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The chemical speciation and analysls of trace elements in
mud flat with neutron activation analytical method(NAA)
and atomic spectroscopy.
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SUMMARY

In this study, the NAA(Neutron Activation Analysis) were investigated for the
determination of inorganic elements in mud flat, The NAA is a non-destructive
method and the sample preparation is not necessary., ICP-AES(Inductively Coupled
Plasma Atomic Emission Spectrometry) were also studied for the analysis of mud
flat to compare with the NAA. The results of this research showed that NAA were
superior to ICP-AES for the determination of minor elements in sediment even
though it is a non-destructive method, Accordingly, the NAA will play an

important role in analysis of environment samplme with complex matrix
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A F el chdgt AR &of EXjste e EAE iy FHIT EAo] ni¢ ¥
23} 28 Aol Absl olch IR o Thd A ES WER Q) WAEE
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AL Foto] wehstal o & 4 Q7] wiEelth. o] dFe W £ u¥ d4E
& B Bt SAHE A7 % Jiste Aotk o] dFes FE BRE UATE]
A &of Aa Qe oF W HFE SHEE MHUrtts BHAAM E of v FL
sttt 2 St sfofe] FolthBA X ABElA FolAM Biel M wa AE
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E2 1980 ol 7ol Fo/do] A=A H Hapelo] Frixlm e B
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7l W 57l BEAEC] A o= AR ofd FL=E &6t gleA A s
2 dupit e o] FHof gl uidh FH FJEIF gok 2 F53F FR2 ofo]
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M2y =ad-2 7y sd
of AFolA ClBHE F sixel BAwEE B4 BAlE BEI 45 AY St
Zol YA} W& 33 (Inductively Coupled Plasma Atomic Emission Spectrometry,
ICP-AES)oltt, WALEL (Activation)2til Stk ZE ARE F482F stdYgxt agla
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& WA B2 AN REZol nly

Ad A Fo] ¢HER el ® HY uf WEste A YA WA eE &Y

A Zb g HAshAL Y HH 2} Al

AFEBHE AR P g mgollM ] gl B ARF F4 dame 10° - 107
(ppt - ppm) B ER Hof wiel E4HUEE IA ciE2ch ®

Ha A E4& € 5 on st FHzAAM 30 - 40 £ P& B It
steh, ¥ E W QAP obF gAe YRR ¥l slIE e e AAE 3o
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Tol tigstA B8 ‘llt Rolrh. NAA v e] Fvhel e Alw WAy
& 79 stA] dderhe Aojrh mietA HA FMste Aol oA AlE HAeE
oA A" 4= gle 4 A eAE ¢ F ke FH] Atk

