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Instrumental Neutron Activation Analysis
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Abstract : For the application of study on pollution and conservation of environment, determination of 33 elemental
concetrations in different sediment samples were carried out using instrumental neutron activation analysis (INAA). For
verificaton and evaluation of the analytical method, three standard reference materdals (two NIST SRMs and one
NRCC CRM) were chosen and the accuracy and precision of the analysis were estimated by comparison to the certified
values. Under the optimum condition, the analytical procedure to apply a practical sample was estimated. Neutron
irradiation of sample was done at the irradiation facilities (neutron flux, 1-3X10" n/ecm” - s) of the TRIGA Mark-ITT
and HANARO research reactor in the Korea Atomic Energy Research Institute. In addition, analysis of two IAEA's
sediment was performed according to the pre-established analytical method. The analytical results of elements such as Al
As, Co, Cr, Fe, Sb and Zn by INAA were intercompared with those of WD-XREF, ICP-MS and AAS, and are relatively

agreed with each other.
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Eaisg 273 gl g E2A7]E(Nuclear Analytical
Techniques)®] HFHE 93 A3 vlolgt HuwE 317] 93]
TAEA®] AQCS (Analytical Quality Control Service) Program
o] dg o2 JAEASA AlE3 Sed-1(Baltic Sea Sediment)s}
Sed-2(New-York Harbor Sediment)*] 5 & NRCC CRM=- H]
WA Z AHE3le] Bl EA5la ICP-MS, AAS, WD-XRFel| 9
3 243 vojete} A% vlaste] E E4HY AHEE 75
317) 918 vlojEt= o]-&-3drh.
o4 9

Al ZFEH|

NIST2] SRM(Standard Reference Material)?] Buffalo River
Sediment(NIST SRM 2704), Estuarine Sediment(NIST SRM
1646)9} NRCC CRM?] Marine Sediment(BCSS-1)2 7} §&
Ed9 39 @A Ao 28] 105°C Dry oven FolA
8AI17F Bt AE AZF Az wet 10~500 mge 3
Z3ke] mjg] 4213 1 mlel polyethylene vialel] ¥ 7199
B3ttt IAEAY] Alak 99 Aeo T Hes 1
Tt

AR Z=A

AR BASE s BRANRATLY AT
A2¢] TRIGA MARK II12] RSR(Rotary Specimen Rack, @,
=3.0x10"” n/cm’ - sec)#} PTS(Pneumatic Transfer System,
Dy=1.2x10B n/cm’ - sec) @ HANAROS] PTS(d,=1.0x 10"
n/em’ - sec) ZAAEE ol gssirh. wlmWel Sl% IAEA
Sediment?} 42 95l EFE-Z¢l BCSS-18 A4, 5Y
g 718t 2o ZARSI ZAMREERLS] SRS W
3 5ol 9EE ©A @A st EAAE HagAH e, A
85 SAAES A7) ¢8le] activaton wire(Au, Cu, Mn,
Fe: Reactor Exp. 3|AL9] &% 99.99%)= A3t}

=

EX \-.ﬂ—}\}.

e
LA A

relative efficiency, ®Co®] 1332 keVollA] 1.9 keV FWHM %
Peak to Compton ratio7} 45:10]H, 10 cm F7¢] Yo 2 2}y
N AQ BAP R 9 WA FFE H2d S, o)
olgt 3 2 3142 9% 16K-Multichannel Analyzer(MCB
919, EG&G ORTEC)%} personal computerel] GZA3I4 T} &
3 oux 2 A2ESL WANFEY]) 93] NISTE HE] v
g2 NENALS] t]23% EFEEFHLE ARSI AlSA]
et BAE LAE Fol7] il ERAIEE FAZA
5% o]t = Fx)Et e 74 & pile-upe] B AL MCB(Muld-
Channel Buffer)9} 5 Z7|oA AHEHoR FYPHTE FA]
shgich. BAbE AlEE A3 gubEQl AR ZAMAZHT), W
ZAIZHTd) 2 ASAIZHTe)e tha3 2oy @ubzly) 8% Ti=

