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Elemental Analysis of High-Level Radioactive Liquid Waste (1)
- Analysis of Simulated High-Level Liquid Waste by ICP-AES -

Tsunetaka BANBA and Yoshihiro TOGASHL

Department of Environmental Safety Research
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken
{Received Jume 8, 1988)

In order to investigate the applicability of Inductively Coupled
Plasma Atomic Emission Spectroscopy {(ICP-AES) to elemental analysis'of
high-level radioactive liquid waste (HLLW), 20 elements in a simulated
HLLW prepared for this study were analyzed by ICP-AES under the suita-
ble operating conditions and the accuracy of analysis was discussed.
Sixteen elements could be measured within 5% of the relative standard
deviation with the 1/10000 dilute solution. In cases of the analysis
for actual HLLW having a high concentration of radivactivity (200 -
300 Ci/¢), this dilution should be essential for the giove box treat-
ment.. Tellurium, Pr and P, because of the low concentration in HLLW
(Te: 0.34g/#, Pr: 0.74g/t, P: 0.25g/€) and the high detection limits
(DL) of ICP-AES, required the 1/1000 dilute solution to obtain the
values within 5% of the relative standard deviation. For Na and the
other alkali metal elements, the other analytical methods (for example,

Atcmic Absorption Spectroscopy) would be recommended.
Keywords: High-level Radiocactive Waste, ICP-AES, Wavelength,

Observation Height, Detection Limit, Relative Standard

Deviation, S/B Ratio
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T Cs DITHEIRETH B /edR o) : -

27, CNODLEORBRERMAEZ RN L o DITBERR, L UOEBEREREE- T,
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HYTZEOSHICHERT 2 &ER AT PVEORTIELTE, iﬁ%mi@%ﬁX«ﬁ
bR CRRFESBEE / ~w 7 75w F (S/B) WRAKR) EHE—EME LTHRD B, zhick
BEOWRE, Ok TH OFABBETORGILREORAAI PVREDOELD) OFELEEL
T, b5 6NFREOBG VAT FVREERT 5, TR, THRICHTIREART b
% S/BH THI L Fasse! SOMEE ICHETOTRE L1z, 208HE, BUFItE~3 7L
# (Rh, Pr, Na, P, Af, Fe, Cr) ZMR $NTORNETREA T MR RETHTHR
ThBEEHETSE . :

Rh D&M, BLUE 2 A7 b3 2 020 233,47Tnm, 24907TmmTH L. LipL, Bl
Ei3T 7 v omKR GEEAK ORETHEINK 2207 (O-HESICLBR LAY b
BEMESND) LEHNAC L, £/, BEZ100EFREROANED SilitEdT 5 Fe O —7
(249,065nm) DEEARZTET EMbr-1DT (Fig 28K, {Hor—70HEFEOCLVRD
DFE3 AT bR (343,480 niny AE O A :

CPrid A o)y bovER (390,844nm) AT 5 Y IBBMTEEI N -y LENNLHIYD (Fig.
3B, B2 A~ bR (414,311nm) EHA L1 .

C Nalc DWW Tk, A3 ®ﬁﬁ&§ﬁ@b1%~WMmT%5®f T ORI T O ¥R~
s g (330,237nm) EEAL 2o & ‘

- Fassel SDMEZETIE, PORER~~7 Fadg, 213,618 nmBL Y 214, 014nm DEEIICS /
BHoOENRL W, #Owi, TCTRFig 4ICRIHMED T2 7 v 4 DL E - NETD Ny
7779y FERENZEELTOS 214,914 nmdD A7 F VERERS AT,

AMK%LTﬁ,%%ﬁi@%2247Fwﬁt%K@ﬁ¢®OH%éK;5E“;ééﬂék
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FEBCHA L COBXEETHEE (EM+A =728, R306) OGEEERKTSHS 250 nm
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uimmﬁmxD%mbtgﬁiQﬁﬁﬁﬁﬁ%ﬁMe2K%¢o

