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Nutthawuth Nainanont 2008: Elemental Analysis of Sediment at Phak-Pa-Nang Bay,
Nakhon Si Thammarat Province by Energy Dispersive X-Ray Fluarescence. Master of
Science (Applied Radiation and Isotopes), Major Field: Applied Radiation and
I[satopes, Department of Applied Radiation and Isotopes. Thesis Advisor:

Mr. Somchit Palakas, Ph.D. 141 pages.

Analysis of sediment samples with Energy Dispersive X-Ray Fluorescence technique
was conducted using EDXRF instrument of Oxford (model ED 2000) completed with ISIS 300
program. The most appropriate mode of analysis was vacuum combined with various optimized
conditions that could effectively analyze 14 elements including aluminum, silicon, phosphorus,
chlorine, potassium, calcium, titanium, vanadium, chromium, manganese, iron, nickel, zinc and

barium.

In quantitative analysis, optimization and standard calibration were performed using 9
sets of reference soil standards comprising GBW07401, GBW07402, GBW07403, GBW07404,
GBW07405, GBW07406, GBW07407, GBW07408 and NIST2710. In comparison to all sets of
standard, the analysis results with the error within the range of £10 percent were accepted as

corrected values.

Thereafter, all optimized conditions were applied to analyze sediment samples collected
from 2 sites of Phak-Pa-Nang Bay located in Nakhon Si Thammarat province; the first sitc was
western Laem-Ta-Lum-Puk and the second site was the western coast of outer Phak-Pa-Nang
Bay. Five samples of 40 cm in depth were collected from each area and layer of 5 cm of each
sample were sectioned. Similar tendency in quantity of each element at the same layer of each
station and each sampling site were observed, and, almost elements found in the western coast
of outer Phak-Pa-Nang Bay were higher than those found in western Laem-Ta-Lum-Puk area

except calcium and chromium.
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yoraou'ly aN1e Major Trace Tube Voltage Fillter
Very Light
Vac/He Na-K Mg-K 5kV None
Element
Na-Fe
Geological Major Vac P—Fe 10 kV None
Sn - Ba
S-V S-V
Solid or Liquids A Vac/He/ Air 12kV Thin Al
Sn—Ba Sn—Ba
Ca—Cu Ca—Cu
Steels or Liquids B Vac/He/ Air 15kV Thick Al
Sn—Ba Sn - Ba
Na - Mo Ca—Mo 4.5 mm
General Vac / He/ Air 25kV
Rh-U Sn-U aperture
Ca—Mo Ca—Mo
Medium Elements Vac/He/ Air 35kV Thin Ag
Ba-U Ba-U
Heavy element Cu—Zr
Vac /He / Air - 45kV Thick Ag
Traces Ta - Bi
Nb—-Nd Nb-Nd
Vary Heavy Element  Vac/He / Air 50kV Thick Cu
Th-U Th-U

a s ] a A o o o o
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H a s a o [ a Ia . . . .
GH‘SN‘?I 2 ‘]JillTm‘ﬁWJENﬂ‘]Ji%ﬁﬂ@“lJIuﬂgﬂﬁ1iﬂ1ﬁ§§1u’€]}’lﬂﬂﬂﬁ1ﬁiﬂﬂﬁ’JLﬂﬂzﬂﬂuﬁgﬂﬁlu (Institute of Geophysical and Geochemical Exploration, 1986;

National Institute of Standards & Technology, 2003)

Element unit GBW07401 GBWO07402 GBW07403 GBWO07404 GBWO07405 GBWO07406 GBWO07407 GBW07408 NISTSRM
2710
ALO, % 14.18+0.08 10.31+0.05 12.24+0.05 23.45+0.11 21.58+0.09 21.23+0.09 29.26+0.20 11.92+0.08 6.44+0.08
Sio, % 62.60+0.09 73.35+0.11 74.72+0.11 50.95+0.08 52.57+0.10 56.93+0.11 52.69+0.11 58.61+0.08 28.97+0.18
P ppm 735+13 446+11 32049 695+13 390+17 303+15 1150+19 775+12 1060150
Cl ppm 78 63 57 36 78 98 100 68 -
K,0 % 2.59+0.02 2.54+0.02 3.04+0.02 1.03+0.03 1.50+0.02 1.70+0.03 0.20+0.01 2.42+0.02 2.11£0.11
CaO % 1.72+0.03 2.36+0.02 1.27+0.02 0.26+0.02 0.095 0.22+0.01 0.16£0.016 8.27+0.06 1.25+0.03
Ti ppm 0.483+0.007 0.271+0.003 0.224+0.004 1.080+0.014 0.629+0.009 0.439+0.005 2.020+0.023 0.380+0.005 0.283+0.01
v ppm 86+2 62+2 36.5+1.1 247+6 166+4 130+3 245+8 81.4+1.8 76.6+2.3
Cr ppm 62+2 472 32+2 370+6 118+3 75+2 410£9 68+2 39
Mn ppm 1760+24 510+6 304+5 1420430 1360+28 1450432 1780+44 650+9 10100+400
Fe,0, % 5.19+0.01 3.52+0.03 2.00+0.02 10.30+0.05 12.62+0.08 8.09+0.06 18.76+0.16 4.48+0.02 3.38+0.1
Ni ppm 21£0.6 16.3£0.4 11.4+£0.4 40.5+0.1 144+3 390+6 97+2 24.3+0.5 14.3+1
Zn ppm 680£11 42.3+1.2 31.4+1.1 210+£5 494+11 96.6+2.4 14245 68+2 6952491
Ba ppm 590+15 930+24 1210430 213+10 296+12 118+6 180+12 480+11 707451

