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# # 5387182620: MAJOR ENVIRONMENTAL SCIENCE

KEYWORDS: LEAD / GEMSTONE / RUBY

PATCHARINLEKKAR: LEACHING OF RUBIES UNDERGONE LEAD GLASS
HEATING. ADVISOR: ASST.PROF. ARUBOL CHOTIPONG, Ph.D, CO-ADVISOR:

ASSO.PROF. CHAKKAPHAN SUTTHIRAT, Ph.D, 110 pp.

Nowadays, gem ruby enhancement industry in Thailand has applied heat treatment with
lead glass additive to improve transparency and beautifulness of stones. However, this process has
been criticized by academics such as environmentalists and gemologists, entrepreneurs as well as
user, particularly on safety of jewelry wearing. It has impacted to gem exportation of the country.
Therefore, this research was conducted to answer the following aspects. (1) The lead concentration
leached from ruby by Three-Stage Sequential Extraction Procedure (BCR three stages) including
exchangeable, reducible and oxidisable. In addition, BCR procedure was designed into three series:
series 1, the common steps from BCR 1 to 2 and 3; series 2, modified steps from BCR 2 to 3 and
1;series 3,modified steps from BCR 3 to 1 and 2. (2)The concentration leached from ruby by EN71-3
method which is the standard test of lead concentration in children toys of European Union. (3) The
concentration of total lead in ruby using modified standard method for lead in products for children,
including jewelry (modified CPSC-CH-E1001-8.1, 2010). Ruby samples were collected from factories
in Chanthaburi. These samples were declared in two types, including classical heated rubies (old
heating technique) from 7 factories and lead glass heated rubies (new heating technique) from 5 factories.

As the results of classical heated ruby samples, series 1 (accumulated BCR 1, 2 and 3)
yielded lead concentrations of 13.0 - 126.3 mg/kg; series 2 (accumulated BCR 2, 3 and 1) yielded
lead concentrations of lower than detection limit to 120.5 mg/kg; series 3 (accumulated BCR 3, 1 and
2) showed lead concentrations of 20.7- 292.7 mg/kg. Regarding to lead glass heated ruby samples,
series 1 (accumulated BCR 1, 2 and 3) yielded lead concentration of 1342.9 - 7526.7 mg/kg; series 2
(accumulated BCR 2, 3 and 1) yielded lead concentrations of 207.6 - 4768.6 mg/kg; series 3
(accumulated BCR 3, 1 and 2) yielded lead concentrations of 99.8 - 5046.1 mg/kg. Moreover, the
gemological appearance of ruby after leaching step was found to be agreed well with lead leaching
off for each step.

In addition, the results of EN71-3 method yielded concentrations of lead leached from lead
glass treated ruby samples of 134.9 -1397.6 mg/kg that are obviously higher than standard content
(< 90 mg/kg). Furthermore, the results of modified CPSC showed concentrations of lead leached from

same samples of 1353.4 - 8668.2 mg/kg that are enormously higher than standard content (< 90 mg/kg).

Field of Study: Environmental Science Student’s Signature

Academic Year: 2013 Advisor’s Signature

Co-advisor’s Signature
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LARAENNMeseLLTuNmageLAududur eslans luset Ay
filnansznusedunden Taur uaniay, Tasidloy, nesuns, nei, wwennila, Tifa,
NUAELALAsNEE 33 BCR three stages Wilinaniily 3 dumeu (A9 2.1) Inanis
Idansniiduiodeuazinldiinaninzsne il

Fupauii1 14 Acetic acid (0.11 moln™) \luginwged e uazinliiin
@N19% Exchangeable

%um'auﬁl 2 14 Hydroxylamine hydrochloride (0.5 mol/™) flusiais
Uireuasinliiinan1ay Reducing

Lmz%umuﬁ 3 14 Hydrogen peroxide (8.8 moI/I’1) 1Y Ammonium

acetate (1.0 mol/") ilusiasatlgizeuazinliiinaniaz Oxidizing

A1519% 2.1 waAsTUReNN1INARaLA28AT BCR three-stage sequential extraction

Extraction step Reagent State
1 Acetic acid ( 0.11 mo|/|_1) Exchangeable
2 Hydroxylamine hydrochloride Reducing

(0.1 mol/™" at pH2)

3 - Hydrogen peroxide (8.8 mol/l”) Oxidizing

- Ammonium acetate (1.0 mol/l_1) at pH2

Aun: Amnilasann Rauret et al., (2000)

AMNNNINARBITBINTLFT (2553) WU BN ueadidurenziannass i
umunalugnioz BCR fuandneiu SAtieasiFunnanududuassnsioniann
T3991u7t 1 uazlseaudl 2 zgﬁzgmg’iu%u BCR 1 84Winfu 31.84 + 1.97 mg/kg uas
21.76 + 1.37 mg/kg dupau BCR 2 winfw 21.05 + 2.91 mg/kg WAy 1.36 + 0.1 LAY
dupaw BOR 3 WNFU 3.27 + 0.17 Uax 0.14 + 0.02 mg/kg ANAIAL d09 BCR 1 &

1 dl ¥ 7 ol/ dl d” | 1 o L% dld
mvaam.l?mmmmLmumum@qmzﬂqzﬂazgmummn anzilidunsagauna liniong
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' 1
[ % [ %

Do p o o 2 o gy ¥ Ao W )
mzﬂ')“'&ﬂ@% HANUNRUAUBNLLNILICNINA A @Q‘V]’]SLVILLTVJVIngﬂqm'&ﬂ\l@%iiﬂﬂu%qum@

o ! =X o Y a olz if
mfmmm@mmmmm‘ﬂﬂ‘wmmmimmm’mmmmmﬂ?mmgﬁﬂumm%u

o

A uduturasnziaainnaastdinluaniay BCR ALANA1GAW &

©

¥
o v A

I Y s 3 | 4 .

ARALUTNNIANNITNTUIaA LA N 1999 U7 1 tazTeeanun 2 Tuddazduaail
1uAau BCR 1 1A 0.94 + 0.73 mg/kg Waz 0.23 + 0.20 mg/kg dumal BCR 2
Wil 4.49 + 3.52 mg/kg WAz 0.32 + 0.16 mg/kg Wardumal BCR 3 tW1fiu 16.44 +
10.20 mg/kg WAz 5.27 + 0. 29 mg/kg AMNAFL azifiudnluusazdunauaes BCR HAN
peiaiaNINIY HasanwaasgniansauliuuInuluLsazan1ae Avudinduaeg

o S X 5 R\ Y s . o
nzivasunindunnllding wazaAeaaliunuanududuaesnziineslsesnui 1
wnndlsesnun 2 luynaantazidunezdiguninnaesealseui 1 dusindd
o g . - oo

WA 1849139977 2 na19Ae 1HeNAee 1841599 IUN 1 AN YULATHIaLANNTALAL

=KX v

1nndn Asdienisansdszneunziadinligasesunnrasnass lulTuiamunnndnes

b

1999799 2 1HANIUNTZLIUN19789 BCR N1l @i ALFu A NNt uaadneinaany

1
a

Ifunnnan wiansdsznaunzioflfarnnaseiuiuisnedunsuauaznaaada luuiu
o Y. @ N 1 . o My awa
nsuadSurA Nl udunAinan Geporududuansnzialuszauitldnaliiie
nansenusagacnld iesaindanlasindaranansgauassidndunsialusiacen
wmseatlszauiniuualag United States Consumer Safety Commission (CPSC-CH-
E1001-8.1, 2010) daiflumdiennunguauazAnaseiusinazesey 1ila lsdiiu 90 ppm

1178 0.009%

2.3.2 NISNAFAUAIAMNLTNTUALNIAINNITTSASAIUALNILUNADEY
v a a1 1% 1% a 2 < ¥ aa
NUNNNENUNITLHNIAANNSAUTALNTLANFITUSENALWNIALNIAILAE (ENT1-
3, 1995)

4% EN71-3 1ilAs AN A AN Nd U inaINN L a At n L a1 et A lLAN
Tofludannsgiuresaunng sy European Standard ANN1RsgIUAIMLAlHRNTTE

AZANE49AATD9AA LAY 90 1a./NN. hitp:/www.thairohs.org
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2.3.3 N1SNAFAUATANNLTNTUASAIMIUNA LUNADLNUNANNHIUNITLH
A2EATNSRUlAENISIANATISUSENAULNIAENAA282 S (modified CPSC-CH-
E1001-8.1, 2010)

ABN1IMARDUNIAIANNTNTURE ANt Az A EREA I uNARETLAN ol
aa oI/ a o & o o [3 =S dll o o o
'Jﬁmmﬁﬁml‘um?Mﬂﬂ?mmmmzmﬁlumm.ﬂm%mm‘uLmﬂ FINDNLATANU T ALIA T
LN (Standard Operating Procedure for Determining Lead) duAagnmegeues
United States Consumer Product Safety Commission Tnedgnnstiaz g Nitric Acid wa
Hydrochloric Acid Tunsnageumdiuinansneia Teniaeenuaes US Consumer
Product Safety Commission’s (CPSC) Enforcement Standard (2005A) Tan1uun s

unnunzinluerasiszsulalaiifg 90 ua./nn.
2.3.4 N15A51IAUTHIUAZNI LUNADANUNN

ANNIMARaIATIadaEuinnz i lunasaiufinaes (Juncomma et al.,
2012) l¥gunmadnliununsiaiidedulunassiufin 3 nau fo waeaUfingssuan
(Untreated) WABERUNNLELAT WAY WARLAUANLINN TN A1191 100 daesng 141N
naseiuAnumInmaaedlag limatiadnsziuuulidniate 1éun wmalla Particle
Induce X-ray Emission (PIXE) WaztnAiia lonoluminescence (IL) 51/'2F;|Lﬁ?;'au?'ﬂm§mﬂ

6 o v o o a

WUANTINTEULR AT TdaRAntaT laaawfngLiuy Sanatia PIXE 18Radn3a
o‘d‘ 1 dl (=] & o % %
lndnidandassansinniiueediszneuaesdan A1nn199nNIEAUAEAUNTA
Tsmau dau IL 1unisnsadmnsildsuasresdanainnisnsesumiseynallsnay
HANTINARRUUNLBNIUANIRzAaemAlA PIXE WU Tunaaaiufinsssnang lw
USunoumeia a9 lunaeeiuiuW I AIwLAIRia 57019 ppm kaz llunaaaiunsLun

snuAImzia 269064 ppm AR 2.2
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AN9NN 2.2 WAANLTNIUEFBIALITLNALIABINADETILNINAR WABLLNAT WASWABELNN

v Amgqadaldannmaiia PIXE

by paw-mai method
S4 62767 89422 619 117 753 5738 0 574861
S5 56800 | 72231 893 92 1496 | 6086 0 631538
S6 197691 | 130027 | 420 08 480 2984 0 269064
S7 322517 | 98948 134 635 3270 1024 0 137494
S8 280982 | 82373 1814 802 2117 1697 0 241614
S9 269081 | 79726 127 610 1772 1894 0 256293

Rubies treated

by paw-kao method

S3 476645 | 8984 59 2980 | 4152 | 388 0 57019
Untreated rubies

S1 515696 5499 52 2099 951 2300 35 0
S2 518444 | 6137 59 1167 | 1455 0 24 0

P (Juncomma et al., 2012)

a o 1

ANNNFALAITITNABlTiuRNAdat 199t 19ay 1 Wieaan 3 nan Tinaaninaiy

PIXE S9N WA 2.2 BIHUANI9ILATITIAIL

3|

waReLANG s AWLRATasgRiHeN (Al) TuduasAllsenaundnaainans

o

a ~ g v e ] >4 = W o
VN uariAa9se 7 IR rasnaasiufis wu Tasdes (Cr) uazman (Fe)  uslldwu
= aI/ =S A o Yo 1 oI/ 1 v a a
WpaasRzia (Pb) Asannsntiudulidnludnziaag lunaasiininossuena

Wi lunaae A NuNATeanzA 2 ludulaawasduds (Pb L, Pb M) lu

ANAFHAUINIANUI U ANRAE WULFHIURZAY 1-7% annTsnaaad luaFilalsd
dl QI/ 1 1 U v aa dly A

WANANNULEN R IuNAR NN aNAsNNFaNALT AN NINABLLAaNNIAIN

| A a o
LAAINHNNTRALUABIAZA

1 1
o A

AUnao TN N LI NAT0IA LA NgININ TINATRIATIagINTIINA

204576217 BETAAU HBTINNIATUIUIANRRENLLENAZAYEY 10-50%
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lon beam: 2 MeV H+
100000 4

——  Untreated

TOOO0
= Pb (L)

T = | —  Paw Kaw

1000 4
Paw Mai

3
-
o

=
=

=
=
=
e

¢ 100

C

] 2 4 (5} ] Ll

12 11 16 18 20
X = ray energy (KeV)

AT 2.2 ugaadnmdy PIXE lunassiuiddaasng 3 e ANnainnaasiufiy 3
naN (Juncomma et al., 2012)
2.4 AENA

peiaiulavzmin daneaizaaunilvivaaumanladne i1l dse Tamdle

wanuang peiodnazin il lunisndndudiatlnezinavaeeiia i @niiinu 3

|
g i

tlaeiuaii wummesneus 1aadld Wi N3 a4 (NINNSWeNNIases [NNN.], 2543)
wsitlasanmziafluansidenansenuaengguisssanysed n1sduda n1egaan n1sfu
A yva v 1 dld ul/ A o v% k4 dl o Vo ol/ ¥
savTan1sMAuAENe] IRRzARety B liunediandasiunisldfunsinidng

v
I o %

aneanansuazneden ariaazlivansnanaiufssonysd i susdiads]
fAnanldTuansmeiadngsannends winsfazaraneglusuaniauazazuananany
Hueeenuiilensilfazanelusunieauiaaunauds Tvnsdufizaensiaas
AINANIENLFD NYHHRLEINNINUAZIULIY AINNITITENLTN mmﬁﬁuaaivlé’ﬁ*umﬁqmr]
Al %v‘iﬂﬁ@mqﬁﬁmuuﬂwémmeﬁﬁtytmﬁ@m'ﬂﬂ wid N 1dFuans R Aasan
Al azin IWanasldwmuwn Senaldiasiduln wazszuunisfuieunngas Faviu
Uszimasing aelanudfyiunisldmeilunsaniudied inauazstnasng i
snuseAl LTy BansmriuazanBunmnsldnziluiuidsznmanian
Finsine sanvaruuelst Ssnmanmnziadeulusane 1§ i 0.00001 nfuly
Gen 1 wdAms deuwsiAniovuelFldiAu 000006 lwdes 1 indans

http://www.diw.go.th
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2.4.1 ANHULUBIAZN
i (Lead; Pb) mrialulanzdauusmiian iluansnduinigasoniily

¥ v

A =X ] = o o a a o % a 1 1 1
wWaenian augidne Humtinunn AdueNn1vTeunuuIdu wiady AsuuIwly
11.34 glem’ Wniinezpax 207.21 vauirennaalans 2 LAz 4 aAnaaNIiag 327.4

= Yo = ¥ KX v ¥ o ] va = wa
ANALTALTER LLZ\]Z?W/?@@NVLGN’]EI HAIMTNATULINANUBEY ﬁ]’]uﬂqiﬂﬂﬂﬁ"ﬂuvLﬁ@LL@?.ﬁN@NUﬁ]

' dll vl a o nI/ [ o o dl 1 t:ll o oI/ Y
waeauldn lnsdnfinnuasindsluegfuniiuedu Teneunaziinziounldly

npgpangsy aflufasuaniaevivaasriinioanainiu@aney Inanisunsae
1% ¥ K 1 ¥ a o aaa o o o o

pNFaugaudtasiuenadnly esndiaulueiniAazindjiseniunziouasiongiu

alunzineenlasuazinadaasinaanlas Geinadanaslnaanlafniintiuazin

T4 lunsuannsanuzdu daudunziasanlsninaauaisnsntin il lugmamnsss

1
< a

¥ o oI/ rdl b4 1 o a b4 alx a
16 wazuniamzinean lafi ldluinunszuaunisgeadueendiauaz lineiotigns 7

aunsnii Wl lugmavnesuldiguii

'
>

2.4.2 NMSLINFF19NNEUDIALNT

peiagunsndngsenals 3 nas tun nasian neeyn way neiianily
1) nethn Taennsfutlszmiueung wazashx wrasndaziatwileuss ngld
4 g a N 2 4 as . oda L
wirealivive Aaursne Aduitleunsia wazn1sentAzeslifne RAvAaLuleu
S oo A aydal L& St Y 4L
sandansdndaATesldninziotuitleuuar idsdeneuiudssniuamng ameiodn

QI9NYEIUNNTELLAUNS

2) nwayn taannanalaanadu lasze Juazessnzioniatluainiedng

u

am

v a 4

3) Rt Inenrdutanudndelinausinailansdssnauduysduns

q
% 1

ArAAanliyintiu MU N13a1eHasistinuLuEwRaH et w Ut unn ldiavile ay

° £ o 2 1 a o ¥ = 2 '
N1 Iumzﬂqﬁum’]umauuq LL@$L°1|’]Z§§‘$‘LI‘LI1M@LQEIML@@WLI@\‘]?’NF]’]E

nI/ dl 4 )1 [ =3 uI/ 4 )1 1
ATCNILNDLY @?W\iﬂ?ﬂh\quwq\ﬂﬂﬂﬁﬂﬂ ﬁ]:ﬁﬂ’J@?JL‘lI’]Qﬁ‘WQﬂWEIVLﬂ@%ELuﬁ‘EZUU

