MTagantlsenavamalilay
(Selenium and/or selenium compounds)
a A a
NU Laz/vTeanrlsenaueed§
(Silver and/or silver compounds)
= = =
FIALAEIN UAZ/MTZ15UTTNALSIALALIN
(Thallium and/or thallium compounds)
al A =

DLUAEIN LAZ/AMTaa15UIeNau RN
(Vanadium and/or vanadium compounds)
Faned waziiTadnslsynaudans@d
(Zinc and/or zinc compounds)
waaAIU (Aldrin)
ARBLAY (Chlordane)

al =

f

Afd 138 AmA (DDT, DDE, DDD)

=b

=
4

ho))}

80 HAANTUADART

25 HAANTUADART

a o 1

180 NAANTNFHARFT

5.0 NAANTNFADARNT

0.2 NAANTHNFDARNT

350 HAANTUADART

excluding molybdenum

20 HARNTUADARNT

1.0 HaanFUsDaNT

5 NAANTHADARNT

7.0 NAANTNADARNT

24 HAANTHADAMNT

250 NAANTNADART

a o

0.14 HAaANTHFAAART
0.25 HAaANTHFADAMNT

0.1 HAANTNFRART
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2,4-5 (2,4-Dichlorophenoxyacetic acid) 10 NaANFUFRART
Aarau (Dieldrin) 0.8 NaANSUFARANT
lmaandu (Dioxin (2,3,7,8-TCDD)) 0.001 HaAnfuAaanT
@UATY (Endrin) 0.02 HaaNFuFaRg
\@UmA1Aaas (Heptachlor) 0.47 HaaNFuFAARST
Al (Kepone) 2.1 RaAn5uFARANT
AL (Lindane) 0.4 HaANFUARARST
Wnnandaaas (Methoxychlor) 10 NAANTUFARAMT
115 (Mirex) 2.1 RaAn5uARANT
wumAaelsuea (Pentachlorophenol) 1.7 Aa@NTNFQANT

InamassuminluWia (Polychlorinated biphenyls (PCBs)) 5.0 Haaniuseans

a o '

nangI (Toxaphene) 0.5 HaaNFUAARST

]

a o

Insraalsiefiau (Trichloroethylene) 204 NARNTUFADARS

o A

TaLdn (Silvex; 2,4,5-Trichlorophenoxypropionic acid) 1.0 Raan5uADEMT

|
oA I

Munemn - ArnInueresansetunsd uAndaduaonududusessag lildaes
A13dsznay)

naedeudslpavredanililiuda Inavinnainfaeds Waste Extraction Test

q

v
%

(WET) azinaufisiaila Avpanuidiuduyianun (Total Concentration) 2asansdunse’la &

o = '

ANldAWAY TTLC Tuda 5.1 wANA1WwINAUYWzaniInndnen STLC 1a9d79tiunnivusluda

5.2 isaeseansndslnavisedani lildudaiu luadnleegidnay



NANANWIN 9
2ENAFAUUTNIUAITNINNA LUNADE

(Total digestion)
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Preparation of Solution B

Solution B is used in the determination of total iron, MgO, CaO, TiO,,
P,O., MnO, Na,O, and K,O.

The samples are digested on a stream bath overnight with a mixture of
HF, H,SO,, and HNO,. This procedure decomposes almost all the minerals that
are normally present.

Organic matter is destroyed by the addition of a few drops of a mixture
of perchloric and nitric acids after heating to sulfuric acid fumes. Any
manganese dioxide formed by oxidation is then reduced and rendered soluble
by the addition of hydrazine sulfate.

Rarely, appreciable residues do remain. If so, they should be removed,

identified, and analyzed by suitable methods.

Reagents

Solution B acid mixture : Working under a fume hood, transfer the contents of a

454 g bottle of HF (48 percent) to a 1-1 polyethylene bottle. Chill the HF in a
bath of cold water. Keep the polyethylene bottle in the cold-water bath, add 165
ml of concentration H,SO,, mix, and allow to cool. Add 40 ml of concentrated

HNO, and mix.

HCLO,-HNO mixrure : Mix 100 ml of HCLO, (72 percent) and 100 ml of
concentrated HNO, Store in a 200 ml glass-stop-pered Pyrex bottle.