3 38R 4L vl 4 AsiMe FREAY Setzu dap e E3yol] of

Exch. 1 Ag dAe whioege nlolagy F3 ubde] wWol AMgE Al
O nlo]ARIE o] &3t AR HA 2] (microwave digestion method)E n]gke] 23t
AbE o] &3te] 4% B ARE B2 5o d¥oA LA WHLEA B
Azt Alge] &A1 glo] S SHA AlBE &siAlTl= AR uwiTol ol b of$
de] o] &F oA Sl Wit o] AFdME oy 71A| A& AAE AHL ol &
sto] dojzl A AAES v, FEZ Fo] AH AEE 2T 2H ABAA
ye] duse] Hcoh 2 AYH AR AAE PPE o83t AREE A3t Fo
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Aol BEL ChE o184 BAE 9lstol AR dXel wdo] A WLk
o EA A BT AR AAE S slok st U B A4 By
ge Wi AEstel 2AX YA BAU WA T BHEI 5EEL
Atz slolch whebA o] dFolEs 41 ICP-AESE $1% &) 7d AE A
gl AL &A= AFE  ¢ole] NIST(National Institute of Standards and
Technology. USA) RFEAE AFE3loltt. 2 A&+ NIST SRM(Standard Reference
Material )1646a Estuarine sediment ©]g¢it}. & ¢4+ Microwave Digestion systemE
o] &3t AEE MAE sttt Al HAe] ¥ #1, #2, #3, #4= MicrowaveE 9|
25t 250 WollA] 5 min, 400 WollA] 5 min, L[5 600 WoilA] 15 min F¢F AEE &
sisloict. el HBOsE AM8E A& dAel Wy #2, #3, #E HBOE H7IY F
600Wo Al 10 min F¢t B3liste HE & FrH22 st Al&E dAe] Wy #5
MicrowaveE o]R&3}lo] 750 W& 10% Z¢t 170C7HX| =& 283 5 Fe
FR e A REES ABE ARstAR, Esivt v ARt §71E A3]aL HiBOs
23lol 10 mLE Yl 750 WE 108 52 170T7HA] &2 & &g
B2 3l A BRIt 2eln B dFola= HFe] A& !
B glassTe] Rl Eol7] 98] HB0S A1&3tol ARE ANl 4
27171 U4-(chamber, nebulizer)E& Teflon X|HE FA 3}
AA 2] YHE sediment A FHF FE FA3IE Si Al SAE35] 98] HFE A
L3l i og A® HMxe] b #12 HFR} HC104E AFE3}SL MicrowaveE ©]-8-31¢]
ANBE Bastoivt. 2 H3E <Table 1Dof uehfglch ZAztoM Ho] 1 FHAH
ZH(certified value)2} A1l ZH experimental value) Apo]e] Abt)] £} W27} 6,21~
39.69 %% UElNTh. A8 B3] oA AlmEo] ¥ Ak} Microwaveo] 23] 3
EalgA] eboteh, 2 A3} Cca®] 79 2 AR 71(0.313%) 3 HAH 34(0.519%)2] A}o]
7} 2A UeldS o 4 ddch ol ofF W AARE sidley O ealE &Y
el weld o] AR A el YL sediment A& £2] Ca EAMoll AL Wy
o] ol o 4= glglth. Al A WY #2& AE WA e Yy #lof HBOy E3HE
o 5 alE Mt AR AXe] WY #32 3 al& FIUIst AEE &3Sl A
B AA Wy 2 2 A3 3 =A™ 3 Abole Ariextrt 13.79~81.36 %= o
Byt E3] Cal 49,52 % Mgl 81.36 %2] At QA2 sediment A& %2 Ca, Mg
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<Table 1> Analytical Results of Estuatine Sediment, NIST SRM 1646a

[

|
|
!

Element ;

|

| Cetified Value i

(%)

Exp. Value(%)

L

ICP-AES

#1

#3

JUUR A A

Al 2.297

0.01812.055 = 0.01

1.909

0.013 }1.829

H

0.010

+

0.013

1.809

I+

0.006

Ca 0.519

H+

0.020 {0.313

H

0.004

0.262

W H

0.001 1 0.443

I

0.002

I+

0.004

0.435

H

0.002

U S PR

Fe 2.008

+

0.03%91.813

H

0.008

1.731

I+

0.008 | 1.922

H

0.006

H

0.014

11.743

-+

0.001 |

Mg 0.338

-

0.009 [0.317

H

0.003

0.063

H+

0.0010.338

=+

0.001

I+

0.004

0.357

-+

0.001 }

K 0.864

H

0.016 | 0.803

= 0.01

0.707

H

0.002 1 0.711

H

0.005

H

0.009

0.628

H

0.002 1

Na 0.741

H

0.01710.673

+

0.005

0.930

H

0.001 | 0.599

1+

0.005

H+

0.009

0.591

H+

0.002 |

A E
AlE
Ag
AlB
=1

A %
A4
32
A
Ax e

o o of
% zf o oE ok

oF

#

—

#3
#4
#5

: 0.1g sample
: 0.1g sample
: 0.1g sample
: 0.1g sample
. 0.1g sample

+ 4mL HF + ImL HCIO,
+ 4mL HF + ImL HCIO; + SmL H;BO; X389
+ 4mL HF + ImL HCIQ, + 3mL H;BO; %384
+ 2mL HNO; + 2mL HF + 3mL HCl + 1.0g H;BO;
+ 6mL HNO; + 3mL HCl + 3mL HF