U
'

wan uaznszanghilingenie tealilazanetluiaen 1o lanszgn Waideszuy

dszan uwazfiu  dautlpaazanninszgn ndnuiile uazladiu azianegluaandounil
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Aazgnnsaduanaananniaen wazdusaniiunieilaanay druindusunumzialy

$1anege prinarhlazanegfidunn uaziay

2.4.3 NHURIRITALNA

1
[ %

ndl v 11 Lol v a [~ a v o v 1 [~ a
FIZNNLUN zgmqmﬂwmﬂ@iummmqmﬂuwﬂm 2 anwouy toA AuLT N
= ' [~1 a ;ill o
LRELNAY AL AN UNETA5Y
[~1 a a o
1) AN UNEHALLNAL

TiFumnzinazidntlane Anaulauyluin nszuneun pauis daanaumuinfas

a

' '
A 9 o o

pauld 811Ray anREueNANdNBuzIRuAINeaAaeled §lFTuRzindcuNInazd

'
A o

o ! ) 0% % a A A aa o o -
AINITNBAITAN LL@Z@QH%@HW@QQT] @@m?mm@mm@mm @ummmmm@mmh\lm

D e3¢

IfunzAoueaeafineInisden ndauiiansznn aeuinwas unzass Inganz
:l/ ¥ A A ! 1 = 1 o A
2Wisaesde Wrelen1sredszuLilszamacunans i Uondsey uaulivdu viseaia

= a ad‘ b4 ] PG == v K ij/ ] a aa dl dl
N@Wﬂqimﬁﬂﬂﬁlﬁ/ﬂi@’]mﬁl ViU ANTA THLAT) E]\T‘ll%IﬂN%L@ZLZQE]T’JEIIMW@@ AINITNTA

[ % a A

adld Town naglmaan v litldagnzidasasndnlnd Seaunu waziieanlutldagny

a

Auls wenannil asiinsaaneivedin@enuas anasin WAsTanlEnnelu 2-3 5
2) Al a5
tﬁlﬁi"umzﬁq@wﬁmmiwwiwumqLﬁumu’mmzvmi:uuﬂixmm
2.1 2IMINNTTLLNNGAURIMNT v idleeing wduHlewludpe Feewniily

ALAZINNTINTIAY

=

22 a1n1In19szuuilezan 1w dalann tudunwam luNnse wAseaed

ANNFANAININNANEITAEaTNANasdIIAL e nsdnudes Tud lunjdausnninay

o <3 | o a 1

a 3 <3 all o ! 1= < a nlx
MATUALLAN 1T LANTINNAIT3ededl agRs) Anunan wiudszuin 2-3 4alug a1n
ADNALUAENHAINTIMINANDY UNAETIR Uszunufanay 25 1095500T9R81A%

ANINNUIZAMNBENNNIT

2.4.4 NANTENUUIDIAZNIADNY1E

nl/ = a o [ a a a
AENINNARRITLUN AU TWasNN I ssu Ul sea mEnlnm Ana

v
1 A o

nenulannInaisluinuazglug unndrdndiunuasinluladengandn 1.93

o

%

umol/L azilAanguuss uazfnldfududansindunauiueianaliiinlonlases

ANHAUTATIRGILATAINAINNID TUNTRLIRNUSARAY (Gillian, 1993)
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N@ﬂ?ﬁ%ﬂ"ﬂ@\imgﬁﬂqmﬂmﬂrlﬁmLL@zLﬂﬂll JU
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Aa
1) HANTENUNNRDE LA

a 4 ! dl tﬂl 9 a
2.1) 8IN1INNITULNILAUEUIS T ieeus Aduld anaeu
% 2% = L% 1
Viaayn Ueseviasdeuaziloningatinaguusg
2.2) e eseunlszam 1Hun ndnslauauanlddusg aani
% ‘i’ ¥ | 1 1% liJ 3| [
ndnuitlauazdasiosne) ndruieudunig
a 2 oA = 1 a = =
2.3) anennaladin laun 1aanasdingn deuiwag UinATee Au
FOLAZAUADY
A0 w
2) HANTENLNNFBLAN
2.1) szuuszann
peinagyinattszuulszamdsunancuardanilany Faanens
taganinlsszuudszamazgningisuinauwindy Aiunzinaadudunsaselan
Lan
2.2) szuutlaanny
peinaziiafalauazin Winnsesilasnzleay
2.3) 3YULLADA
uI/ dll ¥ A o a c
peialadngsruuinenazlldy uazngananssuaaenlad Tnanisuga
Aanssnpeveulmiuatn uwarinasan1seuIestiaugasidnaanuas una
Tidlaaenuauandte uazdadnaoanisaieainindu inlidauazlatinanads 95%

=3

e a e A o = o A 9 N
?Jﬂﬂﬁ]ZﬂQVl@%I‘LAL@@ﬂ@‘LI@EW]LN@L@@@LL&N 95% ﬂmm:mmg‘tumqmmmwni:@ﬂh

kT

natlaesiIug) uaz 70% azannnszgnlunstiiandiin Wahl and Friede (2000)
2.4) FLUUNLAURINNT
ul/ o v v [~3 v j v
priann llnviasiazindanansiileria

2.5) NaLaseyLeuls

1 '
aAaa 1%

lunsaininzialuiaansans 25 Tulasnfuluinan 1 1a%ans

v
o o

azfiudanisiasauinaaaan  inldanasyAuialdaniuany  (naulseenu

ARNAIUNTTN [NT0.], 2551)
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28ALUUNIFIAE

= Ao T X o = v o o o
nsAaneRaeluafail IHAneNalsunAudnduresmnziaannsizazatensialu

v a t:lltzl o 2 % @ a Q;Ql o 2
wasauianEn1sliul RN nAqs A NFauLAsnay L NN IN1 9L UL AIn N A
AKFaulaeN g RNa1TUsE N LR A LA WAILIN T UM ITIMNNzdn T unINAda L UTN1
AdNdureInritaInn1sTzazatevesnialunaseiufin Inan1sanaesaniazsine) Ty
Tamuszandu Ine 1438 Three-Stage Sequential Extraction Procedure (BCR three stages) Wa

] =] 1 v v aI/ aI/ v a dld o

NnN1sAnAIANNITNduIeIREivaIN NIz arAeIR LAY luNaaIUANNN N33 U9
AR AKFaulneNsFANaITUsTNaUmza AeeRaNnsguluntsnansaeivluzeau
AN (EN71-3, 1995) kazA1AN N NI U89z inaNNN1sT s Az a1 U1adnsia lMnNaea iU A NN
nstfudgenninsasannuieulnanisifuaislsznaunsia Aaedsnisdszynduinsgiuly
A19UaNsRA lNARA U S ULAN FanDaLATeNsYAUA S ULAN (modified CPSC-CH-

E1001-8.1, 2010) iaLlFauinauiuis BCR three stages
31 faadrenwaaaiuiuildlunisinen

1) WaﬂﬂﬁuﬁmLﬂmﬁmumzmumiﬂ'fuﬂgmmmwé’mm’m%’@u (WAREILWILNI) AN
Tpsuludanindumis aauan 7 Taeanu 1éun
- T9001uft 1,2, 3,4, 5ua 6908 9 1IN
- Tl 7 89U 2 40 JAKIN 9 wAY LAYYATIARY 3 WARNAIFL
2) W@@ﬂﬁuﬁuLﬁmﬁmuna:muma‘ﬂ‘?uﬂgmmmwé’fmmm%‘@u Taanisian
anssznauuanzi (waaeun ) anTesnuludamndnaumnys arwau 5 Tesew Teun
- Uil 7 41uan 1 10 TARE 6 LA
- T901Ufl 8 4119t 2 10 TAAT 9 WAz 6 WIARNASL
- Taauil 9 4119 1 10 TAAE 9 1A
- a9l 10 A uau 2 10 1AAT 9 LIALAT 6 LIARINATAL

- T399uf 11 37u0U 1 40 FAay 9 1A
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3.2 AU NIUNITTERLAILURIASNA L UNADL NUNANNHIUNITLHIAIL AN DULAL
HIUNISLEIA28ANNSaRIAaNITIANGITUSENAULAIAEN2 R8T Three-stage

Sequential extraction procedure (BCR three stages)

BCR three stages witRxLAa AR NN magauvnaAnNdnduraslans lusaatinann

a a P | a Y = ' o o
PIANINALNAUUDIAYE NBNANNANTENUARAILIAGAN TeuLvaantili 3 4019y Usznauans
1.Exchangeable 2.Reducible Lag 3.0xidisable M1NATN13989 The standards,Measurements

and Testing programme (SM&T-formerly BCR), European Union (Quevauiller, 2002)
3.2.1 ARE1NARENUANRINSLN1SANE1A287E BCR three stages

Tunswizanset1e waeariuinyanNe lgninunaeglnewinnimaaes 49

Pninuazaedednilanengtingzainlulpzassandlaiaunan 15 w19 Iaadaatitanaas

o = o

a v o o o =l d”
RN IeN1a N 1299 1A R UN LT Wil

Q

(1) FRENNARLNLANENAIRIN 7 199U ATUIUNIUNA 66 111

(2) AYRLNNNABLAUNNE IANAN 4 199971 AIUIUTIUNA 39 LA

3.2.2 NMSNARALLNDILATIZUMTURARY BCR three stages WALTsaNinliiiAn1S
TEALFIGR

nadauilauiiannInaAaes BCR three stages 88niiu 3 38 359 1 T93NAINNNT

(3e9a16UT1UMaY AR BCR 1 BCR 2 LA¥BCR 3 784 2 Buanndumai BCR 2 BCR 3 WAy BCR

'
ada

1 389 3 (Fuanndumal BCR 3 BCR 1 WagBCR 2 (M1374% 3.1)
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A1379% 3.1 LAAYTURBUNINALB LAY Three-Stage Sequential Extraction Procedure (BCR

three stages)

Three-stage sequential extraction procedure

%umu (BCR three stages)
387 1 37 2 37 3
%umuﬁ 1 BCR 1 BCR 2 BCR 3
%umuﬁ 2 BCR 2 BCR 3 BCR 1
%umuﬁ 3 BCR 3 BCR 1 BCR 2

AnuNIN3anAnziafa83a BCR three stages Tsilsenausiag 3 annqg 16un BCR 1:
Exchangeable, BCR 2: Reducible uaz BCR 3: Oxidisable taaldansiainunnsnaiuiiumiaig
Ufjnsen Assie il

a <

(1) BCR 1: Exchangeable #nasaiuiniidaunldaslunaaanaaaszun
50 faAAMT AR Acetic acid (0.1 moll") 40 fadans Tatudarinlldasadiaen
e 16 dalue Agnmndves antshansazanefild iUz dsunmanududy
m@ﬂmz%ﬁ')ﬂl,ﬂ?m Atomic Absorption Spectrometer (Perkin EImer, Analyst 800) Mﬁ\i@ﬂﬂﬁfu
vmasgviufinldasluvaennaasfuudadninngu 40 Tadans wnllagndaaiasestiy
wieasaungn 10 widl feadaudatiiwasei ldundulsiug ietinani BCR three stage
Tl

(2) BCR 2: Reducible vdnatanansiuinaindud 1 unldadlunaas
NARDITUNA 50 DARART ANTLAN Hydroxylamine hydrochloride (0.5 mol/l”") 40 Radams
Hnsudailddeteadndunan 16 dalue figrmgfives anifurihansazanedi gl
ApzsnlFunaiAudud IR @ LAEe Atomic Absorption Spectrometer (Perkin
Elmer, Analyst 800)qumnﬁuﬁ’wwa@ﬂﬁuﬁﬂzﬁmlum@mflMerLﬁuLLé’fJLﬁuﬁﬂﬂfﬁu 40

Faaang unlatndaeaerastiunaasadlungn 10 Wi laddandqsinnaasildungduls

1 v
I o

W9 181NN BCR three stage ludusialyl
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(3) BCR 3: Oxidisable UnfatanaeeURinandui 2 14 A Hydrogen
Peroxide(8.8 mol/l") 10 RadanIadlunannnaAaasaunn 50 Naaans gl niudag
Tdiininefaunn 30 Gaaans 1WAuFeud 80 + 2 asA T Fad aulBuInTanaLAe 3
a7 AN Hydrogen Peroxide (8.8 mol/l™") 10 Aadans ynlshudedeau thll1%an.
?@uﬁi@ﬁfqmuqﬁ 85 + 2 auATATHA AUTNIAIANAIIRS 1 HAAAAT  LAN Ammonium
acetate (1.0 moll”) 50 fiadans wdavilidiateae g 16 9alus figrungfives
uaziingnsazaefildlAissiuniiunaaududuaen i adanLA3es Atomic Absorption
Spectrometer (Perkin Elmer, Analyst 800) nisanniinaesuiinldaslunannnaandii

WRAANUNNAY 50 Nadans dnldwsnsasiasastiumnaesaiunan 10 win waigdandntin

1
=

dl ¥ o LR 4 1 al/ 70J o o o
W@'ﬂﬁmllﬂm’]"m_lslﬁl,m\? LW@VLUE]’]EIE‘]JLL@%‘H\?H'\MHT’]W@\?W’]T’]’]?W@Z\]@Q

uNeLe): ansazateilfannnismaastluusazduass BCR ldimszilanemzindoieses

Atomic Absorption Spectrometer (Perkin EImer, Analyst 800)

3.2.3 AnwnsilagunilasansuznienianINIaINaa TN luan1zA9 ) §

[
[

YUADUAIY

UNAeEIUN AR ZITANITIHINTIN LA AN N NAAAN HOIEN NN TNDD
NAREUNLNUADULATARININIINARDILAAZTUNDY LANAAN 1IN U AL UL AIAN W DIZNY
ANUANNABINARENLANIN TULARZTUADUUBINIINAADY NARETUNNNT0LANF1AANTUAH

o g o RHIIL A . UE v o eo o
anneidasundaslgunntdasinesls An1stzazatnziolANNENNUSAUN1TAsuIL A
anwouznunianinie il Tnanisdinsziainglninnassienuazudainnimmaaesluyng

4184 BCR three stages

3.3 ANHIATANNLLNAUASNIANNNITELAZANLUDIALNQ BN ADUNUANNHN1S LR LA
NSLANAISUSENALLNIALND (WABLNNIUN) A2898 (EN71-3, 1995)

3% EN71-3 1udsAnE TNz arananyia lutasLauAN T Tuas
Nm3g1uTesann e st European Standard Aunmsgunivunliiinisinlnageqaaesnyiia

ladifi 90 wa./nn.
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3.3.1 ARLNNNARLNUNNAINSLNISANEIAIEAE (EN71-3, 1995)

Tuniswirandnete waesiuinienualdgniuidiaglneuinnimeaass 49
Hdnuazdanedsanilsnsastingsainluiarasdans lafiaidunan 15 uni Inasaatitanaas)
v a k% [ o [ = dl [~1 v a 1 al o
‘wumuimmqﬂﬂimmuiummmwwm FATUNAREANLANLUNTINATIN 3 199970 NRIUIL

v
%

PAUNA 9 LA

3.3.2 NSNAKALLNDILATIZRMLTNIUNITTZASALUDIASNI LUNADANLAN

(1) UINARUNLAN AR ZLTANITIRNIWIN BAZONHNTNARUBAZUAININITNARAS
WD AN DA N HOLENINLNITNYDINABEI LN
(2) WmaeetiaNnldluinmnes auin 50 m

(3) ldn3m HCI 0.07+0.005 mol/l 3 Naaams adluininas

\ a

v 1 1

=

)
)
(4) #ald 2 F2luel water bath Tiaounadl 37 aA T8 @ea waz i lgnuas
(5) annifuriliudosiedetuvies (5000+50)g4 111 10 W7

6) tanravaneldlifinmzilavidneares Atomic Absorption

Spectrometer (Perkin EImer, Analyst 800)

3.4 ANHIATAMNNLANTUASAININNA LUNADLNUNANNNNSINNIALNISIANA5Usznay
wnamzN? (Waaelua) Arenisdszgnadsuinsgiulunismansaenalundniug
ANSULANSTINDILATRIUSTAURIUSULAN (modified CPSC-CH-E1001-8.1, 2010)

Ememaseummanududunsiane lunaeeiufis Aaenstlszeniiannsguly
NsunlSunuansn i lundn A uaidusuiin sondaeieqtlssduduiuiin Standard
Operating Procedure for Determining Lead (Pb) WuaTnnInagauaes United States
Consumer Safty Commission modified CPSC Tmﬁaﬁ'ﬂ’]ﬁ?ﬁ’ﬂﬂ%ﬁ Nitric Acid La¥ Hydrochloric
Acid fusetneildiiunisuatiienisnageunliuiuansnzia dauagauaes US
Consumer Product Safety Commission’s (CPSC) Enforcement Standard (2005A) i

Auue iR FuNuneia luazagtlsys el 90 wa./nn.



