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HEXBRMMTAEELREE R LEREEDEORRE

Sel RERE L BLDEZA, EA WAL H B BT
#OE BEE hE ORES bR FES

1 # =

AE, HH R OB TIETH ORI L, T
THALTHWESEBIC X 2 HEHFEPBEE S BELTY
B, RERICE B L, 1991 ~2004 FE O CHEESR R
UG H3EIE ekt S E o e 2 HE %l L 72 450 1906 14
DL, BEEBIHRIIH60% 2 HOTWAE, FRESE
DOOFITIE 2B L THh SRR ERERH TS
TIRARERERH DL ZEHNE VY. TR0l
BRI & IERE S IRV, BALEI BRI AT O R AT IS
BAMETH S, TEBEPHEELTWE I 7 I3 RHHA
R EN% L, BHRHIEOIIE LR D ARDDIZ, %
ORBEBRBUCHITTE 2 FEOHIPETIN TN,
AN v EYTENY A MY =V RTINS
BENTVRETTRL, HBEN VY P TRETH S S
ERENPSBIELHVWLENTWAS, LA L, MERUTIEY
YINELELIMHOLRLTEInEWS A1) v ME, R
EZRONBZVEVIREENLL TS,

HOL X BT, (EFRILEE M5 LR H
AR E B CREMITE, ERHMAL)ILVOT,
BHELBEOMBOMICEIRLIBELTEEEZLND.
TP Y FAYINIIT A= —1: FPIE) LHEAGDLE
7oiEg RO Cr, As, Cu, Zn, Cd, PbD A7 ) —=
YTEHY, TRV E — SRR X BT & B R
HHEDO 5 - KEOSHY, NV F by TRAER
6 X MEEE L W -E R - KEFR oV, Cr, Fe, Ni
Cu, Zn, As, Se, Ag, Cd, Hg, Pb®+ ¥4 A b 5H"
mE, WEXBAMBEOABIEEZ . BRI R~
MY 7 AEFD RICHIENRE 2 5 ELEHIKIEE 2O
T, HREHEICIZERY I, MEHCEM LT b
Uy 7 ADEEEHWTEREZITo 7213 ) O EOSH
HEEWEZZ ON5. BEAFTRERHRLESHHO

VAR R SRS B TR e RS L s - 2148571 Ml
BIINGT % BEXR=M 1-1-1

PR 7 ) ARREH O U BT
TEAAX AT 10-21

PRI VAR T2RFZ2R) © 558-8585  KBRF AR %
XAA 3-3-138

808-0002 &R LI

BEHEYVE & LTl HARGATLF S5 L T % JSAC
0461 ~0466" A 5. HFHRTERIESLREEZRFN»OH
REZEALTVE 20, 5HICE~BT mgkg ' DA
VIR OB RSN TH S, EEOERIT, ~
— AMICERBBWE RIS 2 HESHER DI AW
5N TW T, Wilson 57 1 AWK 2, Ostachowicz
SV HEON— AMICELIBEZIRMT 5 2 & THRELE
WL LhL, SROREEHEAIHT mgkg ' £ T
THY, BRECHRETEAHTIITEBTER WV,

COMAETITHEG R TEE2 X ZMHITHOTHIRE LN
IV CHRBATHET, 500~ 3000 mg kg ' FEHE OB iR HiPA
(Hg 13 50~300 mg kg ) % D HOL X #oHTH o T8
HEOREE Hig Lz MER L - HEERE S EOE X B
MRACERTE 202, HHEELT X HE RIEEE
SR L 7.

