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A survey on reference materials and analytical methods for determination of trace
elements in oil-based paints

Tomoko ARIGA

Abstract

In our daily life, we use various types of oily materials such as edible oils, petroleum products, lacquers, adhesives and
oil-based paints. With increase of interests in protection of our health, regulations of toxic substances in these materials
have been tightened, and requirements for ensuring a reliability in analytical testing have been stricter. In addition,
number of samples being tested is increasing day by day. However, conventional analytical methods shown in major
standards such as ASTM, ISO, and EU standards, EN 71 would not fit for this current situations, because of the highly
analytical skills and the complicated time-consuming analytical procedures. Furthermore, few reference materials
required for calibrating and validating the analytical methods have been available, which resulting in difficulty to ensure
analytical reliability.

This survey treats oil-based paints as an issue, focusing on the following point; related international and domestic
regulations, analytical methods adopted in major standards and their trends in scientific journals, and reference materials
distributed by national metrology institutes. Expecting analytical methods and reference materials for the increasing

demands are also described.
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M$I%%m®ﬁ T 2R LIFRE-> T  L¥ERGORREZ GG, T 27200 T¥EMEL L
ETBY, INSOMWKRICEINLIHEESBICHEOMME LS TwL, BEHT RIS OER, wins
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B2 —Ic s Twi, poTIIEBRERE LT
1beh, mefbk$l, 7 o Alkshe o ESERLLEWAH
WHENTBEY, FRKFRERA X EOFESBILEY
HBEEEFICBE 7 CHIFORMA & L THwsRTWwzZ
Ebd o7z BETIIHESBIBREER MEANTITTE
REEEFE 2 CHENAVC LRI T 4 282
s noodh), AEEEOER~OMH OB O
FlroTwad, 72720, BROMEEOBIETH B
RWAHIE L CHBIN REE D EITRAT 5 WD
b5, F72, HFEEBICEYZMAEE L7228 aERCRN
FNIER A CTH 2 = L2 s, HElAH5%i s h ¢
W WETIIRZZMZEREH SN THE 2L b D
5. EE, CKREMHEBETRMZE2ZH% (US Consumer
Product Safety Commission, CPSC) 1 &5 4 & 2B il
B ZTW5D E LT 2007 F0 14T 2000 THFE L D
TYTHEAD) -V EToTwE Y, BRHIE TR
AHEEEIBITNT HHHNIEARL (o TWVAH T L
5, WHHEESEOME PO L ERmFTO=— X
(Ee=1%)
ARFAWIFETI, WPEE O T F R B A
HLLTHEEELZ ORISR, 2o 13
B ICLERTR 2 EENCE B L, SR E S8R IO
TLHMRFOaHTE, ROBEEWE QBRI DT
L7z FRAERERED LI, SBRFENSELET
BEINDHTEREEEYEIZOWTER L2

2. FERERH

—HOEE, FEEITHR (RRTEAEbETCERTH
EPA) AN E NS & MEIZREEARTT R % 3 4
INVOBEEAEL, ToRE LTHRA 28 - Kl
FERZBI SR T, AFEOETIE, —HoeETHEIE
WAREELE 2 A L CB Y, BERIChishs &
W& D ERERICEREZ RIET LW DIC o TE
7o, AFETIE, INSOEBILHED ) LBEIOFEFE L
LCHEeEICHEM SN TE28 (Pb), K4 (Hg), 7
F3Iwa (Cd), ¥ (As), AX (Sn) OAFEMIZO
WT ORI, TEOKT p BRI O WTE L
D7z,

2.1 $# (Pb)

Poid&momTh Bz d L HWwbENRTEZIT
FTHY, »OTUIECERRBEEEE LTS EH
ENTWwiz Pbx & & EEHL &% E (Lead-Based
Paint, LBP) & IFE, REOMNE - FMECRKHE i
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EY, BEEFOEHRIZIZHWLNTEL Lol
P IZMNEICHEFELRITLETH Y, KRETH - T Ok
HUIC R EE S AUl Ui e sl &R 3. 72, mil
JEOFIIB S NG EMRERICEE Y X7 L CHMEZ ]
gLy, BEEFrslaRI LAV T 5. HED
Pb ZIEHLL 723561208, JIRRI T R 5 E A4, WREATE),
A, $HELISREI TIPS S 2 EBHS A
o TwnY, RETOMETIE, 1978 4F £ b LIS
BB SNTCRBOBRRE IITEHERPHEHINTED
WD P ~NOBETIIEIZ NS OERER OB %
BERLZD, FOMERXRAAZYTLHIEIZL D]
ERIENTVDZEDFHLPII 572 PbOAFT
o IMENOFEEREARE 2T, FAEEBENIC O &SR
REMT DB ENEAN L > T WD, 2009 FFIZA A A
DY a A — 7 THMfE S 725 2 IERR L B B i
(International Conference on Chemical Management, ICCM)
2B, EEEELEEH O 720 O EIRSH 2 Mk & LT U8
EA BRI OBEMIZI D ML TSR (Lead Paint Alliance,
LPA)" ASRESLEM, 2020 4F E TIZESMEH CBEHET 5
e HEILEIT W,

2.2 KR (Hg)

Hg (ZIBIUREIRIC L 57213 dH 5 b o O mARIKER, A%
HEROWTNOLEBRETLITE A EOBE, MEIZEK
B A TS, ARRSUIREROREYE L LT
Mo, EPIZI) AT D Z LI X o TR AR E
KABERT X T, KA FOUKSITBE P &
N5 EAKRNICER SN T Wzo, ARG X > T
b R 2T  HAEYAN D EREE T, ERK
SRUTROEI S N2 LB ICEEZT &R LD
HEHVIFEEN L RFEICLVBEREEZTIESRILADT
LT EPHBENTWD,

BAE TSGR BT 5 Hg O & IZEL L Tw b
A%, 1992 48 & ) DI I3 A e h €05 EEZ IR 5
TODREMFE LTI Ty 7 AWEHIEERE 7 — = VKR
(phenylmercuric acetate, PMA) 2SR ENLTHB Y, K=
DN - FREEZHH ST w7z 1980 I IE K E O
I VA M TTFHATKER RN X 2 BOmE IR & SR 3
LRI SN, ZOROAET I OREHHED T
FRERED T T v 7 ABEO&E N SIS L 72 Hg T
HEZEDPPSRPI oY ThEZITT, KET
13 1991 4E 12 BB~ D PMA DR EEIE S 27, £72
FEIFEA912 & Hg O LB~ OPE TR L < HIBR &
DO AL, 0I3FEIZIEAL ADY 24— T Tirbih/z

B W O2E W & B 2 (Intergovernmental Negotiating
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Committee, INC) (Z35\>C Hg K UKL &M D BrEE~
DNBWRHERED S ¢ s OB OB T 5 2 L
FHMWE LT KFGUCET KRS BEESHh, [
FEREART L OKET CHAUDPTIN S Nz RENIZE
R ELT v 7%, —Emll o Hg &0 R N0
Pk wgl A% 2020 4E F CICEIEIRET A2 L %
BIFCws, BEICEENS Hgll oW T LN ORISR
ELTHREIE SN TR WD, REHIZTEME~D
Hg O 4t % 20k LT 2 720 B S Lo H ok
RE D,

2.3 0L (Cr)

Cridzunz) —ryRrusfTu—E0REHNE
BEATICEEINLEB/BTETHL. CrOFTHR
zuaas (Cr (VD) o@mfrmd <, 2500 Cr (VD)
AT & BRSO 5E, WE, EEOIPIR SR O AT
HlEEIY. 20 (VD BEPAEZHELTED,
BN AE N EIIBARESAZHFRT LI LD
MoNTWaT BINTIEET - AR~ Cr (VD
DL RoHS $84 (Directive on the restriction of the use
of certain hazardous substances in electrical and electronic
equipment: Restriction of Hazardous Substances (RoHS)
Directive) 12X > THHI SN TWwb. Z 0 RoHS 4l
BRIV TRIEZOBHNRE LTV o0, &
T BEEREEEPEHA SN TV L EPL VD
WEL S MRHBIHI O R & 4B,

2.4 HKNIJL (Cd)

CdiZn FIv A Tu =R FI T ALy FEOR
BERNCEEINLEB/ILETH L. HAREHNTIE 1910
FRUBEICRLEO THIPKIZE IR T2 CdIZ L -
T, BIHEOMEITRETA ¥ 41457 AmEFIEN 5
NERPFE L, CAITERICER SN, Bk
FECERM SN2 E Il 3BEREZIISEZ Y. CdidA
RIZBRWEFEZ AT A 2 LSRR TBY, B
TIEEMNA CERAD Cd DFEHDHIR S TwWD, |
RENIZBWTIE, AEAEEIC L - TR e a Il
HEN2®E O Cd &4 =D LIRA 75 mgkg [ZHE S L
TWh,

2.5 EX% (As)

AsIFT ATV 7)) — VEOFEMECEETNS &
FBILETH ), HhvELe RILAWEIT L A LD/
R BV T MEIZRVEEEZRT. As & =R A
AALZEA T ICRIEATE &, Bhaemm, T
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#RlERIT. FEEOHAICBHICELZ LD L. E
HIMIZ As 2B Lt % &, B2 AT 280 A il e s o,
EIMEROKTICL2EMFHFLZG SR T £/, As
EEBAMEAT AL OHLNIR-TEY, Mirh
REEVPADRRE %5, As DFOHFEEEE 2T,
HARENTIE M ERIC L D EEohB IR s s
EEO As EHED FRRIZ 25 mgkg EHE SN TV D,

2.6 ZZ (Sn)

MRS 7 2 RER A T A FEEOWERAED I ET 5
DxIET 2720, MEOEEIIIHHER LTINS
BEPHCOND, PHEEHIIRAEDH & L THEEX
ZALE D HRMENTEBY, FTOREWHIE LTOR)
BEAEW MY T F IOV A X (tributyltin, TBT) & X 5
HHEA ZALEWIE 1970 4EH2 5 1980 AU 21 TIL <
FAwbshTEZ L LZOROIETHEA X455
WHEELERZHE LTI e SRk o 727208,
TBT 3B R B 5 2 2 WH L LT 1980 4ERICRR
MCHEMAHIR S 729, D 2001 4 (2 B B354
B4 (International Maritime Organization, IMO) 7234 L 72
[ BEZEHEHEOBGICE T 5 EEEH
(International Convention on the Control of Harmful Anti-
Fouling Systems on ship, AFS §5#7) |10 1I2B Wi, &T
DOREZ S OMMNK LT TBT % & &BhvE Sk o i A
BEEhTns.