312 REAASIOHE

ICPRADKSHICENT, 75 ABEFHOEZOP TE- LB RICEBEEAS
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ogomr@,ﬁﬁLt%ﬁ®mﬁﬁaﬂmﬁﬁéw%®ﬁﬁ&ﬁm&ﬁMe3m%?%ﬁ&L
foo T TREHNTROSZHETHDES S ITOWTHEET L 7o '
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2 0.07364g/me, P 1 00254g/me) EOXENS, 10, 000EARETORBRETH S S
LOFHIITE, BRECBVTLZENThOLROHEMEEREL20. 5%, 20 0%, 266% &
T EICHBE L THOPIEEOELL L &bh o/, Fig TIKIAL 3 LRIEDOVT, 1
g /me Cppm) OBEERK, 75 v rivk GEEK), BEO10,000 S5HHRE, eheho7o
7 ANnERLIZ. Te, BLUPODLESENERIZFNLDORRY bENET 5 ¥ JERT
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Wb b, 4%, ©—/ABOESE, ~v 7759y FEEEOWRSICLD, FHER LT
BEESH B DL EDILS.
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NaiBd L TR, METE20WBELBL DR INEFRTCORESLETHLLOHE
Bz, L, ZhdFHEHEOKHEERE, 2~3mCi/mbE2EZX 5L, ty PEIVHNTOS
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thEE I L H2TEORST LEH TS,

B VNV BRSO A ERT A, COBOEBHOARESETHIERD
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BRI Lize #OFE, RO EHPALHITH - o '
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Te, Pr, P, Na%BR{IBTHEDOERSITHHE, 5 BLUATERTE S,

3 Te, Pr, PO3mFBICHO>VTIL, 5 BLIAOHEELRBES2HICE 1 000FRREIC XK S
STBLETSH B,

4} Nadsptrid, o T s ) &ExFE (Cs, Rb) &EEE, 1CPRELSILHT T RBEN
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Wi, BEIR A 10, 000F5 A, MY LAER THW AR 0HETH 5 LWL ET -
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VECTHMTEIREIC 55 b D EEZ NS S5, COWNEORMNERETOM L uERICTE
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NalcBIL T3, METE 20 BE A2 103 10EERTOREBLETHE EDFHE
Zi8t, Linl, ChiREBHEDHEREBE, 2~3mCi/mlEEZ L&, Fo PVATDS
FREETbBORVEETH 2, 21w E, NaoERIKE - BEDRNUOS kO #
HA£7 50680559, [CPRESXRSTETHFBESEOARICE, Nak B—K (F/h
D&BE) KRBTSR, CsBd b (ZOMILERD L UHAREROSITHE P, SBROLTH
fzo) EHGR, BRTOINOTAA N EBLROEERFZHNE LT, 7v—o LA ETRAES
HEBIC L LMTEORTLEHDTH D,

& LN AVBREERR OB A ERT 3K hic b, COBOSBEHOLR *SE T AR
SIFICE LT b EBbhd ICPEXSATEOERYEE, HERER (JW-AM) 2 - T
el Lize TOFEE, RO EBIHLPITE -1, '

1) BrRictd 2Rl R, AXS S, nRBED Tothdhid, BRFPIKE
BN AFETHFOERIIEE MHXEERE), 5 BLNTARTH S,

2] EBOSE v _RAURREEROSFAEEE L 2GS, BEPoRE#ELE LOBEHD O BK
DFRBLE LTS FUHEERE20~30 #Ci/me & 755 10, 000fSFHRAEZ(HE -7 & L TH,
Te, Pr, P, NaZB<{I6TTHEDOERSITHIE, 5 BLANTEHETE S,

3 Te, Pr, PO3LEBRXD2VTIE, 5 BLIAOHEEAES/HICE 1L 000ERRBIC LS
ST LETE B,
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Table 1 {omposition of simulated high-Tevel liquid waste, JH-AM.

Component Content Elemental Waste compound used
(wt%) concentration(g/1) :

Sel, 0.08 0.0261 ‘ Se0y

Rb,0 0.53 0.209 ' ' RbNO 4

Sr0 1.47 0.535 Sr(NO3)»