L1



18

2.1.1 1 1Y5unsuMsIATIEH ISIS 300 11M31E0NT18A5 Method Setup FHINTN

A = o w A Y OBJJ T ° o A A Y d? o 1 d‘ﬁJ
N 2 189NA193 Method INBLVIFNITONATN N mm‘um’au'lslmﬁﬂwu Vl?ﬂTﬁiﬁ"ﬁ']ﬁ]“VW]'ﬂ\iﬂWﬁ

a s 2 . dy A a o A A A '
W3 en 33 T1sunsy Isis 300 H Asn@en NI TR IuguDURIReITe s Mol 1ugl

4 z dy A v a 4 1 Y] Y
ﬂlﬂﬂﬁ’]iﬂigﬂ@ll“lﬂ Tﬂ811!51]14!9']'E’)uuﬁ’]ll’]iﬂlaﬂﬂaﬂ]ﬂmzﬂ’]ﬁjlﬂﬁ131’?‘]]@\3‘51@!“@]@3@]3119’] (YU
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Methud Setup M= &3
| | 4
F2 T Fa Fle
Method Measure Standards Fegression Exit
Measure Standards (F3) - Measure defined standards far calibration =FD 2000 §|
= y
NN 2 YiH199518N15 Method Setup
w. Select Other Elements - [sediment thesis edit] [ x|
Select any OTHER Elements in your samples by clicking on the
periodic table -
DNol selected Dl]lher Element E
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e

Nd

Frm|Sm|Eu |Gd|Th |Dy(Ho|Er [Tm{¥b|Lu
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w. Select Units - [sediment thesis edit]

Analyte | Units | Decimal places |
n1203 ut % 1HE -
si0n2 ut % fi2igp s e e
P ppm i _Hand
3 ppm . oHans  —
cl ppn L B
K20 ut % 1HE
can ut % fi2igg s e e
3c ppm i _Hand
Ti ppm i Hig -

Selected - Units -
 A2o3 @ Apply |

CUECE | Decimal places - 4 '

< Back | Next > |

[Select Units and decimal places for each Analyte. =FED2000 =

d' A [ a 4 d‘ 9
M 4 M3denriIvesHamsIns1zriie 1% 1Usunsu ISIS 300



m. Aszign Fixed Conditions to Analytes [_ (O] =]

Analyte | Fixed Conditions |
0 Ha Uery light elements N | Ren Anal I
0 Hg Uery light elements R
A Al203 Uery light elements — -
n sion2 Very light elements Split Analyte I
AP Uery light elements
A s Uery light elements
A Cl Uery light elements
A K20 Uery light elements << Select |
A Cal Uery light elements i
# Fixed Conditions Name | Path | Majors | Traces |
1: Uery light elements Vacuum
2: Steels {vac) Vacuum Ca-Cu, REE Ca-Cu, REE
3: Hedium elements {vac) Uacuum Ca-Mo, Ba-U Fe-2r, HF-Bi
4: Heavy traces (vac) Vacuum n.a. Cu-2r, Ta-Bi =
Exit Advice < Back Next > |
|Selecta set of conditions for each Analyte =F 2000 = |

Y o 4 a d
ﬂ"lWﬁ 5 ﬂTiﬂW?‘iuﬂﬁ@ull"Uﬂ?iﬂlﬂi?%ﬁl!ﬂ‘ﬁ?ﬂ

w. Parameters for Fixed Conditions

Current and Measurement Time

Meazurement Set by
Current Time Iser
790 || Ve light elements 300 | |
3% || Steels [vac) 300 [
51 | Medium elements [vac) 300 ||
76 | Heavy traces [vac] 300 L
373 | Y. heavy elements [vac] 300 ||

Help | Exit | < Back Next >

Enter current/livetime far each FCD = F 2000 = |

d' o [ A Y 1 o o a 4
HMNN 6 fﬂiﬂ"lﬂuﬂﬂ"lﬂﬁgLlﬁllwﬁWV]GlﬁllﬂﬁﬁﬂﬂL’E)ﬂelﬂi‘(’JLLZWi%ﬂ&’lﬁfluﬂ”lﬁ')minﬁ
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w. Analyte Profiles/ROls - [sediment thesis edit] =] x]
Analyte | Fixed Conditians | Line | Prafile/ROl |
1] elements K NaK B5HONE3
0 Mg Uery light elements K MgK A5HOHE3
A Al203 Very light elements K A1K B5HOHEZ
A sio0z2 Uery light elements K SiK A5HOHE3
AP Very light elements K PKB5HOHE 3
A s Very light elements K SKB5NONE3
A cCl Very light elements K C1KB5HOHES
A K20 Very light elements K KKB5NONE3
A Cal Very light elements K Cal A5HOHER i
Selected - Ling | Proflename | ‘ Bemove Analyte |
Na |
Split Analyte I
® Profile | =P vt
O RO| aalact
= [X Match Profiles to FCD
Help | Exit | < Back |
' — F 2000 -
' v '
= o [ Y [ ~ 9 a 4
MAN 7 MTINUUATEAUTUNAINIUNADINITUATIEN
[ Measurements ]
Results Ouput T Save ]
Template ilmi [ Normalise Results
[ Printer
[ File
[ R5232
Help Exit < Back | Next |
tethod read - sediment thesis edit =FED2000= |