3. IXHGPHEFLEIC OV TORFEF

N FE TORAERHIE T—HMOEIEITLEI AR L
ANFUEET LI ENEAICHS IR >TE
&, BAETIEIER ST ORESIE 0T 554 7 Hif
PEMHENOOH L, BETEERED LR ED 2
Bk, BRHCEEINLAESBOLEO FRELE
OHHDE, BERRDOSOEELEOENED FIRME
REDDLDOOIEND L. HiHE 2L RoHS 74 %
ELV 64 (End-of Life Vehicles Directive) Z£A%%244 %
NS O IEEREOBE LR L L CdEE 22w
O, BEHIBE R S L C TR SN S 72
HBURZNS DIFOBMBIR G L 5. HBEIIEAMNE
AR R ERIN DR —HETH B ENTI-3 2555445, 2h
S OHBNIEEEHBL R BB R, FoITRE L L -
SO — & B ORI L 2B ICE LT 2 A ES
BoEtEo FRIER EDTWA, TR 04k
T DHBEDOE RN EAICE T > TETCVDLIED
5, EFEINSOBENIHARIL LoD H L. KETIZL
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RGP HESBIZOVTOEIMIBIT M & LT,
RoHS #5547, ELV #47 & USRIEI 7 3% 5 B i 22 AU ik,
EIAC 51T 2B & L TR EE R O TR
X% BERFOFEME BN,

3.1 EsHC s 38EH
3.1.1 RoHS#%

WINTIEESR - BRI 2 68E8REOMAHICHE
L CRoHS 54V 2ifilE ST b, Z R4 I3 Bs:
B ER LT 52 L2 HME LCHES N
LDOTHY, 2006 FLLEIZ EHT AL TOES - BT
BE2EI1Cx LT Pb, Hg, Cd, Cr (VI), & R{LE 7 =
=, RUVBALY 7 2= VT —F VO % HIR L v
%. RoHS HRADED b HHMM RITFEOREME £ 1
IR L7z, RIEFIEES - e Bflong e LT
WEDS, IS OGO IR L L CEED
FHIN TS0, BRLHTIONSEE RS, HARE
N TIRFEFEOHFNIHIE SN TV WA, HENSE L
O TG AWIN % GO T It S Tnwas 2 &
ZPEFE 2 5 & RoHS 847 |Z ML L 72 THRE S LETH
D, HEREINTHZD L) ZREEPREINTND,
3.1.2 ELVIES

WM C U 3  H B HL D & FEH S 0% BESEW) % H IR
T2 HMT, 1997 4£12 ELV #8412 2shlE s hrz. 2o
ELV 4847 1& 2003 4F LA IZ 173 2 BB HLEL ih %2 2 O F)
FAH S5 Pb, Hg, Cd, Cr (VI) O LRREZE0D
TWh, ELV IEHH35E 0 5 b RIcHE O BRIEE %
F IR L7z, ARESIEEENI W TR oxt
SLLTwiEWwboo, HEJHEIBGRZOMEHIIZEE
LbHHSNTWE 0, BELEBONRE LS.
3.1.3 KEHEEEMAREYEL

M B % 2 Y % (Consumer Product Safety
Improvement Act, CPSIA) 13 13K E o0 31 B % 80 2 2 &
B3 2008 4RIl L72EHETH b, 1967 1K L
728 B L5 28 429 (The Consumer Product Safety Act,
CPSA) ¥ 2 KIRIIBIEL 72 b DTH 5. HBREHTR

%1 RoHS fi4 LU ELV 84712 B 2 HlICHE O IR fE

Hl e 3 WM (mglkg)
RoHS #54r ELV $54

Pb 1000 1000

Cr(VI) 1000 1000

cd 100 100

Hg 1000 1000
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EUYFF T, BRI 2HAaNeE#ROET ) RD
T LI TR U B ORI T B D
HhEL € 2o T2 EOH SN & B £ 2 CTFta s
W OREVMERO7ZODHBE 2T TB Y, T
WEIHEHT2EBEHICEENL P EH RO LRE 9
mg/kg LEDH TG,

3.2 ERICHIT R
3.2.1 BREEE

FLIEATRD 720 TN E A T AW B D H 55 E
W SN %EHE, BHARENIZBW I AEMET A
LBHHORRE 2D, KEHEIT L o TEEFO P,
Cd, As DRATBREEAR 1L Z 24 90 mg/kg, 75 mglkg,
25 mghkg L MEENT WA Y BATREE & 3%k
FESBOEETIEI %, WRIIEEZRAAAIZYE
R HE L CH 2 L 72 0.07 M ORI R ok
O—ifx —ERHEEEL, ZOBIBERTLIAEEED
FRMEEHET O TH 5. ABEIL 2007 4 LLFT I
FFLLEA A 2 T AN CTHRO 2 A E Mg L ¢, 1
% 1R L 72 40 T ok | C BB 2 — B IR L
OB A IERE L T2 2L LED T Ly
L, BrE Mo X o TREICEREL 525
LNV THESBDE I N T L0800 % 3k 5 i
RE TR EO LN OFE—HETH B, ENTI-3 %
SO 3856 IF P Bk L 723 Ao Bl TR+ 24
EHEBOBTRIEMEZFEL T0D I e, EEBNZE
BN TR e W) NS H 572 20720,
A A R 2008 RIS —FBEET S, K TIE A H
A AR L 7R A 2R L 2 A SR R I ) S
BT 2 EERRO FIREZRET LI L L o210,
ZIUTMACERELTIE TS, EHNRLH LB
MENTHAEOFIENE & o 72,
3.2.2 BHEIEIX(SICLZBEEREYEH

HEHOBEEE D SR SN2 MR TH 5 HEIH T
%4513, ELVIES % $ 2 TPb, Hg Cr (VD), Cd®
B9 H RS & R 2B S T A, P i 2006 4 1 H DR,
1996 4E24 8D 10 40> 1 LUF, Hg (& 2005 48 1 A LUREJER
I EE R, Cr (VD) 1 2008 48 1 A DAREAE 451k, Cd
132007 45 1 A DIBEE R ZEIE E O HEE A D T 5.
3.2.3 ZHIESICLIEINRYBEHL
BRFLEEED SRR SN LR TH 5 H RS T 3
£, ERICERBRBEGOB X IEEoTnb I L
¥, Po EAEAH0.06 % LT O 7 ) —®EORSE
FHEMIHED TV S,
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4. ZRHPHEELETRMTEICET 8%

BRHREESBITE OGN EIE T 2 RN 2 kg
& L C, ISO #Hi#% % EN 71-3, ASTM standards 25& 5.
ISO BitE= EN 71-3 (ZWEFKIE A & O 7 O 530 75
WZOWTHIELTWDLDIZH L, ASTM standards (&2
FHeE ENLHEESBICEOESEOSH HEEHREL T
WEL ETEE, BEREEIRR R R 2 IR IR L7
e85 N5 B ERRE OB A A OILEFHET
GHTLTWA, BEOBEIZE, WEMETH 2 EEHC
AR O AL e BN, wEamitis 20 %
WA 52 LEFEREETH L 720, BEIATS 2200
LR 2N 2 CRE RE 2B E LT 50TV Tn
5. ZORIIEAR L CSEES 5. —o BidEk
O L CIRAREUR & 2, o BT ISR
R % %A LEEL L CEARB LT FETH 5.
ASTM standards TIEHEK, HRHOFEFIETE 2 E
'Y 57200 E L LT ASTM D 3335-852 %> ASTM
D 3618-05 %> & 9 (2 ER R 2 {0 £ 72135250
L CHARRELE LT b SRS 77 X~ 38t
4396551 (Inductively Coupled Plasma Atomic Emission
Spectroscopy, ICP-AES) & T A FENEICHE S

NTE 2O XD s RSURH AT IREHE 7 78 53 W 1
ELTRIEFICENTH L o0, FERIILEIZ RV EE
WznEE L, »oFERORMELELT LI 05
IR NACTOMENRS - 72, D720, ARG
A7) =22 7T A MO X LMK & A E IR
952 LB LREHTILEY) TR <, THERBOAE
BBIZBWTREAZ ) == 77 A NCTHEIELZEBZ %
HESEDHH SN~ OREHERBEO T L LTE
WCHWHSNRTWS, SEETIEITERGTOAESETE
BOMT H720OTFEL LT, JEMER AT A T
3 A N oA e AT AT RE 7 B SURR TR ANE R S
No2H 5. ZOHTHENGXMDIE (Xray
Fluorescence Analysis, XRF) 25{EH #£0THB Y, 2010
FEI2IE XRF LZRHIS L 7287 72 2 Bk ASTM F2853-10 b il
SES N7z, RETIE, 1SO BA% K U ASTM standards @
SRR LHMIZOWT, T2 ENTL-3ICDOWTEE
i R (RN

4.1 1SO #iig

ISO #l #% & 13 El Bt & # b #% % (International
Organization for Standardization, ISO) 7%l 72 3 % E B H
BTy, LEOEBEREERET 2 2 1L > TEE

