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APPENDIX A

W Nutional Justitute of Stardards & Techrology

 Qertificate of Analysis

Standard Reference Material® 2710

Montana Soil
Highly Elevated Trace Element Concentrations

This Standard Reference Material (SRM) is itended primavly for use in the analysis of sois, sediments, or other materials of :
sirvilay matyie. SRM 2710 is a highly contarnated soil that weas oven-dried, sieved, and blended to achisve a Jugh degree o
homogeneity. 4 urt of SRM 2710 cousists of 50 g of the dried maternal.

The certified elements for SRM 2710 are given in Table 1. The vahies are based on measurements using one definitive method o
two or more mdependent and relable analytical methnds. Noncertified vales for a ymmber of eletwerds are given m Table 2 a
additional mformation an the compostionn. The noncertified vahaes should not be used for calbrabion or qualiy control. Analytica
mathods used. for the characterzation of this SRM are given & Table 3 along with anabysts and cooperating laboratories. 4l
vales (except for catbon] are based on measuremerts wsing a sample weight of at least 250 mg. Carbon measuremernts are
based on 100 mg samples.

NOTICE AND WARNINGS TO USERS

Expiration of Ceriification: This ceritfication of SRM 2710 i wvalid, within the measrerment meertambies specified, urtil )
July 2015, provided the SRM is handied it accordance with mstractions given in this certficate (see Instructions for Use), Th
certification is willified if'the SRM 15 damaged, contammated, or modified.

Maintenance of SEM Cerfification: NIST will momiterthis SRM owver the perod of its certification. If substartive techmica
changes occur that affect the certification before the expiration of this cedtificate, NIST will notifyr the purchaser. Retum of the
aftached registration card will facriltate notificaion.

Stabilily: Tius materialis considered to be stable; however, s stabilty has not been ngorously assessed. NIST will mordtor thi:
matexial and will report a1y sub startive changes i certification to the pmchaser,

Inghructions for Use: A rofwnon samgple weight of 250 mg (dry weight - see Instruciions for Drying) shoudld be used fo:
analytical determinations to be velated to the certified valoss on this Certifficate of Analysis.

To obtain the certified valzes, sample preparation procednres should be designed to achieve complete dissolation. If volaiile
elemwerts (ie., Hg, As, Se) are to be datermuned, precanticats should be taken in the dissobation of SRM 2710 to avoit
volatizahion losses.

The teclnical and support aspects izwolved in the origial preparation, cetificaion, and issuance of this SRM were coordinate
through the Standard Referewce Materials Program by T.E. Gills and J.5. Kane. Revision of tYis certificate was coordinate
through the Standard Reference Materials Program by B.S. M acDonald.
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Statistical consultation was provided by $.B. Schiller of the NIST Statistical Enginsering Division.

The overall direction and coordination of the analyses wern under the chafrruanckip of M S. Epstem and R L. Watters, Jr, of th
HIST Analytical Chexmstry Division.

Insiracions for Drymg: When nowedlatile elemmerts are tobe detenuned, samples shogld be dried for 2h at 110 "C. Volatd
elomerds (Le, Hg As, Se) should be determined on sammples as received; separate’ samples shoold be dried as previcush
descrred to chtain 2 correction factor formaisture. Conection for moisture is to be made to the data for volsde elamerts bafon
comparntg to the cerified vakirs. Tlis procedure enanes that these elemerts ave not lost during drymg. The weight loss o
drying has been found to be in the range of 1 7% to 2.3%.

Sowrce and Preparation of Material: The US. Geological Suxvey (USGS), wnder comtract to the HIST, colected am
processed the matenial for SRM 2710, The sof was collected from the top 10 em (4 1) of pasture land Jocated at Longitud
112° 47 and Latitude 46" 01’ along Silver Bow Creek inthe Bufte, Mortana area. The site is approximately pine mies east o
the local Anaconda plant and 6.5 rrdles south of setifng ponds that feed the ceek. The creek periodicallr floods, depositiy
sediment withligh concertrafions of copper, manganese, and zine at the collection site. The material was shoveled from 2 6.1 n
x 6.1 m(20 fi x 20 ff) area infto polyethylens bags in cardhoard cartons for shipment to the USGS laboratory for pmocessing.