MNA 8 ﬂ?ilﬁﬂﬂﬁjﬂymgﬂﬁuﬁﬂﬂNﬁﬂTﬂﬁﬁQﬂﬁ%Lﬂinﬁ
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w GBW 07401 - Concentrations [ x|
Al203
Enter Concentration m Wi L‘
[T Unknown
Help Exit | | < Back ” Next > |
[Enter cancentration for A1203 =Fp2000=

MNN 10 M3 ldlTnusnveImInnIg ULy

m. Load Tray with Standards : thesis sediment eak edit

Sample  Help
Avwailable Standards | ~Sample Position | Standards in Tray |
blank sediment @ 01:GBWO07401
@ 02:GBW07402
C 03:GBWO07403
1 ® @ 04:GBWO07404
coin 05:GBW07405
testo 06:GBWO7406
al-si @ @ 07:GBWO07407
559 08:GBWO07408
55 hd ®® ®® 09:NIST-SRM 2710
[ Match Standard elements b Methad ®
10 Back [Page Up] ot
Mext [Page Down) I
[T Add Instrument Cormection SUS s
[Press >> to put 'hlank sediment in tray position 10 = F 2000 =

a A A qyo o o o A 4 g &
HMNN 11 ﬂmaaﬂmﬁmm;@mma1%?{1wi‘umiﬂmmauuau"lwaﬂwu
QSJ’ o
2.3 JuUaaUMsNiINI1IavonDeY (Regression)

M3 Regression A9N13A59e0UMstDouuuvesdoyauuduns muIasgIu 15U
! A £ 9 a = ¥ 9 Y1y
manuamanaou sdimsideauuvesdoyatioasamnsoagllan idunsminasgiu
3 < Y Aa < A o [ = 9
il dunswinasgund laadu llawgaasinesgv TaedeimsSuieoudioas

9 o o . A 9 o (% Y [ =~ =& d:j Y] dy
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2.3.1 1@a®dnNI18gnN137 Regression 311NN UIID Method Setup laﬂﬂl\iﬂuuleuﬂﬁﬁ']\ﬁlullﬁg
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w. Select Method M= B3

Please select required method:-

Detector Calibration Check -
medium thin F

sediment

sediment thesis Cancel
test1 -
test16/11/86

thesis eak

thesis eak edit

thesis sediment eak -

e

Advice

Current Method Selected:
| sediment thesis edit

[Select he Method you want in the list box, = F 2000 = |

i 12 m3tdenideu lud1mSumsi regression

FD(HF Regression - [Ba  : St. line : sediment thesis]

|"J File Edt View Dptions Window Help

BEE]
Ry | e e o )

‘ Inst. Cor. I |Ed|lF(agvess|un|

Ba S line sedimert thesis
Standard Used Rawcps  Commected cps Known  Cals Dift it £ Calculated vs Give
ppm ppm ppm =
fat
BT v a0 75 5000000 6146305 2468850 4% < 500,
BT 402 v 8808 782 2300000 9600813 3008126 323 =)
GEmnTang v 845 8450 12100000 11958453 1315475 1.09 © oo
GEnTang v s 1504 2130000 2324778 1917779 000 £
GBIDTA05 v 2138 2125 2000000 2037262 227478 077 T
awnracs v s sam  1e00m0 d9eamze nonzEs  n2m 2 50p)
canTan? Y1278 1263 1800000 1707168 926308 548 S
GBITA08 v 3488 3474 4800000 486.3107 631066 131 o
HIST-SRM2740 ¥ 4873 659 7070000 6559675 -5153254 728 2 0
blank ssdiment v s0 a8 00000 45470 .4s4se5 000 =
=500,
Min 50 36 00000 45470 S "o00 0 500 1000 1500
Max 2485 8450 12100000 11963453 6163254 9080 :
Range 2415 8415 1210.0000 12013922 Given (Oncentration ppm
Standard Emer. 248831 pem
Dagress of fizsdom: 8
Sensitivity 07004 cpsippm Intensity vs Conce
- — ¥
ad 1.4277E+000 "
ppmicps 1500
&
.EDDD
250
=
=
[l 500 1000 1500
Concentration ppm
Ready [10 Stelz [25 Elements| [NUM

mwil 13 wiheeuaans i lannmsdsufieudregaasinasgiu
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M319WUINT 1 yianazdl5uasanuszaunuan 0-40 IFUAINAT VOIUTIUUHANAZ NN 4