23

3.4.1 A2RENNARLNUNNFIUSUNITANENAL8AE (modified CPSC-CH-E1001-8.1,

2010)
TunIswizansneting wm@ﬂﬁuﬁu%\mumiﬁgﬂﬁﬁmmﬂgﬂﬁ@uﬁﬁm@mmm fa
vuinuasdvdsaniandaeiavannlueiessani lafiaflung 15 uid Taadaetramans

14

ufinlintan s uludndndunys dadunassiufinmnludann 3 T9aau Hauou

FI9UNA 9 1UA
3.4.2 NSNAFALLNDILATIZRMUTNIUAENINIUNA LUNADENLAN

(1) fnw@@ﬂﬁuﬁmwiml,ﬁmm%qﬁmﬁﬂ LL@:%Lquﬁﬂ?mmmﬁqﬁwmmm
N1M95U CPSC-CH-E1001-8.1 %uﬂu’i’%mﬁﬂmmﬂmimﬂ%ﬁ'ﬁ Hot Block Method

(2) tnasiuRdann ldludninasauin 30 m

(3) ldnsmlumsnidudu 8 ml wazninisszivaldiuae 3 mi i hot block digestion
ﬁﬂqmmﬁ 10523°C

(4) antiuseliifiuas Wiunssalalasaasin 2 mi udanuliidni

(5) A999A130ZANE BaENdw 20 ml Ineree) 3udneseu o) dnined

(6) ﬁﬁmmzmﬂﬁiﬁmﬁu@mmﬁ 60 °C 1 waterbath

(7) ﬁflmmzmﬁﬁiﬁmmﬂﬂué’@mm"u annucneatsaranefilald volumetric
flask 50mI waztliuansazanedaeinnauliT Bunas 50 mi

(8) tinanrazanefilEliRiasssilansdeiazas Atomic Absorption

Spectrometer (Perkin Elmer, Analyst 800)
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NALAZIANTUNANITNARD

a o dgj ¥R =2 1 Y Y al/ v A A
mu%muvl,mﬂﬂmmmmmmeummmﬂﬂuwaﬂwumu 2 dszinn AR waas

1
v a a a

uianiunsUiudgannindag A nFeu (Fand1 naatunii uaznaeaiuRNAHY

nsfutlpnnininsasannuieulaanisiinaislsznaunzin Fandt waesnlud Sel4

WLNNIINARBIAANLTURINAIWAH 1.) ANHIAIANNI N UIBIREAaa NN Tz asane T

'
a A

wass LNl unslfudpannindoaaanuFen wazwassiuiinfitiunisdiulg
AUNINSE A NFaUlAENIsANATsTNemZAY AaeRs BCR three stages Wiauvy

a e S = P = . Y
Lﬂ?‘ﬁlllLVI?;IT_IZ\]ﬂHmZVI’NﬂWEIﬂWWV]Lﬂ@ﬁluLLﬂ@QI‘u@ﬂ’l’]tﬂLLﬁlﬂﬁH\‘]ﬂu 2.) ANEATANLANTY

1
a A

YIRzinAINNITTaTANs lunaeaiuNNTINIUN sl Ful JeR N st AN TauTAtINT LR

ansusznaumzia fedauInsgIuaedannIng sy (European Standard) Tunismiansmenia

'
a A

Turaaauwsn (EN71-3, 1995) 3.) AnwiAANdNduteanzidnannn lunass AUANARIY

nslfuilppmunindaaranieulnanisiinaislszneunzin faedslszandnismaaau
Urnnuneialundndmsidmivdnsaunaearesdssdudmiufin iuninsgiuzes
m?gmu?m US Consumer Product Safety Commission (modified CPSC, 2010) H®@

NITANTNTEALLAUAVINUNALANU

4.1 AANNINAUAZNIANNABLNUANNRIUN5UTULgIAININAIAN
52ulmels BCR three stages Wazn19ldagunilasan#uen1an1anInnNanasninnig

ANALULARZTUADY

annsAnEAtANdRduremzia lunaa s T LRNA N uNNsLFU 39R In W
% % o 1 1 v v al/ dl IS
patiAINFaUANUIU 7 19997U wudAta sl uaeansialulsesnui 1-7.1 Armaw

MINTULBNRAZNIPNTEACAL ANY

4.1.1 AMANNINTUAzNIAINNARYTLANNANIsUSUUsIAnIn ALY

ANNSDY (WRALLNILAN)
4.1.1.1 ANAMNLITNTUAZNIANNNARANUAN L ULARSTSE

(1) AMANLANTUADIAEN I L UNADLNUNNTSEN 1
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mamafﬁm:mﬂ'ﬂmmﬁuﬁumrﬁ;ﬂuwmmﬁuﬁuﬁ'timma‘ﬂi?uﬂa;ﬂ
AU MEREANSaLAaER3 BOR three stages a2 7iuAnsnariu (Ans1aft 4.1) wudn
TWEIT 1 AFE9AEUAIN BCR 1,2 uay 3 99915997ud 1 - 7.1 wuAaudduaes
pefnludiud 1: BCR 1 Andndndninnisiiamet LmeummmL%mﬁumﬁq@mm T
2: BCR 2 Wi And1A1Snfanaiiasnes - 152.0 un/nn. wazlududl 3: BOR 3 A1Aana

1 1% QI/ 1 [ oI 1 1 o o a I's
MINIURZAANINL AININANRAINANIFTIATIZN - 54.7 UN./AN.

F19797 4.1 uaasAtANdndunziaannaeaiuin i unsUFuleaunInse Ay

a1 (WaRELNNLNN) ALeRa BCR three stages B3¢ 1

Te91u | Grasing AN NG UAZAD (NN./NN.)
BCR1| BCR2 BCR3
No.1-1 | nd 50.4 nd
1 No.1-2 | nd 79.1 nd
No.1-3 | nd 50.9 nd
No.2-1 | nd 68.4 nd
2 No.2-2 | nd 152.0 nd
No.2-3 | nd 114.7 nd
No.3-1 | nd 26.4 20.6
3 No.3-2 | nd 17.9 135
No.3-3 | nd 33.3 23.1
A No.4-1 | nd 21.0 10.7
No.4-2 | nd 27.1 14.9
No.4-3 | nd 36.6 21.2
: No.5-1 | nd 21.6 25.4
No.52 | nd 33.5 37.1
No.5-3 | nd 27.3 29.4
. No.6-1 | nd 35.1 15.8
No.62 | nd nd 13.0
No.6-3 | nd nd 13.3
No.7-1 | nd 71.6 54.7
7 No.7-2 nd 76.4 nd
No.7-3 | nd 98.4 nd
AYNE" | nd | nd-152.0 | nd - 54.7
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(2) AANMHNITNAURIALN LUNARLNUANTIEN 2

uannsAnEArpadndunzialunaeeiuRind dunis
Uiuilgsnmuninsoaaauiau #aeds BCR three stages luanaziuansinaiu (A19797 4.
2) 904189977 1 - 7.1 WU \UTIE 2 ABeNaNFuAIn BOR 2,3 uaz 1 Anpnudduns
4147 1: BCR 2 winfiu AandnArsniannsiase - 65.9 un.Jnn., 4ufl 2: BCR 3 winfu ain
NIIANRAANITIATIEI - 60.14N./NN. LmzwummwL%’u%’umr‘%ngﬁzﬁm il 3: BCR1

WINAL ANNIIAIRNAANITIATIZY - 90.3 NA./NAN.

FN39% 4.2 uansArAHIdNdunz i nnaseiufinfdunsUs UL AMa NS A N

X8 (WABELNLAN) Aneds BCR three stages T3¢ 2

Tse1u | Gaasing AN N UAZNA (NN./NN.)
BCR2 | BCR3 | BCR1
No.1-4 nd nd 48.4
1 No.1-5 nd | nd 90.3
No.1-6 nd. | 60.1 60.4
No.2-4 nd 14.2 16.3
2 No.2-5 nd 45.0 25.8
No.2-6 nd 44.4 28.9
No.3-4 nd 18.0 8.5
3 No.35 | 157 19.9 11.2
No.36 | 19.8 39.5 16.8
A No.4-4 9.2 11.5 3.3
No.4-5 nd 14.4 5.1
No.4-6 nd 16.0 4.7
5 No.54 | 17.5 27.1 6.8
No.5-5 | 18.0 24.4 6.4
No.56 | 222 16.3 nd
5 No.6-4 | 659 46.0 nd
No.6-5 | 18.6 20.6 nd
No.66 | 27.2 30.2 nd
No.7-4 nd nd nd
71 No.7-5 nd nd nd
No.7-6 nd nd nd
ATN&E | nd - 65.9 | nd - 60.1 | nd - 90.3
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(3) AMAMNLTNAUADINE NI LUNADENUNNTIEN 3

nan1sAnHIAIANd NI Uz T lunaeaiuind inunng
U5uilgsnmuninsoaaauienusiaeis BCR three stages Tuan1agiuansinaiy (113199 4.3)

9297999°UN 1 - 7.1 WU ludzeN 3 NFe9a1sUa1n BCR 3, 1 LAY 2 WUANANNLT N

1
o

meingangnlu 4u 1: BCR 3 Wiy ANGIARTANNT3ANEY - 178.2 1n./nn., U7 2:
BCR 1 Winfiu AMNI1AIRTANNIILAIIZI - 161.9 NN /NN, WAT 917 3: BCR 2 WAy A1nqn

ANRNAANITIATIZY - 7.7 NN./NN.

51397 4.3 uansAANIdndunz fannasaiuinfi un sl FuLgeR unNdaB AN

¥ (WaBELNLAN) FaedE BCR three stages @361 3

s AMNLENTUAZNA (NN./AN.)
15997u | A2asig
BCR3 BCR1 | BCR2
No.1-7 nd 161.9 nd
1 No.1-8 97.1 136.2 nd
No.1-9 71.3 59.4 nd
No.2-7 95.2 85.0 nd
2 No.2-8 | 178.2 114.5 nd
No.2-9 78.0 85.4 nd
No.3-7 72.4 51.7 nd
3 No.3-8 20.3 25.8 nd
No.3-9 36.6 nd nd
p No.4-7 16.6 4.1 nd
No.4-8 77.5 126 nd
No.4-9 49.2 9.1 nd
5 No.5-7 21.0 nd nd
No.5-8 35.2 nd nd
No.5-9 39.1 nd nd
6 No.6-7 47.4 11.4 7.7
No.6-8 24.1 10.3 6.2
No.6-9 25.0 8.6 2.6
No.7-7 nd 29.8 nd
71 No.7-8 nd 43.2 nd
No.7-9 nd 58.3 nd
ATNKE | nd - 178.2 | nd - 161.9 | nd - 7.7
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4.1.1.2 HaURIUURAY BCR three stages ABNITELALALANNLTNTU

AZNI LUNADLNUNNNHIUNISLHNAEANNSAU

naTeiumall BCR three stages AANNITEAZA8AMNLTNTUAZAA

'
a A ¥

Tunae e TURNNENUNTNIFANNERL (NN 4.1)

1) BCR 3 TAnstzazaugeaaiilaiieuiy BCR 1 uaz BCR 2
zﬁl 1 ZJ/ ell ' a6
Baag luduneun 1 uusazase]

2) BCR 1 WAnnsazazanamngaiaiiauiu BCR 2 uaz BCR 3
zﬁl 1 ZJ/ ell ' a6
Baag luduneun 1 uusazase]

3) ANANNENTLaeRZia 14w BCR 1

@3¢ 1 (BCR 1, 2 way 3) 949 1: BCR 1 lsa1u19n

ApmeiAAnudndunsiale e Fauiauiu@sean 2 (BCR 2, 3 way 1) Tu# 3: BCR 1
HAnNdndunzAngeaunan ludsdm 1 menzilinnansefuain 4ui 1: BCR 2 waz 4ui 2:

1 v
%

BCR 3 uazlud3ei 3 (BCR 3, 1 uay 2) 4uil 2: BCR 1 {AAuidndunzingangniia

a

Zhe

INENT INSNZANN9NgZFUANN Tuil 1: BCR 3 doulu@addy 2 1asainlud@sdn 2 BCR 1 oty
e v Lo d L B Y
Aaduduseun 3 Nnziagnazazatseantludnlu 2 duaeuusn

4) ANANN D UTeIRZAY b UdU BCR 2

@3¢ 1 (BCR 1, 2 way 3) Tu# 2: BCR 2 8A1A91N

1 1 v
o 1% o

dindunzinnainlaludutininign Tuaneh T3¢0 2 (BCR 2, 3 uay 1) Ndui 1: BCR2 &

pHiNdURzAasasann dui 2: BCR 2 luisdn 1 ez ludsed2: BCR 2 agjdunaui 1 A
Tlesunisnszsuluanen ludzey 1 4ui 2: BCR 2 dn1snszfuaindui 1: BCR 1 daulud

3¢ 3 (BCR 3, 1 way 2) 9u# 3: BCR 2 llau1radpsnsfarponududunsiala anidu

T9997uM 6 Wasanmpzivgnazazatsaanlilludui 1: BCR 3 uazdui 2: BCR 1 udn
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5) AAaNdNTLaRanzialudu BCR 3

1u@3¢™ 1 (BCR 1, 2 way 3) 419 3: BCR 3 HAA1A N L4 N

1
% 1 ¥

peiopeud1eAdesangnazazatueanllludui 1: BCR 1 uaz 417 2: BCR 2 (i
4.1) dowluiae 2 (BCR 2, 3 uag 1) 4uil 2: BCR 3 dAanududunzingeauliiasaingn
n3vFuaNdui 1: BCR 2 uazludsein 3 (BCR 3, 1 way 2) 41 1: BCR 3 dA1Auidindu

1 ' 1
o

peionnfgaitiesaniduduniansauuuss uanedndunan BCR 3 luifasanilunisas

1#Fun1snszsiuann BCR 1o

200
178.2
1619
150 152
=
£
c
2
e 100 .
3 i ¢
& q3e 1
ag 65.9 a
ag 50 [ | el 2
2
é S E
7.7
0 nd nd
ANAIRA  APNER  ANRSAR
BCR 1 BCR 2 BCR 3
a ' v oa al a 2 w
mamawaaww:mmunwﬂeuﬂa;aqmmwmzmmu'a"au
1 d
(WaasuLni) 1999un 1-7.1

A 4.1 LandHaT89duRet BCR three stages Aan13gzazateAdndunzialunaas

o

UANTENWNITLHNF8IAN SR
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4.1.1.3 AMAMNLTNTUAZNANINNATULA AL TS EUDITTINUN 1

- 7.1 12anaasnuANdIuN1sUSulsIAMMNATEANTY

annssaNANdndurenzialuynduneu BCR three stages

aa ¢

luusavs m@qwz\mﬂﬁuﬁuﬁﬂﬁ*uﬂ@q@mmwﬁqamm%‘@mm‘mmuﬁ 1- 7.1 ugndly
(m'mﬁ' 4. 4) Wuin

TWT3 1 (BCR 1, 2 uay 3) Aranuidadiumeialseanud 1
- 7.1 WAd 13.0 - 126.3 wn./ nn., T3 2 (BCR 2, 3 Az 1) winnu ARSI AN

AATIL - 120.5 1N/ NN. WAL T3¢0 3 (BCR 3, 1 WAY 2) WinAu 20.7 - 292.7 «n./ nn. 1

1 1
= A

769 3 ApnndndunzinTzazatannge Wesandui 1: BCR 3 iluiunauusnild

0 S a 0 ! = o o . o § v .
NINAgaL Niiun11a1a898019y Oxidable @Niiluaniay NNANTAUTUINNGA N AN

' v £ v '
o o 4

AL NTUIBIA AR NI TZAT AL NINAIUATUA 1: BCR 3 @994 BCR 3 tiludunnnli

'
al 1

wastfinsetuAnFNINgartuiy iasannldansadngulssassatin loun nsazazais

=b_

fael Hydrogen peroxide uwazn131d413 Ammonium acetate Ml iadN1dWN ANy

o o

Rndudavaswaseinuinay Hsaguaninaiflusasnszanseagiolil fainannnisgnay

azareannan v lilududeunilanalunafingzazaneninlfdannau i ldan

'
=

AHNdUIaIRzivsINRNI T azanNINNgA lWTEN 3



5119997 4.4 uwansAtAdndunziaisualunasaiuiun inunisdfulssaninnsgog

% ! dl ] ad ¢
AINNTAL (WABLLKNILNN) 28919997 1 - 7.1 Tusiazase

AN NS UAZAA (0. NN.)
13997u | Aasng 3T 1 F3E7 2 33479 3
BCR 1,2 a2 3 | BCR 2,3 waz 1 | BCR 3,1 wag 2