F2 R o EEeRICENEEICET 5 IS0 Btk & 2 o
ISO BAES RICHE 5
3856-1: 1984 WER T = A =" WE SEEEREONE - Pb 7 L — ARG O
B1E sharaEOME - DT
7 L= NET TR O
DF VUt
3856-2: 1984 WER T = A =" WE SEaaREONE - Sb 7 L — LA RO
B2 T v TR —EAEORIE - U —% 3 Btk
7 L — AEA WG RO
0—%3 v Btk
3856-3: 1984 BWER T =2 =" WE SRaaEoflE - Ba RAEEI T
5 3 1 3 Y AEATR OB -
I
3856-4: 1984 WERR T =A =" WE SEaaEoE Cd 7 L= AW K O
AW A R I AEEEONE - RK—gurss 7k
7 L= AJEA WG RO
R—=our77 7
3856-5: 1984 BRI = A =" WE SREaEOE - Cr(VI) U T VA IVNY RAeabTE:
5580 HCRERSUAS R E R O R P o
67 v A& mOME -
DA RN, DI AR NS % xRS
3856-6: 1984 RO = A =" R SEaaaoflE - 4= Cr 7 L — AW
956 3 - AR DLy a A EFEOHE -
7 L= AW
3856-7: 1984 EWER T = A =" WE SReaEoflE - Hg 7 L — & L AW

557 HB L RO BEE R KA FOE SR O
RO KPR E A =mOWE —
7 L — 4L AR
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BORGE | ZMiEtd s L2 HE LCHlES A &
D IS0 B D—2Td % 1SO 385617 k2 O] 1k
SBITEDOWETICOVTEDIHIETH L.
1SO3856 X1 ~7D/X— 5%l FhEhikiE
HoPb, 7 »FE> (Sb), ) 7 A (Ba), Cd, Cr (VD),
4x7 15, Hg DERFHFEICOVTHELTWS (£2).
NS OBKEIL, R E X BB S W4
BILE 2T 2 ka0 72 180 671318 125Ewy,
AR L7007 MEEEZ W Cili 247 - 72, £
2R L7222 0.05 %~ 5 % O Pb,
Sb, Ba, Cd, Cr (VI), &7 uAa<fiEo Hg (0.005 %
~0.05%) %EETIIEEEO TN,

4.2 EN71-3

W Tk EU MR ERCoOH B2 iM%E T glc$ 572
O, FNE CHEREICHIE L CE L TERMICHT S
BT f—Ib L, BC B & M3 2 BN 3@ o fc—#
HakEDs. 1988 41213 2D EC B D—2 & L ThH%
% GLEACBRE L7242 B9 2 #54 (Council Directive
of 3 May 1988 on the approximation of the laws of the
Member States concerning the safety of toys, 88/378/EEC) 19
MHIESNT VL, 20, TEOZEMIIN T LHE
BOBHFHRNEE 072 L%, BEHMOm 2 X - T
LWwo A TOREDPEY L2 &L ClEDREHICH L
TH72 S U270, R D 88/378/EEC ASLLE]T
& 1 2009/48/EC & IFIE I 5 #8420 H3ifl 5 S e
EN 71 & Z @ 88/378/EEC J% U 2009/48/EC |2 H:D 2 72 #
BTHY, EOLEMEIZOWTHEEZ 1T ) 720 DfEilE
FEERED TS, ENTL I Part 1 ~ Part 13 1253 S 1,
M T & Part 3 (Specification for migration of certain
elements, EN 71-3) 3B ICEEINLEEERETTENE
il RPRAKIC L ) EDORENENBATT 2002 3R %
7o OBEMRBR T EAEO TN D, BARNIZIE, DA
LR ZRRM L 725G 1Bl THEIN S % Sb, As, Ba,
Cd, Cr, Pb, Hg, L > (Se), 7VI=wa (A) %
OEMEEZFRET A HEICOWTHEL TR, HRIC
Lo THEM LB oREEEICRIERE % ICP-
AES, FEFEEET T A~HESITE (Inductively
Coupled Plasma Mass Spectrometry, ICP-MS) Tilll5g L C
V5. FK3IZEN 71-3 HBUET 5 FIuROBITIREE %
IRLZ, iR ETHAHAB T LTI -1 ~A T
T) =3I enTEY, BITREMIEON 7T
J=llEoTHEL->TWE, 7T — 1IFEEL T
WTHES, MRIRE 7T TH M8, 7T —2
AR, EdkE oS 2, 7 T) — 313 E
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HZILOTELMEAIEL TS, EREICEE SN
TR T Z A E AT T — 35 EEN 5.

4.3 ASTM standards

ASTM standards & (& K E # K 3t B 15 & (American
society for testing and materials, ASTM) %355 LT\ 5
PEEARALHME TH 1), LR OG- R
FHE LTHRARTEHWSRTWD, £4I128HE
TEESEITROSHTEICE T 5 ASTM standards D%
Yk F L7z, ASTM standards 3B %E L T\ 5 &l %
G UG RE & 3 A ANLE IR LT, Bk
RN Z 2 CHEEW & 57§ 0 e, 5010%
CEIC & 0 G & R BRI D B

ASTM D 3624-852 %V 134K #5510 ppm ~ 1000 ppm
DHeg# &L %R T 500 EEEAHEL TV
ARG, F 7213 RIRITH T L 7 S T % P ik
DT 70 EEITIL, R & & 2 CTnEk L
R OERY 2RSS 5. RREIKEINZ T2
LARTAHML, AHH O Hg B % 625 065
M TERT 5.

ASTM D 3618-05%2) (3 #k} i 0 B ARKLF12 0.5 % LAk
DPBEENDLINEIPAT Y =2V TERATH 120D
AR Z DWW TED TV D, {REE, F7o1d il
5OV, 475 T~ 500 CTO~ v 7 )VIFH TN

3 ENTL-312B1F 2 HHITCHOBITIELNE

FBATIREM (mg/kg)

bIE S I )—1 A7 T)—=2 H7TT) =3

Al 5625 1406 70000

Sb 45 11.3 560

As 3.8 0.9 47

Ba 1500 375 18750

B 1200 300 15000

Cd 1.3 0.3 17

Cr(1ll)  37.5 9.4 460

Cr(VI)  0.02 0.005 0.2

Co 10.5 2.6 130

Cu 622.5 156 7700

Pb 13.5 3.4 160

Mg 1200 300 15000

Hg 7.5 1.9 94

Ni 75 18.8 930

Se 37.5 9.4 460

Sr 4500 1125 56000

Sn 15000 3750 180000

HEEA X 0.9 0.2 12

Zn 3750 938 46000
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LU 2SS 5. IKIZ3N OKREBILF )
2% N L CRUR TR 2 e L RIRICT 5. £
D%, MEL S TIVH ) EEL, Bl z AH80C 58
LClEsRE e L THWS, ABIEF b= 2
(4,4’ -Methylenebis (N,N-dimethylaniline)) & FFIE 41 % it
Tt LT, PbEMINT 5.

ASTM D3335-85a%) 1% ASTM D 3618-05 % 7z A
) ==V 7T AN TR - 72ROV T L D FF
M7z E 47\, &= T0.01 % ~ 0.5 % @ Pb, 50 ppm
~ 150 ppm @ Cd, 50 ppm ~ 2000 ppm @ Co & Z <
EODRET 5720 OEREREHEL TS, FHL7:
WAREE % 2 DT T Le el Ikfb L7z, 779 A
OB THRRICT 5. HRKROIKIHHEE 2 0 2 T
BLThL1~2HAKTHHEL, HEEMEREE T
5. REHTIE, WEGSRITEOEELF DIl Hl
WAEH L 72 AR DK T3 2 £ ) 128D Tw 5.
oI, B L 2B L OB 048 2 Bk 7
YEZDTLKEWTHIE L, OGS A L THlE
HEHIMA B L IOMEL TS, U LEOFIETHELL 72
W2 T, FEFBOLaHTE: (AAS) TICHRIRE
TERET L.

ASTM D 3718-85a % |3 ek #1345 T 0.005 % ~ 1.0
% OHFPAD Cr & & BT 5 720 OFF#EDR IO W T

x4

BELTWD, SHL 72 aR, 23Rl %
ASTM D 3335-85a (ZHL5E S L7z b o & [akk7Z )5 CIRAL
L7, MARRICZLETTNHRTTNORT. 2Dk
WY IR ) T A LIRS 2 HERALHE A i LN
A 5. S E AT A LTtk s LTHW .
A O Cr i AAS TERT 5.

Pibo &9 gXor i, s & v 7o i i
&, TR aA Pbmn I ern, BETIHS
NOOHRH 2T EEOE FHIBOIMEITH)I T LD
T & B REERBSITEPER SN TS, PTLHREE
FEWHRAYZ, M2 3T T & B XRF ¥ # P O Pb
DL L COHEEICHERSND L)1k o TELD,
HFHE TR/ N DN RNV S A4 7O XRF b B
FEENTEY, Oy PV FEIXRF & L85 Hh
DPb ZWMFEIZA L) —= 2 IS ASH TS LTH
WHETd H 2 & HPI. Parsons & K.G. Mclntosh (2010)
BWIZEYRENRTWVD, ZOX) rENEZITT,
2010 4F 121X O Pb B i & T ALV F — 738 XRF
T E T % 728 O FERTT I % % 9 72 “Standard Test
Method for Determination of Lead in Paint Layers and Similar
Coatings or in Substrates and Homogenous Materials by
Energy Dispersive X-Ray Fluorescence Spectrometry Using
Multiple Monochromatic Excitation Beams” %% ASTM F

W E SR ICHE O ST L THSE L 72 ASTM standards & 2 OHEE

ASTM B4

[EIp/BERES JLIERES

D 3335-85a%9) Standard Test Method for Low
Concentrations of Lead, Cadmium, and
Cobalt in Paint by Atomic Absorption

Spectroscopy

Standard Test Method for Detection of
Lead in Paint and Dried Paint Films

Standard Test Method for Low
Concentrations of Mercury in Paint by
Atomic Absorption Spectroscopy

Standard Test Method for Low
Concentrations of Antimony in Paint by
Atomic Absorption Spectroscopy

Standard Test Method for Low
Concentrations of Chromium in Paint
by Atomic Absorption Spectroscopy

Standard Test Method for Detection of
Lead in Paint by Direct Aspiration
Atomic Absorption Spectroscopy

D 3618-05%

D 3624-85a%)

D 3717-85a%?