The matenal was spread on 305 em x 61 em (1 fi x 2 ft) polyethylens-Tred drying trays m an air drying oven md driad for tme.
days at room termperadture. The maferial was then passed over a vibrating 2 non screen to remove plant ruatenal, rocks, and lasg
clunks of aggregated soil. Matenal remaining onthe screen was deaggregated and resereensd. The conbimed material passing
the screen was ground in a ball nell to pass 2 74 tm screen and blended for 24 h. Twenty grab samples were taken an
measured for the major oxides using x-ray finorescence spectrometry and for several trace eloments using indoctively coupler
plasima atomic ewdssion atalysis to provide prelrumary assessmezt of the homogeneity of the material prior to botthwg. Th
material was bottled xdo 50 gunits and randomly selected botiles wrere taken for the final hamogensity testing.

Arwdyrie: The homogenedy, using selacted elements in the botfled. material as idicators, wes assessed using x-ray florescenc:
spectrometry and neutron activation analysis. In a fow cases, statistically signficart differences were observed, and the varimc
due to material mhorogenety is icluded i the overdl wwertaimies of the certfied valies. The estimated relative standan
deviation for matenal homogeneity is less than 2% for those elerments for which hamogenety was assessed.

Ceriified Valusz and Uncertainfiez: The certified valuies are weighted means of results from two or more independen
analytical methods, or the mean of results from a singe defiitive amethod, except for mercary. Mercury certification is based o
cold vapor atontic ahsorption spectrometry used by teoro different Eaboratonies erploying different wethods of saraple preparation
prior to measarement. The weights for the weighted means were computed according to the tterative procedme of Panle an
Mandel [1] (NBS Journal of Research 87, 1982, pp. 377-385). The staled uncertartias mchude allowances for measurernen
imprecision, material vaishilly, and differences among andytical methods. Each uncertaidyis the swm of the ha¥width of a 95%
predicticntirderva and melndes an allowance for systemabic ervor among the methods used. In the absence of systeratic envoy, .
95% pradiction pterval predicts where the true concentrations of @5% of the samples of thic SRM lie. The centified vabies wen
concborated by analyses fromurine Palish laboratories cooperating onthe cedification under the divection of T. Plebanski and )

Lipincki, Pclish Cormmidtee for Standardization, Measmres, and Quuality Contral. The Polish laboratory work was sapported b
the Maria Sklodowsk a-Curie Joint Fund.
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Table 1. Certifed Vales

Element Mass Fraction (in %) Elernend Hass Fraction (mmgfke)
Akrriremn 644 + 008 Antonory 384 = 3
Calemm 125 + 003 Arsemc 626 * 33
Iron 332 « 0.0 Bariam 07 = 51
Magnestaom 0853 « 0042 Cadrnimm 218 & 02
Manganese 1.01 x 004 Copper 2950 = 130
Phasphors 0108 + 0015 Lead 5532 + 80
Potassiom 211 % 011 Meroury . 324 * i8
Silicon 2897 + 018 HNickel . 143 & ig
Sodium 114 £ 0085 ~ Silver 53 = 15
Sulfar 0240 + 0.006 Vanadmm 766 * 23
Titamam 0283 .+ 001G Zine £252 & @1

Noncertifind Values: Noncertified valies are provided for irfoevustion ody. An element concertration vale s not certified ¥ :
bias is suspected in one or more of the methods used for certfication, or €iwo independent methods are not avaisble.