Bools Hgsha 43S ¢ ¢ Ak AR Az Wy #3& o] &8 B Ao
BEo] Ad it ¥ Zre] Aol @47 0.11~20.37 %2 A& A WY #20)4
Hop Ag ghol Q¥ glo] 2A}8ich AR AAe] wy #4+= HNOs, HF, HgBOs 1E]3L
HC1E ARg3to] A|2E Eafstadct. 2 A Aol o 4 ARl AJ8dA e Uy
#3RThe BE A Ffo] FUH k3t AR kARt BE S a0l 10.6~
29.28 %2] oAt BHH o2 A Flo] FHAH™ Fhol IAHA uelytct. 53] o
A7 AA e WYY AR dAe] v #28 #3304 BT AY & 24 ¥ Ca
of ti3f 10.65 6"1 e xtE ulad FHAH Frol ZAE o 4 et AE FA
g] v #5&= 23} AH(HNO; + HF + HCl + H3B03)& ©]-&3to] Microwave® AR & F3
A7 & Bo‘ﬁéﬂi 2 oAzt e 2 Ao Ml 5.63~27.32 %2, EI] Mge
562 %2 A Zlo] FJH gho] TAglen Ko F-Poll= 27.32 %2 ThE A4S
vjsl) Ay Zhol HA™ grol TAbkRl X3t thE ABLoEE koA AR A
8 Az wHE& o]&3}o] NIST SRM 1646 Estuarine sediment$} NIST SRM 2704
Buffalo River sedimentZ ICP-AESE o]&3} EAJulHz} A} BIAISLE o] £3F B4
ah.g wl@stgdnt. 2L A3} 3EE <Table 2>¢f <Table 3>of LtehgiTh, ICP-AESE ©]
£33t Boulyola AR dA e Y #lodE A8 it A" 3L Al et
W o] 7} NIST SRM 16460 A<= 6,9~97%=, NIST SRM 27040]A = 0.5~322%% LIE}LLS
m AlE AR W #2202 gt MWt 9~97%, 9.4~96%= UElRTH &
3] o] A MAe W #1 AR WA WY #2% Ca, Mge] EAo ofs) wi- F
3rer AR AAE PHUS & 4 Tk el o] AR AT W #13k #2% NIST
SRM 1646aE =3} A3 o)A 2} m}xty}R] 2 NIST SRM 16462} NIST SRM 27045 o|-£3+ A
HAHNAE & 4 g %0] sediment AR &9 FIE Z4& Y A& dAz WY
ost RANsE A o 2 olginh AlE Axe ] #30)al= NIST SRM 1646a
g o]&dlo] ARE AAT sHE v A2 A HE EF WHLEE ¢
olel oL} NIST SRM 16463 NIST SRM 27045 o]&3le] A8 & HA g S wf: 9.8~
345%2} 8~1247%2] v|5d I Ar]ex} LR TIFdl sediment A|R 5] HA7 ¥
o8t HAS o 4 glch 53] K(228%, 121%), Na(345%, 1247%)2] Z-f-ole
O A gho]l FHelH Zre] Aolsb HA sediment AJE 8] K, Na E£4& $8 A&
Axe wor: st atrh. Al HAe] vyl #49} #5= NIST SRM 1646a&
o]-83 AlF Mz oM e FHEASE FAEY YHYS o + AUdch Y

%



<Table 2> Analytical Results of Estuatine Sediment, NIST SRM 1646.

Exp. Value(%)

| 1 Cetified Value

' Element | | | ICP-AES

g ! (o) | INAA } ‘ ,

| #1 #2 | #3 } #4 |

1 Al 625 % 0.20 i;5.74 + 0216 | 2.75 = 0.008 ;5.07 + 0.012@7.36 + 0.087/5.96 = 0.023 %5.21
Ca | 0.83 = 0.03 %0.81 + 0.049 | 0.16 £ 0.0004 |0.15 + 0.001 §1.58 + 0.005/0.80 * 0.005 §0.71
Fe | 335 % 0.10 323 + 0.168 | 3.12 &= 0.008 [2.79 + 0.0162?3.05 + 0.020/3.20 £ 0.012 2.96
Mg | 1.09 = 0.08 - 0.037 £ 0.0002 |0.029 + 0.001%0.20 + 0003120 = 0.004§1.03
K 1.4 138 * 0.082| 1.99 + 0.002 ;1.83 % 0.019;4.60 + 0.060|1.59 =+ 0.012;1.56
Na 2 1.76 + 0.099 | 223 * 0.007 |1.82 * 0.005%8.89 + 0.100| 1.65 = 0.005  1.65
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| Cetified Value

£

Exp. Value(%)

<Table 3> Analytical Results of Buffalo River Sediment, NIST SRM 2704.

