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Determination of trace elements in certified river water reference materials

by instrumental NAA using a freeze-dried preconcentration
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Trace elements in JAC 0031 and JAC 0032 certified river water reference materials pre-
pared by the Japan Society for Analytical Chemistry (JAC) were determined by in-
strumental neutron activation analysis (INAA). A JAC 0031 nonadditional sample (450
ml) and an additional JAC 0032 sample (450 ml) were freeze-dried at —50°C. The dry
residues were irradiated for 10 sec at a thermal neutron flux of 1.5X 10 ncm™?s™ " and
6 h at a thermal neutron flux of 3.7X10 ncm™ ?s™ ' at the Rikkyo University Research
Reactor. The irradiated samples were measured by conventional y-ray spectrometry us-
ing a coaxial Ge detector, and by anti-coincidence and coincidence y-ray spectrometry
with a coaxial Ge detector and a well-type Nal (TIl) detector. The concentrations of 27
elements in the JAC 0031 and 29 elements in the JAC 0032 were determined by these
methods. The determined values were in good agreement with the certified values of
9~ 14 elements.

Keywords : determination of trace elements by instrumental NAA; certified reference
materials of river water; y-ray spectrometry; preconcentration in freeze-
drying.
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Table 1

Vol. 46 (1997)

Irradiation and counting conditions and analyzed elements

Irradiation Irradiation ~ Cooling Counting Analyzed clement
facility time time time
Pneumatic transfer 10s 1~5 min 6—21 min Mg, Al, Si, S, Cl, Ca, Ti, V, Mn, Cu, In, I, Dy
Central thimble 6h 5~18d 3~50h Na, K, Ga, As, Br, Mo, Cd, Sb, Te, La, Pr, Sm, Ho,
Yb, Lu, W, Pt, Au, U
20~60d 4~200h Sc, Cr, Fe, Co, Ni, Zn, Se, Rb, Sr, Zr, Ag, Sn, Sb,

Cs, Ba, Ce, Nd, Eu, Gd, Tb, Tm, Yb, Hf, Ta, Ir,
Hg, Th

TaHOLATWVED, +ALBEZALTVAELIEIEAL
V. REHES T IR RABOKEB 285 TS LT
X VDT, FHERRELL EOMBEEH 5 NEREZR
Y, dhphiEY, REEY R ETHIBEZTO &%
V. ARBISE T BITBAE I TF B D D s D BAREI R
EROVE. X, p BEIEIZBNT, av TNy Ny I T
Sy N2V S TRIBEEEZ B, METREZKE
LM T B, WED y A7 hax ) —0
ET, R Ge HriHES & PR Nal (T1) HHi# 2
Hunt, REBROFERBRE rEAX7 bax by
—O"8rraTvFavT N vEHAIESBEL .

2 % Bx

2.1 & #

W KRR L, R DAGEKIED ) K 2 7
B& L, P8, MBARINU L ZToENNEE (JAC
0031) &, #MNIZ B, Al, Cr, Mn, Fe, Ni, Cu, Zn, As, Se,
Cd, Pb Z 1~50 ug 17" @ADL 72 @ NER (JAC 0032)
DoRBETHY, H1AK B500ml) T1y b&lLT
BRI TWVA, Bz rIKEEmE (A 7
<, BN 8 A) 1% 3 ENI I THIA ICHT LTz,

HEHY 450ml O 1 A% 6~7 AR EEERES R
(8 FD-1, HAEE —50°C, BEZE 0.01 Torr) T,
P ENT500ml DF 70y BIRBROE FEAEEEL
f. BAEERERR, TV —4—T1 AMEREL, &
BUBEYM ARSI UTHEHL, 6P LBV ROE
UTHBEELLFR) TF Ly RITANT. HIZ, B
% 3ml OREIKTHEE L, AROREICHT »IZE
ULTWBEEM %, BROWRETIRVEL, BIEORY
IFLVSIZAN, BO 1 AEOEBEEET> 2.
BASEEE, RV FLVROHEEZLTOLIBERIT
vV, EBOEBREE (9 54.911.7mg) 2Rz, BT
SRl E AR ) ZF LR THRAL CTRERERE L.

TLRIBEDOEBEOIEE & KBIREFRB S IC k51t
MR TIT - 12, FEEERURHC R FROE R EER (B9

AL IAEAERE) AWz, TS OBEBP» 5
A2 —TFE (10~200u) 2470y b TER
L, FRRICBAAZ S, BB ERRICES - BELR
X, ZBORAMOAR) =F L v (§ 150 mg) ISRE
%, XWLLEVWT r REEZTH>DT, F)TFL ¥
WOEABRBEZZLUFIVWTERT AREN -7, 20D
F2dh, R ULARY TF L VK 300~600 mg D 6 M
s s R ICERS - AE L 72
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FEE I, AR O RIIC & 0 R R O RREE O
9 MEDZHTIHEKXERTH (TRIGA-IL ) TiT-
fz. Table 1 IZHE - BIELMF EAMTEEZRT. TLH
OHFICAVEEELEZOEB L y BT ANVF -
BER SR TH 5.

