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ABSTRACT

Geochemists often require'multiple trace element determinations.
~ from rock and water samples. X-’Ray _fluorescence-(XRF), excellent
for multielemental analysis, has poor sensitivity for‘trace elements
‘and requires complex matfixf effect corrections. Preconcentration

of trace elements into a uniform matrix eliminates disadvantages of
‘t?ace element XRFkanalysis. Ethylenediamine functional groﬁps,
attached to controlled-pore glass beads by a silylation reaction,
simultaheously preconcentréte‘ Bi, Pb, Zn, Cu, Ni and Co by chelaﬁng
the metals from water solution. Water samples adjust to pH eight and .
the metals preconcentrate by column extractién., Roéksamples digest
in hydrovfkluoric acid, then Dowex 50 cation exchange resin separates
irovrvx‘ from the trace metals. The trace metals in water solution
preconcentrate by batch extraction. A simple sample pellet pr'e'-.
paration technique improves trace metal sensitivity four to twelve
times compared to pressed or fused pellets. A molybdenum radiation
enhancer behind the pellet and 75 mg pellets give optimu,rn analyt’é line
intensities. Precision for water ahalysis is 1.3 to 3 7 percent‘
relative standard deviation with 200 ug each of the six metals. Rock
sample precision for‘»Zn, Cu, Ni and Co is 5.2 to 6.4 percent relative.
standard deviation and accuracy .ivs usually good. Lead determinations :
are imprecise and inaccurate bepa.use of poor rock digestion and
'uncontvrolzled‘ resin column flow ra"ces.. Linear standérd calibration
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curves replace matrix-effect calculations. With optimum instrument
conditions, detection limits are 0.04 to 0.15 ppm for ten gram rock
samples and 0.4 to 1.5 ppb for one liter water sampies, which are
adequate for many rock ana water determinations. CaO and MgO'
concentrations over 15% in rocks interfere significantly with trace

" metal preco‘ncentration. The mefhod works well, ’but improvements
~can bé made using a more complete rock digestion procedure and
using solution pumps to control column flow rates. Sevefai'other
metals can pi-econcentrate using this procedure and us e of Dowex 1

in the iron removal procedure allows anion preconcentration.
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INTRODUCTION

Geochemists often require multiple trace metal determinati'oﬁé
from rock and water samples. X-Ray fluorescene (XRF) analysis,
p‘.éeful for multiélemental dete:minations, has Sevez_:'al di.sadvantage'sv.,
First, XRF ana-lysis is not very sénsitive for tracé metal analysis.

,.-Second; XRF analyéis usually requires corhplex calculations to
correct for matrix effects. Third, conventional $amp1e preparation
for XRF analysis decreases sensitivity for trace elements. |

XRF detection limits for trace metals may range from 1 to 50
| ppm sample cﬁéncentration. "The detection limit depends on the
element, the matrix and the instrument. . Rock and water 'sarn.p\les
oft‘_en have metal concentrations below the detection Iimit’, and metal
: determinations near the detection limit are imprecise and may be
‘inaccurate.

Matrix effects in rock samples are very complex'vfor XRF
analysis. Accurate trace metal determinations require léngthy ’
calculations to correct for the matrix effects. The matrix calcula-
tions require either much time or the expense of a computer.

Conventional sample preparation reduces the trace metal
-sensitivity for rock analysis. Many sample preparation te:ﬂch»ni'ques
‘add a flux or a binder to the sample, resulting in trace métal dilution
'and decreased sensitiy~i_ty. Sample preparation for water samples -

“presents other problems: X-Rays striking‘the water sample may
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initiate reactions at the solution-sample holder interface. The
| reactions may alter anélyte concent‘ration ‘atvtA;he analyzing surface,
resulting in.inaccuréte determinations.

Desp’iyte its problems, XRF analysis has several advantages.
XRF analysis can be very accurate and precise if the concentration of
the element is relati{rely high. It can determine many elements in a
‘sample during a single run, and makes accurate determinations
regardless of the elements' chemical state. Complete automation
of the XRF spectrometer reduces operator time to the sample pre-
paration. These advantages make XRF analysis an appealing method
for multielement detelrminations; However, it is necessary to
eliminate the disadvantages listed,above,. to make XRF an_alysis
useful for trace metal determinations.