T
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2~5%, Td=10~20%, Tc=300~600%, F977] #%ETi-
10417}, Td=5~10%, Te=1~2A13}, A4HE7] 8% Ti=10413},
Td=15~30%, Tc=1~2A]7}.
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Detection Limit of Quantification=(Kg/2)[1+{1+(8B/K3"/*]
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ICP-MS % AAS @ ZAxd E4AE ¢ 02gS 100m!
PFA E|ZE u)o]|#Ho)] Y1 Teflon distlled HF 6 ml, Teflon
distilled HNO; 3 mlE 7}3lq FA|7F o) Ao & g
HCIO, 2 mlE 7}3+ & Bl Z & F£4& Y 7lE3olA 150°C
2 74838t &3] SAATARAL. ol AlEE N B E
2 =S JeRA =, 28X &2 AR dEiMe 9
H4L ¥ § dEsle] ARE s £3AFT o7
1% HNOGZ 713fl vlo]AW e e 9 10 ml=2 E5h
(Windom er af, 1989), o] 28 1% HNO,Z H33] 343}
o] ICP-MS(VG PQ IINZ &390, Fex 2242537
(Varian Spectra AA-20)E o] &3}e] 243}

WD-XRF : #4d] 2148 FFE2ZE NISTY SRM
NRCC CRM & AHE-sI5 . B2 Alge Yd=xd uE avis
el7] 13te] 100~200 mesh Alo] o] 7|2 F4]3te] AL-&3F
At Qe BTA R 2Fe] AA] A FAl(liquid binder)E
1~2%-8 718ta & 43 ohe 1089 - oF 3871 7138
of REQTH X-A8E Ao 3kWe] £8.& d 5 gl Rh tar-
gt AMESITE BAo olgy sdAALS LiF 110, LiF
100, FET, OVO-55, OVO-1602 Algslglor HE/ =
scintillation A& 719} flow A&7 & T4 A3 71719
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Table 1. Optimum condition for the analysis of sediment SRM samples
Irrad_u%uon Neutr(;n flux Saxflple Irraglanon Co'ohng Cognnng Elements detected
facility (n/cm’” - sec) weight time time time
PTS 1~3% 10" 8~14 mg 2 min. 20 min. 300 sec b Ba Br, Ca, €l Cu, Dy, I, K, Mg, Mn,
. Na, Ti, V
RSR  25~39x10”  400~700 mg 10 hr. 5-10 da. 2000 sec 1'% B2 Br, Hf, Cr, Ce, Eu, U, La, Lu Sc, Sm,
Yb, Th, Tb
RSR  2.5~39x10% 400~700 mg 10 hr.  14~30 da. 4000 sec - B Or, €0, 8b, Zn, Ce, Cs, Eu, Rb, Se,
Nd, Tb, Ta, Yb
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Estuarine Sediment(NIST SRM 1646)2] 24 :

}4110

30%9

A28 FFLAFYL olo] Y& 27E Table 2] e
o B4 3059 AaFl WIS 2udE Aot Al As,

Ca, Co, Cr, Fe, Mn, V 4 Zn3} Z+o] 97) fAiol3 HagtS
Zr= Y E Ce, Cs, Eu, K| Na, Rb, Sb, Sc, Se, Th, Tig} 7o)
117} d4o0lt}. o]E 4% Al Ca, Fe, K, Na, Ti, As, Cr, Co,
Sb, Mn, V, Ce, Cs, Rb, Sc & The] EAH 73k Aexl=
10% WSS Holx 9 om Zn, Eu, Sel = HAE Holx g
o). o]9} 22 AT BF kol Uit AFLAE Yol ]
At 95%2] AN EE A3 ttestt=(-Xyenge)/(s/0)] -018
Al e AFE 95%, AFE 4, FEHAL AF t=%2.
776(Miller and Miller, 1988)- & 4283} B As, Ca, Co,

Table 2. Analytical results of estuarine sediment, NIST SRM 1646

Exp. Value (ppm)

Ele- Nudlide Cert. Valuea) ror IOt
ment Range  Mean+RSD  (ppm) %) Value
Al A28 55150-60490 57446+2159 62500+2000 8.1 5.23
As  As-76 8.66-13.5 1050+199 116+13 97 126
Ba Bal31  470-597 5134435

Br Br-82 110-140 12949.1

Ca Ca49  7459-8762 80554485  8300+300 29 113
Ce Ce-141 650770  70.3+3.6 (80) 122 603
Co Co-60  9.07-10.7 9944049 105+1.3 53 252
Cr Cr-51 70.8-85.8 777444 76+3 22 087
Cs Cs-134 386456 42340124 (37) 122 505
Dy Dy-165 535687 591+052