ERERA RSN E @ TREE 1.5X10%n
em %57 T 10 BRETo 2. RBER, MIOKR) T
LY EREL, 1~5 SRGHE, F#E Ge R
& 4096 F ¥ ANVOLZEEESITE (MCA) #5725
WHEO AR b A ) —E2FANT, FREAPEK
5 S KB OEBIZER LT 6~21 2B r HAIE
BiTot. B, BBARICHE-—-EZ RFFAES U 1.

BRI SRR (BT REE 3.7X10"
nem 257V T 6 BT 2. BHE, AEOFRY) T
FLyREHL, 5~18 HEBHE, T Ge i
285 4096 F v ANVD MCA B B85 p FEANT o X
Y — (GAMA-III ¥ 25 4) 9% HNT, FEEIE
+RR > SR B OBEICEB U T 3~50 KR O 7 A7
EEIT- . BiCF—3EE % 20 QRN LR, R
HAE+HHY EoZEICER LT 4~200 BREAE U
7z,

ERmBEAEE, BEAV L3R Ge MRHE
KEd y A7 bax ) —0E», @ Ge &
HEs & HFE Nal (T1) B# 2 A a0 E 1z, RER
BIE 7 A7 bO A b)) =itk ->Th 7y REERT
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>1z. X, Se DOV S PSe ORHRRE % (A L X
H5IHIT, PSe BH Ay — FRIZT2EKD v # (136,
265keV) ZEBICKHULTEET A EERAELT,
BEAIE r AR bax bY—il&oTh, —H0D
Ao ¢ EE =T 12

FEEIE r AR bax MY —TiE, wIVF/37
A—%—MCA (5KF b)—+ 42747 2xv Ml LN-
9000 ) ZFV, 512 F ¥ A NVORER Ge BRHEEL
512 F ¥ AV OHFR Nal (T) BHEBFD 2 /35 A —
¥ —THIFE L, Nal(Tl) BHERD 100~160 keV & [
BHE Nz FEE Ge RHEBID AR b ud 5 *Se 265
keV %ff->T Se ZEE L 12.

Bont r BARY bVORBIIE, JERER/N_F
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HIES % HEIZITA S r AT MR T s 7
4 (GAMA®R)'VZAWT, N—vFrarva—-5iC
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Table 2 IZAKY) = F L WP ORMYTRIBE 2R
T, QW INRETEETHILENTEN. AuBEHEOHLD
ERTRESDENKREL T, COFR)ZFL VRO
ZHRBRELZELUFIVWTLRRBREZERLL. UL,
Sm, La, Au B OFEEE IR TEABRBEIKEW
12, ERBEOLESEEZDELERTIENTER
»oitz.

32 WHERRICOHIE

Al DS BVTIE, BRED Si IZ k5 HEKRIG
DEBLZZF5LH. Al X YAlln, 1) 2Al KIGTHERKT B
VAl OREE SIS, Si OFEAETIC KD
23i(n, p) BAl RIGIZ &> THE L 2PAl WERT 5. &
Dz, Si OHEEREGE 4 # % S Hr ek & F—&M
TR -BETAHIEICLY, COBERISOFSE
(Silg &£V Al 0.0051£0.0005 g ML D Al 8ERK) %=
KHTHIELT. UL, ERMANKEEYE T
Al BESEVZY, BHERRICOFS2Z LTI & Al
B 19t19pgl ™! &2, BBEEZBRT S EMIER
T-oCEBTHIERITE R
COENMICHIEEDEL T AHERRIGIEZ P o 1.
X, 7 AERICER RO HITIEI B/ A - 234
VT v THREICEBHAFEE LITOVTIE, B®W2E
BREDHETHIEERT- 2.

K, MM, F3 : FEERIBE/INAA (X2 W)IIKEEMEHOMETHROCER 225

Table 2 Blank concentration of elements in seald-
ing polyethylene bag

Element Concentr_;}}ion/ Element Concentr_ation/
ug g ug g
Na 21 Zn 0.29
Al 23 As 0.0172
Cl 4.0 Br 0.087
K 2.4 Rb 0.0189
Sc 0.0056 Mo 0.0096
A% 0.178 Sb 0.0124
Cr 0.100 Cs 0.00187
Mn 0.0103 Ba 0.176
Fe 16.9 La 0.0190
Co 0.0093 Sm 0.0036
Ni 0.32 Au 0.0049
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Table 3 ICERMBE MO AN KEEBEAFD 57
TROIITHREZRT. BPOBEEIENZN 7T KU 8
REOSWEOEEFRETH . AXRSIEESIVTED
CERAER OSREIC DV T LIRS, ERTE o1
TLREIXOPVWTHEETRMEL2TY. EETRMEIHRE
TE M — IOy 7 7Ty FEHEUEOFE AR
D3EEULEIPHSEHU.