~Trace metal preconcentraticn eliminates many of the objections
~of XRF analysis. Preconcentration increases trace element Cﬂoncentra-
tion by p}acing trace elements from a large sample into a small
- sample. The preconcentration of trace elements gives‘th»ree' distincf
advantages over direct XRF énalysis. The first, and most obvious
‘advantage is that the preconcentrated sample has much higher trace
metal concentrations than in the original sample. The higher trace
eleﬁrne:nt concentration allows determinations of metals that are below
~ the detection limit in the originél sample. . Deferminations of trace
‘elements near the detection li‘fnit in the original sample become

more precise and accurate when preconcentrated. The second
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advantage of preconcentration is that water samples analyze as solids,
eliminating sélution reactions that yield unreliable results. ‘The third
advantage is the elimination of matrix e‘ffecrt‘calculavtions. The precon-
centratevd sample matrix is uhi_form for alLsamples, within the limits
of measurement error. Preconcentration essentially eliminates
.vanaly.tiqal variation resulting from matrix effects.

Most preconcentration techniques have two major faults for
geological analyses. First, they do not preconcentrate trace elements
from both rock ‘and water samples. Second, preconcentration methods
for rock samples usually preconcentrate only one element at a time.
This research results in a procedure that preconcentrates metals
from botil rock and water sarﬁples, -allowing geochemists to analyze
both types of samples ’by the same procedure. The procedure simulta-

" neously preconcentrates Bi, Co, Cu, Ni, Pb and vVZ‘n, taking advantagé
of'ti:e XRF spectrometer's ability to ana'lyze‘_‘several elementé during
a sihgle run. The sample pellet preparation method improves sensitiv-
- ity by increasing the x-ray intensity on the‘ sa‘\mple,‘ and decreasing
x-ray absorption by the pellet matrix. Calculated detection limits are
less than 0. 3 ppm for Co, Cu, Ni, Pb and Zn using a 10 g rock samplé;
and less than three ppb \ising a 1000 ml water sal;nple.

Previous preconcentration research and XRF theory as it
pertains'to the analysis of preconcentrated samples is revi¢wed,
followed by four specific research phases:

1) Sample Pellet Preparation: preliminary research of the
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sample pellet preparation, with a study of the effect of pellet

‘thickness and the effect of a radiétion enhancer. |

'2) Conditions Affecting Metal Ion Extraction: water solutiohv

pH and extraction time.

3) Extraction of Metal Ions from Water Solutions: precision

studies, standard curves using batch and c’olumnktype extractions,

and detection limit calculations. |

4) Rock Sample Analysis: precision and accuracy of thé

procedure using USGS rock standafds,v and the effect calcium

“has on the procedure.

Appendices give detailed l.aboratory procedures. Appepdix I
describes the immobilization of the chelating agent onto the glass
.bead surface. Appendix Il describes the procedure to remove iron
from rock samples. We describe the extraction of the ions onto

| the glass beads in Appendix III. Appendix IV shows how the glass
beads prepare for analysis by making them into a sample pellét.
Appendix V lists special materials and supplies used in fhis research,

and ordering information.
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PREVIOUS WORK

Preconcentration Usving Ion-Exchange Resins

Previous investigaﬁons resulted in methods to preconcentrate
trace metals from water solutions or rocks using ion—exchange
resins. Preconcentration extracts metals from water solutions
qnto solids (liquid-solid extractions). The solid contains func‘tio.na‘l-
groups that extract metal ions from solution by mixing the solid with
the solutibn (batch extraction), or by passing the solution through
~a column that contains the solid (column extraction).

Dingman et al. (1972) used batch and column extraction proce-
dures to preconcentrate Co, Cu, Ni and Zn from synthetic sea water
‘'samples. Polyurea resin with amino fgnctiona‘l groups extracted
the metals, ,‘andHCl eluted the metals from the resin for analysis
by atomic absorption spectrometry. Leyden et al. (1975a) used a
similar procedure to preconcentrate Cu, Ni and Zn from sea water.
Leyden pressed the resih i‘rvzto a pellet under high pressure for XRF
analysis.

Blount et al. (1973) used ion-exc‘hange resins to preconcentrate '
‘trace metals from rock samples. Prior to preconce'ntration, he
digested.the rock sample‘e'in acid to.dissolve the trace metals for
preconcentvra_tion by a liquicvl—solid‘extraction. Highly selective
resins extracted the trace metals from solution by batch extraction.

‘The selective resins reduced interference from major or minor
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elements in rocks. However, the selectivity of the resins also
‘limited the number of elemental speciés of trace elenﬁents precon-
centrating on the resin..