"ﬁWJ/ﬂ’JWﬁﬂ 0-5 cm 6-10 cm 11-15 cm 16-20 cm 21-25 cm 26-30 cm 31-35cm 36-40 cm
Al (Yowt) 6.67+0.05 5.73+0.05 5.61+£0.05 6.13+0.05 3.68+0.04 2.98+0.04 3.1+0.04 3.10+0.04
Si (Y%owt) 56.68+0.09 56.08+0.09 57.73+0.09 72.56+0.09 57.83+0.09 59.19+0.09 57.91+0.09 60.17+0.09
P (ppm) 337+19 23+1 308+18 83+6 201+13 316+19 147+10 296+18
Cl (ppm) 220+1 223+1 213+1 231+1 183+1 162+1 160+£1 199+1
K (%owt) 1.80+0.01 1.66+0.01 1.68+0.01 2.04+0.01 1.61+0.01 1.56+0.01 1.53+0.01 1.53+0.01
Ca (%wt) 7.36+0.02 7.84+0.02 7.69+0.02 8.66+0.02 9.02+0.02 7.99+0.02 8.61+£0.02 7.51+0.02
Ti (ppm) 0.273+0.002 0.217+0.002 0.225+0.002 0.200+0.002 0.165+0.002 0.168+0.002 0.168+0.002 0.162+0.002
V (ppm) 30+£22 30£19 32431 2548 19+3 2547 2245 2245
Cr (ppm) 58+3 4743 50+3 34+3 87+3 2143 148+4 3243

Mn (ppm) 488+4 33743 306+3 290+3 25142 192+2 217 £2 179+2
Fe (wt%) 3.00+0.00 2.40+0.00 2.36+0.00 2.18+0.00 1.83+0.00 1.58+0.00 1.70+0.00 1.54+0.00
Ni (ppm) 15.7+1.6 14.7£1.5 14.4+1.5 13.9+1.6 13.1+1.6 12.7+1.6 13.2+1.5 12.6+1.6
Zn (ppm) 28.2+3.6 26.2+3.6 29.7+4.0 25.7+4.3 17.8+3.1 17.9+3.2 20.0+3.4 16.843.2
Ba (ppm) 300+13 287+13 285+13 291+13 266+13 281+13 267+13 253+13

* N.D. = Non Detectable
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M319WUINT 2 FanazlSIu5IAAINIZAUAINEN 0-40 ITUAINAT VOIUTIUUHANAZUND 5

"ﬁWJ/ﬂ’JWﬁﬂ 0-5cm 6-10 cm 11-15 cm 16-20 cm 21-25 cm 26-30 cm 31-35cm 36-40 cm
Al (%owt) 5.35+0.05 4.98+0.05 5.30+0.05 4.85+0.05 4.44+0.04 4.00+0.04 3.22+40.04 2.59+0.04
Si (Yowt) 53.55+0.09 53.45+0.09 54.04+0.09 55.16+0.09 53.88+0.09 55.07+0.09 56.42+0.09 55.80:£0.09
P (ppm) 235+14 18 +1 N.D. 258+15 N.D. 4+0 N.D. 17111
Cl (ppm) 197+1 1861 1711 1921 1761 174+1 1561 197+1
K (Yowt) 1.55+0.01 1.53+0.01 1.5620.01 1.57+0.01 1.50+0.01 1.47+0.01 1.3620.01 1.40+0.01
Ca (%wt) 6.87+0.02 6.89+0.02 7.33+0.02 7.53+0.02 7.85+0.02 8.29+0.02 6.28+0.02 8.22+0.02
Ti (ppm) 0.303+0.002 0.259+0.002 0.284+0.002 0.278+0.002 0.246=0.002 0.211=0.002 0.212+0.002 0.185+0.002
V (ppm) 2146 28 +16 2347 2045 1743 1342 2347 1643
Cr (ppm) 106+4 58+4 105+4 210+4 97 +4 88 +4 92 +4 186+4
Mn (ppm) 56344 441. +4 457+4 447+4 438+4 308+3 280+3 338+3
Fe (%owt) 3.36:+0.00 3.01£0.00 3.09+0.00 3.05+0.00 2.80+0.00 2.26+0.00 2.30+0.00 2.14+0.00
Ni (ppm) 15.8+1.8 15.1%1.7 15.6£1.7 15.7£1.7 14.5+1.7 14.7£1.5 14.8+1.5 14.4£1.5
Zn (ppm) 31.9+4.0 23.7£3.5 27.0£3.7 27.6£3.8 23.0£3.5 18.6+3.2 22.1+3.7 16.3£3.1
Ba (ppm) 285+13 284+13 282+13 278+13 270+13 262+13 246+13 261+13

* N.D. = Non Detectable
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M39WUINT 3 FanazlSIusIAANIZAUAINEN 0-40 ITUAINAT VOIUTIUUHANAZUND 6