Eu Eu-152  0.82-099  0.87+0.04 (15) 41933098
Fe Fe-59  29080-34590 3229441676 335501000 3.7 1.68
Hf Hf181  109-132 1204061

I 1128 67.1-772  71.6+39

K K42  12470-15010 137624823 (14000) 1.7 065
La La-140 355-408  37.6+1.3

Mn Mn56  355-426 38025 375420 1.6 053
Na Na24 16190-19530 176294999 (20000) 119 5.31
Nd Nd-147 318438  38.1+4

Rb Rb-86 83.3-113  932+89 (87) 71 156
Sb Sh-122  0.35-048  04310.04 (0.4) 67 1.38
S Sc-46 949-108 102404 (10.8) 58 3.34
Se  Se-75 126210 1744025 (0.6)  190.010.30
Ta Ta182  1.03-159 1224015

Th Pa233 9.05-11.6 109407 (10) 284
Ti Ti-51 5090-5804  5446+330 (5100) 91 235
U Np-239 434639 548+0.80 6.8

vV V52 88.5-108  97.047.8 94+1 0.87
Yb Yb-169  227-271 2424013 3.2
Zn__Zn-65 90.6-113  989+7.1 13846 12.37

a) The values in the parenthesis are reference values.

118



AN G 02T B

ArEL

Cr, Fe, K, Mn, Rb, Sb, & Vil 22 A4 52 L7153 A%
23E HoFn Qlovz APHE AL F 9lom yrx]
107 a® 83 = B3ska] 7t o LA7ts e »A
AAE HLB3AL v AEE AMEStof & ¢ & U =
3k 2071 940 AHEFHAE 10% olUe] FES Hod A
g B4lo] o] RojH S-S VeI

Buffalo River Sediment(NIST SRM 2704)2| A : 32F
o] A48 HFEAH T 1 A& Table 39 VeI B
Z7E 2= BEAA4E AL As, Ba, Ca, Co, Cr, Fe, K, Mn,
Na, Sb, Se, Ti, V, Zn#} Zto] 15789] dko|n Fuzks 71
Q4= Br, Ce, Cs, Dy, Eu, Hf, La, Lu, Rb, Sc, Sm, Th, U,
Yozt o] 147jojc). EAfdAo digh ttestE FE3tP o
Ba, Br, Co, Cr, Dy, Fe, K, Na, Rb, Sc, Ti, U, Yb¥} ko] 137}
HAE 387t AFLAE JEll L ot Se, Ta, Tb, Ti,
US Al9fsti 10% ol 9] i ESHAE Vebyrt.

Marine Sediment(NRCC CRM, BCSS-1)2| £4{ : 33&¢]

Table 3. Analytical results of Buffalo River Sediment, NIST SRM

2704

Ele-  \udiide Exp. Value (ppm) Certi. Value” é{; :)r t-test
ment Range  Mean+RSD  (ppm) (%) Value
Al A28 56380-61490 58403+2073 61100+1600 44 291
As  As76 162231  192+220 234+08 180 4.38
Ba Bal3l  363-485 432440 414+12 43 098
Br Br-82 606917  7.49+090 7) 70 122
Ca Ca49 25950-28840 27810+1318 26000+30 7.0 3.07
Ce Celdl 488686 602454 (72) 164 4388
Co Co-60  135-152 140405  14.0+06 003 0.02
Cr  Cr51 120-146 136+8.7 13545 11 036
Cs Cs134 630761  7.03+040 (6) 171 572
Dy Dyl65 578666  626+0.32 (6) 45 186
Fu Eu-l52 080-091  0.84+004 (1.3) 354 2570
Fe Fe59  38650-43550 41119+1731 411001000 005 0.02
Hf HEISL 760946  8.74+053 (8) 92 312
K K42  17050-21080 19073+1522 20000+400 46 1.36
La lal40 303356 329+17 (29) 134 497
Lu Lu-177 0.654-0.830 072410066  (0.6) 208 4.22
Mn Mn56  628-651 641+10 555+19 1558 19.25
Na Na24 4710-5864 5421+331 5470+140 09 033
Nd Nd-147 288-355  31.842.0

Rb  Rb-86 96-115 104+6 (100) 42 149
Sb Sb-122  3.60-480 4361034 379015 151 3.64
S Sc-46 106-125 115405 (12) 45 230
S Se-75 187294 2394036 112+£005 11054 781
Sm  Sm-153  6.59-7.83  7.38+0.36 6.7) 101 4.19
Ta Ta-182 084129  1.07+0.14