D 3718-85a%Y

D 4834-03%

F 2853-10%7 Standard Test Method for Determination
of Lead in Paint Layers and Similar
Coatings or in Substrates and
Homogenous Materials by Energy
Dispersive X-Ray Fluorescence
Spectrometry Using Multiple
Monochromatic Excitation Beams

Pb,

Pb

Hg

Sb

Cr

Pb

Pb

[y
fisfeth

Cd, Co JE T SE AT

FeA I
AKERAL T ) AdiH
[

7 b 7N At

ISR TRk

LWy )
HlR, HEALA X CEit

JEF W oA i

HA SR

i

JE WS AT

KELFAFVA Y TF
VI b v THR

JE WS AT

e X Mo

FERRWI R AR Y Vol.10, No.1

73

2019 4: 6 H
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BREMOBEICEINL PO 2 EET LAZODTEL
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BRICEEIN2AESEICEOLELHIET 5Tk
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IR L RSO/ E ANTHEM L, ~ A4 7 0¥k%
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VENHD. 512, EEAKLIEMTHY, EfxE
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JERECHE 2 A N 7 pTLHERE A T IR o S
BILEESNT 27200 FE0—>oL LT, BEEHERK
EHICA L CHEBRARRE TR E A LTS %
FHELHWENR TS, BTy, BREKEZIZAFL
AV TF NI Ny THBERNL TAASIZEAL Ph &
B % ERT 5 THIE, ASTM standards O — 2 ASTM
D 4834-03%) &L LTHESNTWA. bokd, HHAE
HITHY 2 THETIR, Biko X )12k GRERHOH
T AR, WESOWENEE A RER OB
RN T ADPEMETH D Z LD & o THE R B
VN2 2 e, ERIGITTFEOWLOD12
R L 2 T UL T & T bk A& R FATEE DR > T b

DL BRERD O, G ER A HEE O JERE 7w
AT O FICHE, T2 RIRE O BR & RO
% 2 EPTELERRBIGMAED S oD b, KR
T, RREZ S ICERRB RS L LA ESE
TERME RO & Z OFAMFREIZ OV TR, %5
IR ESE TR LEOMEICOVWTE Lo

TCHEDOIBRRLIER LT A ENTEL., ZOXA 7
x5 BRI AESEICRIEZOME
5 JOE S F R, E MR
FEE T 5 A< HRANE I T, AR L 23T CE v ppb~ppt
(ICP-MS) 290 R e 3T A5 U] RE, L)y
A F I 7Ly INIRG,
ID-MS %03 H 25T iE
RN RS T T A~ R g %It IR AT 25 1] BE, AR L 2 T & v ppm~ppb
DN IREN B~ M) AOEEE 2T L~
(ICP-AES) 12w
JE TS AN TR v TAFIv oLy IhEN, ppb
(AAS) RE~ N 2 ADEE LY SItE RGOSR EE Ly
A
B X BT ESEEN 2 L3R FRE 3T A3 0] RE, JEEE AT LI, ppm
(XRF) AT ST T HREbY M) 7 ADOREBE ZF L~V
SERS
L—¥—=77L—>arICPHE FSEEN 2L RT3 AT 1, ppb~ppt
AT e D3] B, L~
(LA-ICP-MS) R,
[EA R D 34T A3 0] B
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5.1 #HAEEMEMNRE L E-FELETRAEE
5.1.1 BEHETIXYHEESE (ICP-MS)
ICP-MS ¥4 4 L& LTAr 79 A~ %2 V5 H
WO TH L, HHEBEDSE I LIRS
VSN FETH S, ICP-MS OFEHERE % [X]
TIR L7, BEEAIIC BV THRAREIE R 7T 4
F—lo LD FERICHEZE SN, A4 DT I XA~ b—
FAELNDL. AEEETOTEIEL TS A< N —FNT
FELEHIANET =D Ar 77 AR TA 4 MbEh
b, TITAIHTERELIA T V3L V5 —T 2 — A,
A4 2Ly XA Ltk WmEEOEESNE, K
HANE AV S5, ICP-MS OEARIFREE LTI,

AAS % ICP-AES & it L TR D= <, ppb

~ ppt LV TOGHATH g

ICP-AES L [f&DNA 2N —Tv b THY, ik

FEVEST T HIT e

B~ MY 7 AR, K ) 2 ARE oW I

W5h Z ENRE

ZICF O FRE5HT 25T RE

FAF I Ly IHIRH
EZEF S, AAS % ICP-AES % & [b# U CIRH IC A
Wt RMETHETH L. F 72 ICP-MS [ E R RUE
w0k (ID-MS ) OFMEMNTEETH 5. ID-MS &
EECEHZ IR R M O i e R AR Z R L, e 5
TR DR RMARILLOZE D S EORELY ERT 5 F
BChD. ZOFFIIMEBRE LB L TL Y @k
EmDIRETH Y, YR OMEMFIZE s L —
WIEHEIEDL Ch 5. 5 2 W T B P AERET
FOFTIEPb, Cd, Cr, Sn & ID-MS % ] 757
THDH. F5IZICP-MS D% F L w7

PED X122 L OB E*#FD ICP-MS % il i L T
W R HL R OJEME e BT A 5 S L e (B
B ERETEOWEZTREICT A2 TFHEE LT, BH%2H
BEIEHCTAIRL CTH 5 ICP-MS (I A $ % 4347 8=
IZOWTHMREF EN TV D), ERAEOIEMEN: %
Z72DIUIN L O OFRT N EREIFET 5. £,
A X MEERICBWCELLHEE LT, 7okl
TeREHCE E N ARG R T T A~ ETHEEL
TT T AHENT 5, BRRIEH PO i R E = RBE
LCTHENHRE L, 79 A0 EMEICERE L KT
SHICREA Y =T 2= ATOF T T a— R
FY—a—UPHEE N TEEOHLEPHMON TS,
T/, AE~ M) 2 ATHLERWICHRT 2 LHT A
F v (R A F ) OEREIHEZ, TR
Ry MVFBHELE LG EbH L. IS ORE R R
FTHFHEELTE, Fx ) 7 HACHE (02 2z
KFREEEBBESE L FESHAVON TS, 727210
O HADEINZ L D> T ) v ra—V A F<—
= OPHAHRL Db E V) RS H S, 02 AR
ROZETA K v (WA 4+ >) OEEELE <
Y, Wl AR MVTFBEE DG EbH L. AN
7 MVF R ERBET A 0O EE LT, 22 - Kbt
VR R V2 AR VT BREORED T3,
TEPREVE RS E A V7B R E I L B AR
o NVEEEDRET ST 2 %),

ARy MVFBBLANC S, K & ARREH o KR
T, BTSN OENCLY, AT AH—
2B AT 70 )WERGRER, TIAT~OTTOY)
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LT\, REREDIVNEVWEEET L 70
DRESEEYNEL Y, BEIVNSVEZTE YL
DEB DT DD 720 T T AIADLT 1)L Dk
LWINT A5, F 72, PhAAME CHEIE LTI
PWIT AV VPERENLDT, HRELTTIAY
AND LT TV Ok b N 5 %)

NS OBRIIYE TR LITIEN, 7T A~ ~DOHE
WARRICEFEET D20, SHEEZEAT S, W
HTWOREZMA D02, 2751 %50
FHEAGSO LML R O EE L 2 5. 2, WAEE
ERTIANF =T AR T I ARICHET L 70
NOREFEERET LM TH L0, EHEIRELT
LWENGH L, Fi, RENT—HTIA<05EMGL <
U7 AR ES 720, U REbsnETH
5.
5.1.2 SRAKFEREETSIAELDIEHE (ICP-
AES)

ICP-AES IZ7 VT (Ar) 79 XA~ %L 45
NI HTETH A, BEHAIL ICP-MS O56 & [H
BRICREBE AT D 4 7T A F— 12 & ) FIRICHEZE S /e
%, BEREHLD TSI A b —FNESNE. Ar T TR
I & o Tl SN2 ICEAFEREIRAEIZ R 5 BRI &
NBIEHEFIET AR MVIGEEL, BEClit§
Bl & o TEME - BRI 24T ). ICP-AES O 7%
R LT,

ppb LV T O KL ST 25T B
B~ N 7 AFEO ST AT HE
%0 [ BT AT i
FAF Iy s Ly UHIRE
ENBIF NS, FKE5IZICP-AES OfF#ix £ L w7z,

B REER AR 72 %82 ICP-AES IZEHE A9 %
B212d, ICP-MS OIEH Tl X7 W2 R E L 5
7o, 7T AINOBRBEEARIEIIINT S, — AT, K
OYA & L L CTHBER T 7T X~ OF R DN
VI LOT, TIAXATAOREEEAEDHI L T HHE
BRIRENTRL 25 (TabbEEElT ) b T
TV, ZEROARERNTI A ETEETLETTR
X OURBERFEAZAL L, RN T T X~ ORhRIRE D
KFLCT I AYHOBETHEEHIET LT T
b A+ MUK L TROREEZ RIZT2OTHL. £
72 ICP-MS [kk, FRRERHDORENT T X~ b —FH
SEHE LTHRET A2 LI L5 TT I A DREND
KF3 20, CNOOMER RIS 5720121, ICP-
MS O¥;4 EFBRIZ, Ar ¥ ¥ ) 7 A A 02 2L T
R EEREE S B LB B . ICP-AES OBA1213
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ICP-MS D5 EIFRZ ) AT MV THRa— D%
bEEET L 0ED R0, HMT AL L TEEDT
BTO2 2T I E&NTES.