ﬁm/ﬂjmﬁﬂ 0-5cm 6-10 cm 11-15 cm 16-20 cm 21-25 cm 26-30 cm 31-35cm 36-40 cm
Al (Y%owt) 4.65+0.04 4.48+0.04 4.41+0.04 3.32+0.04 2.97+0.04 2.84+0.04 2.58+0.04 2.824+0.04
Si (Y%owt) 50.90+0.09 50.84+0.09 51.18+0.09 53.03+0.09 52.12+0.09 52.3740.09 50.20+0.09 51.70+0.09
P (ppm) 96+6 188+11 162+10 4243 N.D. 71+4 17+1 N.D.
Cl (ppm) 188+1 1811 199+1 177+1 156+1 156+1 15241 171£1
K (%wt) 1.45+0.01 1.37+0.01 1.37+0.01 1.28+0.01 1.25+0.01 1.26+0.01 1.08+0.01 1.19+0.01
Ca (%wt) 6.63+0.02 6.41+0.02 5.96+0.01 5.81+0.01 6.25+0.01 6.53+0.02 4.89+0.01 6.80+0.02
Ti (ppm) 0.244+0.002 0.242+0.002 0.237+0.002 0.210+0.002 0.193+0.002 0.184+0.002 0.169+0.002 0.190+0.002
V (ppm) 2246 2549 2146 2145 25+8 2246 2245 20+4
Cr (ppm) 45+3 95+4 3843 167+4 122+4 46+3 190+4 4443
Mn (ppm) 4744 387+3 34143 2613 240+2 236+2 23042 234+2
Fe (%wt) 2.81+0.00 2.64+0.00 2.48+0.00 2.15+0.00 1.92+0.00 1.88+0.00 1.87+0.00 1.88+0.00
Ni (ppm) 16.3£1.5 15.3£1.5 15.241.5 14.3£1.5 13.3£1.6 13.7+1.5 14.8+1.4 14.0+1.3
Zn (ppm) 31.7£3.9 22.4+3.5 27.7£3.9 24.9+3.9 24.1+£3.8 20.243.5 16.5+3.3 21.443.5
Ba (ppm) 308+13 278+13 272413 276 13 278+13 256%13 27113 244413

* N.D. = Non Detectable
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FALAUTIUTINAWTZAUAIINAN 0-40 IBURAIAT VOIUTIUUHANAZGUNN 7

ﬁm/ﬂjmﬁﬂ 0-5cm 6-10 cm 11-15cm 16-20 cm 21-25 cm 26-30 cm 31-35cm 36-40 cm
Al (Y%owt) 3.99+0.04 5.35+0.05 4.7440.05 3.21+0.04 2.75+0.04 2.59+40.04 2.74+0.04 2.19+0.03
Si (%owt) 48.42+0.1 51.06+0.09 52.51+0.09 52.59+0.09 51.17+0.09 51.43+0.09 51.80+0.09 51.29+0.09
P (ppm) N.D. N.D. 163+10 5043 N.D. 212+12 121£7 45+3
Cl (ppm) 205+1 245+1 195+1 19141 172+1 1711 180+1 177+1
K (%wt) 1.294+0.01 1.424+0.01 1.43+0.01 1.29+0.01 1.26+0.01 1.29+0.01 1.32+0.01 1.30+0.01
Ca (%wt) 5.80+0.01 7.15+0.02 6.50+0.02 5.844+0.01 6.44+0.02 6.60+0.02 6.81+0.02 7.88+0.02
Ti (ppm) 0.242+0.002 0.267+0.002 0.251+0.002 0.213+0.002 0.204+0.002 0.172+0.002 0.170+0.002 0.163+0.002
V (ppm) 23+7 22+7 27+13 27+11 2145 2245 24+7 2044
Cr (ppm) 6643 12144 23745 179+4 7343 41+3 111+4 4243
Mn (ppm) 497+4 441+4 38143 282+3 262+2 239+2 253£2 253+2
Fe (%wt) 2.85+0.00 2.96+0.00 2.79+0.00 2.16+0.00 1.98+0.00 1.74+0.00 1.85+0.00 1.66+0.00
Ni (ppm) 15.8+1.6 15.241.7 15.8£1.6 14.1£1.6 13.7+1.6 13.6£1.5 13.76+1.5 13.2+1.5
Zn (ppm) 35.0+4.0 32.4+4.0 25.0+3.8 25.9+4.0 17.543.3 20.2+3.7 18.843.5 15.7£3.2
Ba (ppm) 319+13 27013 291+13 267 £13 259+13 278+13 283+13 254+13

* N.D. = Non Detectable

el



M3WUING 5 FauazlSINUEI9AINIZADANUEN 0-40 IFUANAT VOIUTIUUHANAZQUNN 8

ﬁm/ﬂjmﬁﬂ 0-5cm 6-10 cm 11-15cm 16-20 cm 21-25cm 26-30 cm 31-35cm 36-40 cm
Al (Y%owt) 4.07+£0.04 5.12+0.05 4.98+0.05 4.71£0.05 4.03+0.04 2.90+0.04 2.9340.04 2.85+0.04
Si (Y%owt) 51.08+0.09 51.5740.09 51.91+0.09 53.66+0.1 53.33+0.09 53.72+0.09 53.57+0.09 53.43+0.09
P (ppm) 70+4 354+18 82+5 3+0 N.D. 102+6 140+9 N.D.
Cl (ppm) 181+1 18341 214+1 17141 203+1 160+1 178+1 168+1
K (%wt) 1.38+0.01 1.43+0.01 1.49+0.01 1.46+0.01 1.44+0.01 1.28+0.01 1.34+0.01 1.36+0.01
Ca (%wt) 5.70+0.01 6.29+0.02 7.28+0.02 6.60+0.02 7.37+0.02 6.31+0.02 6.59+0.02 7.75+0.02
Ti (ppm) 0.229+0.002 0.247+0.002 0.255+0.002 0.243+0.002 0.231+0.002 0.185+0.002 0.183+0.002 0.183+0.002
V (ppm) 21+5 25+9 29+17 28+16 19+4 20+4 24+7 19+4
Cr (ppm) 43+3 5443 13644 77+4 192+4 1334 7543 8243
Mn (ppm) 43144 416+3 42044 35444 33343 23542 246+2 28743
Fe (%wt) 2.64+0.00 2.80+0.00 2.7840.00 2.64+0.00 2.4540.00 1.82+0.00 1.92+0.00 2.07+0.00
Ni (ppm) 14.9+1.6 15.3£1.6 15.3£1.6 16.4+1.6 14.9+1.6 13.1£1.5 13.4+1.6 13.8+1.5
Zn (ppm) 17.1£2.9 26.9+3.7 22.543.5 29.0+4.3 17.54£3.3 20.6+3.5 22.14£3.7 13.6+2.8
Ba (ppm) 30313 284+13 281+13 270+13 289+13 274 £13 26113 277+13