Table 2. Noncertified Values

Elament Mass Fraction (m %) Elamert Mass Fraction (tmmefke)

Carbon 3 Bromme &
Ceximm 57
Cesiam 107
Chromnnn 39
Cobalt 10
Drysprosmum 54
Europoam 1
Gallinm 34
Gold 0.5
Hafiaum 32
Holminn: 0.6
Indmm ' 5.1
Lardhatuzm 34
Molytdarmm 19
Neodymimam 23
Rubidnns 120
Samarimn 78
Scandoom 8.7
Strontoom 330
Thaltum 13
Thorum 13
Tongsten 93
Urantmt 25
Yitterbiom 13

Y #trhum 23
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Table 3. Analytical Methods Used for the Analysis of SRM 2710

Elernent Certification Methods' Elemerd Certification Methods'

Ag ID ICPMS, RNAA, INAA Mg XRF1, ICP

AIXRF1 XRF¥2 DCP, ICP Mn INAA, DCP, XRF2

As . RRAA BYD 448, ICP, INAA Mo D ICPMS

An IMNAA FAAS Na INAA, FAES

Ba ZRF2,FAES . Hd Icp

Br INAA Hi ID ICPMS, ETAAS, INAA
c COUL P DCP, COLOR, XR¥F1, ZR¥2
Ca ZRF1, ZRF2, DCP Pt 1D TIMS, POLAR_ ICP
Cd ID ICPMS, RHAA Eb INAA

Ce INAA ICP S ID TIMS

Co INAA, ETAAS, ICP Sh RRARA ETAAS

Cr INAA, DCP, ICP Se INAA, ICP

Cs INAA ‘ Si XRFl, IR¥2, GRAY

Cu RHAL, FAES, ICP Sm INAA

Dy INAA Sr ID TIMS, INAA ICP

Eu INAA Th ID TIMS, INAA ICP

Fe ZRF1, ZRF2, DCP, INAA ICP Ti XRF1,XRF2, DCP

Ga INAA, ICP T ID TIMS, LEAFS

Hf INAA Ln} ID TIMS, INAA

Hg CVAAS ¥ INAA, ICP

Ho INAA W INAA

In INAA b4 Ice

E XRF1, XRF2, FAES, ICP Tb INAA

La INAA, ICP Zn ID TIMS, ICP, IN&AA, POLAR

*Methods inhold were used to corroborate certification methods or to provide ifarmtation vahwes.

COLOR - Colorimetry; Ittumm metahorate fusion

CQUL - Combustion codometry

CV¥AAS - Cold vapor atomsr absorption spectrometry e
DCP - Diract currers plasma atomic emission spectrometry; Yiftsam metaborate fusion

ETAAS - Flactrothenmal dtorie shsorption spectworetzy; mixed acid digestion

FAAS - Flame atomic absorption spectrometry; mixed arid dige stion except for Ax, leached with HEr-Br,
FAES - Flame atomic emission spectromstiy; nived arid digestion

GRAV - Gravimetty; sodiim cathomate Sasion

HYD AAS - Hydride generation atonge shsorption spectrommetyy

ICP - Inductively coupled plasma atowic entssion spectromeby; niixed acid digestion

ID ICPMS - Isotope dikution inductively coupled plastua mass spectrometry, nixed acid digestion
ID TIMS - Isotope dilution thermal Jorgzation mass spectrormutzy; mixed acid digestion

INAA - Instnomental nediron activation analysis

LEAFS - Laser enhanced atomic fluorescence spectrometry; mixed acid dige stion

POLAR - Polarography

RWAA - Radinchemical nevtyon actirationt analysis; mixed acid digestion

ZRF1 - Wavelength dispersive x-ray fluorescence spectrormetry on fiused borate discs

ZRF2 - Wavelength dispersive x-ray fhiorescence spectrornetty o pressed powder



APPENDIX B

B.1 Energy Dispersive X-ray Fluorescence Technique (EDXRF) [40-43]
B.1.1 EDXRF method

When the atoms in a sample material are irradiated with high-energy
primary x-ray photons, electrons are ejected in the form of photoelectrons. This
creates electron 'holes' in one or more of the orbitals, converting the atoms into ions -
which are unstable.