5.1.3 BEFEIEMAE (AAS)

AAS X, AREE A 7 L — AW ISR $ 2 R
ATHET 5 Z L2k > THBHRoIeEZETALL 72
%, WEMRITRIFFEOBREOE RS L, TOBRE
SNTHRINA RS bV SHETEY EET 5 FETH
5. AAS ¥, A oIE EFE TS 5 5T
e ZOET-OWINA T NV &S 2 A2 S 1
BEND. AAS IZIFEDITCENO B E ERED
BN &b, kx5 CILHWHN TV,
FEBHIC ASTM standards 2352 3 2 e & L C, AAS
HWTERTEEREICE L ERmT 2 RIS EHE
1t & L. T\ %, ASTM D 3335-85a (X Pb, Cd, Co, D
3717-85a2 13 Sb, D 3718-85a 1% Cr, D 4834-03 3 Pb ®
Emd B E L Twb, D3335-85a, D 3717-85a, D
3718-85a (LMKl £ - 13 B EHE I & 5% L Ciliisle)
EL7ZRIZAAS THTL TV A, IS oFKICEWY
T, BIURFAOWINER L LCPb it 283.3nm, Cd it
2288 nm, Co & 240.7 nm, Sb (X 217.6 nm, Cr (X 357.9
nm EHEINTVD. AAS D EESICE L7,

F 72, AAS TUEERSM T ol M L alebdh 4
BILHREETALT 2720, HEEHCHR L -%8 215
PEREA L7206\ CHREHIP OFRRIL G & 52 BES
HHIENTEL. ZD, ICP-MS % ICP-AES D}
HBLERERYEE~ M) 7 AOREY RANRICHIZ 7255
WA EE T3 5. ASTM standards O — 2 Td %5 ASTM
D 4834-03 13 &K 2 K E/ZATF VAV TF T T
HEEAMLT2O AASICEALPEAELERT S
FEEBEL TV D, KBS TIE Pb &F &2 10 ppm
DT oA G0 Y O EET Pb & I L CHREHE %
WL, ZoOMEM?SBEMEVER L THRAAEREE T O
Pb DEEIZANTWV D, AAS IZLT0HK % BRI 5HT T
XV, ¥AF3Ivr Ly IR, ICP-MS & s
B EEEMENEOEH L H D Z L, WSS
IBICHE OB, Ok 7 w2 ICP-MS,  F 721k
ICP-AES O H S L T EEZ HND.

5.2 BEFEMEHNRE L LFEERIFATE
BARRE 2 R e LA ESRITHAEEL, B0
R R RE OB 242 A B I3 T OIS R
A MDEE, T E T ICEBE 2 HRREA TRERL
THEEARREE 2 AT E ST A LT § 2 5561213
B L) ITKEA L PANT % ENH H 2 s, EET
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SR A O B e S i v AR ) B R O AT 9542 B 3 % FR S

EINS ORI T O T I EHEGT 2T ) 2 L5 TE
B EEFHE G ANEE Shoodh 5. Z OREIEEET
TP ERRITEONICHHT 26, — &2
MR SRR 2 FaAF B8 L CREIEIL L T b Bl o [ i
MBS E Lo n kMgl oot 5. 4
M EANOBAFHEIZOW T, KEBRBRFET (United
States Environmental Protection Agency) 7% it 8/ - IH
(Standard Operating Procedure, SOP), “Standard Operating
Procedure for the Preparation of Lead-Containing Paint Films
and Lead-in-Paint Diagnostic Test Materials”*¥ % /£ L T
V5. T SOP 13 XRF %50 FEARE IR 2 v C
RO Po D i & 4T ) B BRSURMERCT 2 B

LCwa., BEBEEHE 7 A VAT T ) r—5 =% HwT
FIHERC LICER Y AT, RS TO O/ I T 5.
T®Y MR EA LA, LA, AF—VEOIEM L
12, 0 3 7RO/ 2 BT TUEE S L. W
%12, MO L»S P 2 & F R ilitEEE e L) L,
KMz P, WEICLTRZRSEsmEes2. 29
LT L7z BRI L T, DT &9 2illlEE%E
AW THEERILEDERZIT) .

5.2.1 #% X#AHMiE (XRF)

XRF &3 X #% BURHI IR U 72Bs, oprslec e
NBEAFD5T HICHKEFOFEE X HeFTlls 52 &
I2&oC, BN ERSNEIT) FTHETHAH. XRFO
FEMMEZ M2 1R L7, XBEOP THFZHELET
IEEL, 7/ — FICHREETXMEFESEL, 1R
TANE =%l L TREREED XHZIT 2R L
7%, BUEHCHS S 2. o REHCE TN FHFICX
WALz D ENFETDUNE S D, ZORRE U2
FLCHVR BT BT H I LIS DV HIEXWAEL 5.
XML 2R T 4 VY — %o T ITRMERICAD
ANRZ FVELTHHMENS., ZOXBANRT PO

XBRE

EE@ 7k
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WRE XBREN S, HETONRITHRRELRD S,
XRF 13 IEMEIE A DMl 2 AT AT RE 2 & & v S, L3
Bl O A ETARI BT B B RFA 2 MBI S 0 2 &
V==V 7T AMIELAwSLENRTwS, XRFOER
FrR L LT,

RIS HT 705 7] i

FESHIRWNITH Y, ARSI AL S

&SI HE
ENBITONDL. —HT, FHRHERPHE~ M) 7 20
WEEZTRT W EESRBENRCEOMER LS 5.
#2512 XRF Ol A £ L o7z

F 72, HOU X IR (LR ER (Wavelength-
dispersive X-ray spectrometer, WDX) & T4 )b & — 43§53
(Energy-dispersive X-ray spectrometer, EDX) 2 KBl & 41
5. WDX X HTak kb & 4 U780 XM A b i ¢
St L H O PR o500 X A M g ORI IS
T o720, riERe L BIIEEEATE V. EDX IE0E X
RERRILHRTEOE IR L ZOZ ANV F—(2HED
WCARY P ERGS72OBELBEDTRETH Y, A
) == 7T AMIELHwLENRTWAS, EDX & H
WCEE O P A ERT L, T RGO %
e Pb DERHEE L LT ASTM F2853-10 12 & 0 MM L &
nNTnb,

EAETE, HIEOME S 25 BRhOFESEICED
SERNZ XRF A W BN DD H 520449 XRF #
FIH L TRl 2 e 24T ) 72O IS EH o
AR R A W TSR IE 21T ) LENH D b D
O, BRPEESBICEL SIS & LR E Y
BHAED L Z AR IR TwA v, F/2, XRF I3
TEMGPICEEINLEECRBICEDOA ) —= 0 7T
AMIHWLND ZENEL, ZOBEIITRAERO
BEAPEMRE L C0D, BEREOBEICEEND
FESBITHEZBMICEET 2 1 TEGEMIZL 2 X
MOBELL ZER L 2T L% b hwizo, EMotds
LR LB RIED EE 70 5. Ytreberg & (2015) 47
N AV R A 70 XRF % FvT, kR o%
S\ SN L BEEE O Sn & MR E RS D 00T
FHEEME L. EHOIE, BARDEET S &t
BeR)TFLyTL T8I RO T 1)V A BIZEA
L CIER SR 2 B L7z, & OREHE e i & vk Sp)
LS E L2 IRFE CHOl X 2 e L TR s
WA % JE e 2 VB L, RS R O Sn 09 i
WHWTWwE, ChEFfOFEEZHWTEERESIL
2016 4F AR I EAli S N7 IRBE D BTG S e th DA B
AKX, Cu, Zn®ERL T2,
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522 L—Y—-7JL—-2a BE8EE77X<E
a#riE (LA-ICP-MS)

L—¥—=77L—var (LA) kiE, EEstEEE
278V A L —H =% BgE L 72 B BUR R 23 il &
n, WEEBR T 2WEDETRGTRIENLD 7 T
A —=NETT7a T LB ETH L. ZOHRIT
ICP-MS % H W 7z EE A T ICHW S TH D, LA
& ICP-MS Z A G bE /20T FEE L —F =T 7L —
va v ICP &AM (LA-ICP-MS) & 5. K312
LA-ICP-MS O % & g % 7~ L 72, LA-ICP-MS |28\ T
BEAMEEICT 7L —3 3 v RIVTND YAG L —H—
FoL—¥—otzlg L, dBEnz =7y
b, 27 WL L2 EHE Ar F RSO F v ) 7H R
& HRIZ ICP-MS OB #AFITEIEA SN, HEa AT
bbb,

LA FEOFS & L CHE—ICEARREHIRTLHE 2 N 2 %
CELLKEESN T2 ENTRETH L HAPETo N
. Bt ORI, AT R O 5 BESE O
KD MLBEN T2, BT R OG GO REMEDS
A R - KT X D RS RECH B, F2, L—
Y= ORF ARy b2 EEH~EE pm T”HhE T

CEDTRETH Y, BNEOITCEGN TR TH S
(37, Fiak L7z ICP-MS ORI, 3 7% b b L InHE kD
OEIKE AT RE, FAARAHGE (ID-MS %) OF)
HAburggl vy FAbREIRICHET S, %512 LA-ICP-
MS Of % F L7z,

LA-ICP-MS % XRF & [AfIZT4, BAF A ELSEIT
FONWHEE LTER SN 225519 EEOERIC
LA-ICP-MS # FIl$ 57201213~ M) 7 ZFBLL 7-4%
THRIEH O S NETH L0, BRERE L2
HEGBICEDNTHOBEREWE IBAED L 2 A SN
TV e\, Mercan 5 (2015) %0 (3 NIST 3G LT 5

il

%

%
o

CCDhAZ

IRLA =7

L—¥—

S
/’/_ — . ICP-MS&EBA

e
—

XYRT—2

3 LA-ICP-MS % & s X
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71F A Pb 43 AT F ORE#EY) B T & A NIST-SRM 610 &
612 & VTR A ER L, 2 g v ¢ TRz
DEET) » PO P DERZIToTWAD, FHEEDI,
INHDOY MY 7 ADREL HRHEYE & V- CTER L 72
M 2 50 Pb OB RICHWA 2012, L—%F—7
TL—3 3 v OO, HAWE, Yy TR
EEED ICP-MS DEAFIZDWT H MGt & b %47 - C
W3 PLE® X 512, LA-ICP-MS % &k A E 4 E It
FOERIAV L 720121, HERRIED HEEHET 5
2k ERBHIE bR TR ORELE 1T ) I LA
WRTH .