Y203 0.86 0.294 Y(N03)36H20

Zr0, 9.06 2.90 ZrO(NO3)22H20

M003 7-54 2-17 ’ (NH4)6M070244H20

Mn0, 1.12 0.306 Mn(N03)26H 0

Ru0, 4.24 1.39 RuC12

Rhy05 0.87 0.306 Rh(N03)32H20

PdO 1.89 0.709 Pd(NO3)2

Ago0 0.13 0.0508 AgNO5

Cd0 0.17 0.0650 Cd(NO3)24H20

Sn0, 0.08 0.0282 SnC145H,0

Sby04 0.03 0.0094 SbC14

TeO, 0.98 0.339 HgTelg

CSZO 4.24 1.73 CSNO3

Ba0 2.71 1.05 Ba(NO )o

La203 2.20 0.811 _ La(NO ) 6H 0

CeQ, 6.85 2.41 - Ce(NO ) 6H 0

Pr6011 2.06 0.736 Pr(NO3) 6H20

Nd505 6.86 2.54 Nd(NO3) 6H20

Smy04 1.41 0.527 Sm(NO3) 36H,0

Eu,y04 0.26 0.0988 ' Eu(NO )36H5 0

Gd203 0.16 0.0615 Gd(NO3)36H2

Nay0 19.22 6.16 NaN03

P05 1.34 0.252 H3P04

Al504 7.00 1.60 AT(NO3)39H20

Fe203 12.70 3.84 Fe(N03)39H20

Cry03 2.19 0.647 Cr(NO3)39H20

NiQ 1.75 0.594 Ni(NO3)26H20

HNO4 (2 moles) HNO3

Total 100.00 32.395
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Table 2  Wavelength, observation height above load coil and
detection Timit of elements measured by SPS-1200A.

Element Wavelength Optimum observation Detection limit

(nm) height (mm) {ng/ml)
Sr 407.771 12 0.00018
Y 371.030 13 0.001s6
ir 343.823 14 0.0031
Mo 202.030 11 0.0054
Mn 257.610 11 0.00051
Ru 240.272 12 0.023
Rh 343.489 14 0.024
Pd 340.458 13 0.018
Te 214.281 11 0.038
Ba 455.403 14 0.00033
La 379.478 15 0.0052
Ce 413.765 14 0.021
Pr 414.311 14 0.043
Nd 401.225 13 0.014
Na 330.237 13 2.1
p 214.914 10 0.036
Al 396.152 14 0.013
Fe 259.940 12 0.0024
Cr 267.716 12 0.0038
N 221.647 10 0.0060
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Table 3 Experimental instrument and operating conditions.

‘Plasma source SEIKO ICP SPS-1200A
Frequency 27.12 MHz
RF power 1.3 KW
Reflected RF power 5W
Plasma gas fiow rate 0.4 1/min
Coolant gas flow rate i6 1/min
Carrier gas flow rate G.5 1/min
Nebulizer Concentric glass nebulizer
Sample uptake rate 1.0 ml/min
Spectrometer SEIKO ICP SPS-1200A
Grating 3600 grooves/mm
Focal length Im
Dispersion 0.22 nm/mm

Table 4 Results of chemical analysis of simulated high-Teve 1iquid waste
(JW-AM) by ICP-Atomic Emission Spectroscopy {ICP-AES)

171000 Dilute JW-AM 1710000 Dilute JW-AM
Element Concentration* Analyte Rel. standard Analyte Rel. standard
(g/1) concentration deviation concentration deviation
(g/1) (%) (g/1) (%)
Sr 0.535 0.545 0.57 0.61° 0.52
Y 0.294 0.326 0.46 0.37 1.19
Zr 2.90 2.77 C.55 2.6 1.06
Mo 2.17 2.14 0.42 2.0 0.18
Mn C.306 0.293 0.51 0.33 0.46
Ru 1.39 1.27 0.91 1.4 1.66
Rh 0.306 0.291 1.31 0.31 5.84
Pd 0.709 0.643 0.33 0.84 4.69
Te 0.339 0.338 4.21 0.34 20.5
Ba 1.05 1.06 1.06 1.1 0.83
La 0.811 0.887 0.28 0.97 0.13
Ce 2.41 2.56 0.17 2.7 1.7%
Pr 0.736 0.737 3.82 0.73 20.0
Nd 2.54 2.60 0.75 2.8 1.37
Na 6.16 6.70 10.3 —_— —_—
(6.78 1.22)™
P 0.252 0.236 4.72 0.38 26.6
Al 1.60 1.61 0.64 1.7 1.56
Fe 3.84 3.76 0.35 1.9 1.22
Cr C.647 0.700 0.28 0.78 1.47
Ni 0.594 0.630 0.10 0.63 1.32

* : This concentration was calculated from the assumption that the waste compounds are

soTuble in solution.
**: These values were obtained from the measurement of 1/100 dj1ute JW=AM.

794“
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Fig.l Block-diagram of ICP-AES instrument, SPS-1200A (SEIKO

Instrument Inc.)
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