2 E B

2:1 & B

W X MRHT S 1 Rigaku Rix 8100 % fvy, Rh &2k
ZEEIE 50 kv, EE 80 mA TEfEs &7, HWEZEIZ
20 mmo THh 5. ZDOMOPESRM% Table 1 I1IRT. #
s AR D AT IE X HREIHTEE Rigaku Rint 1200 % a7z,
CuBEZEET 40 kv, HEI 20 mA TEES 2. Wl
ERMILERIE TA T v 7§ 0.010°, AF ¥ Y AE—F
B 2.00° & L7z, ESBBEISMEO TBEOEIZIX
A& 50 mL O VERAK S3 (MHEFEME) CEZ
100 mmo DA/ 7 R—V& 3EANTZSDE Iz, T3
DRI BRI FS-320 (Advantec &) % v/

2.2 & ¥

BRI OBEERITFEIERFMD KCrO, (Junsei),
As,O5 (Junsei), SeO, (Wako), CdCly*2.5H,0 (Kanto),
HgCl, (Kanto), Pb(NOs), (Kanto) THHE L. K,CrO,,
SeO;, CdCly*2.5H,0, HgCl,, Pb(NOy), iZFIKIZ, As,O4
WKERIE T R 7 AOKRBIRICHEMSE L CTh S8 CERM
(pH2) ICLTHIFLZ. Cr, As, Se, Cd, Pb i 1000,
5000, 10000, 20000 ppm %, Hg & 100, 500, 1000,
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Table 1 Instrumental conditions of X-ray fluorescence analysis of Cr, As, Se, Cd, Hg, and Pb in soil

Cr As Se Cd Hg Pb
Instrument Rigaku Rix 3100
Target Rh
Analytical line Ko, Ko Ko, Ko Lo LB
Crystal LiF(200) LiF(200) LiF(200) LiF(200) LiF(200) LiF(200)
Tube voltage/kV 50 50 50 50 50 50
Tube current/mA 80 80 80 80 80 80
Detector SC? SC SC sC SC sC
Filter — — — Zr — —
Peak angle/degree 69.35 34 31.89 15.32 35.91 28.28
Counting time/s 60 60 60 60 60 60
Bg"” angle/degree 64.42-70.30 33.43-34.74 31.39-32.53 14.51-14.90-15.87 35.11-36.80 27.05-29.50
Counting time/s 60-60 60-60 60-60 60-60-60 .60-60 60-60

a) Scintillation counter ; b) Background

Drying

'

Addition of metals

v

. Drying

v
Homogenizing
v

Press

CPowder briquette )

( XRF measurement )

Fig. 1

2000 ppm FEIEEH % M fiF L 7.

2-3  LHEEEE

BEEBBREZRINT 5 LEIIEREILUNT MK T
RWL7-2BLHZMLE R BALob#EEL2RT
CIW (chemical index of weathering) 21396 ThHY, AL
PEALZTETH LS. @A TIIERIES5MHL T
HTETHY, FHHLEIE< M) v 7 AMEE DD
FHICHVEOICEYTH S, TEIIMECEYZ I K
WTABIEEEL, 106 um BB E Of IS $ TR L
Ta5, 100CDEBXIFT 2 B LA EE L7z,

2-4 FREOER
TEBEIR-ZALBIIESRBRE A —NVEXRY T
ERETT2HECHEELL. BTREBRELAEZ

at 100°C, 24 h in electric oven

1~60 mg of Cr, As, Se, Cd, and Pb
0.1~ 6.0 mg of Hg

at 100°C, 2 h for Cr, As, Se, Cd, and Pb
at 40°C, 24 h for Hg

with V-type mixing machine 50 rpm, 80 min

4.5 g in Al ring, 300 kgf cm?

Sample preparation of soil standard containing heavy metals

T L CHRIE A I L7 W TR L7 R AR AR
BHNEICHET 202 720, 1~4mL & L7z 40
mm¢ X 30 mmH ORI LHEARZ 20 g AR, CriF
W T LT100C T2 MM L7z, (RWTAs & Se,
Cd, PbiBEWHOMT LB r RARIZEYELZ REK
Hg BAWAW T L, B L 20 - HEEZ BT Z7201C
40CTARMEZERELZ. 6 TREBNE VFEREBEAERE
TR HMEELTHHEILEZR 7. ToTER 45g%
FEEMECAUTID, 23 mmo X 10 mmH D AIED Y » 7
WFREL, ME T L AT 300 kgf cm > DEFT 1 5/
MERBLTHERTY 7 v bEREBL, 8% XEOmC
fiL7:. DEoO#EED 7 T —F v — b % Fig. 11R7.
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3 MRLEZ