* N.D. = Non Detectable
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M3WUING 6 FiauazlSuasIAMINTZAUAINEN 0-40 ITUAAT VOISR TUANHTIEB 121NN 4

ﬁm/ﬂjmﬁﬂ 0-5cm 6-10 cm 11-15 cm 16-20 cm 21-25 cm 26-30 cm 31-35cm 36-40 cm
Al (%wt) 15.13+0.07 14.85+0.07 15.53+0.08 15.86+0.08 16.27+0.08 16.68+0.08 16.35+0.08 16.14+0.08
Si (Y%owt) 63.24+0.10 61.46+0.10 63.15+0.10 62.5140.10 62.20+0.10 62.53+0.10 63.61+0.10 63.70+0.10
P (ppm) 519425 517+25 106+7 303+18 449423 520+£25 749+31 434423
Cl (ppm) 285+1 359+1 299+1 292+1 2211 219+1 222+1 213+1
K (%wt) 2.08+0.01 2.18+0.01 2.21+0.01 2.19+0.01 2.22+0.01 2.22+0.01 2.18+0.01 2.18+0.01
Ca (%wt) 2.95+0.01 2.28+0.01 2.59+0.01 2.74+0.01 2.16+0.01 1.99+0.01 2.55+0.01 2.61+0.01
Ti (ppm) 0.407+0.002 0.421+0.002 0.422+0.002 0.428+0.002 0.444+0.002 0.457+0.002 0.444+0.002 0.444+0.002
V (ppm) 66+10 70+10 7349 6411 819 90+8 779 74+9
Cr (ppm) 71+4 63+4 67+4 80+4 65+4 70+4 85+4 5944
Mn (ppm) 1055+6 103946 91546 979+6 993+6 946+6 924+6 89246
Fe (%wt) 4.99+0.00 5.33+0.00 5.26+0.00 5.50+0.00 5.83+0.00 5.87+0.00 5.5140.00 5.47+0.00
Ni (ppm) 25.742.0 25.1+2.1 23.842.2 26.142.2 28.542.3 29.4+2.3 26.3+2.2 27.2+2.1
Zn (ppm) 71.9+4.9 76.7+5.0 76.6+5.1 77.3£5.2 83.1£5.2 87.5+5.2 73.4+5.0 78.0+5.0
Ba (ppm) 335+13 323+13 321«£13 311x13 312+13 309+13 31313 311x13

* N.D. = Non Detectable
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M3WUING 7 yiauazdlSuasgaIuIzauANaN 0-40 IFUAINAT YOIUTNUNRAR TUANMiios 1 nniie 5

ﬁm/ﬂjmﬁﬂ 0-5cm 6-10 cm 11-15cm 16-20 cm 21-25 cm 26-30 cm 31-35cm 36-40 cm
Al (%wt) 14.23+0.07 14.85+0.07 14.87+0.07 15.4240.08 16.48+0.08 15.98+0.08 15.87+0.08 16.07+0.08
Si (Y%owt) 62.63+0.10 61.00+0.10 61.07+0.10 61.33+0.10 62.24+0.10 62.93+0.10 63.5140.10 63.63+0.10
P (ppm) 525425 233+14 N.D. 179+11 431422 206+13 120+8 324+19
Cl (ppm) 278+1 358+l 2511 223+1 205+1 209+1 201+1 229+1
K (%wt) 2.09+0.01 2.12+0.01 2.11+0.01 2.15+0.01 2.24+0.01 2.21+0.01 2.18+0.01 2.18+0.01
Ca (%wt) 2.54+0.01 3.05+0.01 2.29+0.01 2.40+0.01 2.28+0.01 2.65+0.01 2.67+0.01 2.47+0.01
Ti (ppm) 0.394+0.002 0.399+0.002 0.381+0.002 0.416+0.002 0.430+0.002 0.429+0.002 0.430+0.002 0.433+0.002
V (ppm) 7249 66+10 77+8 819 86+8 68+10 76+9 7549
Cr (ppm) 5244 62+4 67+4 65+4 67+4 68+4 66+4 71+4
Mn (ppm) 1002+6 10176 89946 973+6 903+6 88246 87546 87746
Fe (%wt) 4.83+0.00 5.01£0.00 4.86+0.00 5.47+0.00 5.60+0.00 5.34+0.00 5.30+0.00 5.30+0.00
Ni (ppm) 24.242.0 24.5+¢1.9 24.6+1.9 25.7£2.1 25.9+2.2 25.242.1 24.242.1 27.1£2.1
Zn (ppm) 68.9+4.9 65.7+4.6 64.2+4.6 76.3+4.9 74.8+5.0 77.2+4.9 79.8+5.0 68.5+4.8
Ba (ppm) 326=x13 327+13 317+13 324+13 332413 319+13 327+13 323+13