' Element | | ICP-AES 5

‘ | (%) | INAA : :

i #1 #2 #3 #4 | #5

i I !

Al | 611 £ 016 |584 = 021 494 + 0.056 | 434 * 0.030 [6.62 = 0.040| 5.69 * 0.040 | 5.32 £ 0.031

- Ca | 260 + 005 (278 = 0.13 ] 008 + 0.0003 | 0.18 + 0.00] %0.75 + 0012 245 + 0014 | 234 = 0.008 |

E Fe 411 £ 0.10 |4.11 =+ 0.17 | 250 + 0.038 | 3.72 =+ 0.01ﬂ3.76 + 0.05013.81 * 0.037 | 3.77 £ 0.021
i |

Mg 120 + 0.02 0.05 * 0.0005 | 0.05 % 0.000410.17 = 0.000: 130 + 0.002 | 1.17 % 0.004

K 200 + 0.04 |1.91 = 0.15] 201 * 0018 | 1.55 *= 0.004 !4.42 + 0.028! 1.54 = 0.013 | 1.62 £ 0.004

Na |0.547 = 0014 | 0.54 £ 0.03 | 231 = 0.005 | 0.85 =+ 0.0057 737 + 0.074] 0.52 £ 0.002 | 0.57 * 0.004




NIST SRM 16463} NIST SRM 2704& o]-£3te] AlEE A2 P& FAF 2 A 3424 &
QIE gk Atelel AtjoxbHevt RE EHYAES 1S o AR AXe Yy M
oM Z}7zb 3.6~17 5%2f 4~23%% 2 A® AA g whH #50)M= ztz}t 5.5~
17.5%2} 2.2~19.2%%, BaHd 22xPHE AlmdAe] vy #47} vlad ARdA g
b gsRTh 2rh 23 ZE AR MA e P #471 thordh sediment AR HA |o]
A3t WHYdS o 4 etk whebd ICP-AESE —rISH A AEF Aot A
a:Jr-"—% RarS uwf sediment A& ol Al £ U4 (Al, Ca, Mg, Fe, K)& ZHoj

Az A Wy wrh 3 Z2E5 P UE o o dgdoh wbde] F8AF WA
—l‘i:*#‘?j% 0|83t FEE (NIST SRM 1646, NIST SRM 2704)¢] &% A3} (Table 2>
9} (Table 3>o|A] Ro] FEo| NIST SRM 164604 2.9~11.9%, NIST SRM 27040j A=
0.05~7.05% w3 W Agrjex HHAE /IRHE ¢ + gk I rhgeR
sediment Al <2] ular F7]1¢94(As, Cr, Pb, Se, Co, Ge, Ce, U) 4 ¢33}
ICP-AESE o] &3t A3} xj3} whabsl Eage] F 7ka] A& o]-&3talch
Q.g]= [CP-AESE o] &3t AU olA sediment A|E &of n|FPOo R Ea sl HAE
g 3h7] ¢stel Alg AA e WY ME o8, 2 A3} 3h& <Table 4>of e}
vjedtl, NIST SRM 1646a EHEEAE o] &3] AP Ao & 4 Ko sediment
A8 &o] njFo g Ex|sls UAa(As, Pb, Se, Co, U)Sol thsires o FHad 3zt
A3 gk Atololl= Alt] A7} 9.2~31750%% nf@ & o 4 glalth ey Crel
A9 2 Hfe Azl 9242 the njgdAE] ws) vz w2 Avjext & el
LAt 0]6‘15* 2 xrjext ghel fRlo 2= AR MA e oA AREE AHHNO,
HF, HiB0s, HC1)E <o) gl E4EE 93 2¢17) sediment A8 8] E3gE 2ol
oJ3t @& Otﬂ*o*ﬁ 4= olglrh, E]al (Table 4>ollA] Ko Fo] F42L WAtel &4
Mg o]85lo] sediment AJE Hol U= mlF U4 FF AAE BY O EEEHY
wolg ztxb A Fre] Abvjex} gro]l NIST SRM 16468] 739 2.2~28.3%%, NIST SRM
27042] A 0.03~16. 4% uv]a3 Zfch ulglrd sediment AR Fof Ex|st= nl#
AA£E2] HH o= ICP-AESO] 23t &4 W RETE F421 WA SHYPLE SH e
Wol o] HIERE o 4 gladvh XF7HA] sedinent EEEAE ©]-§3to] ICP-AES
B apwo) ot Aol AR} WAL E4of &ste] Aol EMAE Foto F
el A B sy AYSE FANcE o]E Folo] ICP-AESe] 23 why e
12 AAe 2P 2848 AL oY Jx] AR dAE] HAHE FAM MY F