Tb Tb-160 077-127  1.03+0.16

Th Pa233 873-119  104+09 (9.2) 127 2388
Ti TS5l 3940-5576 47524668 4570+180 40 0.61
J  Np-239 293-493 3611069  (3.13) 153 156
Vo V52 105-109 107+18  950+40 125 1517
b Yb169  2.33-3.00  2.66%022 (2.8) 52 149
n  Zn6b 349-408 375+18 438+12 143 717

Hge 3% 2 T
A48 ABEHRL, 2 AFE Table 40] YIS Al

As, Ca, Cl, Co, Cr, Fe, K, Na, Sb, Ti, V, Zn7} 72 137]9) €
A7 BEHS zv3 glem, Cs, Se Augts za ok t
test= S=3iste] B Al As, Ca, Co, Cr, K, b, Ti, Vi} &
87} RAEL HEIIsT AT LAE VeI As, Ba, Se,
Tb, U, V, Yb2 A28l 10%0] W ¢] At EZFH2E JeEhich

A719) 3% RFEH U4 S BH Al Na, Fe, X,
Cad} 22 947 %D E BF 7 gl o™, Ti, Zn, Ba, Mn:
sl = ppm, V, Rb, Cr, Ce2 100 ppm T3, UoiA]
YAEL ppm TYE HAF I Q). o] 47 2 F& 711
o gt A2ENS 3 AR FTAEAAEGAEE
HE Ae3te] BA7EE das 439 vtestE 5§
F FeldSs glon, AAEE Qojd Unixl 9 |
& Hgsle Aol upgAs Ao g A 3 ZF YA
gt A EEARLE 10% o2 Ve A3k BAlo] o] Fo]

=2

IT=2X
-n-‘xl."ixal

]

AL O ¢

=

r

[

Table 4. Analytical results of marine sediment, NRCC CRM

BCSS-1

Ble o Exp. Value (ppm) Certs, Value® " trest
ment uclide Error

Range ~ MeantRSD  (ppm) (%) vae
Al Al-28 57700-61490 60114+1514 62610+2200 4.0 3.7
As  As-76  7.30-168 12.33+3.04 11.1+14 111 091
Ba Ba-131 330-486 409+51
Br Br82 920117 104+9
Ca Ca49 4577-5858 54624468 5430+530 06 015
Ce Ce-141 48.0-62.5 545+3.6
Cl C1-38  11560-13100 123924539 11200+500 10.6 4.95
Co Co-60 10.6-12.8 11.7+0.6 114+21 23 093
Cr  Cr-51 107-135 126+8 123+14 23 079
Cs Cs-134 3.75-5.19  4.38+047 (4) 94 178
Dy Dy-165 407-5.11  4.58+0.37
Fu FEul52 0.65-0.83 ' 0.74+0.06
Fe Fe-59 31580-33740 32658885 32658+885 10.6 9.84
Hf HFf181 6.13-722  6.66+0.28

1-128 93.4-118 110+9

K K42 16110-19550 18504+1260 18504+1260 2.7 0.87
La la-140 29.8-352 324+1.8
Na Na-24 19770-20270 19868+342 20981+1620 5.3 7.28
Nd Nd-147 304-35.1  325+17
Rb Rb-86 788985 895+6.7
Sb Sb-122  0.55-0.76  0.65+0.06 059+006 107 2.32
Sc  Sc-46  10.1-122  11.0+0.6
Se Se-75 125280 1.74+0.52 (0.43) 5.67
Sm Sm-153 6.47-741  7.02+0.31
Ta Tal82 0.80-1.07 0.95+0.09
Tb Tb-160 0.75-1.16 097+0.15
Th Pa233 7.64972 879+0.61
Ti Ti-51  3794-4975 4379+413 4400+14 05 0.11
U  Np-239 396629  5.05+0.89
V. V52 7641043 9144115 934+49 22 04
Yb Yb-169 1.62-2.36  2.02-+0.24
Zn Zn-65 719910 82.7+55 119+12 305 14.76
Zr  Zr-95 239-305 279+23

) The values in the parenthesis are reference values.
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A 4 ANeH, Zno Fdapyt a4 Jed A&
%Zne] 1115.5 keVell thak *Sc(1120.3 keV)e} En(1112.3
keV)e] 7Hel 93] o)z WA o] AA KT} 2HA Ads U
Ehd o g Jddrt. See] Aol HHEH wpE e 7