* N.D. = Non Detectable
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M319WUINT 8 yilauazllSuasgnIuIzAUAINEN 0-40 ITUAAT VOISR TUANTIEB1211NNITN 6

"ﬁWJ/ﬂ’JWﬁﬂ 0-5cm 6-10 cm 11-15cm 16-20 cm 21-25 cm 26-30 cm 31-35cm 36-40 cm
Al (%wt) 12.75+0.07 12.65+0.07 11.75+0.07 13.95+0.07 14.21+0.07 14.19+0.07 12.51+0.07 13.17+0.07
Si (Y%owt) 58.98+0.09 58.58+0.09 59.33+0.09 57.94+0.09 57.77+0.09 58.41+0.09 58.40+0.09 59.50+0.09
P (ppm) 169+10 219+13 13748 19611 305+16 400+19 N.D. 7745
Cl (ppm) 318+1 273+1 206=+1 203=+1 195+1 191+£1 191+£1 188+1
K (%wt) 1.86+0.01 1.88+0.01 1.83+0.01 1.95+0.01 1.96+0.01 1.95+0.01 1.83+0.01 1.87+0.01
Ca (%owt) 2.26+0.01 2.63£0.01 2.8240.01 1.89+0.01 1.89+0.01 2.03+0.01 3.04+0.01 2.62+0.01
Ti (ppm) 0.411+0.002 0.411£0.002 0.397+0.002 0.45440.002 0.455+0.002 0.46140.002 0.40240.002 0.433+0.002
V (ppm) 7249 62+11 60+12 83+9 80+9 76+9 63+11 72+10
Cr (ppm) 58+4 64+4 65+4 68+4 69+4 65+4 64+4 67+4
Mn (ppm) 98346 88446 1043+6 984+6 1020+6 1014+6 88546 86146
Fe (%wt) 4.96+0.00 5.04+0.00 4.79+0.00 5.88+0.00 5.92+0.00 5.72+0.00 4.88+0.00 5.19+0.00
Ni (ppm) 23.9+1.9 22.0+2.0 20.8+£2.0 24.842.3 26.9+2.2 25.4+2.1 21.6+2.0 24.242.0
Zn (ppm) 61.0+4.3 60.8+4.5 59.1+4.5 70.4+4.7 69.3£4.8 69.5+4.6 58.4+4.3 66.6+4.6
Ba (ppm) 310+13 309+13 318 £13 289+13 296+13 287+13 314 £13 277+13

* N.D. = Non Detectable
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M319WUINT 9 FilanazllSuasIgnINIzAUAINEN 0-40 ITUAAT VOIS AUNA TUANTIEB 121NN 7

ﬁm/ﬂjmﬁﬂ 0-5 cm 6-10 cm 11-15 cm 16-20 cm 21-25 cm 26-30 cm 31-35cm 36-40 cm
Al (%wt) 12.87+0.07 12.60+0.07 14.49+0.07 15.49+0.07 13.74+0.07 15.12+0.07 12.61£0.07 14.66+0.07
Si (%owt) 59.90+0.09 59.35+0.09 58.83%0.1 59.64+0.1 61.36+0.09 60.3940.1 60.73+0.09 61.08+0.1
P (ppm) 364+19 40420 63+4 197+12 199+12 339+18 109+7 142+9
Cl (ppm) 2801 244+1 291+1 216+1 195+1 202+1 184+1 199+1
K (%wt) 1.89+0.01 1.91+0.01 2.01+0.01 2.08+0.01 1.99+0.01 2.05+0.01 1.92+0.01 2.02+0.01
Ca (%wt) 2.21+0.01 3.754+0.01 1.79+0.01 1.89+0.01 3.15+0.01 2.11+0.01 3.56+0.01 2.26+0.01
Ti (ppm) 0.445+0.002 0.433+0.002 0.493+0.003 0.513+0.003 0.463+0.002 0.502+0.003 0.432+0.002 0.499+0.003
V (ppm) 66+11 54+15 89+9 81+£9 65+11 78+10 58+13 81+9
Cr (ppm) 61+4 80+4 7544 75+4 83+4 8244 814 68+4
Mn (ppm) 113246 108546 111946 1084+6 100746 1061+6 957+6 975+6
Fe (%wt) 5.42+0.00 5.33+0.00 6.54+0.01 6.63£0.01 5.59+0.00 6.30£0.01 5.24+0.00 6.13+0.00
Ni (ppm) 23.342.1 23.7£2.1 27.542.4 26.6+2.5 26.0£2.1 29.0£2.3 24.7£2.1 27.842.3
Zn (ppm) 68.1+4.7 53.0+4.3 75.7£5.0 78.6+5.0 56.6+4.5 70.9+4.8 60.8+4.6 71.8+4.9
Ba (ppm) 334+13 335+13 322413 320+13 331x13 308+13 333%13 297+13