3:1 N—ZXTBOTTHFER EHERER

TR DR EMEE Do TV, HRDOLETIX
E B D Si0, & AlLO;, Fe,Os O i 5 #i B 12 59 35 ~ 75,
15~40, 2~30 mass% CENENLHTHAH. R—2%
CBELTHALBEERIOERGE 1:10 75 A —
K/ X BT TR R L2k % Table 2 10RT
F 5 D Si0, & ALO;, Fe,O5 i B 1 61.7, 22.1, 9.44
mass% THU, HEAEITEOTFHN LMK THL I N
Fhrofs. XKHBMFEE L (Fig. 2) 751 quarts (-Si0y),
corrensite {(Mg,Al)(Si,Al)sOg(OH) o*4H,0Of, halloysite
[A1,S1,05(OH),* 2H,O!, illite {KAlL(Si;Al) O,o(OH)} 75[H

Table 2 Analytical results of major elements (in
mass %) in brown forest soil

e, Bl EA, FE, BH RE, PN SOLXESONAEESRESE TBEERHEOMRE 479

ETE7 T/, N—ZALBDNCr, As, Se, Cd, Hg,
Pb & & ATV 5 HOGL X SO ST & 0 33l L 72,
ZORERE, CrKo, AsKo, PbLB DY — 27 #fERE L 72, 1%
BIRIMEIZ L o TRD 72— 2 LFEH ORI Cr, <200
mg kg ' ;As, <30mgkg ';Pb, <80mgkg ' THo7.

3-2 HEMH

EEBRWEE =AM EBICHEN - BRET 2 HEFHE
REZREDMEREE L L CEBTH HHhEh, 2 EEOMEE
THOE X MR E L e U COHEEERE Lz XRER
WOBEBMNAHES KT ZEH) o T FHHE Lye (keps)
ERMERERT ¢ () TRAD L HITKEIND.

o= (Lgz X t X 1000)*%/(t X 1000)

SEWHHRESHEATEBNICNENZHE L HIBTX 5.
Cr & As, Se, Cd, Pb %4 2000 mg kg ' 12745 & 9 Ik
mLzBeafEkto 7y 7y b 108 (HERE 20 mme)
DOWEMREEL, M—7Y 7y bOERTHE 20 &, &7t
40 B (WERE 1 mmo) WE LR E Table 3 1IRT.
REOBEREITNCREEE & ZEEEETH Y, 15
B BT E ThH o T

3-3 T X #RiE

VESL L 7-AE 8 13 48 A A~ DU % X — 2+ -
BE -ERLTVWAZITIORYD, &8sk FRmin
HELTWLREBIZHL EEZ5NE. XHBEBHISHT L

Concentration RSD?
Na,O 0.302 2.4
MgO 0.712 0.2
ALO, 92.1 0.2
SiO, 61.7 0.1
P,Os 0.274 0.4
KO 1.88 0.2
CaO 0.528 0.5
TiO, 1.41 0.2
MnO 0.07 0.8
Fe,O5 9.44 0.1
Total 98.5 0.1
a) Relative standard deviation, % (n = 5)
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Fig. 2 X-ray diffraction pattern of brown forest soil

Q: quartz, G:

corrensite, H : halloysite, I: illite
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Table 3 Fluorescent X-ray intensities (in kcps) of CrKa, AsKa, SeKa, CdKa, and PbLJ in soil with 2 different irradia-