Z 2T, XRF & LA-ICP-MS O¥i# % £ 6 |2k L 7-.
XRF 33 A A LBy /N T 1), 55 B VIR
BNV RANVRZ A THRGES R TWD 2 Eps, T
T BIICREBREIT) DI L Twb, —J, LA-
ICP-MS (I Wi 23 2s KILCd % 72 B 5 1y 70 BRI 1%
B A7 078, M BR A XRF @ 100 700 —FEEE & JEH
WL, AiEAS S XRF L) /h&w, F72, XRF Tl
AU REZ ID-MS @A L RETH D, XRF LD b &
BELROMEIT) ZENTEL. 0L REBEEPS
LA-ICP-MS 134 %k % & el MM B i o T3l 5
B LORLKEROWREE S L EE26NE. 22T
I TIE LA-ICP-MS 1275 H L, ZOMEIZ DWW Tl
5.

6. LA-ICP-MS O:RRE

FAREH ST % LAIICP-MS % W /- B R 5
FriZB T, Elemental fractionation 2~ b 1) 7 A&hE &
IHEINZBEPHONTBY, MiERERFITOZOIC
E NS OBR Z RIS Z 2 LEDH 5.

6. 1

Elemental fractionation & I,

Elemental fractionation
HEoictoTEsR

#£6 LA-ICP-MS & XRF DIt

LA-ICP-MS XRF

T R 0.1 ppm 10 ppm
ARy A X 0.0l mm ~ 0.1 mm 1mm ~ 10 mm
HI5E D K E 1% T 1% ~5%")
WEDARFENLS 2% ~3% 10 %D
Z Ot WEHMOILFESA Ny AL EF

& I E T HE, 54 THN

IR A7 R 0 3

ST RE
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TR BICTE DG 5 TR EEATFRE D R T AL & S L

VR e AT, JIUTEARWICIE, FEYER O
TCHRERAATFRGLA & —5 L 2 WH R 2, #HHOTT

TG % B L /2B O SR AR D He sk & —
HLAWBIR®, LAIZE ) =7 0 b L7z sk T
DR E SRR B LR OICEMBIIZ B IES
DEPELBBIG D &L LTHR, WIROBED
T 2 2 m AT OWHFIZ 72 B

Elemental fractionation & LA |2 X 2&Fo 70V v
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CRM 620 JRC TV F FER® A B A BT As, Ba, Cd, Cr,
(IRMM) L 72 ¥k 8 v Hg, Pb, Sb, Se

CRM 623 JRC TV ¥ NEHIE O R K & As, Ba, Cd, Cr,
(IRMM) Hg, Pb, Sb, Se

AIST Bulletin of Metrology Vol.10, No.1 80 June 2019



SR A O B e S i v AR ) B R O AT 9542 B 3 % FR S

O RALER & R TR ROE & L 72, 1CP-MS % ICP-
AES, AAS F WA EE T HWToirT s 2 &
EERMEAEEE L TCBY, RENZICHEHA SN BE
D Po & I 7E S 2 B D 53 HT 5 D U PR RFAT R 43 W S
DRIED 7= IZHFE I Nz, RO HW TR S N
SRM 2581, SRM 2582, SRM 2589 (% Pb % %7 %1% T
GLBRERRTDHY, TNEN05%, 200 mgke, 10%
D Pb EEL
7.1.4 CRM 620, CRM 623

CRM 620 7 & UNIZ CRM 623 1& EU HE #8825 A9
Bt (IRMM) 75t 3 % REAEAZHEY) B Cd %5 . CRM 620
&7V F FRHIE S S S AT S ki Y, CRM 623 1%
TUF FEREROEBER R TH L. NS OBEYE
FIE R OEESIBITEICH T 2 5L OG5
i o785 F M 5 720ICHESN L DTH D,
As, Ba, Cd, Cr, Pb, Sb, Se ® 7 JLFH& 2D\ CFLFEMH
ML SN TnDE, TIs OFEEY) BRI O EN 71-3
THESN TV LT v mHaERz 5 IcF o
W % BB L L 7oA ESR Tl - 726 % 1
RELTNAD,

7.2 ZERHhEELEXTFAEAREENEDEE

T C 8 72 3 HT ST e 7 R GURL AT i s o b A7
EEBITESIICOEFEHNONE L) 1Tk -TE
7o lhs, EREEOIT AR R & LR E O = —
RFIFEFITEHEEZSNL. LoaL, Ao L) ICE
PRECEL I H O FRREE Y B & L CBIEME ST\ 2
D1k SRM 2569 & SRM 2579 D 2 HFH DA TH 5. Zh
HITVI NS LM OHETHEEINTBY, &8
PO PhIREDARDFEIES N TS, BEF O Pb I3
L CEBRMIE L WEBIAZHRE 5N TB Y, Pb A
HE(L L7 E DSBS G S LTV 2 bIF 7228, 20
DI HIXFRTH S Cd, Hg, HHEARXE LG E L
AR A O RREFEWE IS5 = - Xbmnl ok
BESICHER S NS,

F72, AR ) BRI A ESRITTEOERIZ XRF
BHOLNIEDTB D, XRF O IEICIEZT 7 v 5
A I NIRT A= (FP k) H—ICHWwsNT
W5, FPIEIIEAILE L FOEH R BMOEERE
FHWTRRICEORERBZMEL, KMHEOWE
TR S ER R A VORI O ER 21T ) Fik
ThY), FHEYE Y& AV CEERIETE 2RI
fERFETHL I ENE, XRF % WV Emairo
BUCIZA W SN T WA, 72750, FPiEEdH 51
HRECTEINLIEOERICOAATE 2 THETH

FERRWI R AR Y Vol.10, No.1

81

0, hor#E, RE KFHFEORITHEIT XRF O 7ET
GHNTH L LhD, HEDE RN LT HRE0%E
IIEHPERENRE S R DR D L. 20720, &
B &R % TR & AR OIS
FNLHEEBICHEZ BHIERT 2HE IS ED
BEMMEESEEE S 25, 20X REa10E, KIEA

ZHEW) R & T 7o R BB AT B IE D B R 7 TBL &
% B8, BERE TR ER A IE VAL L 72 B B,
ZATHOE D) ORETHNTRRICEE R, »OMEMT S
NTW5D L) BRIERY IR ZHBE SN TRV ODE
RTH 2.

XRF % LA-ICP-MS % &k ER B IR OERIZH
WG B W E, BRI R TR RN L TE
Bk OFEEYE % B/E L OREMRZ VR L T A 515
HDIINOAD R e FREY ) 7 ADRL 8
EHEE CTRALTWAHE0 b, LaL, il
OB MEAERIZISE R NEET 528, B
< M) 7 ARG EICEOERMICKE EEY RIZ
720, FERIIZIE~ b)) 7 ZED L RS % e
KIEICHV B BB B 2 Eh s, WENIED L 72308
< N7 ARG T B EREE TR E Y B
B - BT EEN L.

8. SHUELIhIPINELSVTIEEYE

R EEEIEITE O L LT XRF £ LA-ICP-
MS @ B RREL AT EDNEH Shoodh 5 Z L iddic
WR7Z=EBYTHLH, InOOFdz HvCEkEfdfs
EEBICROREL EREAIT) 72012133, BERGE
TSR O RS E DS BEART R Th 5. 1
TR 5 A BIE AL EE, DT o (1) ~ (3)
DX BEMEMIZTLEND S,

1) HlE) ORETHRITELEEAL TV,

2) WHETEOWEEIZOVWTHETITERT WA,

3) HiratREE L~ M) 7 AU L T D,

1) KO 3) OFEMEi$720121%, BRO®EH
EIBILFEOREWE EEOEETH—IZRET 2 50
BHM OBEPLETH L. IS 5 EIBICHED KB
&, SI b L =4 T 1 O S N7z HRIE R DE
L. o E LCTREKIITIE, ARG E RS
HHTHALT B, BKEOBEVWX L —¥ — 2R/ L &8
TLHRE RO CHEERNCER S5, BKIE LBk
FOWH % LK & A HEH O (VRS 2 T
FFERRMT 2HEOFENEZLND. b O
SHRIET. ENIUTS T TIC WO frcd Y, HE

2019 4: 6 H



WROBERE < MY 7 AFBL L 72 BRHEAN AT O
THWRRICHE F 72 IENEEETTR LIRS 5 2 L2577
REL 2%, (2) OWEREOMAIE, — REEE L
Td 5 ID-MS M O Z OO FEE S OIS 7z 5047
FEHAWTTY, SINL—=Y ) 71 2T AL
NEETH L. 7z, BEEGESIEESEEARKEOR
B2 o Re LTwaB I e, FEL 7230HIT 5
POFEEHCTREEAL 2T UL % 5 v, B2l
72 & 912 XRF & H 72 X B OMEIC B W THED
T L 2 X MHELOSES D Z & h b
ER/NBICHZ AL DOTELIMEOKE 21T 72 1
T, FEILT DB EM L R BT L — S ORSEE
7)Y VENH LD, £7z, BEOBHHIZELT, UTo
(4) B (5) 2 WREIC T 2 B e AT M DS UEETH 5.
F 72, BEAERESINIC B THREDERRLEEDOEN L
SR RITCEOEREIEET L2 ehb, (6) OFik
DORFEL LETH 5.