SAEE FH 79" @2 AS5Y TAXL 44 9

g ez Add  glon, S YAINGEHE AT
A AEFREE FINET ol B Age Z23E 4S5 3l
& Aoz pdgy

IAEA Sediment2] £4 ¥ |12

ZA FEENATR JAEAZRE Q5 FrRe AAA]
BE Y3 Iy ow B489, Al As, Co, Cr, Fe, Sb, Zn
3 & 7717 940 tEle] ICP-MS, AAS T WD-XRFe] &
MAnel Fsu|lastgtt. AZ7E Table 5, 6] VERARA
on, AW FEgghol viwd F AR n Y-S HIY
oh BAZES} B Cd, Ni 2 AEF 5 gl Pbi ICP-MS
1} WD-XRFE o] &3t A37tsdg Bt & 24 9
g As, Co, SbF} Z& $agho] W&(54] ppm o]3}) Y29
BAIghe ICP-MS, AASS] EAigta & dxstg o, gag
o] ¥&(5Y ppm~F %) Al Fe, Zn9] ¥2{3t2 WD-XRF %

Table 5. Data intercomparison of IAEA's sediment (SED-1)

Experimental Data, SED-1 (ppm)

Element

INAA-1 INAA-2 XRF ICP-MS/AAS
Al 6924013260 6364012246 77130950
As 489+1.6 25.2+0.2 20.3+0.05 475+19
Cd 0.205+0.05 0.283+0.005
Co 21.1+409 17.0+0.2 22.1+0.6
Cr 98.3+35 93.2+2.1 105+1 107+6
Cu 51.2+06 49.2+0.85
Fe 72670+1340 53500+1300 70160+49  63630+1290
Ni 539+1.12 50.0%1.5
Pb 125+2 55.8+0.85
Sb 1.35+0.12 ~0.824+0.08 1.24+0.05
Sn 5.53+0.14
Zn 242428 181+4 206+1 22747

Table 6. Data intercomparison of IAEA's sediment (SED-2)

Experimental Data, SED-1 (ppm)

Element

INAA-1 INAA-2 XRF ICP-MS/AAS
Al 48900+2150 56800+1601 524704900
As 17.8+£04 9.31£09 37.1+0.1 15.7+1.1
Cd 1.49+0.03 9.10+0.09
Co 13.0+0.3 10.9+0.5 13.94+0.5
Cr 260+14 26017 276+1 241+12
Cu 462+0.4 411+4
Fe 387161697 315001300 36500+0.0 3300041400
Ni 84.4+1.0 77.0+3.4
Pb 33542 305136
Sb 428+0.33 2.8+0.3 5.2440.07
Sn 42.8+1.5
Zn 657+6 500+9 716112 712+4
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Table 7. Evaluation of analytical results of IAFA's sediments
between methods

SED-1
INAA-1 Overall
Deter- "
. Standard Standard ~ Score
minant Mean Mean
Deviation Deviation
Al 6.92E+04 3.3E+03 7.00E+04 5.5E+03 0
As 489E+01 1.6E+00 3.55E+01 1.3E+01 1
Co 2.11E+01 9.0E-01 2.01E+01 2.2E+00 0
Cr 9.83E+01 3.5E+00 1.01E+02 5.4E+00 0
Fe 7.27E+04 1.3E+03 6.50E+04 7.4E+03 1
Sb 1.35E+060 1.2E-01 1.14E+00 2.3E-01 1
Zn 2.42E+02 28E+00 2.14E+02 2.3E+01 1
SED-2
INAA-1 Overall
Deter- Standard Standard ~ Score*
minant Mean . Mean .
Deviation Deviation
Al 4.89E+04 2.2E+03 5.27E+04 3.2E+03 -1
As 1.78E+01 4.0E-01 2.00E+01 1.0E+01 0
Co 1.30E+01 3.0E-01 1.26E+01 1.3E+00 0
Cr 2.60E+02 14E+00 2.59E+02 1.2E+01 0
Fe 3.87E+04 7.0E+02 3.49E+04 2.8E+03 1
Sb 428E+00 3.3E-01 4.11E+00 1.0E+00 0
Zn 6.57E+02 6.0E+00 6.46E+02 8.7E+01 0

*Score:(Laboratory Mean-Overall Mean),/Overall Standard Deviation
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