* N.D. = Non Detectable
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ﬁm/ﬂjmﬁﬂ 0-5 cm 6-10 cm 11-15 cm 16-20 cm 21-25 cm 26-30 cm 31-35cm 36-40 cm
Al (%wt) 10.66+0.06 11.14+0.06 11.07+0.06 11.83+0.07 11.64+0.07 12.13£0.07 11.54+0.07 12.11£0.07
Si (Y%owt) 53.39+0.09 53.31£0.09 51.94+0.1 54.40+0.09 54.56+0.09 53.66+0.09 55.71+0.09 55.00+0.09
P (ppm) 167+9 103+6 1240 190+10 20+1 64+4 14148 191+10
Cl (ppm) 296+1 283+1 227+1 231+1 202+1 202+1 17941 187+1
K (%wt) 1.60+0.01 1.63+0.01 1.50+0.01 1.67+0.01 1.66+0.01 1.68+0.01 1.63+0.01 1.64+0.01
Ca (%wt) 1.97+0.01 2.40+0.01 1.75+0.01 2.08+0.01 2.45+0.01 1.70+0.01 2.51+0.01 1.76+0.01
Ti (ppm) 0.389+0.002 0.384+0.002 0.386+0.002 0.397+0.002 0.393+0.002 0.416+0.002 0.390-+0.002 0.421+0.002
V (ppm) 6710 63+11 67+10 69+10 65+10 7249 64+10 779
Cr (ppm) 66+4 68+4 65+4 63+4 58+4 67+4 7014 57+4
Mn (ppm) 1051+6 86746 81445 953+6 962+6 910+6 80545 790+5
Fe (%wt) 4.7340.00 4.7240.004 4.85+0.00 5.03+0.00 5.03£0.00 5.35+0.00 4.654+0.00 5.04+0.00
Ni (ppm) 21.2+1.9 22.6+1.9 22.0£2.0 23.9+1.9 21.242.0 22.542.1 21.5¢1.9 23.1+2.1
Zn (ppm) 54.4+4.2 56.5+4.3 64.1+4.5 70.9+4.7 67.2+4.5 64.9+4.5 61.9+4.4 62.2+4.6
Ba (ppm) 288+12 268+12 281+12 278+12 27512 271+12 288+12 288+12

* N.D. = Non Detectable
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Element unit GBWO07401 GBWO07402 GBW07403 GBWO07404 GBWO07405 GBWO07406 GBW07407  GBW07408 NISTSRM >
2710 error
ALO, % 14.18 10.31 12.24 23.45 21.58 21.23 29.26 11.92 6.44 +1.02
Sio, % 62.60 73.35 74.72 50.95 52.57 56.93 52.69 58.61 28.97 +1.25
P ppm 735 446 320 695 390 303 1150 775 1060 +65.20
Cl ppm 78 63 57 36 78 98 100 68 - +5.52
K,0 % 2.59 2.54 3.04 1.03 1.50 1.70 0.20 242 2.11 +0.09
CaO % 1.72 2.36 1.27 0.26 0.095 0.22 0.16 8.27 1.25 +0.04
Ti ppm 0.483 0.271 0.224 1.080 0.629 0.439 2.020 0.380 0.283 +0.020
v ppm 86 62 36.5 247 166 130 245 81.4 76.6 +7.08
Cr ppm 62 47 32 370 118 75 410 68 39 +10.09
Mn ppm 1760 510 304 1420 1360 1450 1780 650 10100 +113.93
Fe,O, % 5.19 3.52 2.00 10.30 12.62 8.09 18.76 4.48 3.38 +0.39
Ni ppm 21 16.3 11.4 40.5 144 390 97 243 143 +2.97
Zn ppm 680 423 31.4 210 494 96.6 142 68 6952 +35.03
Ba ppm 590 930 1210 213 296 118 180 480 707 +33.62
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GBW07401 GBW07402  GBW07403 GBW07404 GBW07405 GBW07406 GBW07407 GBW07408 NIST-SRM 2710
Element

(%) (%) (%) (%) (%) (%) (%) (%) (%)
Al 7.19 9.89 8.33 435 4.73 4.80 3.48 8.55 15.83
Si 1.99 1.70 1.67 2.45 2.38 2.19 2.37 2.13 431
P 8.87 14.62 20.37 9.38 16.72 21.52 5.67 8.41 6.15
Cl 7.07 8.76 9.68 15.33 7.07 5.63 5.52 8.12 -
K 3.47 3.54 2.96 8.74 6.00 5.29 45.00 3.72 4.26
Ca 2.32 1.69 3.15 15.38 42.10 18.18 25.00 0.48 3.20
Ti 4.14 7.38 8.92 1.85 3.18 4.55 0.99 5.26 7.07
v 8.23 11.42 11.39 2.87 4.26 5.44 2.89 8.69 9.24
Cr 16.27 21.46 31.53 2.72 8.55 13.45 2.46 14.83 25.87
Mn 6.47 22.33 37.47 8.02 8.37 7.85 6.40 17.52 1.13
Fe 7.51 11.08 19.50 3.78 3.09 4.82 2.08 8.70 11.53
Ni 14.14 18.22 26.05 7.33 2.06 0.76 3.06 12.22 20.76
Zn 5.15 82.81 111.56 16.68 7.09 36.26 24.66 51.51 0.56
Ba 5.69 3.61 2.77 15.78 11.35 28.49 18.67 7.00 4.75
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