tion area
Irradiation area 20 mm¢ 1 mmo"”
Intensity/keps RSD?, % Statistic error, % Intensity/kcps RSD?, % Statistic error, %
CrKa 4.81 0.3 0.15 0.0168 4.8 3.2
AsKa 47.2 0.3 0.05 0.123 1.9 1.2
SeKa 52.9 0.1 0.05 0.141 1.2 1.1
CdKao 6.81 0.3 0.13 0.0144 2.7 3.4
PbLpB 22.9 0.2 0.07 0.0571 2.3 1.7
a) 10 briquettes ; b) 40 spots on both sides of same briquette ; ¢) Relative standard deviation, %
28.5 2 1.2
2 28.3 - 2 L0 qageceescescecsesessccsase
.§ i 0.8 - 06669‘00‘ o 000000
S 281 taax 5 R X R aasaaa
= A, 1 0.6
Z 27.9 - La, %
. A e -
5‘..; Afaad | 2 04
- =
= 27.7 < 024
[
27.5 L] L L] 0 L] L] L) L]
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Irradiation time / min

Fig. 3 Variations in the X-ray intensities of 1000 mg
kg™! of Se(4) in briquette with 15 min of irradiation
(50 kV, 80 mA) times for 45 min intervals in vacuum

Line : Intervals of statistic error of X-ray measure-

ments

ARZEEXHBEORY K LEETHFM L2 Cr&
As, Se, Cd, Pb % 1000 mgkg ' 2% % & H IZiRML 72
fetFEMKR LD 7Y v MHITI 50 kV-80 mA O —K X ##
HEFFRT 15 5 H 3 D 45 50 B TAE 240 518
L7z, Cr, As, Cd, Pb D% X i BE O B HE R 2512,
A DHEE X MRREEAD S L 2 HATE® (Cr 6.71 cps,
As 20.2 cps, Cd 8.05 cps, Pb14.4cps) PICINE - THDY,
HRAHZ X 2 MERLIEAD SN e h o7z, Se IXHE 75 &
DB CHEEIAE) (216 cps) 2 HH I L2MELBZ T
WA T LTWE (Fig. 3), 240 HATH 1% KT L
7o —EHIM O R o A ERBORKIEERIT) 2
LERERTDE, WXBERTFTEVED.

EBRIC Hg Ot X #4% %, Hg 2500 mg kg ' 1% 5 &
DRI L 72 @M L THRET L7452 % Fig. 41273
—KXMOMITIE 50 kV-80 mA T, 12 5-FIFET 4 577
TOEE 120 0 BE L7 XBBREE, KKREHEK TR
120 7 OHSCTH EE T Hg 0B s h T,
He ZF B S TIEBG R 3 U2 20% REEERA L 72.
ZhUE, REREICHIE L T3 HeCl, 28 X M % JR5T L
TeBRICHAE T HAECTHR - BB L0 THS. Db

B 50
Rz,

Irradiation time / min

Fig. 4 Variations in the Lo X-ray intensity of Hg in

. briquette with 4 min of irradiation (50 kV, 80 mA)
times for 12 min intervals in air (@), He(O) and vac-
uum (&)