>
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<Table 4>Analytical Results of NIST SRM 1646a, 1646, 2704
: ‘ NIST SRM 16462

NIST SRM 1646

NIST SRM 2704 %

i | Certified | : ’ i !
 Element ! Val { Exp. Value :Certified Value' Exp. Value |{Certified Value Exp. Value
i i ajue 1 ! - : ;
i ; . (ICP-AES) (zgml) - (NAA) (pg/mL) (NAA) ;
| . (pg/mb) | | | . f
. As 623 £ 021 28039 * 925 11.6 £ 1.3 {105 = 199} 234 £ 08 | 192 * 22 |
L o 409 * 19 |37.14 * 0.69§ 76 + 3 717 £ 4.4 135 £ 5 | 136 * 87
. : i
Pb | 117 £ 12 l4218 + 324, | |
| Se 0.193 % 0.028]61.47 = 2.58 (0.6) 174 £ 025| 112 % 005 | 239 = 0.36 |
I : i !
L Co 5 2463 £ 0.67) 105 £ 13 1994 = 049| 140 = 0.6 | 140 * 0.5
i
Ge 2730 * 125 ?
!
]
Ce 34 6524 *+ 3.6l (80) 703 & 3.6 | 602 £ 54 | 703 + 36
U 20 13324 £ 283 548 £ 080 (3.13)  3.61 * 0.69

Digestion Method : 0.1g sampﬂe- + 2mL HNO; + 2mL HF + 3mL HCI + IOg_HfBO_



[-e BUSTAEN B4

B YHES 3 2 Y WY A WARE 248 E o] -&8te] A - Wit A
o] MY E Kol &3l FI7|¥4AE(Al, Ca, Fe, As, Cr, Se, Co, Pb, Ce, U)Z 4]
A 2Astgrh A - gl A AREEE AR, AT sz HFe, Aok ¢
= PR, e|al Pkt A TA EE st 4 AAHE Hste] 1 Z A
HollA sf¢tOoRHE 100m ZHH LT ARE 30447 |3 stedct. 2 A3 S <Table
5>, (Table 6> 18]3L <Table 7>ol UEelZTt Al, Fe & A Ro] &35l FQ
ol s M= ICP-AESE o[- &3t B 4821 HAEt ML S8 Az
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<Table 5> ICP-AES o] &gt 24 H 3 NAA of 3 EXHEE o] &3t A g & 27 vl @Y pgmL

A
Al Ca U As Ce Co Cr Fe Se Pb

#1 ICP-AES| 86450 <+ 866 5805 +£34 292.0x15.5 |251.36+18.34 126 £ 14 34620 85x4 40728 £ 385 150.8 £13.0 | 212.8+14.2
NAA ]94990 £1092 | 8024 =687 2.8+0.8 11.50 £ 0.40 103 =1 15.7+£0.2 79 %1 42435 = 564 1.7+05 +

#2 ICP-AES]| 87769 + 852 5872 £37 283.0x34 262.86 + 8.60 133+9 344 1.1 78 +2 39568 + 273 158.5+9.8 212.8+£8.53
NAA | 931101080 ) 10111 + 842 2807 12.80 £ 0.50 1141 16.4 £ 0.3 81 +2 43323 £ 780 1.4+0.7 +