Hydrazine-sulfate solution, 0.2 percent : Dissolve 0.2 g NH,NH,SO, in 100 ml of

water. Prepare fresh solution for each run.
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Procedure
1. Transfer 0.500 g of each sample to special Teflon beakers
2. Under a fume hood, add 15 ml of the solution B acid mixture to each Teflon
beaker and swirl to wet the sample powder.
3. Cover the Teflon beakers with the Teflon covers, place the beakers in the
stream bath so that most of each beaker is suspended in stream, and heat
overnight.
4. Remove the covers and continue to heat the beaker on the stream bath for
about 1 hr or until acid fumes are no longer emitted.
5. Completely transfer the contents of the Teflon beakers to 400 ml Vycor
beakers, using a minimum of water and a policeman to effect the transfer.
6. Place the Vycor beakers on a hot plate and heat until SO, fumes evolve, then
remove the beakers.
7. When SO, fuming stops, add about 4 drops of the HCLO,-HNO, mixture to
each beaker from a dropping bottle and replace the beakers on the hot plate.
Heat each until strong fumes are evolved and any color caused by organic
matter had disappeared. Repeat this step if necessary.
8. Remove the beakers from the hot plate, allow them to cool for a few minutes,
and then add about 225 ml of water, 5 ml of concentrated HNO,, and 1 ml of
the hydrazine sulfate solution.
9. Replace the beakers on the hot plate, and heat to boiling, if a brown
precipitate of MnO, remains after the solutions have boiled for a few minutes, an
additional milliliter of hydrazine sulfate should be added. If a residue remains
after the solutions have been boiled for a few minutes, boiling should be
continued for a additional half hours. A small residue can be ignored ; an
appreciable residue should be separated, identified, and analyzed by suitable
means.
10. Cool the solutions to room temperature, then transfer them to 250 ml
volumetric flasks.

11. Dilute to volume, mix, and transfer to polyethylene bottles.
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F119°99 A-1 ADIAN BTN NATYNIIIDINAE LN DUV AAE LAY BCR Three stage

v RI Fluorescence
o KU _
79819 SG Bi
(9)
N, N, Lw SwW
Strong
Pb 1-1 3.0585 3.96 1.770 1.761 0.009 inert
(red)
Strong
Pb 1-2 1.0636 4.00 1.771 1.761 0.010 inert
(red)
Strong
Pb 1-3 1.5886 3.98 1.770 1.761 0.009 inert
(red)
Strong
Pb 2-1 0.1710 3.98 1.770 1.761 0.009 inert
(red)
Strong
Pb 2-2 0.2356 3.99 1.770 1.762 0.008 inert
(red)
Strong
Pb 2-3 0.1589 3.96 1.770 1.762 0.008 inert
(red)

UNELYR © SG = ANAIINAWNA NN

o o o

N, = Adrdinmaesauaslng
N, = AATURNMI0IATLASTLAL
Bi = ANANLANANNIEMINNAFTLTNIIA A LAILNFATL AN SIS
AVLAINLALS
A 1 dl
LW = A19i309uadNgaaisaiIufTaaaieng

SW = NN3EaduasngoaLsdiusidinaudu




AN979971 A-2 ANHULNNATNIIaINARNURNMAIMAAALIALERE BCR three stage
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v RI Fluorescence
. MIHUD _
IV SG Bi
(9)

N, N, LW SwW
Strong

Pb 1-1 2.9763 3.96 1.770 1.761 0.009 inert
(red)
Strong

Pb 1-2 0.9313 4.00 1.771 1.761 0.010 inert
(red)
Strong

Pb 1-3 1.3826 3.98 1.770 1.761 0.009 inert
(red)
Strong

Pb 2-1 0.1683 3.98 1.770 1.761 0.009 inert
(red)
Strong

Pb 2-2 0.2355 3.99 1.770 1.762 0.008 inert
(red)
Strong

Pb 2-3 0.1576 3.96 1.770 1.762 0.008 inert
(red)