L7, HgOAMIRKAERAT o7 72, Hg
DHFMOSHBS LGP R (R L 72139 AL v T
Y DY N

3-4 REM

PESLL 72 B 4 H W CHEE X SR E o R &L %
MEt L7z, Cr & As, Se, Cd, Hg, Pb % 1500 mgkg 'IZ
BABEITWINL-EET, 7Y 7y Mo se BUERL 7.
FIr—F—WNIREELTBE, ERA»S1, 2, 4, 8,
16, 32 OfAIC 6 DML, A X BEREDELE EH
Bl TRXRTHeFHATHELZ Crk As, Se,
Cd, Pb Tl 32 HEEBHETH XMMEOEILIZ 1% A
Tholz. 1 HEOHEEL 32 HEOBEOMICIZE R L
7= (5% K#) Z% L, BMLA-ESEEPTERCEESR
RETHEHEINTWDL I P30 o7z. Hg Tl 32 Hi%
WCHREEAT 2% WL, 1 OBOMELETHERICAE
ERRDON. PDEOZEhD, HgUSoELE TS
OFETEE L Dy, (R L2285 5 YRR A
BRLTHTHHEHCHZ S 2b0THreELZLNA.
CORBIBAELMEPTHS. 72, Hg ORELICD
WCBHBEFTH 5B,
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Fig. 5 Mutual interferences of fluorescent X-ray spectra of As, Se, and Pb (1000 mg kg™")
in brown forest soil generated at various tube voltages
3-5 EEVUHIE 8 80
SHEANRY M TIERE D AR M VKER B, I cr As
EART MOBEELELFICER VHIEZT S LEND
%. AsKo I21% PbLa ® A7 F VA% 572 PbLB T, ] 07
PbLB 121X BT SeKB ASHE % 5 728 SeKo. THIIE %2 47 - 7=.
MIEREIBERR LI P OARBIML72b D & Se DA 0 ' _ 0 & : .
WML b02HABEL, FNEFTNAKL DIZINE—TO 0 1000 2000 3000 O 1000 2000 3000
PbLo & PbLB DHEEEHL, PbLB DL A V¥ —Td SeKp & 90 12
SeKo DBEL»SHEB L. HBEEIMEOPL 2 8L/ 2 Se Cd
W, WIERRE ST 28012 Ph RBEMEE (blank) 2
> J J
@ PbLa, & LB O Net BEE% 7 L7z, g 6
PbLo & LB DEEE G, U LAET T Fiesgx E
IEBERERSRLZ L EvbhTnwaY, 22C, i . )
% 80 mA IZ L CHIEREE % 20, 30, 40, 50 kV IZZAL & 0 1000 2000 3000 O 1000 2000 3000
L EUTHMERBRPED LI WCET B0 1.6 40
(Fig. 5). AsKo O %)V ¥ —T® PbLo HEE & PbLP MEE He b
DHIZ0.988, 0.711, 0.641, 0611 7%V, IEBFEIZ X
o> THIERED RS 5 2 LW 5 h oz POLP DMl S 08 1 207
BIENF—TD SeKB BE & SeKo M E D Ikid 0.0217,
0.0224, 0.0232, 0.0234 TEALIZ/DE D o7z, EAYHIE o o
Z5%6, MEBEZ B LTER, WESHEITEC 0 100 200 300 0 1000 2000 3000
WIERBERELT2LEND L2 L5505 Concentration / mg kg!
Fig. 6 Calibration curves of Cr, As, Se, Cd, Hg, and
36 REWR Pb drawn with soil standards of brown forest soil
N—ATBICESEBE L BERMICRML - gk
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Table 4 Recovery test of heavy metals in loam soil and weathered granitic soil with calibration curves
drawn by a suite of the standards of brown forest soil
Added/mg kg k Found/mg kg ! Recovery, %
Loam soil (from Tachikawa) Cr 1000 1108 111
As 1000 1036 104
Se 1000 1000 100
Cd 1000 978 98
Pb 1000 1018 102
Weathered granitic soil (from Amabiki) Cr 1500 1484 99
As 1500 1489 99
Se 1500 1499 100
Cd 1500 1469 98
Pb 1500 1525 102
MEREER L7z, FTARAFEKTHg Z2HEL, K WRESMETLAZOT, He BKAEMATCHlET S L

He ZHR TOTHE L MWE L7z, MEMRE Fig. 6 1IRT.
FTRTCOMERII BRI LEME LR L7, 22RBRHE DR
HRAED 3P SHEM LAMINTRMEIX Cr, As, Se, Cd,
Hg, PbDJEIZ 27, 1.3, 0.84, 26, 2.3, 1.6 mgkg ' T
Hotz.