#3 ICP-AES| 86519 +246 5812 £35 260.6 £5.5 251.02 £8.01 110 £ 8 322 +1.1 74 +£3 38291 £ 264 154472 207.9 £6.8
NAA 92370 £ 1413 | 10757 + 896 3407 14.70 £ 0.50 102+ 1 142 £ 0.3 81 x£2 39527 £ 620 1.9+0.6 +

#4 ICP-AES| 90277 + 603 5319 £47 2733 +4.3 272.71 + 8.07 128 =7 37.0+1.2 87 +£2 37310 £284 182.5+2.0 2144 £09
NAA | 91210 +401 12267 + 943 2.3+0.7 9.30+£0.30 104+ 1 14.9£0.2 74 £ 1 37673 £3573 0603 +

#5 ICP-AES| 77991 + 207 8656 =41 2384+ 83 250.06 +9.42 120 £9 33613 76 £3 32289 £ 250 155.8 £9.0 192.3 £ 6.0
NAA | 83430 +484 | 13246 + 833 2.9+0.7 8.30£0.40 97 1 13.5+0.2 731 33011 £528 0.8+04 +

#6 [CP-AES| 79285 + 944 8549 +£59 2192 £ 169 |266.57 £9.98 74 £ 11 31313 813 33106 £ 195 133.9 £10.2 171.6 + 10.7
NAA | 89650 +1121 | 12090 989 1.8 +0.7 7.50 £0.40 99 =1 153+£0.3 79 £ 1 37562 £ 635 19+0.5 +

#7 ICP-AES| 90391 + 525 8862 + 51 235.1+£12.3 27198 £16.27 78 £ 14 30.8+2.5 80+4 36668 + 238 121.0 6.9 168.6 £5.3
NAA 88060 + 1030 | 11200 £908 3.3+0.7 6.70 £ 0.50 100 £ 1 150 £0.3 81 = 1 38428 + 588 0.7+0.3 +

#8 ICP-AES] 88620 =930 9385 + 68 2332+ 14 262.80 +13.36 81 +6 28.8 £0.8 76 =1 35882 £292 115364 157.0 +3.4
NAA | 83150865 | 10744 £822 22104 6.00 £0.30 99 %1 14.9 £0.2 76 + 1 37440 £ 614 + +

#9 ICP-AES| 93917 = 1187 | 9755 £42 302.0 £28.2 |281.69£15.93 99 £9 33212 89 x2 40500 + 343 136.8 7.7 168.7 £6.0
NAA | 89040 =356 | 12172 £778 1.5%0.6 7.70 £0.50 96 £ 1 15.6 £0.3 791 40637 + 687 0.8+0.2 *

#10 |ICP-AES| 92673 £1550 | 8419+38 316.1 £8.8 273.32+0.24 96 +2 33303 110+2 42342 + 178 137.6 £2.1 192.0 £3.1
NAA | 94260 £943 13028 = 1125 3.6 £0.7 10.90 £ 0.50 101 £ 1 16.8 +0.3 94 +1 42902 + 635 09+04 +
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<Table 6> ICP-AES ol 9] 3k £A1 %7} NAA o o3 BA R E o] &35l AHAIE BAZ 3 v 2 pgml

Al Ca U As Ce Co Cr Fe Se Pb

#2-1 |ICP-AES] 85834 + 171 9644 =35 |281.30+£13.10 |275.28 £9.72 81.94 £9.66 | 34.86£0.14 80.6 3.9 | 35100+113.93{127.59+£1042} 1774 +5.1
NAA | 78871 £434 | 15032924 4.59 +0.80 8.12£0.61 141.6 £0.65 | 13.69+£0.15 83.4+0.9 | 36444 £167.64] 0.62+0.25 +

#2-2 |ICP-AES] 90719 £273 9816 £33 1277.59 +14.44 {27234 £5.19 75.32£2.23 | 34.72+0.96 74.7+2.0 | 37205 +305.80)121.94+£6.72 | 170.8 £0.6
NAA | 84043 =487 | 13680 +802 0.83 +0.51 9.59+£0.76 ]126.10£0.69 | 14.59+0.15 86.9+1.0 |38135+17542] 0.64+0.20 +