To restore the atoms to a more stable state, electrons from outer orbitals
fill the holes in inner orbitals. Such transitions may be accompanied by an energy
emission in the form of a secondary X-ray photon a phenomenon known as

'fluorescence’.

photo-electron

Characteristic X-ray

Fig B.1.1 The production of characteristic X-ray
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From the Figure B.1.1 the characteristic X-ray is produced from
excitation atom after electron is ejecting from the K shell by electron bombardment or
by the absorption of photon. A certain agmount of energy of excited atom is emitted in
form of electromagnetic radiation due to electron transfer process from higher energy
level to lover energy lever. . The various electron orbitals are called K, L, M, etc.,
where K is closest to the nucleus. Each corresponds to a different energy level - and
the energy (E) of emitted fluorescent photons is determined by the difference in
energies between the initial and final orbitals for the individual transitions followed

the selection rule. The selection rule shown in Figure B.1.2
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Fig B.1.2 The selectionrule {40,41]

B.1.2 Source of the primary radiation of EDXRF [44]
B.1.2,.1 Radio isotope source
#8py isotope is used as the radio isotope source in this
research, The simplified decay scheme of this isotope and X-ray spectrum from 2** Pu
is presented in Figure 1.8 and Figure 1.9 respectively.
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23894 Pu

@ =28%

234
U
2" 43 keV

Y =0.04% g /
0 keV

Fig B.1.3 Decay scheme of the principle transition in ?** Pu

From Figure B.1.3, 28% of ***U nuclei resuiting from alpha
decay of **Pu are in a intermediate state with energy equal to 43.5 keV. For such a
low energy and high atomic number of nucleus the transition to ground state yield
practically no gamma radiation. The emitted X-rays are the L-series radiation of

uranium, which are used for excited radiation. The L-series of uranium observed from
X-ray spectra are shown in Fig B.1.4
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Fig B.1.4 X-ray spectrum from Z**Pu source measured with Si(Li) detector
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B.1.2.2 Low power X-ray tube
X-ray tube composition is illustrated in Fig B.5

ceramic
H.T ceramic connector
vacuum . water out
circular =X s
filament ' . '

el

beryllium
water/target

water cooling

Lead shield Lead shield
mounting range

Fig B.1.5 X-ray composition

The X-ray tube consists of a vacuum enclosure containing
source and target anode. The electron beam is generated using thermionic cathode and
is accelerated toward the anode by electrostatic potential of typically 30-110 KeV.
When the anode is bombarded by electron beam conmstitutes a source both of
characteristic radiation of the anode element and of the Bremsstrahlung due to is

several order of magnitudes lower than that of the electron induced Bremsstrahlung.

B.1.3 Detecter system
The instrumentation used to measure X-rays from analyte generally
consists of a semiconductor detector, associated electronics, and a computer-based,
multi-channel analyzer (MCA/computer). Many type of detectors are used in the
EDXRF system such as Si(Li) detector or server type of HPGE detector. The types of
detector in difference system are illustrated in Table B.1.1.
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B.1.4 Quantitative analysis by EDXRF [42-43]

In quantitative analysis by EDXRF, quantify of interesting elements
could be estimated from intensity of characteristic X-ray of interesting element. But
X-ray fluorescence intensity of interesting elements may be alternated by matrix in
sample. Matrix effect in EDXRF analysis cause by the influence of variation of the
chemical composition of sample matrix on the fluorescence intensity of interested
elements. The important matrix effects are absorption and enhancement effects.
Absorption effect occurs when the variation in the matrix chemical compositions
results in changes of the mean absorption coefficient of both the primary radiation of
source and fluorescence radiation of the interesting element. A strong decrease of the
fluorescence radiation of the interesting element will be observed if the concentration
of disturbing element of slightly lower atomic number become large. Enhancement
effect results from retransmission of the energy of the primary radiation of source in
form of secondary fluorescence radiation is just slightly higher than the absorption
edge of the intéresting element, the latter will be excited more efficiency than by the
primary radiation of source, whose energy is higher than that of secondary radiation
and consequently further from the absorption edge. Therefore, the elimination of
matrix effects is necessary for quantitative analysis is expected. Matrix correction
must be performed in corresponding with the real sample. The matrix correction
techniques were including emission-transmission, thin film method and stand addition

techniques. In this research, emission-transmission was used to correct the matrix.