(4) IR O E M OMER

(B) BRI GO

(6) JEAREEDMNIZ X DHEMDINA T A DR

1E

BH3E L 720 B aURH i B4l % o Bkl & ATt T
F NS RE TR 2 T EOE A TRA L2k, R
L7z % B L 7L — b RIS EICREELT 5 2 LI
Lo THERRE AT G ORI IR EY H 2 e TE %
EEZBND. B LoRIEIZREY R L, AR
XRF % LA-ICP-MS & o [RGB 3BT 25 O B IE A F) H
SN, BEHhEEITR ORI AT ICER T 5
BRREHIE O Th, EIEE ORI £ e %
B HT ST BE 7 LA-ICP-MS 75t EEH SN Th Y, &
BEE A EOIIMEM A EEBICEOFHI)L < F
HAEnsd 2 EPWFSad. LAIICP-MS I2idaiR o &
9 12 Elemental fractionation %~ + 1) 7 AR FE D3
NEREN D B, SR INS 2 L 20 o
AT 2 AT IR oA 5 B8 TR O REHE D O W R 72
FER M LAFICP-MS i L7zvweE2 Twb, i
HBOMBROT-D121%, ~ ) 7 ZAF L 7R Y
B % FH\W T LA-ICP-MS O #ERIEZITH) 2 &, LT
LA-ICP-MS [Z BT b NEEAERINE 2§56 2 &
MWEETH L, TIUZEMAMNIIE, NEBESELE L LT
WY R TEEFBEIRT L &, F2ONEELETTE LR
BHIBINT 2 WINEER T2 2 EPUNETH L. I
5 O ORI L HTE O BRI B R0 [ 2 AL B
PHWAZ LN TED.

PN~z &9 20 Fr ORI LB <0 9 2 b

B2 IH|
DR

AIST Bulletin of Metrology Vol.10, No.1

iy
I\
LT
m
o

it J2 O LA-ICP-MS % v 728 ik i, o sz
59 AR EISE OMPEM B &S T 5 2 &3]
REZLEZoN5. BHMEOLRICH L TEELOM
HEBIZBWC L) SKE»r OB RS wE L Sh
5728, FHEAMILIIC BRI OB COWEH b W
ENDL. SRBRIZERE & 7R R O IR ST HAT O
MEILIZIL D ML, TERBL MmO % etkom FIZEH
L7z,

HiEF

ARMERE A7 b7z, BEHS X0k T
HESHER AL EE LRSS V=T — 5 —
% b NI BT A SRR A\ 727 & E LA
W BRERR S U B JE 7 L — 7 DRI ) B
AL L

SEXMW

1) W.M. Marrison, Health and Safety Concerns over U.S.
Imports of Chinese Products: An Overview. RS22173.
Congressional Research Service (2009)

2) Agency for Toxic Substances and Disease Registry
(ATSDR), Toxicological Profile, Atlanta (2005)

3) Center for Disease Control and Prevention (CDC),
Preventing Lead Poisoning in Young Children, Atlanta
(1991)

4)  M.M. Agocs, R.A. Etzel, R.G. Parrish, D.C. Paschal, PR.
Campagna, D.S. Cohen, E.M. Kilbourne, J.L. Hesse:
Mercury exposure from interior latex paint. NEJM 323, pp.
1096-1101 (1999)

5) MMWR: Mercury exposure from interior latex paint-
Michigan. MMWR 39, pp. 125-126 (1990)

6) K.M. Beusterien, R.A. Etzel, M.M. Agocs, G.M.
Egeland, E.M. Socie, M.A. Rouse, B.K. Mortensen: Indoor
air mercury concentrations following application of interior
latex paint. Arch. Environ. Contam. Toxicol., 21, pp. 62-64
(1991)

7) ATSDR: Toxicological Profile for Mercury. US
Department of Health and Human Services, Public Health
Service, Agency for Toxic Substances and Disease Registry.
Atlanta, Georgia, pp. 376 (1999)

8) C. Alzieu: Environmental problems caused by TBT in
France: assessment, regulations, prospects. Mar. Environ.
Res., 32, pp. 7-17 (1991)

June 2019



TP D B TS A i F AR e P OV Mk 12 B 9 2 i A b7

9) Council Directive 89/677/EEC of 21 December 1989
amending for the eighth time Directive 76/769/EEC on the
approximation of the laws, regulations and administrative
provisions of the member states relating to restrictions on
the marketing and use of certain dangerous substances and
preparations (1989)

10) International Convention on The Control of Harmful
Anti-Fouling Systems on Ships (2001)

11) Directive 2002/95/EC of the European Parliament and of
the Council of 27 January 2003 on the restriction of the use
of certain hazardous substances in electrical and electronic
equipment (2002)

12) Directive 2000/53/EC of the European Parliament and of
the Council of 18 September 2000 on end-of life vehicles
(2000)

13) The Consumer Product Safety Improvement Act of 2008
(2008)

14) Joint Resolution to Establish a National Commission on
Product Safety (1967)

15) Fhhfr A (AN 22 4R 50 233 =,
A 1 HHE17)

16) fanfr AT R O — A2 WIET 284 (P
20 IR A G884 45 66 ) (CFR204E 3 H 31 H)
17) 180 3856: 1984-Paints and varnishes-Determination of

“soluble” metal content (1984)

18) 1SO 6713: 1984-Paints and varnishes-Preparation of acid
extracts from paints in liquid or powder form (1984)

19) 88/378/EEC: Council Directive of 3 May 1988 on the
approximation of the laws of the Member States concerning
the safety of toys (1988)

20) Directive 2009/48/EC of the European Parliament and of
the Council of 18 June 2009 on the safety of toys (2009)

21) ASTM D 3624-85a Standard Test Method for Low

Concentrations of Mercury in Paint by Atomic Absorption

AA1 23 45 1

Spectroscopy (2015)

22) ASTM D 3618-05 Standard Test Method for Detection of
Lead in Paint and Dried Paint Films (2015)

23) ASTM D 3335-85a Standard Test Method for Low
Concentrations of Lead, Cadmium, and Cobalt in Paint by
Atomic Absorption Spectroscopy (2014)

24) ASTM D 3718-85a Standard Test Method for Low
Concentrations of Chromium in Paint by Atomic
Absorption Spectroscopy (2005)

25) D. Cobb: Study on the effectiveness, precision, and

reliability of X-ray fluorescence spectrometry and other

FERRWI R AR Y Vol.10, No.1

alternative methods for measuring lead in paint. CPSC, Ed.
2009, available at http://www.cpsc.gov/ABOUT/Cpsia/lead
inpaintmeasure.pdf (accessed Sep. 28, 2011)

26) P.J.Parsons and K.G.Mclntosh: Human exposure to lead
and new evidence of adverse health effects: Implications
for analytical measurements. Powder Diffr. 25 (2) pp. 175-
181 (2010)

27) ASTM F 2853-10 Standard Test Method for
Determination of Lead in Paint Layers and Similar Coatings
or in Substrates and Homogenous Materials by Energy
Dispersive X-Ray Fluorescence Spectrometry Using
Multiple Monochromatic Excitation Beams (2010)

28) US Consumer Product Safety Commission, Third party
testing for certain children’s product; Notice of
requirements for accreditation of third party conformity
assessment bodies-lead paints, pp. 16 CFR Part 1303
(2011)

29) Z.Wang, S. Wand, M. Cai: Determination of cadmium in
paint samples by graphite furnace atomic absorption
spectrometry with optical temperature control. Talanta. 72,
pp. 1723-1727 (2007)

30) H.W. Mielke and C. Gonzales: Mercury (Hg) and lead
(PDb) in interior and exterior New Orleans house paint films.
Chemosphere 72, pp. 882-885 (2008)

31) C.S. Clark, K.G. Rampal, V. Thuppil, C.K. Chen, R.
Clark, S. Roda: The lead content of currently available new
residential paint in several Asian countries. Environ. Res.
102 pp. 9-12 (2006)

32) A. Mateus-Garcia, J.P. Ramos-Bonilla: Presence of lead
in paint of toys sold in stores of the formal market of
Bogota, Colombia. Environ. Res. 128, pp. 92-97 (2014)

33) ASTM D 4834-03 Standard Test Method for Detection of
Lead in Paint by Direct Aspiration Atomic Absorption
Spectroscopy (2014)

34) P. Giusti, Y.N. Ordofiez, C.P. Lienemann, D.
Schaumléffel, B. Bouyssiere, R. Lobinski: pFlow-injection-
ICP collision cell MS determination of molybdenum, nickel
and vanadium in petroleum samples using a modified total
consumption micronebulizer. J. Anal. At. Spectrom., 22, pp.
88-92 (2007)

35) I.R. de Souza, C.B. Duyck, T.C.O. Fonseca, T.D.
Saint’Pierre: Multielemental determination in oil matrices
diluted in xylene by ICP-MS with a dynamic reaction cell
employing methane as reaction gas for solving specific
interferences. J. Anal. At. Spectrom., 27, pp. 1280-1286

2019 4: 6 H



(2012)