#2-3 |ICP-AES] 71663 +213 9597 £52 [182.64 +£3.25 1292.15+9.77 59.34 £3.24 | 28.96+0.32 444 04 | 19293 £56.25 |106.10£2.55 | 161.1 £3.0
NAA | 61011£372 | 14375+782 2.34£0.78 6.65+0.359 116479 £0.73 8.50 £0.12 68.0 0.8 | 22352 +129.64| 0.57x£0.17 +

#2-4 |ICP-AES| 76492 + 486 9748 +42 209.51 £6.07 |297.88 £17.63 75.32 £11.59| 33.11 £1.91 551+2.6 22890 +£17.35 }126.19+10.99} 164.6=7.1
NAA 64409 + 522 14661 + 990 7.52+1.23 6.03 £0.60 157.07 £0.72 8.87 =0.12 77.0 £09 24096 + 132.53 0.33£0.12 +

#2-5 |ICP-AES| 81336 =282 | 10353 +36 |[284.30+6.39 |285.65+12.06 | 99.75+6.37 ; 38.75 £0.66 80412 |20993 +131.77|147.85+2.36 | 1744 +6.3
NAA | 79707 £391 14020 = 781 3.50+0.93 8.42+0.68 |105.20£0.60 | 14.07 £0.15 845+09 | 37172 +£167.27] 1.65+0.35 +

#2-6 |ICP-AES] 71437 £ 198 9636 £85 |216.47 +20.16 |243.87 £19.26 |114.69 £16.64| 32.64 £2.44 72.1+3.0 17620 £ 178.23 (112,73 £ 15.68 ] 159.2£15.5

NAA | 75018 £420 | 13680 %834 527 +1.52 6.86 £0.54 1119.54+0.66 | 11.99+0.14 75.5+£0.9 | 31479 £151.107 0.79+0.28 +

#2-7 |ICP-AES| 67340 £59 5595 £26 [218.68£10.94 §264.61 £16.60 |112.23 £15.64) 35.11 +1.62 659 2.7 15613 +58.32 112029 +11.46] 165.1+7.8
NAA | 70606 +395 | 13873 + 846 3.37+1.27 849 +0.72 110934 +£0.60 | 1346 +0.14 716 £0.8 {29650 +14528) 1.67 +0.37 +

#2-8 |ICP-AES]| 81921 + 560 593515 256.14 £ 10.44 [240.534 £6.02 110.52 £3.62 36.22 +£ (.90 83719 20871 £ 125791 124 .84 £35.55 162.0 £2.6
NAA 84110 £370 12675 + 816 4.74 £1.58 9.95 (.72 98.74 +0.38 13,93 £0.15 789 +£0.9 36327 £ 163.47 1.34 £0.39 +

#2-9 |ICP-AES| 68719 + 3599 5256 £26 |221.17+10.85 |241.18 +11.16 |108.29 +13.6%9| 33.36 =1.47 71921 16607 £85.33 |117.76 £6.66 | 151.7 £6.6
NAA | 77856 £405 | 13935 + 803 4.74 £1.58 9.95+0.72 101650359 | 11.79 £0.13 74.5+0.8 | 30741 £150.63] 0.80+0.18 +

#2-10 JICP-AES] 67001 +391 6698 £57 [221.69 +6.48 }286.52+£19.24 | 53.47 +8.87 | 29.77 £0.77 54.1+1.2 15582 £91.76 [109.21 £9.63 | 165953
NAA | 73007 £416 | 10387 +654 2.92 £0.87 4.98 £0.45 92.53+£0.56 | 1045 +0.13 67.3+0.8 | 27467 +142.83] 0.68 £0.26 +
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<Table 7> ICP-AES ©f 2}3F 24 31 NAA of &3 &4

Y2 o3 3he]