WNa B EIC KBV T YN s TV R, K
FEFRIE v A7 ba X b)) —TIEBEBED r BAN
Zbhax b)) —iZlERTH /7T KBS T B0, KA
BREDE > WHESKEOMEHBEN LB, 20D
fz@, 25 7T#E (K, Cr, Fe, Ni, Zn, As, Rb, Sr, Zr, Mo,
Cd, Sn, Te, Ce, Pr, Nd, Sm, Ho, Tm, Yb, W, Pt, Au,
Hg, Th) 2\, KEREEDIE> BEED r##
A7 dai b)) - R OEBTRENSELS -7
2, AAS—FRIZ 2R LU TEET 2ELA
W% 19 JEH#E (Na, Sc, Co, Ga, Se, Br, Ag, Sb, Cs, Ba,
La, Eu, Gd, Tb, Lu, Hf, Ta, Ir, U) K2\, BHE
Dy AR bax ) —0EFH BRKERBRE XV E
BETRENSEL o7, EBFERE, TRILIKEET
REOEVWVEEDORWHEDEE WA, MAEDRK
EARBEOTRIZD VTR EEEZ AV,

Se IZ2WVWTIX, ERRIE r# A7 X bY)—-0D
905, BED y AR box b —TlRTay
TRy 750 E91/10 KD T 5128, KB
EROWERSE LN,

12 TTEZHRIU ZEIMER T, Ph, B 13 INAA T
YA T E D 1205, FORIPORMTHEITET S
ZENTE, FAEIRECHARNTIEIET-HL L.
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Table 3 Concentration of elements in river water certified reference materials, pg 1~
Non addition (JAC 0031) Addition (JAC 0032)
Element ’ : \
This work Certified value This work Certified value
Na 3900 +200 4200 +100 4200 +200 4500 =100
Mg 2600 £200 2830 60 2700 +100 2860 40
Al <38 134 =£0.7 64 +14 61 +2
Si 20000 +2000 19300 +1800
S <4100 <4200
Cl 18.4 +3.2 18.0 +2.6
K 640 +30 680 20 650 +70 670 *10
Ca 11700 +500 12500 200 11900 £600 12500 200
Sc 0.00123 £0.00053 0.00152 £0.00033
Ti <84 <8.3
\% 7.4 +0.4 7.5 +0.2
Cr 0.139 +0.009 0.14 1£0.02 10.4 *1.3 10.1 0.2
Mn 0.45 +0.04 0.46 £0.02 5.4 +0.3 54  *0.1
Fe 7.2 +0.9 6.9 $0.5 58 +5 57 +2
Co 0.022 +0.007 0.045 +0.014
Ni 0.38 *0.19 11.2 +0.7 10.2 0.3
Cu <4.7 0.88 £0.03 10.8 1.2 10.5 =+0.2
Zn 0.81 +0.12 0.79 +0.05 10,7 *1.1 11.3 *04
Ga <l1.3 <L.3
As 0.23 £0.01 0.28 +0.04 5.0 +0.4 5.5 +0.3
Se 0.076  £0.002 (0.1) 5.2 +0.2 52 03
Br 2.0 +0.3 1.95 +0.16
Rb 0.51 £0.05 0.53 +0.03
Sr 20 *1 24 +2
Zr <0.12 <0.21
Mo 0.41 +0.05 0.40 +0.03
Ag <0.0014 <0.0019
Cd <0.020 (0.003) 0.99 £0.07 1.00 £0.02
In <0.0072 <0.0098
Sn <0.098 <0.17
Sb 0.073 £0.003 0.145 £0.010
Te <0.011 <0.018
I <0.18 <2.23
Cs 0.0058  £0.0006 0.0061  £0.0004
Ba 0.88 +0.07 0.86 *0.05
La <0.0099 <0.019
Ce <0.0042 <0.011
Pr <0.64 <1.2
Nd <0.021 <0.032
Sm <0.0061 <0.0090
Eu 0.00034 £0.00003 0.00053  +0.00009
Gd <0.0077 <0.012
Tb <0.00026 <0.00037
Dy <0.011 <0.011
Ho <0.0044 <0.0056
Tm  <0.00047 <0.00058
Yb <0.00097 <0.0012
Lu 0.00023  =0.00005 0.00023  =0.00003
Hf <0.00054 <0.00074
Ta <0.00028 <0.00035
w 0.0143  =*0.0019 <0.030
Ir <0.0000097 <0.000029
Pt <0.027 <0.026
Au <0.00082 <0.00087
Hg <0.019 <0.41
Th <0.00078 <0.00098
U 0.0035  +0.0008 0.0026  £0.0005

<: Lower limit of determination. Values in parentheses are reference values.
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