UNELYR © SG = ANAIINAWNA NN

N, = AArdinmaasauaslng

N, = ANAEHRNLII0IAUAIR AL

o

o

Bi = ANANLANANNIEAINAFTHRNIIAN A WAL NRATL A AT A8

AVLAINLAL

LW = N19i38uaanganisdlusiaanaueng

SW = NN3EaduasngoaLsdiusidinaudu
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FI9199 A-3 ATUAN BTN NATYNIIIDINABLHINANNAINAALIAILAT BCR Three stage

o v RI Fluorescence
MvENe | N (g) SG Bi
N, N, LW Sw
Be 1-1 0.6244 3.98 1.771 1.761 0.01 inert inert
Be 1-2 0.4833 3.99 1.772 1.762 0.01 inert inert
Be 1-3 0.4821 4.10 1.771 1.762 0.009 inert inert
0.0245 3.98 1.770 1.761 0.009 inert inert
0.0172 3.94 1.771 1.762 0.009 inert inert
Be 2-1 0.0210 4.01 1.770 1.762 0.008 inert inert
0.0294 4.05 1.771 1.761 0.010 inert inert
0.0178 3.97 1.771 1.762 0.009 inert inert
0.0194 4.10 1.769 1.761 0.008 inert inert
0.0229 3.98 1.770 1.761 0.009 inert inert
Be 2-2 0.0211 4.06 1.770 1.761 0.009 inert inert
0.0179 4.03 1.771 1.761 0.010 inert inert
0.0173 3.99 1.771 1.762 0.009 inert inert
0.0239 3.95 1.770 1.760 0.010 inert inert
0.0257 3.98 1.771 1.762 0.009 inert inert
Be 2-3 0.0251 3.99 1.771 1.762 0.009 inert inert
0.0307 3.97 1.771 1.761 0.010 inert inert
0.0259 4.03 1.770 1.761 0.009 inert inert
UNELYR © SG = ANAINAWNANNL
N, = AArEinmaesauaslng
N, = ANAEHRNLII0IAUAR AL
Bi = ANAMNBANANIZUINGANGIRINIIR LAl nATLANATTiinwmaes

ALAIN LA
A 1 dl
LW = n17309iadngaalsalmuitadnauend

SW = N3EaduasngoaLsdiusitinaudy
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FINTN A-4 ATUAN BTN NBTYNINIDINABLHINANNAINAALIAILAT BCR Three stage

o v RI ] Fluorescence
M09 HIriun (g) SG Bi
N, N, LW S
Be 1-1 0.6244 3.98 1.771 1.761 0.01 inert inert
Be 1-2 0.4833 3.99 1.772 1.762 0.01 inert inert
Be 1-3 0.4821 4.10 1.771 1.762 0.009 inert inert
0.0245 3.98 1.770 1.761 0.009 inert inert
0.0172 3.94 1.771 1.762 0.009 inert inert
Be 2-1 0.0210 4.01 1.770 1.762 0.008 inert inert
0.0294 4.05 1.771 1.761 0.010 inert inert
0.0178 3.97 1.771 1.762 0.009 inert inert
0.0194 4.10 1.769 1.761 0.008 inert inert
0.0229 3.98 1.770 1.761 0.009 inert inert
Be 2-2 0.0211 4.06 1.770 1.761 0.009 inert inert
0.0179 4.03 1.771 1.761 0.010 inert inert
0.0173 3.99 1.771 1.762 0.009 inert inert
0.0239 3.95 1.770 1.760 0.010 inert inert
0.0257 3.98 1.771 1.762 0.009 inert inert
Be 2-3 0.0251 3.99 1.771 1.762 0.009 inert inert
0.0307 3.97 1.771 1.761 0.010 inert inert
0.0259 4.03 1.770 1.761 0.009 inert inert
UNNEUR : SG = AIAINENANNIE
N, = Adaiiinmaassiwasing
N, = AATURNMI0IATLASTLAL
Bi = ANAMNLANFANITUINANGTRINWTIA a9l nARL AN SN wees

AVLAIN LA

LW = N190389uaangaaLsqimusidasn

|
A

AU

SW = n3iFesuavigaaLsartusitiInaugy
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Kanitta Kanjanabut, Arubol Chotipong and Chakkaphan Sutthirat. “Working towards
a Procedural Standard in the Testing for both Stability and Assessment of the
Impact on Health of Lead Glass-Treated Rubies and Beryllium-Treated Sapphires.”
The Journal of the Gemmological Association of Hong Kong 2010 Volume XXXI.
48-54 p.
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