B.1.4.1 Emission-Transmission Method
The determination of absorption correction factor to eliminate
matrix effect is necessary for quantitative analysis. Absorption correction factor is
related to total mass absorption coefficient (%) which varied with sample composition.
In control sample, % is calculated by equation 1.1
%= Mm(Eo) / sin @1+ pm (Ey) / sin ¢ (1.1)

where

n
Mm = wi i (E)
i=1
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i and w; = individual mass absorption coefficients and weight fraction of interest
element i, respectively and # is the number of components,

¢: = the angle between excitation radiation from source and sample,

¢2 = the angle between characteristic x-ray of element i in sample and

detector,
E,= incident radiation energy,
E;= energy of characteristic x-ray of element i.
However in unknown sample, total mass absorption coefficient

could be estimated by using Emission-Transmission (E-T) method. Leroux and

Mahmud as described in Fig B.1.6 suggested the principle of E-T method, in 1966.

I, L1 I,

Analysed sample standard sample target

I Iisﬂ I

Analysed and target standard and target

Fig B.1.6 Principle of Emission-Transmission (E-T) method
I; is the characteristic X-ray of element i from sample, /;* is the
characteristic X-ray of element i from target. Target is prepares in thick form with the
same cross section area as the sample. It contains solely element 7 or its chemical
compound to ensure that the concentration of element i is much greater than that in
analyte and control sample. J;**" is the characteristic X-ray of element i from sample
and target. ; is the mass absorption coefficient of X-ray measurement of element i,

PmD is thickness of sample (g/cm?). These parameters are substituted in equation 1.2.
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L L =1 exp (<3 pmD) (1.2)
therefore
i = In(R) (1.3)
pmD
where R = (I°'- 1) (1.4)
I

the quantify of element / in sample can be calculated by equation 1.5.

wi = I F; (1.5)
S

when F = Ki (1.6}
[l -exp (% pmD)]

F; is the absorption correction factor. S; is the sensitivity of element i analysis by
using the same instrument which can be calculated by equation 1.5 when using

standard sample.
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B.2 EXPERIMENTAL
B 2.1 XRF apparatus
1) Pu-238 annular source, 8mCi

2) Detector system, consisted of

a) Si (L) detector, 13mm” x 3mm, manufactured by Princeton Gamma-

Tech

b) High voltage power supply, Canberra Model 3106 D

¢) Preamplifier and amplifier, Ortec Model 472

d) Multichannel analyzer, Nuclear Data Model 65

e) Data system consisted of computer with the program QXAS-AXIL

software.

Figures B.2.1-2.2 showed a diagram of XRF apparatus and detector system used.

Sample

i

T

1.5¢m

Pu-238 0.6 cm

0.5¢cm

v

Si(Li) detector

Fig B.2.1 XRF apparatus system [44]

Detector { | Pre-Amp | i Amplifier || MCA [_y| Computer
H.V. Printer sector »| Printer

Fig B.2.2 Block diagram of detector system
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3) Pellet hydraulic pressure, Car Laboratory Press Model M Max.0-5000
Pound 0-22 Metric Ton
B.2.2 Chemical and Material
1) Certified reference material, SRM 2710 (Motana soil)certified value
of arsenic in Motana = 626+ 38 mg Kg™), manufactured by the
Nation Institute of Standard and Technology (NIST), U.S.A
2) Arsenic trioxide, As;O3, MW 197.84, AR Grade, Merck, Germany
3) Stick cassava flour ( starch binder)

B.2.3 Sample material
About 10 kg of five natural agricultural soil samples were collected from
both unpollutant, non-residential areas and presumably polluted mining industrial
areas in Ronpibul distric. The samples were dried in air, quartered, ground and
powdered in an agate mortar, passed through 325 mesh sieves and stored in
polyethylene bags.