No. 1-1 504 48.4 161.9

1 No. 1-2 79.1 90.3 233.3

No. 1-3 50.9 120.5 130.7

No. 2-1 68.4 30.5 180.2

2 No. 2-2 152.0 70.8 292.7

No. 2-3 114.7 73.3 163.4

No. 3-1 47.0 26.5 1241

3 No. 3-2 314 46.8 46.1

No. 3-3 56.4 76.1 36.6

No. 4-1 347 24.0 20.7

4 No. 4-2 42.0 19.5 90.1

No. 4-3 57.8 20.7 58.3

No. 5-1 47.0 514 21.0

° No. 5-2 70.6 48.8 35.2

No. 5-3 56.7 38.5 39.1

No. 6-1 50.9 111.9 66.5

6 No. 6-2 13.0 39.2 40.6

No. 6-3 13.3 57.4 36.2

21 | No.7-1 126.3 nd 29.8

No. 7-2 76.4 nd 43.2

No. 7-3 98.9 nd 58.3
ANAE 13.0 - 126.3 nd - 120.5 20.7 - 292.7

31
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4114 AMNANNUSETLUINNANNLTHTUADIAENINLAN HUENI

nanwlngsinraInaaeiunnnlsulsInmumweAEANFaulswun 1 - 7.1

'
v ¥ o

AINANEUZNNNIEATNYDINADLVTUNNNLIN ANAINLTNTWAAIAST2

v o/ tﬂl [ Y 1 v v ol/ [~3 o £ 4

ADAAABINLNITL AW AYANF UL NNILATIN AVATANHLT N WABIRZHNINAAEZN b

NARULNATAL LANFTIUANNINTU AUFINATUA N AINTY et 19T ALRY LARIATAYNM
% 1% ol/ v a v a % = [~3 % A [ a

Nt uraInzitaY AZIAAILLANTIILURINENNABLLNELA NTA WIALNNATNA IIAANIS

wasuulaslas finuiunaesiay AagUlddniuimnmezazatanzion il aaudniug

Aunisulasulasaesginw

1) nasulasuutlasdansuznnIgnInTeswaa iuRNNNIBNN9L5U e
ATUNTNAE AN B
A7 AULU AIANHDUZN NNNLAINIBINADETUTN 199971 1 WAL

2 WAAS TN 4.2 1A 4.3 111999107 3 - 7.1 waaslun1ANLIN N

(1) N AsuL AR NN N LAT N BINADE T LAN T 1

ANNTANELALUTE LR LAN BN NNIENINTBINARE

o

a dl dl 1 1 v a tdl dl =
vinMmlasuutasluaniazdne) wodawaesiuiinainlsenui 1 (nawi 4.2) dn1s

= £ o v o o &
Wagulla TINANNAAAARRINLINANIINARAY A1l

1
aa Al o

2¢19 1: U7 1: BCR 1 lda1u1903asefAnA Lt ud

1
a

uI/ P [ (=3 dl a d? o ] g Y v aI/
WZﬂQ1®@\11N@\1Lﬂ[ﬂLﬂuﬂﬂﬁ‘Lﬂ@ﬂuLLﬂ@ﬂl@ﬂ NAUUNUNARE LALTNNATAIMNITNTUABRIANSNA

=KX o

29N IUTUN 2: BCR 2 hazaani1uInian asdaunmldatataaudEuiinsasuaniig

q

wazludun 3: BCR 3 ldaiunrndaszdiarmonududunzialaasludenmiiunig

wasuulaslee ieTuiunaes
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1 (%
aa oAl o

2610 2: Ui 1: BCR 2 WAy 9uf 2: BCR 3 ldanu19n
a e 1 U U ol/ YR 1 o [~3 Adl a 49{ o/ v
AnrviAipnudndunsialdasludunmiunisdasuudadla Ainauiunaes snidu
s o = o N X ¥ 4 | Y o o
NARLLIAT 6 N9R8LANFINANNINTU 917 3: BCR 1 WUINNANANNNdWaa9aE 298080

LAZAINALTILIAL AN TANNINTUFatiNeTALaL

T3¢ 3: UM 1: BCR 3 FNHANAMNIT NI UL A292nHA

1 | '
= a ¥

wrauTiusauanilfat1edalan andunaadan 7 NAtANITNduaInzialy

ansndnssilfaclidanadiunisaeuudasle atuiunase uazludui 2: BCR 1
1A % QI zg % ] o ij tzll 1 a & 1

NUANHTRLANT IR NNINIL A et eTalaw uazludun 3: BCR 2 lug1u1sn9tas1zsian

7 al/ R 1o >3 Q; a dp o v a
ﬂ')qllL?JN’IJHWZﬂQIlm@\?llNZNLﬂﬁlLﬁuﬂWﬁ‘Lﬂ@ﬂuLLﬂﬂﬂIW’l NATUNUNRBENTLNH



Before testing

Series 1

5

Ruby No 1

Ruby No 2

Factory No 1

Ruby appearance and lead concentration (mg /kg)

BCR1

BCR2

BCRY

®
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50.4
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79.1
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Ruby No 3
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50.9
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Before testing

Series 2

Ruby No 4

Ruby appearauce and lead concentration (mg 'kg)

{ s
~
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=
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BCR3

el

BCR1

@

Ruby No 5

Ruby No 6

Before testing

Series 3

eu
o

80

ad

60.1

60.4

Ruby appearance and lead concentration (mg 'kg)

BCR3

BCR1

BCR2

Ruby No 7

5
o

161.9

9

Ruby No §

®
®

o
2

136.2

®

Ruby No 9

®

59.4
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Before testing

Serdes 1

Ruby appearance and lead concentration (mg kg)

BCR1

BCR2
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BCR3

©
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Ruby No |

Ruby No 2

Ruby No 3

Belore testing

Serles 2

nd

654

nd

1520

nd

Ruby appearance and lead concentration (mg 'kg)

BCR2

114.7

BCR3

BCR1
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®

Ruby No 4

o
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Ruby No §
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Ruby No 6

-
4
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450 258
od 444 259

Before testing

Series 3

Ruby No 7

Ruby appearance and lead concentration (mg 'kg)

BCR3

BCR1

BCR2

§5.0

Ruby No 8

1782

1145

s
=

®

Ruby No 9

@ @&

780

8§54
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4.2 AMANNITNTUAZNIAINNARERL AN UNIsU Sl seAmuAINATEAY
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(1) AnA NNt uIesRsia lunaee T UANT TN 1
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AN NAaaANFaulnenisiinaslsznenzia Aae35 BCR three stages Tuaniaeh
WANANALY (AN97197 4.5) WUqN @387 1 NBe9anaUann BCR 1,2 WAY 3 10915947147 8

- 11 NUANAMH T NI UnRIRZA23d WA 1: BCR 1 5i1AU 130.8 - 1044.8 1N./NN. WATNLAN

1
=

Rz g efign ludufl 2: BCR 2 winfiu 1037.0 - 3914.7 un./nn. uazlududl 3:
BCR 3 Apnuidindunsiawinmu 25.3 - 3282.0 un/nn. Fsanuaniamaaeswudnlaeud
1 W33 1 feanadudupziauansneanntssnuiug ednedaia fe ufl 3: BCR 3
Fraudiudiunzieanuigannndilasnuiug Tnsfilseanud 8 - 10 feranududunsi
BETTUINN 49.4 wn./nn. ualaeendl 11 flenannandudunsiawinty 1464.1 - 3282.0 Fernd
1r3w’l,l,m[ﬁi'1\1mﬂ‘£a‘qmu%'uj atietoiau lunsdimifuduienainannuanaiiade tEun 1)
fretnanaeuiufingedlseui 11 ﬁ@mmwﬁﬁﬂdﬂmmuﬁ 8 - 10 11NA IiH LT
Aralududt 3: BCR 3 unndnlseanian 2) 10099947 8 - 10 BumsansiAiAldsinnis
nageLluduf 3: BCR 3 derndnpnuansnsnfiasinlfifianmstrazane|fgean 3) eraiin
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F1979% 4.5 wansApudRdunzinaInnnsTzaraewaes iU RN EN19L Ul 9A NN

freANFeaulnenTRnansUszneunsia (naeen i) Aqeds BCR three stages T7¢M 1

o AN NG UAZNA (NN./NN.)
JEXRRLY AIaENg
BCR1 BCR2 BCR3
No.8-1 623.9 2627.3 49.4
8 No.8-2 836.7 3165.0 41.8
No.8-3 687.9 1084.0 43.4
9 N0.9-1 1044.8 3229.0 48.2
N0.9-2 505.1 1447.9 35.4
No.9-3 517.1 2034.2 M7
10 No.10-1 601.6 2658.3 46.5
No0.10-2 152.1 2246.8 25.3
No.10-3 275.3 1037.0 30.6
No.11-1 384.0 2519.3 2827.8
11 No.11-2 130.8 1438.3 1464.1
No.11-3 330.0 3914.7 3282.0
ANNAE 130.8 - 1044.8 1037.0 - 3914.7 25.3 - 3282.0

(2) PudiNdureInzAq lunaeai LANTTEN 2

wanasAnsAaadindunsialunaesiuinfifnisd oy
A ndnepauFeulnennsiinanstsznaunsia #9833 BCR three stages luan1azi
LANFNNAU (mmqﬁ 4.6) WU LTI 2 REe9AMALATN BCR 2,3uay 1 904799977 8 -
11 wuAaaddunenzialudufl 1: BOR 2 winfu 112.7 - 1705.3 un./nn. uazwusn
P dunzingeign ludud 2: BCR 3 winfi AndnAndnfinnisinsz - 2724.8 wn./

An. Tudui 3: BCR 1 AnAonudiNdumsiamindy 38.1 - 338.5 1n./nn.
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F19797 4.6 wansAAMdRduRziaaINNNITTaTA e NaRRTIUINNHN9LF U g9R 0NN

freANFeaulnenTRnansUszneunsia (naeemn i) Aqeda BCR three stages @7e 2

o AN NG UAZNA (NN./NN.)
JEXRRLY AIaENg
BCR2 BCR3 BCR1
No.8-4 371.0 109.5 103.4
8 No.8-5 271.6 141.0 76.7
No.8-6 336.7 115.9 53.1
9 No.9-4 241.5 100.8 72.6
No.9-5 294 .4 105.3 75.3
No.9-6 207.6 99.3 86.8
10 No.10-4 112.7 90.6 38.1
No.10-5 145.1 91.1 88.8
No.10-6 152.3 nd 55.3
No.11-4 1705.3 2724.8 338.5
11 No.11-5 988.2 1734.9 228.0
No.11-6 1194 .1 1932.4 140.9
ATNAE 112.7 - 1705.3 nd - 2724. 8 38.1 -338.5

(3) AnudNd LRIz AR lunae s UANT TN 3

=2 { 1 ¥ nl/ v a dld o
HanIsAnEIA Al NduRs o lunassiuANNin s Fulga
AN NAaaANFaulaensBinarslszneumzAn Aaeds BCR three stages Tuan19ed
WANANNAL (19197 4.7) Wuanlu@se™ 3 NiFeea1suain BCR 3, 1 WAz 2 189199971 8 -

11 WUANANNLITNTWaa9REA2luwdwR 1: BCR 3 WinAU ANN91A1RIAANTALAIEH - 90.0

]
=

UN/AN. WATWLANANNE NG URLTgaian Tudui 2: BCR 1 winfu 31.1 - 379.3 1n./nn.

u q

wazlud Ui 3: BCR 2 ANAMNITNIUAZAYINAL 84.2 - 4656.2 1N./NN.
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paeANFauinenTRNa1sUszneuRyia (Waneunlus) Fnedd BCR three stages @3 3

. ANMNLENTUAZAA (NN./nN.)
JEXRRLY AIaENg
BCR3 BCR1 BCR2
No.8-7 nd 211.9 341.2
8 No.8-8 90.0 104.7 155.1
No.8-9 32.4 54.1 84.2
9 No. 9-7 nd 66.5 203.8
No. 9-8 nd 34.4 65.4
No. 9-9 nd 36.5 85.7
0 No. 10-7 10.1 31.1 102.4
No. 10-8 31.2 93.2 567.3
No. 10-9 11.3 43.4 88.8
No. 11-7 nd 243.2 2637.2
11 No. 11-8 nd 370.9 4599.2
No. 11-9 10.6 379.3 4656.2
ATNAE nd - 90.0 31.1-379.3 84.2 - 4656.2
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USuilgsnunmwaraanusaulaenisiinaislsznauunanzng

annIssanANdduaasmzialuyndunel BCR three stages Tuusas
a 6 o a dl o 2 % a v aI/
sfrnananaiunNNlFul g InAt A nFaulaanisinaislsenauufianzioes
1999109 8 - 11 waA9 k1 (M19199 4.8) Wuqn MudTen 1 Fa9anauann BCR 1, 2 wag 3 1ilu
anliArnudnduremziasuNIniga windu 1342.9 - 7526.7 wn./nn. luasdn 2
[FENANALAIN BCR 2,3 way 1 1WAy 207.6 - 4768.6 1n./nn. M@3eiN 3 3eaansuann BCR
3,1 Baz 217U 99.8 - 5046.1 1n./nN. MuETEN 1 Feaansuann BCR 1, 2 way 3 1dan 1
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F19797 4.8 wansArAMdinduaziaRaua lunae iR N uN1sUT Ul 99N nEoe

ANFaulaeN1sRNANTUsTnaLLAYRLAY (Waasen 1K) 189199977 8 - 11 Tuumasdsel

AN NS UAEAA (N./NN.)
13997u | Aa@EN9 3T 1 F3E7 2 33479 3
BCR 1,2 az 3 | BCR 2,3 kaz 1 | BCR 3,1 Az 2
No. 8-1 3300.6 583.9 553.1
8 No. 8-2 4043.5 489.3 349.8
No. 8-3 1815.3 505.7 170.7
No. 9-1 4322.0 414.9 270.3
9 No. 9-2 1988.4 475.0 99.8
No. 9-3 2593.0 393.7 122.2
No. 10-1 3306.4 241.4 143.6
10 No. 10-2 2424.2 325.0 691.7
No. 10-3 1342.9 207.6 143.5
No. 11-1 5731.1 4768.6 2880.4
No. 11-2 3033.2 2951.1 4970.1
" No. 11-3 7526.7 3267.4 5046.1
ATNAE | 1342.9 - 7526.7 | 207.6 - 4768.6 99.8 - 5046.1
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Factory No 8

Before testing

Series 1

Ruby appearance and lead concentration (mg /'kg)

BCR1

BCR2

BCR3

@ @

Ruby No 1

623.9

2627.3

s
©
IS

o @

Ruby No 2

836.7

3165.0

Ruby No 3

418

687.9

41.8

43.4

Before testing

Series 2

Ruby appea

rance and lead concentration (mg /kg)

BCR3

BCR1

O

Ruby No 4

BCR2

371.0

109.5

103.4

0

Ruby No 5

&
&
0

271.6

141.0

76.7

Ruby No 6

336.7

115.9

53.1

Before testing

Series 3

Ruby appearance and lead concentration (mg /kg)

BCR3

BCR1

BCR2

®
@
®
®

Ruby No 7

211.9

341.2

o

Ruby No 8

90.0

155.1

Ruby No 9

324

84.2
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#8138 BCR three stages



46

(2) N7 AU AR N HUZN NN INIBIN AR LN N TP99UN 11

ANNNITANHILAZLIL T U UA N H UL NN NUDINA DT UA NN

wasuulagluganingsine waesiuinainlsanui 11 (i 4.6) Innsilasuulas 398

ANNNADAARBIILINANTNAAD ﬁ\‘}ﬁ

el e
i

4 . o . - I A
TN 1: AIANNIT NI UUBIAEAANNNTDIL ATV L A9 wF T w1
BCR1 #ad9lnmifiusasi imni1ntiiadis wazludud 2: BCR 2 1iasanniANaauidndunsio
gNTrATANEAINIINRATEHIHNINTgA uazluduil 3: BCR 3 idsaaunniioinau au

Funeiulaaginedaian

N

o=l g YR o = ve e o oo
TWIEN 2: mmmmeummmmmmimLm’]w’"l,mmLLmiumum 1:

BCR 2 @adatnmiiiusagianiialsasnedaniaumausadunsn uwazludun 2: BCR 3 Saiugas

|
=

wanFodarunnuiesainiaanudidunziognazazaisainnsadinseilianniige
uarduil 3: BCR 1 fillsaaumniininuau

a6
gl

369 3: ANAHITNIUIRIRZAA9WN 1: BCR 3 ldin1silasulas

a7 auiunaes WesanliamisodnmsiAianudndunsiald endunasedai 9 A

=

AN NI UABINEAIAINTDIATIZT pasAatnaLiusasifeLantias ludui 2: BCR1 (3uA

1 1
o a

AP NI UR AN AINITDATIIT LA A9AINALTIUTaELANSIANTY Lazludun 3: BCR

' ]
o a

2 et umnFinuntulsatinednan e nNA1ANNdNTuAL AN N1 AT

1
=

Tiuaninge



47

Before testing Ruby appearance and lead concentration (mg /kg)

Series 1 BCR1 BCR2 BCR3

Ruby No 1 25193 28278

“.'