37 HEDELZITEOEER 3

ZERBRME AR A O T — 4 T3 & BALTE R R 1
1000, 1500 mg kg ' FOELBEEZRML, BEHICHER
BRI RE L. R L RERCER LR
Table 41/RT. T2, BEOBRICIIHBEROMERIH
7o HEREONR— 2 (BEHKL) Lo by v 720
BOWEMHIET 5720, BEMRAEEEY v/ o Tk
IO ERSE R T 5 Fe 25D R ZHIES 572
W, Nv 775y FHEM (274 keV) OEEZE, As,
Se, Cd, Hg, Pb TIE~ MY v 7 2O O HE % iES
bz, a7 b EELHR (19.1 keV) DIREE & B
vz, FERL 22 HEiERE TR R L2200 E L RN I
5% UNOBRETRW—H 2R O—A1TEEFD
Cr DERMEIIHR 10% B oz, BEEBRENOT—2+
BEAEWGTLZEZA CrRa D —27 2807, Z0MH
FEIZ Cr #9100 mg kg™ WAL $ZMET, #710% DIERR
iR LA DEEZLND.

i

4 FE

FRXMOMAOAESREH HIREEL AL 2.
HE LT 2EERIE Cr, As, Se, Cd, Hg, Pb TH 5.
TEEEIFS LA TBCESRBERAEERNL, TR
BIHREES LU TER L, ERLZEREETORNES
BOWEWEZBRRTY & v b O X BRE TR L 7.
BRE DX SO &I X MEHI OMFTEBN L FAEET, B

BThol. F7, 4 WOHRNTHERIE L L Z A,
Hg ZBRW TR 2T X 2R L7z B2, He FHEX

T XA BE T2 & HgCl, O - %12 L V) Helo

L7z, 7Yy FEERLTRERZRABRL2E 25,
TERA 5 32 HigH LT H0OL X MR DZE LIE 2% 28
Tholz. TOHFETHERLHBEFELHCRER
i, Cr, As, Se, Cd, PbTiZ3000 mgke ' T, HgT
13800 mg kg ™' FCTRFREMMEL R L7, Z2HBRHIED
BRERAD S, S LB TIRMERX Cr. As, Se,
Cd, Hg, Pb & JJH 1Z 27, 1.3, 0.84, 2.6, 2.3, 1.6 mg
kg ' Thot. o—stiE BEIERAELBICESRE
T BRI L BERE 2, (R L BB T
EEMM LS, a—a PO Cr EBHEZRE,
WIMREE & 3ATEIL £5% DINOBRETRW—FEZRL
7o ARIFETREL -EEIEHEYE - B X B - REE
EHITRHTHY, BAEXBROTOMA IR 5
LOTHo7z FREL NN COTIEEREO A HET
»H%.
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Development of Soil Reference Materials Containing Hazardous Metals for

X-Ray Fluorescence Analysis
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Soil standards containing hazardous metals (Cr, As, Se, Cd, Hg, and Pb) were developed for
X-ray fluorescence analysis (XRF). Standard soil was prepared by adding appropriate amount
of aqueous standard solutions to the base soil (brown forest soil ; Fukuoka, Japan) and then dry-
ing and homogenizing. The analytical lines were CrKa, AsKa, SeKo,, CdKa, HgLa and PbLP
accompanied by the corrections for the overlapping of SeKp to PbLB and PbLa to AsKa.
Specimens for XRF analysis were prepared by a powder briquette molded in the 23 mm¢ of an Al
ring with 300 kgf cm™*.  The homogeneity and durability of the standards were checked by the
fluorescent X-ray intensities and the statistical errors for briquette samples. Each of the intensi-
ties varied slightly, and the relative standard deviations of the XRF intensities of Cr, As, Se, Cd,
and Pb in 10 briquettes were less than 0.3%. The X-ray resistant performance of the soil stan-
dards was checked by the repetitive irradiation of 4 kW X-ray. The fluorescence intensities of
Cr, As, Se, Cd, and Pb showed constant values for 240 min of irradiation. The HgLa intensity
was almost constant for 60 min of irradiation in air.  The calibration curves constructed pro-
posed standards showing good linearity under 3000 mg kgf1 for Cr, As, Se, Cd, Pb, and 300 mg
kg™' for Hg. The lower limits of detection were 0.84 ~ 2.7 mg kg™ '.

Keywords : hazardous metals ; Cr ; As ; Se ; Cd ; Hg ; Pb ; soil standards ; X-ray fluorescence anal-
ysis ; powder briquette.
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