AEAE B

e EERE

3k =4 99 pgml
Al Ca U As Ce Co Cr Fe Se Pb
#2-11 |ICP-AES} 73452 =348 6602 £29 124920 £6.69 [305.72 +14.34 74.1 £8.94 | 30.70 £0.88 58.1£1.8 30340 £240.96]115.93 £6.85 127.7 £3.8
NAA | 76793 £ 630 12327 £970 2.00 £0.90 8.65 £0.68 982 +0.59 | 11.70+£0.13 79.4 +£0.9 31319 £156.59) 1.534 £0.28 +
#2-12 |ICP-AES| 76837 1435 | 6403 +26 |275.71 £10.11 |324.25 £ 21.07 83.7+£13.88] 33.69+1.79 70.8 £3.6 32894 £235931126.28 £ 11.76| 129.0+6.4
NAA | 75493 445 11631 =785 4.13£0.93 7.56 £0.57 98.0+0.59 | 12.51+0.14 73.5+09 32164 £160.82} 1.43 +£0.33 +
#2-13 {ICP-AES] 67843 =197 7287 £26 |21533 £2.38 1293.39 +13.98 78.4 £9.20 | 27.36+1.34 46.6 +0.6 25887 £121.361107.35 £35.27 101824
NAA | 64067 =340 9483 £ 657 7.35+1.60 5.71£0.58 97.3 £0.62 9.98 £0.12 66.4 £0.8 25819 £136.84( 1.52+0.31 +
#2-14 |ICP-AES| 76094 £ 910 7535 +38 124554 +1.63 [294.00 £11.67 86.0+6.62 | 31.86 092 477 +13 30273 £126.801124.31 £4.07 1059 £2.0
NAA | 72902 £357 | 14151 £974 5.23 £0.99 6.66 £ 0.60 1329 +0.65 | 11.71 £0.13 58.2+0.8 28665 £149.061 0.88 £0.33 +
#2-15 {ICP-AES| 84356 + 652 7358 £20 [274.02+6.11 [297.05+11.58 90.1 £6.62 | 35.74 £0.88 61.5+0.9 36219 £59.19 |127.92 +6.42 103.9+34
NAA | 81386 £358 | 13602 + 860 6.19 £ 1.07 8.90 £ 0.75 150.8 £0.69 | 14.85+£0.15 72.6 £0.9 362352 £166.76§ 1.62 £0.37 +
#2-16 |ICP-AES| 87308 £+ 1616 | 6465 +51 319.88 £23.91 1298.38 £ 15.14 | 1082 +9.71 | 40.44 £ 146 73.0£2.5 38071 £269.63|142.46 £7.18 1028 +4.4
NAA | 86587 =476 12721 + 943 4.35+£0.92 7.92 £0.59 107.4 +£0.62 | 17.14 £0.16 79.3 +£0.9 38969 +£171.47| 0.88 £0.24 +
#2-17 |ICP-AES| 67688 £ 971 5969 £26 |211.14 +£3.71 [299.37 £6.98 66.2 £7.15 | 28.26 +0.97 453 +£0.8 21324 £214.831120.08 £1.97 789 £2.2
NAA | 67844 £434 | 12227 =857 3.75 £0.68 5.29+0.75 82.4 £0.54 7.78 £0.11 59.3+£0.8 21700 £125.86| 1.23 £0.32 +
#2-18 |ICP-AES| 86956 £1047 { 532123 [293.39 £14.63 |280.89 +9.18 89.8 £ 8.67 | 35.85+1.37 69.6 +2.7 37725 £231.061124.55 £7.73 76.7 £22
NAA | 81605 £269 10820 + 691 5.40 £ 1.69 11.60 £0.73 97.9 = 0.38 13.87 £ 0.15 73.9 £0.9 35117 + 165.05 1.41 £0.29 4
#2-19 |ICP-AES| 71408 + 799 5906 £57 |212.26 £5.52 |285.74 £11.16 62.4 £6.01 | 30.30+0.77 499 +0.7 25617 £135.46]114.56 £4.66 64.0 £0.5
NAA | 66800 =374 13757 £ 880 2.67 £0.91 5.88£0.74 98.0 £0.59 949 +0.12 66.2 £ 0.8 26215 £ 141.56] 0.85 +0.17 +
#2-20 JICP-AES] 78831 + 385 5931 £30 |283.46+4.30 [303.16 £6.14 101.3 £9.53 | 37.62 £0.90 683 1.6 33793 £297.151151.47 £9.35 76.5 £4.7
NAA | 79678 406 | 11635 +£914 5.30 £0.94 9.78 £0.72 106.6 £0.59 | 13.42 +0.14 745 £0.9 33898 £ 159.32 1.31 £0.39 ES
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