Ruby No 2 130.8 14383 1464.1

Ruby No 3 330 3914.7 3282
Before testing Ruby appearance and lead concentration (mg /kg)
Series 2 BCR2 BCR3 BCRI1

Ruby No 4 1705.3 27248 3385

I-r

Ruby No 5 988.2 17349 228

Ruby No 6 1194.1 1932.4 140.9
Before testing Ruby appearance and lead conce ntration (mg /kg)
Series 3 BCR3 BCR1 BCR2

Ruby No 7 2432 2637.2

Ruby No § 3709 4599.2

= =
(=% (=N

N 4.6 MalasuutlasdnugnianianinuazAtaonudndunyitsesnaes iuiing
iulgsaninmsnaannieulaanisiinansilsznauudonzia 1999uil 11 udsn1ameaay

#8138 BCR three stages
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Before testing

Series 1

Ruby appearance and lead concentration (mg /kg)
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Ruby appearance and lead concentration (mg /kg)

BCR3

BCR1

BCR2

B

72.4

51.7

=
a.

Ruby No 8

20.3

25.8

Ruby No 9

::
(=% .

= =3
(=% (=9

AR 1 NP AU AR N HUEN NN EAINLAZ AN AN N U DI A £ AU BINADEI T

diutpennunindaaanniou Taeauil 3 ndaniamaaeusaeia BCR three stages

65

a

NnA

A
N



66

(2) NP ALUUU AR N HUZNNNLNINIBINADE LN N 1999 1N 4

a

ANNNIIANHILAZLIL T U U AN UENNNLNTNTBINAD LT UANN

o a

wWasuudasluaniazsine wasasiuiinainiseui 4 (nni 2) dnisasuulas 3

ANNNADAARBINLINANTNAAD ﬁ\iﬁ

2¢ 1: 9uM 1: BCR 1 ldanunsndtasziatanuiidudunzinlgag

| 1
a

a zsl ,%’ [ 1A ¥ v o a %
13~I Wanindazuudaslaruiunasy WABNNATAM L‘IJN‘IJ‘LA“II@\?[?]ZT’]’JZQWN’]?D’JLﬂﬁ"ﬁﬁ)ﬂﬂﬁlu

U7 2: BCR 2 WALAIANNLTNTUIAIAEANEIN190ALATILFIE NINNaA Asdainm laaging

q

o ! al a 1% i’/ dl & o % QI g
TARUINEUNATAEWANT1Y Lazludun 3: BCR 3 AfunLsaelanFIanuan

v
aa o

e‘dl 1 £ U alx a b g// 1 al
2617 2: ANAN LT NTUADIA A RINITNILATIZIF LA FIALLFTUN 1:
BCR 2 AN Waasliind 4 adiEudainaiusas uaniinlaseusdunsn aniunaaadnn 5

. 4 AL s N . - . . 5
uay 6 Nidianslasuudasle Iuiunaeiiiasannliaiunsndinasiaiaanidndu
peinlé luduf 22 BCR 3 HA1ANMNIUY99n A2 ANA NN uae9nLA941:879D
a $ all =3 o/ v 1 o/ 1 nal a 2 al .3 :// dl
Aanzilaunign AsdunaliatdaiaudnBuiinsasuanFioiiuuinay uayluiun 3:
BCR 1 flaasilsasfniiusinay annnisgnazazataasididudunsioannaeaiuyia

1
N =

We 3: A NdNduIasaziaaINITaRA R i NINTNgA Tudun
1: BCR 3 Auiusesuaniialsadedaiau wazluduil 2: BCR 1 fapsiisasiraiuuiniu
annsgnaeazatmNdNdunzAva nnasaiufn Tudun 3: BCR 2 lddnaiasuulas

d’g o 4ﬂ| ] a 6 1 v v uI/ %
IﬂjﬂluﬂU‘W@‘ﬂﬂLu’ﬂ\‘ir"ﬂﬂbl,ﬁ\m’]ﬁxl’]ﬁ‘ﬂ’llLﬂﬁ"]:ﬂﬂ’]ﬂ’J’m meumzmim



Before testing

Series 1

Ruby appearance and lead concentration (mg /kg)

BCR1

BCR2

BCR3
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Ruby No 1
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Ruby No 2
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Before testing

Series 3

Ruby appearance and lead concentration (mg /kg)
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Before testing

Series 1
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Before testing

Series 1

Ruby appearance and lead concentration (mg /kg)

BCR1

BCR2
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Ruby No 1
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Before testing

Series 2

Ruby appearance and lead concentration (mg /kg)
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Before testing
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Before testing Ruby appearance and lead concentration (mg /kg)
Series 1 BCRI BCR2 BCR3
Ruby No 1 1044.8 3229.0 48.2
Ruby No 2 505.1 1447.9 35.4
Ruby No 3 517.1 2034.2 41.7
Before testing Ruby appearance and lead concentration (mg /kg)
Series 2 BCR2 BCR3 BCR1
Ruby No 4 241.5 100.8 16.3
Ruby No 5 294.4 105.3 25.8
Ruby No 6 207.6 99.3 86.8
Before testing Ruby appearance and lead concentration (mg /kg)
Series 3 BCR3 BCR1 BCR2
Ruby No 7 nd 66.5 203.8
Ruby No 8 nd 34.4 65.4
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Before testing

Ruby appearance and lead concentration (mg /kg)

Series 1 BCR1 BCR2 BCR3
Ruby No 1 601.6 2658.3 46.5

Ruby No 2

e
D

152.1

586.4

253

Ruby No 3 275.3 1037.0 30.6
Before testing Ruby appearance and lead concentration (mg /kg)
Series 2 BCR2 BCR3 BCR1

®
\

Ruby No 4

@
®

1127

90.6

38.1

Ruby No 5

g
®
®

145.1

91.1

88.8

Ruby No 6

1523

nd

553

Before testing

Series 3

Ruby appearance and lead concentration (mg /kg)

BCR3

BCR1

BCR2

Ruby No 7

102.4

Ruby No 8

31.2

93.2

567.3
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National foreword

This British Standard has been prepared by Technical Committee SW/15 and is
the English language version of EN 71-3:1994 Safety of toys — Part 3: Migration
of eertain elements, including amendment A1:2000 and Corrigendum July 2002,
published by the European Committee for Standardization (CEN). This part of
BS EN 71 superzedes BS 5665-3:1989, which is withdrawn.

Cross-references

The British Standards which implement international or European publications
referred to in this document may be found in the BSI Standards Catalogue under
the section entitled “International Standards Correspondence Index”, or by using
the “Find” facility of the BSI Standards Electronic Catalogue.

Additional information. When marking or specifying a product the
manufacturer may mark or specify by reference to either the European Standard
or the British Standard?.

A British Standard does not purpert to include all the neecessary provisions of a
contract. Users of British Standards are responsible for their correct application.

Compliance with a British Standard does not of itself confer immunity

from legal obligations. In particular the attention of users is drawn to
the Toyvs (Safety) Regulations 1989 (SI 1273).

Summary of pages

This document comprises a front cover, an inside front cover, pages i and i1,
the EN title page, pages 2 to 19 and a back cover.

The BSI copyright notice displayed in this document indicates when the
document was last issued.

Sidelining in this document indicates the most recent changes by amendment.

1) Marking EN 71-3 or BS EN 71-3 or BS 5665-3 on or in relation to a product represents a
manufacturer's declaration of conformity, 1.e. a claim by or on behalf of the manufacturer that
the product meets the requirements of the standard. The accuracy of the claim iz solely the
claimant’s responsibility. Such a declaration 1= not to be confused with third party certification of
conformity, which may also be desirable.

ii
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Foreword

This European Standard was prepared by
CENITC 52, Safety of toys, of which the Secretariat
is held by DS.

This European Standard has been prepared under a
mandate given to CEN by the European
Commission and the European Free Trade
Association. and supports essential requirements of
EC Directive(s).

This European Standard shall be given the status of
a national standard, either by publication of an
identieal text or by endorsement, at the latest by
June 1995, and conflicting national standards shall
be withdrawn at the latest by June 1995.

This standard constitutes the third part of the
FEuropean Standard on Safety of toys.

This part should be read in conjunction with part 1.

This standard specifies requirements and test
methods for the migration of the elements
antimony, arsenie, barium, cadmium, chromium,
lead, mercury and selenium from toy material

This standard contains 4 annexes.

— Annex A (normative) deleted.
— Annex B (normative) Sieve requirements.

— Annex C (informative) Preparation and analy-
sis of test portions.

— Annex D (informative) Background and ration-
ale for the requirements and test methods.

This standard is the result of the revision of
EN 71-3:1988.

According to the CEN/CENELEC Internal
Regulations, the national standards organizations
of the following countries are bound to implement
this European Standard: Austria, Belgium, Czech
Republic, Denmark, Finland, France, Germany,
Greece, Iceland, Ireland, Italy, Luxembourg,
Netherlands, Norway, Portugal, Spain, Sweden,
Switzerland and the United Kingdom.

Foreword to amendment Al

This amendment EN 71-3:1994/A1:2000 to
EN 71-3:1994 has been prepared by Technical
Committee CEN/TC 52, Safety of toys, the
Secretariat of which is held by DS.

This amendment to the European Standard

EN 71-3:1994 shall be given the status of a national
standard, either by publication of an identical text
or by endorsement, at the latest by October 2000,
and conflicting national standards shall be
withdrawn at the latest by October 2000.

This amendment to the European Standard

EN 71-3:1994 has been prepared under a mandate
given to CEN by the European Commission and the
European Free Trade Association, and supports
essential requirements of EU Directive(s).

For relationship with EU Directive(s), see
informative Annex ZA, which is an integral part of
this standard.

According to the CEN/CENELEC Internal
Regulations, the national standards organizations
of the following countries are bound to implement
this European Standard: Austria, Belgium, Czech
Republic, Denmark, Finland, France, Germany,
Greece, Iceland, Ireland, Italy, Luxembourg,
Netherlands, Norway, Portugal, Spain, Sweden,
Switzerland and the United Kingdom.
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Introduection

This European Standard for safety of toys consists of the following parts.

— Part 1: Mechanical and physical properties:

— Part 2: Flammability;

— Part 3: Migration of certain elements;

— Part 4: Experimental sets for chemistry and related activities;

— Part 5: Chemical toys (sets) other than experimental sets;

— Part 6: Graphical symbol for age warning labelling.
This standard is part 3 of the European Standard on safety of toys, EN 71.
The requirements of this standard are based on bioavailability resulting from the use of toys and should
not as an objective exceed the below mentioned levels per day:

— 0.2 pg for antimony;

— 0.1 pg for arsenic;

— 25,0 pg for barium;

— 0.6 pg for cadmium;

— 0.3 pg for chromium;

— 0,7 pg for lead;

— 0.5 pg for mercury;

— 5,0 pg for selenium.

For the interpretation of these figures it has been necessary to identify an upper limit for the ingestion of
tov material. Very limited data have been available for identifying this upper limit. As a working
hypothesis, a summed average daily intake for the various toy materials has been gauged at the currently
accepted figure of 8 mg/day, being aware that in certain individual cases this fisure might be exceeded.

Combining the daily intake with the bicavailability figures listed above, limits are obtained for various
toxic elements in microgram per gram {milligram per kilogram) and are detailed in Table 1. The figures
obtained have been adjusted to minimize childrens” exposure to toxic elements and to ensure analytical
feasibility taking into account limits achievable under current manufacturing conditions. (See Annex D))

1 Scope

This part of this European Standard specifies requirements and test methods for the migration of the
elements antimony, arsenic, barium, cadmium, chromium, lead, mercury and selenium from toy materials
and from parts of toys except materials not accessible (see part 1 of this standard).

Packaging materials are not included unless they are part of the toy or have intended play value.
(See Annex D)

When appropriate, the toy is subjected to relevant tests, specified in part 1 of this standard, before the
accessiblity is considered.

Requirements are included for the migration from the following toy materials:

— coatings of paints, varnishes, lacquers, printing inks, polymers and similar coatings (see 8.1);

— polymeric and similar materials, ineluding laminates, whether textile reinforced or not, but excluding
other textiles (see 5.2);

— paper and paper board (see 8.3);
— textiles, whether natural or synthetic (see 8.4);
— glass/ceramic/metallic materials (see 8.5);

— other materials whether mass coloured or not (e.g. wood, fibre board. hard board, bone and leather)
(see 8.6);

— materials intended to leave a trace (e.g. the graphite materials in pencils and liquid ink in pens)
(see 8.7):

— pliable modelling materials, including modelling clays, and gels (see 8.8);

— paints, varnishes, lacquers, glazing powders and similar materials in solid or in liquid form appearing |
as such in the toy (see 8.9).

© BSI 2006 3
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Toys and parts of toys which, due to their accessibility, function, mass, size or other characteristics,
obviously exclude any hazard due to sucking, licking or swallowing, bearing in mind the normal and
forseeable behaviour of children, are not covered by this part of EN 7T1.

NOTE For the purposes of this standard, the following criteria are considered appropriate in the categorization of sucking, licking
or swallowing:

— all intended food/oral contact toys, cosmetic toys and writing instruments categorized az toys;

— toys intended for children up to 6 years of age. i.e. all accessible parts and components where there iz a probability that thosze
parts or components may come into contact with the mouth. (See Anmex D)

2 Normative references

This European Standard incorporates by dated or undated reference, provisions from other publications.

These normative references are cited at the appropriate places in the text and the publications are listed
hereafter. For dated references, subzequent amendments to or revisions of any of these publications apply
to this European Standard only when incorporated in it by amendment or revision. For undated references
the latest edition of the publication referred to applies.

EN T1-1, Safety of toys — Part 1: Mechanical and physical properties.

IS0 3696, Water for analytical laboratory use — Specification and test methods.

3 Definitions
For the purposes of this standard the following definitions apply.

3.1

base material

material upon which coatings may be formed or deposited

3.2

coating

all layers of material formed or deposited on the base material or toy and includes paints, varnishes,
lacquers, inks, polymers or other substances of a similar nature, whether they contain metallic particles or
not, of a similar nature no matter how it has been applied to the toy and which can be removed by scraping
with a sharp blade

3.3
detection limit of a method
three times the standard deviation of the blank value

34

other materials, whether mass coloured or not

materials such as wood, leather and other porous substances which may absorb colouring matter without
forming a coating

3.5

paper and paper board

a maximum mass per unit area of 400 g/m? is the limit for treating material under this category

above this mass per unit area the substance is treated as “other material” and may be fibre board or hard
board, ete.

3.6

scraping

mechanical removal of coatings down to the base material

3.7

toy material

all the accessible materials present in toys

4 @ BSI 2006
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Table 1 — Limits of element migration from toy materials

Element Sh | As Ba Cd Cr Pb Hg Se

Maximum migrated | Any toy material given in 60 |25 |1000[75 60 90 60 500
element in mg/kg  |clause 1 except for:
toy material — modelling elay.

Modelling elay 60 |25 |250 |50 25 a0 2b 500

4 Requirements

4.1 Specific requirements

The migration of elements from toys and parts of toys as specified in clause 1 shall comply with the limits
given in Table 1 when tested in accordance with clauses 7, 8 and 9. This requirement does not apply to lead
solder when used for electric connections. (See Annex D)

4.2 Interpretation of results

The analytieal result of materials established in clauses 7, 8§ and 9 shall be adjusted by subtracting the
analytical correction in Table 2 to obtain an adjusted analytical result.

Materials are deemed to comply with the requirements of this standard if the adjusted analytical result is
less than or equal to the limits in Table 1. (See Annex D.)

NOTE Due to the precision of the methods specified in this standard an adjusted analytical result is required to take mnto
consideration the results of interlaboratory trials. (See Anmex D)

Example:
Analytical result of lead 120 mg/kg
Analytical correction from Table 2: 30 %

Adjusted analytical result = 120 — % =120-36.

Adjusted analytical result = 84 mg/kg. This is deemed as complying with the requirements of the standard.
(Lead 90 mg/kg.)
5 Principle

Soluble elements are extracted from toy materials under the conditions which simulate the material
remaining in contaet with stomach acid for a period of time after swallowing. The concentrations of the
soluble elements are determined gquantitatively.

6 Reagents and apparatus

MNOTE No recommendation 1= made for the reagents, materials, and apparatus necessary for carrving out the analytical tests
specified in clause 9.

6.1 Reagents

During the analyses, use only reagents of recognized analytical grade. (See Annex D)
6.1.1 Hydrochloric acid solution, e(HCI) = (0,07 £ 0,005) mol/1.

6.1.2 Hydrochloric acid solution, e(HCI) = (0,14 £ 0,010) mol/l.

6.1.3 Hydrochloric acid solution, c(HC]) = approximately 1 mol/l.

6.1.4 Hydrochloric acid solution, e(HCI) = 2 mol/l.

6.1.5 Hydrochloric acid solution, c(HCl) = approximately 6 mol/l.

6.1.6 n-heptane, (C;Hqg): 99 %.

6.1.7 Water, of at least grade 3 purity in accordance with ISO 3696.

© BSI 2006 5
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6.2 Apparatus
Normal laboratory apparatus and

6.2.1 Plain weave wire cloth stainless steel metal sieve, of nominal aperture size 0,5 mm and tolerances as
indicated in Table B.1 in Annex B.