36) P. Pohl, N. Vorapalawut, B. Bouyssiere, R. Lobinski:
Trace-level determination and insight in speciation of
silicon in petrochemical samples by flow-injection high
resolution ICP MS and HPLC-high resolution ICP MS. J.
Anal. At. Spectrom., 25, pp. 1461-1466 (2010)

37) R. Sanchez, J.L. Todoli, C.P. Lienemann, J.M. Mermet:
Effect of solvent dilution on the ICP-AES based silicon
sensitivity, the aerosol characteristics and the resulting
organic solution properties in the analysis of petroleum
products. J. Anal. At. Spectrom., 25, pp. 178-185 (2010)

38) A.W. Boorn, M.S. Cresser, R.F. Browner: Evaporation
characteristics of organic-solvent aerosols used in analytical
atomic spectrometry, Spectrochim. Acta B At. Spectrosc.,
35, pp. 823-832 (1980)

39) A.W. Boorn, R.F. Browner, Effects of organic solvents in
inductively coupled plas-ma atomic emission spectrometry,
Anal. Chem., 54, pp. 1402-1410 (1982)

40) M.W. Blades, B.L. Caughlin, Excitation temperature and
electron density in the in-ductively coupled plasma-aqueous
vs organic solvent introduction, Spectrochim. Acta B At.
Spectrosc., 40, pp. 579-591 (1985)

41) M. Edlund, H. Visser, P. Heitland, Analysis of biodiesel
by argon-oxygen mixed-gas inductively coupled plasma
optical emission spectrometry, J. Anal. At. Spectrom., 17,
pp. 232-235 (2002)

42) ASTM D 3717-85a Standard Test Method for Low
Concentrations of Antimony in Paint by Atomic Absorption
Spectroscopy (2005)

43) Standard Operating Procedure for the Preparation of
Lead-Containing Paint Films and Lead-in-Paint Diagnostic
Test Materials (2010)

44) J.P. Lucas, B. Le Bot, P. Glorennec, A. Etchevers, P.
Bretin, F. Douay, V. Sébille, L. Bellanger, C. Mandin: Lead
contamination in French children’s homes and environment.
Environ. Res., 116, pp.58-65 (2012)

45) D.Guimardes, T.M. Cleaver, S.F. Martin, P.J. Parsons:
Radioisotope-based XRF instrumentation for determination
of lead in paint: an assessment of the current accuracy and
reliability of portable analyzers used in New York State.
Anal. Methods, 7, pp. 366-374 (2015)

46) E. Ytreberg, M.A. Bighiu, L. Lundgren, B. Eklund: XRF
measurements of tin, copper and zinc in antifouling paints
coated on leisure boats. Environ Pollut., 213, pp. 594-599
(2016)

AIST Bulletin of Metrology Vol.10, No.1

iy
I\
LT
m
o

47) E. Ytreberg, L. Lundgren, M.A. Bighiu, B. Eklund: New
analytical application for metal determination in antifouling
paints. Talanta., 143, pp. 121-126 (2015)

48) A. Turner, E.R. Kearl, K.R. Solman: Lead and other toxic
metals in playground paints from South West England. Sci.
Total Environ., 544, pp. 460-466 (2016)

49) C.A. Heinrich, T. Pettke, W.E. Halter, M. Aigner-Torres,
A. Audétat, D. Giinther, B. Hattendorf, D. Bleiner, M.
Guillong, 1. Horn: Quantitative multi-element analysis of
minerals, fluid and melt inclusions by laser-ablation
inductively-coupled-plasma mass-spectrometry. Geochim.
Cosmochim. Acta., 67, pp. 3473-3496 (2003)

50) S. Mercan, S.Z. Ellez, Z. Tiirkmen, M. Yayla, S. Cengiz:
Quantitative lead determination in coating paint on
children’s outwear by LA-ICP-MS: A practical calibration
strategy for solid samples. Talanta., 132, 222-227 (2015)

51) W&EHEE AL ES S ) — X i 6
SO XA, 37 R p. 26 (2012)

52) M. Ohata, D. Tabersky, R. Glaus, J. Koch, B. Hattendorf,
D. Giinther: Comparison of 795 nm and 265 nm
femtosecond and 193 nm nanosecond laser ablation
inductively coupled plasma mass spectrometry for the
quantitative multi-element analysis of glass materials. J.
Anal. At. Spectrom., 29, pp. 1345-1353 (2014)

53) F. Claverie, B. Fernandez, C. Pécheyran, J. Alexis, O.F.X.
Donard: Elemental fractionation effects in high repetition
rate IR femtosecond laser ablation ICP-MS analysis of
glasses. J. Anal. At. Spectrom., 24, pp. 891-902 (2009)

54) M. Motelica-Heino, P. Le Coustumerb, O.F.X. Donard:
Micro- and macro-scale investigation of fractionation and
matrix effects in LA-ICP-MS at 1064 nm and 266 nm on
glassy materials. J. Anal. At. Spectrom., 16, pp. 542-550
(2001)

55) H.R. Kuhn, D. Giinther: Laser ablation-ICP-MS: particle
size dependent elemental composition studies on filter-
collected and online measured aerosols from glass. J. Anal.
At. Spectrom., 19, pp. 1158-1164 (2004)

56) P.M. Outridge, W. Doherty, D.C. Gregoire: Ablative and
transport fractionation of trace elements during laser
sampling of glass and copper. Spectrochim. Acta, Part B,
52, pp. 2093-2102 (1997)

57) Z. Chen: Inter-element fractionation and correction in
laser ablation inductively coupled plasma mass
spectrometry. J. Anal. At. Spectrom., 14, pp. 1823-1828
(1999)

June 2019



TP D B TS A i F AR e P OV Mk 12 B 9 2 i A b7

58) T. Hirata: Ablation Technique for Laser Ablation-
Inductively Coupled Plasma Mass Spectrometry. J. Anal.
At. Spectrom., 12, pp. 1337-1342 (1997)

59) T. Hirata, R.W. Nesbitt: U-Pb isotope geochronology of
zircon: evaluation of the laser probe-inductively coupled
plasma mass spectrometry technique. Geochim.
Cosmochim. Acta, 59, pp. 2491-2500 (1995)

60) J. Gonzalez, C. Liu, X. Mao, R.E. Russo: UV-
femtosecond laser ablation-ICP-MS for analysis of alloy
samples. J. Anal. At. Spectrom., 19, pp. 1165-1168 (2004)

61) Q.Z. Bian, J. Koch, H. Lindner, H. Berndt, R.
Hergenrdder, K. Niemax: Non-matrix matched calibration
using near-IR femtosecond laser ablation inductively
coupled plasma optical emission spectrometry. J. Anal. At.
Spectrom., 20, pp. 736-740 (2005)

62) Q. Bian, C.C. Garcia, J. Koch, K. Niemax: Non-matrix
matched calibration of major and minor concentrations of
Zn and Cu in brass, aluminium and silicate glass using NIR
femtosecond laser ablation inductively coupled plasma
mass spectrometry. J. Anal. At. Spectrom., 21, pp. 187-191
(2006)

63) Z. Chen: Inter-element fractionation and correction in
laser ablation inductively coupled plasma mass
spectrometry. J. Anal. At. Spectrom., 14, pp.1823-1828
(1999)

64) 1. Rodushkin, M.D. Axelsson, D. Malinovskyb, D.C.
Baxter: Analyte- and matrix-dependent elemental response
variations in laser ablation inductively coupled plasma mass
spectrometry Part 1. The roles of plasma and ion sampling
conditions. J. Anal. At. Spectrom., 17, pp. 1223-1230 (2002)

65) B. Sallé, J.L. Lacour, E. Vors, P. Fichet, S. Maurice, D.A.
Cremers, R.C. Wiens: Laser-induced breakdown
spectroscopy for Mars surface analysis: capabilities at
stand-off distances and detection of chlorine and sulfur
elements. Spectrochim. Acta, Part B, 59 pp. 1413-1422
(2004)

66) O.V. Borisov, X.L. Mao, A. Fernandez, M. Caetano, R.E.
Russo: Inductively coupled plasma mass spectrometric
study of non-linear calibration behavior during laser
ablation of binary Cu-Zn Alloys. Spectrochimica Acta Part
B: Atomic Spectroscopy, 54, 1351-1365 (1999)

67) Y. Tida: Effects of atmosphere on laser vaporization and
excitation processes of solid samples. Spectrochim. Acta,
Part B, 45, pp. 1353-1367 (1990)

68) G. Chen, E.S. Yeung: Acoustic signal as an internal

FERRWI R AR Y Vol.10, No.1

standard for quantitation in laser-generated plumes. Anal.
Chem., 60, pp. 2258-2263 (1988)

69) H.M. Pang, D.R. Wiederin, R.S. Houk, E.S. Yeung:
High-repetition-rate laser ablation for elemental analysis in
an inductively coupled plasma with acoustic wave
normalization. Anal. Chem., 63, pp. 390-394 (1991)

70) C. Chaléard, P. Mauchien, N. Andre, J. Uebbing, J.L.
Lacour, C. Geertsen: Correction of Matrix Effects in
Quantitative Elemental Analysis with Laser Ablation
Optical Emission Spectrometry. J. Anal. At. Spectrom., 12,
pp. 183-188 (1997)

71) R.J. Watling: In-line mass transport measurement cell for
improving quantification in sulfide mineral analysis using
laser ablation inductively coupled plasma mass
spectrometry. J. Anal. At. Spectrom., 13, pp. 927-934 (1998)

72) S. Gornushkin, I. Gornushkin, J. Anzano, B. Smith, J.
Winefordner, Appl. Spectrosc., 56, pp. 433-436 (2002)

73) I.L. Molloy, J.R. Sieber, K.E. Murphy, S.E. Long, S.D.
Leigh: Certification on NIST SRM 2569 Lead Paint Films
for Chirdlen’s Products. X-Ray Spectrum., 41, pp. 374-383
(2012)

2019 4: 6 H