B.2.4 E-T method and the absorption correction factor
The emission-transmission (E-T method) was applied to determine As
(concentration ) in soil sample in order to compare the mass absorption coefficient
obtained by E-T method with the theoretical estimated value by equation 1.1 as
mention in section B.1.4.1.
B.2.4.1 Pellet preparation

Sticky cassava flour was selected as a matrix binder. The
standard pellets were prepared by solid dilution technique. Sticky cassava flour and
arsenic oxide were blended in agate motar to homogenize the sample. The targets of
arsenic were prepared by the same procedure as that of standard.

Soil sample: Sticky cassava flour and soil sample were blended
in agate motar to homogenize the sarmple in a 50:50 weight ratio. Sample of
intermediate thickness (approx. pmD =0.161 g/cm®) were prepared in the form of
pellets with a diameter of 2.76 cm, by hydraulic pressing them at 20,000 pound/in’.
For standard preparation, sticky cassava flours and arsenic oxide were blended in
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agate motar to homogenize in a 1:100 weight ratio and prepared in the form of pellets
in the same way of sample. The target of arsenic was prepared by the same procedure
as that of standard sample, but arsenic oxide and sticky cassava flour were mixed in a
1:20 by weight ratio.
B 2.4.2 Analysis of soil samples

Pellet excitation was done with Pu-238 annular source (8mCi).
The photopeak area of 10.543 keV characteristic X-ray of As was detected and
counted on Si(Li) detector.The weights of soil sample and starch binder in the sample
pellets and As;Oj3 and starch binder in the standard pellets are shown in Table B.2.1.
The measuring times used in the experiment are shown Table B.2.2.

Table B 2.1 The weights of soil sample, starch binder and As,Oj5 in pellets

Sample No | Seil (g) | Starch Binder(g) | Soil (%) Pellet weight (g)
S1 0.5649 1.2620 44,76 0.8617
S2 0.4986 1.0089 49.42 0.8056
S3 0.5036 1.0076 49.98 0.7083
S4 0.5841 1.4385 40.60 0.9723
S5 0.6280 1.3339 47.08 0.9598
Standard
As, O3 Starch Binder(g) As; (3 (%) Pellet weight (g)
0.0198 1.8126 1.09 0.7473

Table B.2.2 Measuring time in this experiment.

Sample Measuring time (s)
Target pellet 600
Standard pellet 1500
Soil sample pellet 2000
Target + soil sample pellet 1000
Target + standard peliet 600
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B.3 RESULTS AND DISCUSSIONS

The aim of this experiment was to confirm and compare the values obtained from
INAA with those obtained from XRFA method. The XRFA are non-destructive, no
pretreatment necessary as INAA method. The other advantage is that XRFA can be
used as effective analytical technique for widely different concentration ranges.
V.Cercasov et al. examined the suitability of the applied INAA and XRFA techniques
to determine the element concentration in difference matrix at the realistically
concentration ranges, and found tﬁat arsenic could be analyzed by both INAA and
XRFA.

X-ray spectra of soil sample show a number of characteristic X-ray peaks which

correspond to the trace elements present in the sample.

1000 1—

700
€00 +

300

100

Fig B.3.1 X-ray fluorescence spectrum of soil sample No 1

The results from XRFA calculation of As in difference soil samples are shown
in Table B.3.1 and the arsenic concentrations by XRF (E-T method) compared with
INAA method are shown Table B.3.2.

It was found from the results that the arsenic obtained from XRFA agreed with
those obtained from INAA technigue with in 10%.
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