6.2.2 A means of measuring pH, with an accuracy of £0,2 pH units. Cross-contamination shall be prevented.
(See Annex D)

6.2.3 Membrane filter, with a pore size of 0,45 ym.
6.2.4 Centrifuge, capable of centrifuging at (5 000 £500) g2 (See Annex D)
6.2.5 A means to agitate the mixture, at a temperature of (37 = 2) °C.

6.2.6 A selection of containers of gross volume, between 1.6 times and 5,0 times that of the volume of
hydrochloric acid extractant.

Table 2 — Analytical correction

Element =11 As Ba cd Cr FPh Hg Se
analytical correction (in %) 60 60 30 30 30 30 50 60

7 Selection of test portions

A laboratory sample for testing shall consist of a toy either in the form in which it is marketed, or in the
form in which it is intended to be marketed. Test portions shall be taken from accessible parts (see EN 71-1)
of a single toy sample, i.e. identical materials in the toy may be combined and treated as a single test
portion but additional toy samples shall not be used. Test portions are only permitted to be composed of
more than one material or colour where physical separation, e.g. dot printing, patterned textiles or mass
limitation reasons, precludes the formation of discrete specimens. (See Annex D)

NOTE The requirement does not preclude that test portions can be taken from materials in a form such that they are reprezentative
of the relevant material specified ahove and the substrate upon which they are deposited. (See Annex D)

Test portions where less than 10 mg of material are available are not tested.
8 Preparation and analysis of test portions
8.1 Coatings of paint, varnish, lacquer, printing ink, polymer and similar coatings

8.1.1 Sample removal/preparation procedure

Remove the coating from the laboratory sample by mechanical means at room temperature and comminute
it at a temperature not exceeding ambient. Obtain a test portion of not less than 100 mg passing through
a metal sieve of aperture 0,5 mm (see 6.2.1).

Where there is only between 10 mg and 100 mg of comminuted uniform coating available this shall be
tested in accordance with 8.1.2 and the quantity of the appropriate elements shall be ealculated as
if 100 mg of test portion had been used and the mass of the test portion shall be reported under 10e).

In the case of coatings that by their nature cannot be comminuted (e g. elastic/plastic paint) remove a test
portion from the laboratory sample without comminuting the coating.

8.1.2 Test procedure

Using the appropriate sized container (see 6.2.6), mix the test portion so prepared with 50 times its mass
of an aqueous solution at (37 + 2) °C of ¢(HCI) = 0,07 mol/l (see 6.1.1). Where the test portion has a mass of
between 10 mg and 100 mg. mix the test portion with 5.0 ml of this solution at (37 + 2) °C. Shake for 1 min_
Check the acidity of the mixture If the pH is greater than 1,5 add dropwise, while shaking the mixture, an
agueous solution of e(HCl) approximately 2 mol/l (see 6.1.4) until the pH is between 1.0 and 1.5. Protect the
mixture from light. Agitate the mixture at (37 + 2) °C (see 6.2.5) for 1 h continuously and then allow to
stand for 1 h at (37 £ 2) °C.

2 g = 0,506 65 m/s2.

6 ® BSI 2006
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Without delay, efficiently separate the solids from the solution, firstly by filtration using a membrane filter
(see 6.2.3), and if necesszary, by centrifuging at up to 5 000 g7 (see 6.2.4). Separation shall be completed as
soon as possible after the completion of the standing time; centrifuging shall take no longer than 10 min
and shall be reported under 10e).

If the resulting solutions are to be kept for more than the working day prior to analysis they shall be
stabilized by addition of hydrochloric acid so that the concentration of the stored selution is approximately

e(HC1) = 1 mol/l.

8.2 Polymeric and similar materials including laminates, whether reinforced textile or not, but
excluding other textiles

8.2.1 Sample removal/preparation procedure

Obtain a test portion of not less than 100 mg of the polymeric or similar materials, whilst avoiding heating
of the materials, aceording to the following directions.

Cut out test portions from the areas having the thinnest material eross section in order to ensure a surface
area of the test pieces as large as possible in proportion to their mass. Each test piece shall in the
uncompressed condition have ne dimension greater than 6 mm.

If the laboratory sample is not uniform in its material, a test portion shall be obtained from each different
material present in a mass greater than 10 mg. In the case where there is between 10 mg and 100 mg of
uniform material the mass of the test portion shall be reported under 10e) and the quantity of the
appropriate elements shall be calculated as if 100 mg of the test portion had been used.

8.2.2 Test procedure

Follow the procedure in 8.1.2.

8.3 Paper and paper board

8.3.1 Sample removal/preparation procedure

Obtain a test portion of not less than 100 mg of the paper or paper board.

If the laboratory sample is not uniform in its material. a test portion shall be cbtained from each different
material present in a mass of not less than 100 mg. Where there is between 10 mg and 100 mg of uniform
material the mass of the test portion shall be reported under 10e) and the quantity of the appropriate
elements shall be calculated as if 100 mg of the test portion had been used.

If the paper or paper board to be tested is coated with a coating of paint, varnish, lacquer, printing ink,
adhesive or similar coating, test portions of the coating shall not be taken separately. In such cases test
portions shall be taken from the material in accordance with this subclause in a way that they also include
representative parts of the coated area. Test portions so obtained shall be taken in accordance with
relevant methods specified in this subclause and this shall be reported under 10e). (See Annex D)

8.3.2 Test procedure

Macerate the test portion so prepared with 25 times its mass of water (see 6.1.7) at (37 £ 2) °C so that the
resulting mixture is homogeneous. Quantitatively transfer the mixture to the appropriate sized container
(see 6.2.6). Add to the mixture an aqueous solution of ¢(HCI) = 0,14 mol/l (see 6.1.2) at (37 £ 2) °C at

25 times the mass of the test portion.

Shake for 1 min Check the acidity of the mixture. If the pH is greater than 1.5 add dropwise, while shaking
the mixture, an aqueous solution of ¢(HCl) approximately 2 mol/l (see 6.1.4) until the pH is between 1,0
and 1.5. Protect the mixture from light. Agitate the mixture at (37 £ 2) °C (see 6.2.5) for 1 h continuously
and then allow to stand for 1 h at (37 £ 2) °C.

Without delay, efficiently separate the solids from the solution, firstly by filtration using a membrane filter
(see 6.2.3), and if necessary, by centrifuging at up to 5 000 g% (see 6.2.4). Separation shall be completed as
soon as possible after the completion of the standing time; centrifuging shall take no longer than 10 min
and shall be reported under 10e).

If the resulting solutions are to be kept for more than the working day prior to analysis they shall be
stabilized by addition of hydrochloric acid so that the concentration of the stored selution is approximately

e(HC1) = 1 mol/l.

3 g=0.806 65 m/s.
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8.4 Textiles, whether natural or synthetic

8.4.1 Sample removal/preparation procedure

Obtain a test pertion of not less than 100 mg of the textile material by eutting into test pieces, which in the
uncompressed condition have no dimensions greater than 6 mm. (See Annex D)

If the sample is not uniform in its material or colour, a test portion shall be obtained from each different
material present in a mass greater than 100 mg. A portion forming a mass between 10 mg and 100 mg shall
form part of the test portion obtained from the main material.

Samples taken from patterned textiles shall be representative of the whole material (See Annex D)

8.4.2 Test procedure
Follow the procedure in 8.1.2.

8.5 Glass/ceramic/metallic materials

8.5.1 Sample removal/preparation procedure

Toys and components shall be first subjected to the relevant tests in accordance with EN 71-1. If the toy or
component fits entirely within the small parts cylinder and contains accessible glass, ceramic or metallie
materials then the toy shall be tested in accordance with 8.5.2 after removal of any coating in accordance
with 8.1.1. (See Annex D)

NOTE Toys and components that have no accezsible glass, ceramic or metallic materials are not tested according to 8.5.2.
(See Annex D)

8.5.2 Test procedure

Place the toy or component in a 50 ml glass container with nominal dimensions: height 60 mm, diameter
40 mm. Add a sufficient volume of an aqueous solution of e(HCI) = 0,07 mol/l (see 6.1.1) at (37 £ 2) °C to
just cover the toy or component. Cover the container, protect the contents from light and allow the contents
to stand for 2 h at (37 £ 2) °C.

WOTE This type of container will take all components/toys that fit inside the small parts cylinder.

Without delay, efficiently separate the solids from the solution, firstly by decantation followed by filtration
using a membrane filter (zee 6.2.3), and if necessary. by centrifuging at up to 5 000 g¥ (see 6.2.4).
Separation shall be completed as soon as possible after the completion of the standing time; centrifuging
shall take no longer than 10 min and shall be reported under 10e).

If the resulting solutions are to kept for more than 24 h prior to analysis they shall be stabilized by addition
of hydrochloric acid so that the concentration of the stored solution is approximately ¢(HCI) = 1 mol/1.

8.6 Other materials, whether mass coloured or not (see Annex D)

8.6.1 Sample removal/prepration procedures

Obtain a test portion of not less than 100 mg of the material according to 8.2.1, 8.3.1, 8.4.1 or 8.5.1
whichever is appropriate.

If the laboratory sample is not uniform in its material, a test portion shall be obtained from each different
material present in a mass greater than 10 mg. Where there is between 10 mg and 100 mg of uniform
material, the mass of the test portion shall be reported under 10e), and the quantity of the appropriate
elements shall be calculated as if 100 mg of the test portion had been used.

If the material to be tested is coated with a coating of paint, varnish, lacquer, printing ink or similar coating
follow the procedure in 8§.1.1.

8.6.2 Test procedures

The materials shall be tested by the most appropriate method of 8.2.2, 8.3.2, 8.4.2 or 8.5.2. The method
used shall be reported under 10e).

4 g = 0,806 65 m/s2.
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8.7 Materials intended to leave a trace

8.7.1 Sample removal/preparation procedure for materials in solid form

Obtain a test portion of not less than 100 mg of the material by cutting into test pieces, which in the
uncompressed condition shall have no dimensions greater than 6 mm.

A test portion shall be obtained from each different material intended to leave a trace, present in the
laboratory sample in a mass greater than 10 mg. Where there is between 10 mg and 100 mg of material,
the mass of the test portion shall be reported under 10e) and the quantity of the appropriate elements shall
be calculated as if 100 mg of the test portion had been used. If the material contains any grease, oil. wax
or similar material, the test portion shall be enclozed in hardened filter-paper and these ingredients shall
be removed with n-heptane by using solvent-extraction (see 6.1.6).

8.7.2 Sample removal/preparation procedure for materials in liquid form

Obtain a test portion of not less than 100 mg of the material from the laboratory sample The use of an
appropriate solvent to facilitate the obtaining of a test portion is permitted.

A test portion shall be obtained from each different material intended to leave a trace, present in the
laboratory sample in a mass greater than 10 mg. Where there is between 10 mg and 100 mg of material,
the mass of the test portion shall be reported under 10e) and the quantity of the appropriate elements shall
be caleulated as if 100 mg of the test portion had been uzed. If the material is intended to solidify in normal
use and contains grease, oil, wax or similar material. the test portion shall be allowed to solidify under
normal use conditions and the resulting material shall be enclosed in hardened filter-paper and the grease,
oll, wax or similar material shall be removed with n-heptane (6.1.6) by using solvent-extraction.

8.7.3 Test procedure for samples not containing grease, oil, wax or similar material

Using the appropriate sized container (see 6.2.6). mix the test portion so prepared with 50 times its mass
of an aqueous solution at (37 + 2) °C of e(HC1) = 0,07 mol/l (see 6.1.1). For a test portion mass of between
10 mg and 100 mg, mix the test portion with 5.0 ml of this solution at (37 + 2) “C. Shake for 1 min. Check
the acidity of the mixture.

If the test portion contains large quantities of alkaline materials, generally in the form of ealecium
carbonate, adjust the pH to between 1.0 and 1.5 with hydrochlorie acid e(HCl) approximately 6 mol/l

(see 6.1.5) in order to avoid overdilution. The amount of hydrochloric acid used in relation te the amount of
solution shall be reported under 10e). If only small quantities of alkaline material are present and the pH
of the mixture is greater than 1.5 add dropwise, while shaking the mixture. an agueous solution of c(HCI)
approximately 2 mol/l (see 6.1.4) until the pH is between 1.0 and 1.5. Protect the mixture from light.
Agitate the mixture at (37 + 2) °C (see 6.2.5) for 1 h continuously and then allow to stand for 1 h at
(37+£2) °C.

8.7.4 Test procedure for samples containing grease, oil, wax or similar material

With the test portion remaining in the hardened filter-paper, macerate the test portion so prepared with
25 times the mass of the original material with water (see 6.1.7) at (37 £ 2) °C so that the resulting mixture
iz homogeneous. Quantitatively transfer the mixture to the appropriate sized container (see 6.2.6). Add to
the mixture an aqueous solution of ¢(HCI) = 0,14 mol/l (see 6.1.2) at (37 + 2) °C in the proportion of 25 times
the mass of the original test portion. In the case of a test portion mass between 10 mg and 100 mg macerate
the test portion with 2.5 ml of water (see 6.1.7). Quantitatively transfer the mixture to the appropriate
sized container (see 6.2.6). Add 2,5 ml of ¢(HCI) = 0,14 mol/l (see 6.1.2) at (37 = 2) °C to the mixture. Shake
for 1 min. Check the acidity of the mixture If the test portion contains large gquantities of alkaline
materials, generally in the form of caleium carbonate, adjust the pH between 1,0 and 1.5 with hydrochloric
acid e(HCl) approximately 6 mol/l (see 6.1.5) in order to avoid overdilution. The amount of hydrochloric acid
used in relation to the amount of solution shall be reported under 10e).

If only a small quantity of alkaline material is present and the pH of the mixture is greater than 1,5 add
dropwise. while shaking the mixture. an aqueous solution of ¢(HCl) approximately 2 mol/l (see 6.1.4) until
the pH is between 1.0 and 1.5. Protect the mixture from light. Agitate the mixture at (37 = 2) °C (see 6.2.3)
for 1 h continuously and then allow to stand for 1 h at (37 £ 2) °C.

NOTE The volume of the zolution e(HCL) = 0,07 mol/l or ¢(HCI) = 0,14 moll, as the case may be, 1s calculated on the mass of the test
portion prior to dewaxing.

Without delay, efficiently separate the solids from the solution, firstly by filtration using a membrane filter
(see 6.2.3) and if necessary, by centrifuging at up to 5 000 g% (see 6.2.4). Separation shall be completed as
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soon as possible after the completion of the standing time; centrifuging shall take no longer than 10 min
and shall be reported under 10e).

If the resulting solutions are to be kept for more than the working day prior to analysis they shall be
stabilized by addition of hydrochloric acid so that the concentration of the stored solution is approximately
¢(HCI) = 1 mol/l.

8.8 Pliable modelling materials, including modelling clays, and gels

8.8.1 Sample removal/preparation procedure
Obtain a test portion of not less than 100 mg of the material from the laboratory sample.

A test portion shall be obtained from each different material in the laboratory sample. If the material
contains grease, oil, wax or similar material, the test portion shall be enclosed in hardened
| filter-paper and these ingredients shall be removed with n-heptane by using solvent-extraction (see 6.1.6).

8.8.2 Test procedure for samples not containing grease, oil, wax or similar material

Using the appropriate sized container (see 6.2.6) mix the test portion so prepared after breaking up of clay
or doughy materials, if appropriate, with 50 times its mass of an aqueous solution at (37 £ 2) °C of
¢(HC1) = 0,07 mol/1 (see 6.1.1).

Shake the mixture for 1 min. Check the acidity of the mixture If the test portion contains large quantities
of alkaline materials, generally in the form of calcium carbonate. adjust the pH to between 1.0 and 1.5 with
hydrochlorie acid ¢(HCI) approximately 6 mol/l (see 6.1.5) in crder to aveid overdilution. The amount of
hydrochlorie acid used in relation to the amount of solution shall be reported under 10e). If only a small
quantity of alkaline material i= present and the pH of the mixture is greater than 1.5 add dropwise, while
shaking the mixture, an agqueous solution of c(HCI) approximately 2 mol/l (see 6.1.4) until the pH is
between 1,0 and 1,5. Protect the mixture from light. Agitate the mixture at (37=2) °C (see 6.2.5)for 1 h
continuously and then allow to stand for 1 h at (37 = 2) °C.

8.8.3 Test procedure for samples containing grease, oil, wax or similar material

With the test portion remaining in the hardened filter-paper, macerate the test portion so prepared with
25 times the mass of the original material with water (see 6.1.7) at (37 £ 2) °C so that the resulting mixture
is homogeneous. Quantitatively transfer the mixture to the appropriate sized container (see 6.2.6). Add to
the mixture an aqueous solution of c(HCI) = 0,14 mol/l (see 6.1.2) at (37 = 2) °C in the proportion of 25 times
the mass of the original test portion. Shake for 1 min. Check the acidity of the mixture. If the test portion
contains large quantities of alkaline materials, generally in the form of caleium carbonate, adjust the pH
between 1,0 and 1.5 with ¢(HC]) approximately 6 mol/l (see 6.1.5) in order to avoid overdilution The
amount of hydrochloric acid used in relation to the amount of solution shall be reported under 10e).

If only a small quantity of alkaline material is present and the pH of the mixture is greater than 1.5 add
dropwise, while shaking the mixture. an aqueous solution of ¢(HCI) approximately 2,0 mol/l (see 6.1.4)
until the pH is between 1.0 and 1,5. Protect the mixture from light. Agitate the mixture at (37 £ 2) °C
(see 6.2.5) for 1 h continuously and then allow to stand for 1 h at (37£2) °C.

NOTE The volume of the solution c{HCL) = 0,07 mol/l or ¢(HCL) = 0,14 mol/l, as the case may be, 1s calculated on the mass of the test
portion prior to dewaxing.

Without delay, efficiently separate the solids from the solution, firstly by filtration using a membrane filter
(see 6.2.3), and if necessary, by centrifuging at up to 5 000 g% (see 6.2.4). Separation shall be completed as
soon as possible after the completion of the standing time; centrifuging shall take no longer than 10 min
and shall be reported under 10e).

If the resulting solutions are to be kept for more than the working day prior to analysis they shall be
stabilized by addition of hydrochloric acid so that the concentration of the stored solution is approximately
¢(HCI) = 1 mol/l.

| 8.9 Paints, varnishes, lacquers, glazing powders and similar materials in solid or in liguid form

8.9.1 Sample removal/preparation procedure for materials in solid form

Obtain a test portion of not less than 100 mg of the material by seraping off the material or by cutting into
test pieces, as appropriate, which in the uncompressed condition shall have no dimensions greater
than 6 mm.

5 g = 0,506 65 mis2.
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A test portion shall be obtained from each different material present in the laboratory sample in a mass
greater than 10 mg. Where there is between 10 mg and 100 mg of material, the mass of the test portion
shall be reported under 10e) and the quantity of the appropriate elements shall be calculated as if 100 mg
of the test portion had been used. If the material contains any grease, oil, wax or similar material the test
portion shall be enclosed in hardened filter-paper and these ingredients shall be removed with

n-heptane by using solvent-extraction (see 6.1.6). |

If the test portion is removed by seraping comminute the test portion so that the material is capable of
passing through a metal sieve with an aperture of 0,5 mm (see 6.2.1).

8.9.2 Sample removal/preparation procedure for materials in liguid form

Obtain a test portion of not less than 100 mg of the material from the laboratory sample. The use of an
appropriate solvent to facilitate the obtaining of a test portion is permitted.

A test portion shall be obtained from each different material present in the laboratory sample in a mass
greater than 10 mg. In the case where there is between 10 mg and 100 mg of material, the mass of the test
portion shall be reported under 10e) and the guantity of the appropriate elements shall be caleulated as

if 100 mg of the test portion had been used. If the material is intended to solidify in normal use and contains
grease, oil, wax or similar material, the test portion shall be allowed to solidify under normal use conditions
and the resulting material shall be enclosed in hardened filter-paper and the grease, oil, wax or similar
material shall be removed with n-heptane using solvent-extraction (see 6.1.6). |

8.9.3 Test procedure for samples not containing grease, oil, wax or similar material

Follow the procedure in 8.7.3.

8.9.4 Test procedure for samples containing grease, oil, wax or similar material

With the test portion remaining in the filter-paper. macerate the test portion so prepared with 25 times the
mass of the original material with water (see 6.1.7) at (37 = 2) °C so that the resulting mixture is
homogeneous. Quantitatively transfer the mixture to the appropriate sized container (see 6.2.6). Add to the
mixture an aqueous solution of ¢(HCI) = 0,14 mol/l (see 6.1.2) at (37 = 2) °C in the proportion of 25 times
the mass of the original test portion. Shake for 1 min Check the acidity of the mixture. If the test portion
contains large quantities of alkaline materials, generally in the form of calcium carbonate, adjust the pH
to between 1.0 and 1.5 with ¢(HCI) approximately 6 mol/l (see 6.1.5) in order to avoid overdilution. The
amount of hydrochloric acid used in relation to the amount of solution shall be reported under 10e).

If only a small quantity of alkaline material is present and the pH of the mixture is greater than 1.5 add
dropwise, while shaking the mixture, an agueous solution of ¢(HCI) approximately 2 mol/l (see 6.1.4) until
the pH is between 1.0 and 1.5. Protect the mixture from light. Agitate the mixture (37 = 2) °C (see 6.2.5)
for 1 h continuously and then allow to stand for 1 h at (37 = 2) °C.

NOTE The volume of the zelution e(HCI1) = 0,07 mol/l or ¢(HCI) = 0,14 mol/l, as the caze may be, iz calculated on the mazs of the test
portion prior to dewaxing.

Without delay. efficiently separate the solids from the solution, firstly by filtration using a membrane filter
(see 6.2.3), and if necessary, by centrifuging at up to 5 000 g8 (see 6.2.4). Separation shall be completed as
soon as possible after the completion of the standing time; centrifuging shall take no longer than 10 min
and shall be reported under 10e).

If the resulting solutions are to be kept for more than one working day prior to analysis they shall be
stabilized by addition of hydrochloric acid so that the concentration of the stored solution is approximately

¢(HCl) = 1 mol/l.
9 Determination of the quantity of migrated elements

For the determination of the quantity of elements given in clause 1, methods having a detection limit of a
maximum of 1/10 of the values to be determined (see 4.1, Table 1) shall be applied. The detection limit (of
a method) is deemed to be three times the standard deviation of the blank value as measured by the
laboratory carrving cut the analysis of the toy materials.

Laboratories deviating from this requirement shall report the detection limit under 10¢).

9 g=9,806 65 m/s2.
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10 Test report

The test report shall contain at least the following information:

a) type and identification of the product and/or material tested;

b} a reference to this European Standard (EN 71-3:1994);

¢) the techniques used for determining the gquantity of each element and the detection limit if the limit
is deviating from the requirements in clause 9;

d) the results of the tests expressed as mg element/kg material, stating that the result is related to the
soluble element:

e) details of the procedure used (from clause 8) to prepare the test portion (including for example, if base
material was incorporated, if centrifuging was required to separate the solids from the solution prior to

analysis, if additional acid was required to lower the pH, if the ratio of solid to acid extractant exceeds
1 :50) and if the specimen was adjusted to 1 mol/l for overnight storage:

f) any departure by agreement or otherwise from the test procedure specified;
g) date of the test.

© BSI 2006
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Annex A deleted

Annex B (normative)
Sieve requirements

Table B.1 — Sieve dimensions and tolerances

Dimensions in millimetres
Nominal aperture Nominal wire Tolerances
size diameter in test - —
sieve Maximum deviation Tolerance for Intermediate deviation
for size of an average aperture (no more than 6 % of the
individual aperture apertures to exceed the
nominal plus this figure)
0.500 0315 +0,000 0018 70,054
© BSI 2006
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Annex C (informative)

Preparation and analysis of test portions

The diagram given below is an indication of which procedure to be used for the various toy materials.

or liquid form?

Is the toy material paper or | Yes | Is it plastics coated? Yoz Follow 8.2
paperboard?
No
No Follow 8.3

Has the toy mataerial a Yes | Follow 8.1 and test base matarial, it

ramovable coating? accessible, following 8.2, 8.4, 8.5,
8.6

I No

Is the toy material a non textile polymer? Yes | Follow B.2 |
a textile? Yas Foliow 8.4
glass/ceramic/metallic? Yes Follow B.5
othar material? Yoz | Follow 8.6 |
s material intended to leave a trace? Yes I Follow 8.7 |
pliable modelling materials and gels? Yes Follow 8.8 F
paints, varnishes, lacquers, glazing Follow 8.9
powders and similar materials in solid Yoz

Figure C.1 — Diagram showing the procedure and analysis of test portions

14
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Annex D (informative)
Background and rationale for the requirements and test methods in this part

of EN 71

D.1 Introduction

The way bioavailability is defined in the Toy Safety Directive led to the test methods in the standard
addressing the amount of soluble element migration from a toy material.

The approeach of total element determinations was discounted because of the following reasons.

a) The Directive indicates bioavailability limits and there has been no link to date between the availabil-
ity of an element in a toy material with respect to extraction with simulated gastrie solutions and the
total element content of the material

b) In some instances such as barium sulfate, 2 % can be included in produects to render them radio
opaque. This use of barium would either have to be excluded from toys or a separate requirement made.

Cadmium compounds can be used as a stabilizer in plasties such as polyvinylchloride (PVC). These
compounds under normal conditions are insoluble in the simulated gastric solution. Its use therefore, if

total elements were determined, would have to be accounted for in the requirements of the standard. A case
can be made for selenium, which ean be present as a constituent of insoluble pigments, ete. (See also D.4)

D.2 Scope
D.2.1 Packaging

“Unless part of the toy” is suggested to mean, for example, boxes containing jigsaw puzzles or where the
instructions are included on the packaging in the case of games, etc_, but taking into aceount the 2nd indent
of the note in the scope restricting the requirements to toys intended for children up to 6 years of age. It is
not intended te address for example. blister packs containing simple instructions.

D.2.2 Scope note

The note is intended to indicate an approach to the decision of what toys, or toy components are excluded
from the standard because of characteristics that render them unlikely to present a risk of injury by the
ingestion of materials containing the toxic elements.

This was considered a logical approach for a number of reasons including:
— as children get older there is less of a tendency for them to place toy/toy materials in their mouths and
therefore the risk presented by the ingestion of toxic elements is reduced:
— the larger the toy, or the less aceessible the material, the risk of ingestion of toxic elements is dimin-
ished.
It was therefore considered that all toys intended to be placed in the mouth, or close to the mouth would be
tested, e.g. pencils.

Toys intended for children over the age of six vears were considered not to pose a significant rizk of injury
through the ingestion of toxic elements.

7 See European Council Directive 88/378/EEC of 3 May 1988 concerning the safety of toys (published in the official journal of the
EC No. L 187 of 16 July 1988).
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D.3 Specifie requirements (zsee 4.1)
The limit of soluble barium has been raised from 500 mg/kg to 1 000 mg/kg for the following reasons.

The use of barium sulfate in toys has led to levels of soluble barium in the extraction solution

e(HC1) = (0,07 £ 0,005) mol/l at 37 °C of between 400 mg/kg and 600 mg/kg as expressed in the weight of
toy material taken This level is such that due to the statistical uncertainty of the determination, a PASS
or FATL could not be indicated.

The formation of non-bicavailable colloidal barium sulfate erystals in the filtrate resulting in levels of
apparently soluble barium which exceed 500 mg/kg because of problems with filtration.

In addition, the previous limit of migration of barium of 500 mg/kg from toy materials was not consistent
with 25,0 pg/day bioavailability and the 8 mg/day of toy material intake; 25,0 pg corresponds to a migra-
tion limit of 3 125 mg/kg. It is understood that the 500 mg/kg limit was consciously selected despite the
“theoretical” 3 125 mg/kg figure The effect of the 500 mg/kg limit was to reduce the biocavailability from
the advised 25 pg to 4 pg. It should be noted that the 25,0 pg figsure has been reduced from an initial
50.0 pg, not for toxicological reasons, but according to the Commission of the European Communities, “to
reduce the avoidable input on body burden”.

D.4 Statistical uncertainty of the test procedure and interpretation of results (see 4.2)

Most chemieal test methods are designed to measure the total amount of a substance in a material This
makes it easier to obtain an accurate result with close statistical agreement between laboratories because
there is an absolute or true value.

Because of the way bioavailability is defined in the Toy Safety Directive®, the test methods in the standard
measure the amount of soluble element migration from a toy material. With this type of chemieal test the
result is dependent upon the specified conditions of test and there is no absolute or true value.
Consequently, it is more difficult to obtain close statistical agreement between laboratories when
performing such migration tests.

This is illustrated by the statistical information in the 1988 edition of the standard taken from a 1987
European interlaboratory trial involving 17 laboratories. Results on an identical material varied by at least
30 % and up to 50 % between laboratories depending on the instrumental technique used to measure the
soluble element concentration of the filtrate. Moreover, these figures would be approximately 3 times
higher if adjusted to give a 95 % confidence level.

This degree of statistical uncertainty creates problems for manufacturers and enforcement authorities if
test results are near the maximum limits allowed in the standard. Then it is not statistically possible to
pass or fail a toy and it leads to inconsistency in the interpretation of results.

There is no direct relationship between the total element content of a toy material and the soluble
migration of that element under the standard test conditions. Therefore, measuring the total element
content and converting the result to give a soluble element figure is not an answer to this problem. Setting

maximum total element limits is a possibility but requires an amendment to the Toy Safety Directive®.
(See also D.1.)

Since 1988, the test procedure for paint coatings on toys has been thoroughly investigated to find which
parameters significantly affect the results. The most critical parameter is the shape, size and mass of the
paint particles produced by removal of the paint and its subsequent comminution. Other less critical
parameters include the method of shaking, the temperature, and the type and porosity of filter-paper.

As aresult, a defined seraping and comminution procedure for collecting a 300 pm to 500 pm paint test
portion was proposed as a revision to the test procedure. A European interlaboratory trial was conducted
in 1993 with 29 participating lahoratories to compare the amended procedure with that in the 1988
standard.

The trial showed that results on an identical material can vary by at least 25 % and up to 80 % depending
on the instrumental technique used to measure the soluble element concentration of the filtrate.

Statistical agreement between laboratories showed improvement using a defined scraping procedure, but
not when eollecting a 300 pm to 500 pm test portion. However, any improvement was not significant
enough to justify the proposed changes.

8 See papge 14.
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The trial confirmed that different instrumental technigques contribute to the statistical uncertainty of the
test procedure. It was also noted that laboratories need to check and calibrate their instruments on a
regular basis to ensure accurate readings. Inductively Coupled Plasma (ICP) was more widely used by
laboratories this time and tended to show better agreement for most of the elements, particularly arsenic,
antimony and selenium However, it is not as sensitive as hydride generation methods for low levels of the
same elements.

A test procedure that produces results varying, at best, by 25 % between laboratories would normally be
considered as technically unsuitable as a reference method. However, in reality, toys will either easily pass
or fail this test and only in relatively few cases will a result come within the area of uncertainty. When this
oceurs, it is important that laboratories interpret the results in the same way.

It has been accepted that the test procedure cannot be improved without imposing time consuming, costly,
and in some cases, impractical burdens on laboratories with little benefit in terms of statistical agreement
and safety. Therefore, the procedure allows laboratories to use their preferred technique for seraping the
paint off toys, collecting the portion that passes through a 500 pm sieve and determining the soluble
element concentration of the filtrate.

To achieve consistent interpretation of results, a correction factor for each element has been introduced into
the standard applicable to all instrumental techniques. These are taken from the precision data in the 1958
standard and are used when an analytical result equals or exceeds the maximum limit. The analytical
result is adjusted as described in 4.2, using the relevant correction factor. This way of interpreting the
results is perfectly adequate as a screening test to differentiate between safe and unsafe toys as well as
ensuring the safety of children.

In future, it is recommended that laboratories check and compare their performance when using the test
procedure by using reference materials and participating in a proficiency scheme.

D.5 Reagents (see 6.1)
D.5.1 deleted

D.6 Apparatus (see 6.2)

D.6.1 Plain weave wire cloth stainless steel metal sieve (see 6.2.1)
See D.4.

D.6.2 A means of measuring pH (see 6.2.2)

The measurement of pH is now not restricted to the use of a pH meter.

D.6.3 Centrifuge (see 6.2.4)

This is a new subelause and specifies the performance requirements for centrifuging limits and amount of
time permitted for centrifuging (to 10 min) and requires this to be reported under 10e). The later is
necessary as centrifuging has been reported to increase the extraction of barium.

D.6.4 A selection of containers (see 6.2.6)

The indieation of the gross volume of the containers is intended to ensure adequate movement of the
solution leading to a more efficient extraction.
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D.7 Selection of test portions (see clause 7)

The practice of analysing “composite” (ecombination of different materials or colours) test portions is neither
appropriate nor will it normally be necessary (with the availability of the 5.0 ml” test method). The
analysis of composite materials is not satisfactory because from a theoretical viewpoint it can result in the
reduction in the migration of toxic elements that would otherwise occur. A simple example is known to have
occurred, 1.e. barium extraction from paint was reduced when co-extracted with another paint. This may
have been the result of a counter-ion in the second paint which would eause the barium to be precipitated.
Sulfate is such a counter-ion; whether sulfate itself was involved is not known and is not important for the
establishment of this principle. Thus, except for the cases where the separation of colours or toy material
is impractieal, e.g. dot printing, each discrete area is treated as a single sample.

The note makes it possible to test toy materials which are not in the form of a toy for reference purposes.
However, the standard clearly requires taking of test portions from the toy itself.

D.8 Paper and paper board (see 8.3)

D.8.1 Sample removal/preparation procedure (see 8.3.1)

Paper and paper board are to be treated as if they were a single material, i.e. surface coatings, if present,
are not to be removed, but test portions will include representative parts of the surface. This proecedure has
been adopted because in the practical situation of a child chewing paper and paper board, preferential
removal of a coating is unlikely and the substrate is equally important.

D.9 Textiles, whether natural or synthetic (see 8.4)

D.9.1 Sample removal/preparation procedure (see §.4.1)

It is not feasible to take separate coloured test portions from a complex patterned fabric. It is therefore
required that a single test portion be taken that represents all the colours in the material.

D.10 Glass/eeramic/metallic materials (see 8.3)

D.10.1 Sample removal/preparation procedure (see 8.5.1)

Toys or components which do not fit entirely within the “small parts cylinder” of EN 71-1 are not tested
because there is no hazard from ingestion and no significant extraction oceurs with saliva simulator. The
small parts cylinder is used to assess the size of toy/toy components of all relevant age groups.
Comminution of glass, ceramic and metallic materials is inappropriate. Agitation of the test solution would
be impractical for many examples and thus extraction is carried out without shaking. The diameter of the
vessel and the orientation of the test portion have been selected to minimize variables.

Glass, ceramic and metallic materials completely coated so that no glass, ceramic or metal is accessible as
defined in EN 71-1 are not tested according to this requirement.

Where glass, ceramic and metal surfaces are accessible even when partially covered by a coating these are
tested in accordance with 8.5.2 after remowval of the partial coating entirely according to the method

in 8.1.1. This procedure is a compromise as only a single toy may be taken as a sample as specified in
clause 7 of this standard.

D.11 Other materials, whether mass coloured or not (see 8.6)

This subclause incorporates mass coloured materials and other materials which are not coloured such as
wood, hardboard, leather and bone, ete. which may have received some other treatment, but were not
covered by the 1988 standard.

18 © BSI 2006
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Annex ZA (informative)
Clauses of this European Standard addressing essential requirements or other
provisions of EU Directives

This European Standard has been prepared under a mandate given to CEN by the European Commission

and the European Free Trade Association and supports essential requirements of
EU Directive 88/378/EEC.

WARNING: Other requirements and other EU Directives may be applicable to the product(s) falling
within this standard.

The following clause of this standard as detailed in Table ZA 1, is likely to support requirements of
Directive 88/378/EEC.

Compliance with the clauses of this standard provides one means of conforming with the specific essential
requirements of the Directive concerned and associated EFTA regulations.

Table ZA.1 — Correspondence between this European Standard and EU Directives

Essential Reguirements of Directive 88/378/EEC as given in Corresponding clause of this part of EN 71
its Annex II
I1.3 1., 2. and 3. (Chemical properties) 6.1.6, 8.7.1, 8.7.2, 8.8.1, 8.9.1, 8.9.2
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BSI — British Standards Institution

BSI is the independent national body responsible for preparing
British Standards. It presents the UK view on standards in Europe and at the
international level. It is incorporated by Royal Charter.

Revisions

British Standards are updated by amendment or revision. Users of
British Standards should make sure that they possess the latest amendments or
editions.

It is the constant aim of BSI to improve the quality of our products and services.
We would be grateful if anyone finding an inaceuracy or ambiguity while using
this British Standard would inform the Secretary of the technical committee
responsible, the identity of which can be found on the inside front cover.

Tel: 020 8996 9000. Fax: 020 8996 7400.

BSI offers members an individual updating service ecalled PLUS which ensures
that subseribers automatically receive the latest editions of standards.

Buying standards
Orders for all BSI, international and foreign standards publications should be

addressed to Customer Services. Tel: 020 8996 9001. Fax: 020 8996 7001.
Standards are also available from the BSI webszite at http://www . bsi-global.com.

In response to orders for international standards, it is BSI policy to supply the
BSI implementation of those that have been published as British Standards,
unless otherwise requested.

Information on standards

BSI provides a wide range of information on national, European and
international standards through its Library and its Technical Help to Exporters
Service. Various BSI electronic information services are also available which give
details on all its products and services. Contact the Information Centre.

Tel: 020 8996 7111. Fax: 020 8996 7048.

Subseribing members of BSI are kept up to date with standards developments
and receive substantial discounts on the purchase price of standards. For details
of these and other benefits contact Membership Administration.

Tel: 020 3896 7002. Fax: 020 8996 7001. Further information about BSI is
available on the BSI website at http://www.bsi-global.com.

Copyright

Copyright subsists in all BSI publications. BSI also holds the copyright, in the
UK., of the publications of the international standardization bodies. Except as
permitted under the Copyright, Designs and Patents Act 1988 no extract may be
reproduced, stored in a retrieval system or transmitted in any form or by any
means — electronic, photocopying, recording or otherwise — without prior written
permission from BSIT

This does not preclude the free use, in the course of implementing the standard,
of necessary details such as symbols, and size, type or grade designations. If these
details are to be used for any other purpose than implementation then the prior
written permission of BSI must be obtained.

If permission is granted, the terms may include royalty payments or a licensing
agreement. Details and advice ean be obtained from the Copyright Manager.
Tel: 020 8996 7070.
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UNITED STATES
CONSUMER PRODUCT SAFETY COMMISSION
DIRECTORATE FOR LABORATORY SCIENCES
DIVISION OF CHEMISTRY
10901 DARNESTOWN RD
GAITHERSBURG, MD 20878

Test Method: CPSC-CH-E1001-8.1
Standard Operating Procedure for Determining Total Lead (Pb) in Metal
Children’s Products (including Children’s Metal Jewelry), Revision
June 21, 2010*

This document provides detailed information on test methodologies that will be used by the U.S.
Consumer Produet Safety Commission’s testing laboratory (LSC) in the analysis of children’s
metal products for lead (Pb) content. The set of methods described are used to determine the
total lead content of metal items such as but not limited to children’s metal jewelry. This version
replaces the previously 1ssued Test Method CPSC-CH-E1001-08. The changes are mainly
editorial in nature.

CPSC staff has concluded that these test methods are sufficient to determine lead content in most
metal consumer products. Adjustments may be necessary for products made from certain alloys.
and should be based on sound chemistry knowledge and appropriate acids for the matrix. Test
methods selected shall be those that best demonstrate they can achieve total digestion of the
sample material being analyzed. Test methods shall not be used if they are inconsistent with the
specified application of the test method or do not demonstrate the best performance or
proficiency for achieving total digestion of the sample material.

The methods apply to metal and metal alloy components and have not been recommended by
CPSC staff for other materials that will not dissolve under the conditions specified below. or
when combined with the specified acid(s) results in an inappropriate combination of materials
that would not be consistent with safe laboratory practices.

The general approach is to grind any accessible component part of a sample to a powder. digest
completely in a combination of hot concentrated nitric and hydrochloric acids and analyze by
Inductively Coupled Plasma — Optical Emission Spectroscopy (ICP-OES).

*This 15 a revision of CPSC Test Method CPSC-CH-E1001-08. This document was prepared by CPSC staff, has not
been reviewed or approved by, and may not necessanily reflect the views of the Commission
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Other analytical methods such as Inductively Coupled Plasma — Mass Spectrometry (ICP-MS)
and Flame Atomic Absorption Spectroscopy (FLAA) and Graphite Furnace Atomic Absorption
Spectroscopy (GFAA) may be used under appropriate conditions as an alternative to ICP-OES
using applicable, recognized analytical techniques for the alternative method.

Definitions

1. Sample — An individual consumer product or a group of identical consumer products
trom a batch to be tested.

2. Component part — Individual sub-unit within the total sample. An item such as a bracelet
may be broken into its component parts such as bead, hook. pendant, with those
component parts individually analyzed.

3. Instrument Detection Limit (IDL) — 3 times the standard deviation of 10 replicate
measurements of reagent blank.

4. Method Detection Limit (MDL) - Reagent blank fortified with 2-3 times the IDL. Seven
replicate measurements are made. Calculate the MDL as follows: MDL =tX S, t=3.14
(99% confidence level for 7 replicates). S= standard deviation.

5. Laboratory Reagent Blank (LRB) — extraction or digestion media used for a particular Pb
test. LRB data are used to assess contamination from the laboratory environment.

6. Calibration Blank — deionized water acidified with nitric acid (3 ml concentrated nitric
acid diluted to 100 ml with deionized water).

7. Stock Standard Solution — 1000 ppm solution of Pb purchased from reputable
commercial source, used to prepare calibration standards. Replace before expiration date.

§. Calibration Standards - Solutions containing 0 to 25 ppm of Pb in 3% nitric acid matrix
are used. A minimum of 4 calibration standards are used. Calibration standards shall be
prepared weekly.

9. Quality Control Sample (QCS) - A solution containing Pb that is used to evaluate the
performance of the instrument system. QCS is obtained from a source external to the
laboratory and Stock Standard Solution.

10. Certified Reference Material (CRM) — CRMs are materials with similar matrix as test
samples with known lead levels. The CRMs are used to verify digestion and analysis
methods, Examples of CRMs are listed in the Equipment and Supplies section below. but
are not limited to only the ones listed.

Equipment and Supplies: The materials used for sampling and analyses are as follows:

Nitric Acid. Trace Metal Grade

Hydrochlorie Acid, Trace Metal Grade

Digestion Vessels, 50ml

Hot block digester (such as Environmental Express Hot Block)
Metal Cutters

Distilled Water

Microwave Digestion Apparatus

Rotary Grinder (Such as Dremel Tool) with carbide burr grinders
Orbital Shaker

e S aa
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10. CRMs for Metals with known lead content. such as NIST SRM 544, 1728, ete.
11. Internal Standard (such as yttrium, from a stock standard solution of that element.
appropriate to the instrument parameters of the ICP used for the analysis)

I. Total Pb in Metals Digestion

When preparing a sample, the laboratory shall make every effort to assure that the aliquot
removed from a component part of a sample is representative of the component to be tested.
and is free of contamination.

Each unique, accessible component part from a sample is analyzed for total Pb content.
CPSC laboratory staff use either of two methods for determining lead content in metal items.

One method used by CPSC staff is a hot block digestion. based on methodology found in
Canada Product Safety Bureau Method C-02.4." This method is equivalent to the procedure
referred to as I. Sereening Test for Total Pb Analysis given in the CPSC Standard Operating
Procedure for Determining Lead (Pb) and Its Availability in Children’s Metal Jewelry
2/3/2005 (http://www.cpse. gov/businfo/pbjeweltest.pdf). Note that the second part of the
reference procedure for determining acid extractability is not applicable for the determination
of total lead content.

The other method used by CPSC staff is a microwave digestion method based on EPA

2 .
method 3051A° (http://www.epa.cov/epawaste/hazard/testmethods/sw846/pdfs/305 1a.pdf)
with modifications as described below.

Modifications of these methods may be necessary for certain alloys taking into account
appropriate acids for digestion. Certified reference materials that closely match the alloy of
the tested product should be used to verify accuracy of digestion and analysis methods.

SAMPLE PREPARATION METHODS

Either of two methods outlined below have been found by LSC staff to be suitable for
preparation of metal samples within the scope of this document for subsequent elemental
analysis.

A. Hot Block Method

1. If the item is coated with paint or a similar surface coating (it may contain Pb), the
coating shall be removed and analyzed. separately from the base metal, for lead content
as deseribed in the CPSC Standard Operating Procedure for Determining Lead (Pb) in
Paint (http://'www.cpse.gov/businfo/leadsop.pdf). Care should be taken to remove as
little of the substrate metal as possible.

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

! Determination of Total Lead in Metallic Consumer Products
* Microwave Assisted Acid Digestion of Sediments, Sludges. Soils. and Oils
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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 inerease the rate
of dissolution. If used. grinding apparatus (such as a rotary grinding tool with
disposable grinding bits) must be thoroughly cleaned to prevent cross-contamination.
Record actual weight to the nearest 0.1 mg.

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.

After cooling. add 2ml of concentrated hydrochloric acid and stir.

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

Warm up solution to at least 60°C and gently agitate on orbital shaker or with stirrer or
shaker bath for a minimum of 4 hours.

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

Dilute samples so that Pb results are within calibration range of mstrument. Generally a
1:50 dilution is sufficient.

B. Microwave Method

If the item is coated with paint or a similar surface coating (it may contain Pb), the
coating shall 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 (http://www.cpse.gov/businfo/leadsop.pdf). Care should be taken to remowve as
little of the substrate metal as possible.

Weigh out a 30-100 mg piece of metal item into appropriate microwave vessel equipped
with a controlled pressure relief mechanism. Component parts of children’s produets
meluding metal jewelry items generally weigh several grams or more. and an aliquot
(with no paint or similar surface coating) will have to be obtained. Samples should be
cut or ground into many small pieces to merease the rate of dissolution. If used.
grinding apparatus (such as a rotary grinding tool with disposable grinding bits) must be
thoroughly cleaned to prevent cross-contamination. Record actual weight to the nearest
0.1 mg.

Add 4.5 ml of concentrated nitric acid, and 1.5 ml of concentrated hydrochloric acid to
each vessel. Wait for initial reaction of acid and sample at room temperature to be
complete (to the point of no obvions fuming or bubbling) before sealing vessels. Seal
vessels in accordance with manufacturer’s directions.

The microwave method should involve increasing temperature of each sample to at least
175°C in approximately 5.5 minutes, and holding at 175°C for 4.5minutes

Allow the samples to cool for a minimum of 5 minutes before removal form microwave.
Vent the microwave vessels in fume hood before uncapping.

Quantitatively transfer the sample to 50 ml volumetric flask or disposable volumetric
digestion cups. Dilute to 50 ml with deionized water.

Total Pb in Metals Analysis

Analyze diluted samples for Pb concentration using ICP spectrometer (or Atomic
Absorption spectrometer). Analysis procedures for ICP-OES and FLAA and GFAA are

107



based on methodology found in ASTM E 1613-04°. ICP-MS may also be employed with
appropriate procedures, such as EPA 6020A%. (Note: Method C-02.4 describes alternate
procedure for analysis by Atomic Absorption Spectroscopy.) Calculate total lead
concentration in the component part from that of the diluted sample. accounting for all
dilution and reported as percent by weight of the component part itself,

ICP Operating Procedures and Quality Control Measures

Analysis
1. Ignite plasma. Perform wavelength calibration or torch alignments per instrument
manufacturer recommendations
Allow the mstrument to become thermally stable before beginning.
3. Ensure the following element and wavelength are selected in analytical method:
a. Pb220.353
b. One other Pb line such as Pb 217.00 is used to ensure spectral interferences are
not occurring during analysis,
4. An mtemnal standard such as 2 pg/ml yttrium 1< used
5. Perform calibration using calibration blank and at least 3 standards. Calibration shall be
performed a minimum of once a day when used for analysis, or each time the instrument
15 set up. Results for each standard shall be within 5% of the true value. If the values do
not fall within this range. recalibration is necessary.
6. Analyze the QCS immediately after the calibration. The analyzed value of Pb should be
within £10% of the expected value. If Pb value is outside the =10% limit recalibration is
required.
a. At least one LRB must be analyzed with each sample set. If the Pb value exceeds
3 times the MDL. the laboratory or reagent contamination should be expected.
The source of the contamination should be identified and resolved before
continuing analyses. The LRBs should be the same acid concentrations as added
to the sample and should be taken through the same digestion procedure
At least one certified reference material (CR) will be analyzed with each batch of
samples. The CR should be similar material as test specimen with a known amount of
Pb. Analyte recoveries should be within +15% of expected values. If recoveries are
outside this limit, the source of the problem should be identified and resolved before
continuing analyses.
8. Dilute any samples that have Pb values exceeding 1.5 times the high calibration
standard, and reanalyze.

? Standard Test Method for Determmnation of Lead by Inductively Coupled Plasma Atomic Emission Spectrometry
(ICP-AES), Flame Atomic Absorption Spectrometry (FAAS), or Graphite Furnace Atomic Absorption Spectrometry
EGFAAS) Techniques

Inductively Couple Plasma-Mass Spectrometry
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Calculations and Results Reported
Results for the Pb test methods are calculated and reported as follows:

Total Percentage Pb:  %Pb (wt./wt.)=Cx D/ W x 100% / 1000 pg/mg
a. C=concentration of Pb detected (in units of pg'ml)
b. D= dilution factor (in ml units)
¢. W=weight of aliquot digested (in mg units)

Example:
Table 1: Total Pb Analysis

A 50mg aliquot of a component part was digested and diluted to 1000ml in order to analyze
by ICP. The ICP analysis found 20ug/ml of lead in the solution, which showed that the
original component part contained 40% Pb by weight.

© D) W)
Concentration
Detected on Dilution
ICP factor Total Pb Sample
Component (ng/ml Pbh) (ml) (ng) wt. (mg) % Pb
Pendant 1 20 1000 20.000 50 40

Summary of Changes in Revision CPSC-CH-E1001-8.1

1. Page 1 1. revised test method # and date

Page 2. removed IDL and MDL CPSC lab values: not relevant to method and new

instruments will have different values

3. Page 2. definition 10, last sentence revised to allow other sources for CRMs

4. Page 3. changed CRMs recommended, removed NIST 53¢ and 1129 (not certified for
Pb) added 1728 (new NIST SREM with 545 ppm Pb in Tin matrix)

5. Page 4. changed microwave temperature requirements from “175=5" to “at least 1757

[ )
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Lekkar, P, Chotipong, A., and Sutthirat, C. Lead leachate from rubies undergone heat
treatment process . 2012 AASRI Conference on Modelling, Identification and Control,

Hong Kong, December 19-20, 2012.
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