Blount preconcentrated several trace metals from digested
“rock standards‘using‘ a batch extraction procedure with the selective
resins. NMRR resin preconcentrated gold from rock standards
dissolved in dilute HNO3, and Chelex 100 extracted bismuth from
dilute HNOg solution. The resins were pressed into pellets and
~analyzed by XRF. Blount also used Chelex IOOyto preconcentrate
cobalt and niékel from rock standards for XRF analysis. However,
an iren Spectral line overlaps the primary cobalt spectral Hne |
interfering with cobalt determinations. Blount resolved this problem
by using an iron removal technique to separate 1v:h‘e iron from cobalt
‘and nickél, prior to preconcentration on Chelex ‘100‘. The EXPER-
iIMENTAL se‘vction describes the iron removal proceéure. in det.aiL,

All of the precbncentration procedures lisfe.d above suffer
several disadvantéges. | None »of the procedures preconcentrate trace
elements in both rocl; and water samples. Also, the rock preconcen-
tration procedures will preconcentrate' only one or two elements.
.at a time and take up to 24 hours to equilibrate.

Preconcentration Using Chélating Group Immobilized on Silica Substrates.

Leyden and Luttrell (1975b) introduced a significant advance in
multielemental preconcentration using silane compounds attached to

silica substrates. The silane compound has amino functional groups
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(ethylenediamine) that chelate ions from solution. - The functional

groups-attach to controlled-pore glass;beads via a silylavtion reaction,

which is described in general terms: Nitric acid activates the glass

bead surface prior to the silylation ,react.ionf Water washes acid

from the activated beads, and they react with the silane compound '.

in dilute acetic acid solution. The beads recover from solution by

filtration. Water, toluene and isopropyl alcohol washes -

re‘m'ove excess solution from the beads. The beads are st‘abl‘e :

under normal storage conditions after curing them at 80° C. .A.ppendix

‘I gives complete laboratory procedure for the silylation reaction.
~Silane .com‘pound’s do not react directly with the glass surface.

"Hydrolyzing fhe silane compour;d is necessary before the silylation

reaction is possible (Kahn, 1973). Equation 1 represents the acid

catalyzed hydrolysis of a silane compound.

. + : _ : :
R-Si(OEt)3 + 3H,0 —H-> R-Si(OH)3 + 3(Et-OH) (1)

R = (CH,)3-NH-GH,-CHy-NH;

The hydrolyzed silane forms hydrogen bonds with a glass-surface,

as represented by equation 2.

0H OH ‘ton oH

Glass ‘ : i _-He |
; “-OH + HO-Si-R —> <-0_ ~O-Si-R (2)
‘Surface P N SHO f

-OH OH oH  OH
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The formation of covalent bonds attaches the silane to the glass

surface, as shown in the reaction of equation 3.

J OH OH \}OH OH
) ’IH\\ ‘ . ‘ ) )
-0, _O-Si-R —_— O — Si-R + H,O0 (3)
“H” | \ |
OH OH "YOH OH

Curing the mixture at high temperature completes the bond formation

(Leyden, 1975b). Egquation 4 reprevsen'ts the formation of permanent

bonds.
}OH OH 30
N . N HHHHHH H
YO — Si-R -—O—O—E% -0—8i-C-C-C-N-C-C-N_+ 2H,0 (4)
i' N , HHH HH H
OH OH Q

The silylated glass is stable at room temperature, although the bonds
may hydrolyze in solutions of high or low pH. Hydrdlysis is not
significant in solutions of pH between 3 and 10.

Diamine functional groups (equation 4) chelate bothv cations
and anions. Anions are chelated L‘relow pH sevex; by the ,diprotonated'
diamine species, (HZen)2+ (Leyden et al., 1976b). | Leyden used
usilylatéd silica substrates with .eﬂthylénedia‘mine fﬁncﬁonal groups
té preconcentrate the oxyanions arsenate, dichromate, selvénate,

‘molybdate, tungstate and vanadate from standard solutions. Cations

:are usually chelated above pH seven, and probably have the form,

‘Cat'ion—(en)%-k (Leyden and Luttrell, 1975b), ‘with the cation coordinated
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between two diamine groups. Leyden and Luttrell (1976a) used
silylated silica ssttr’ates to preconcentrate cations of Ag,"de, Cé,
Cr, Cu, Eu, Fe, Hg, Mn, Ni, Pb, and Zn from standard s.olutions,
lake water and distilled water. After ion bp'reconcentration_, the °
silica substrates were mixed with a cellulose binder and pressed
‘into pellets for XRF analysis.

Preconcentrating trace metals onto silylated silica »substrat_eé
has some advantages over ion-exchange methods. The silylated
substréf.eé’can preconcentrate a larger number of elemental épecies,

and equilibrium times are minutes instead of hours. However, the

above procedure does not preconcentrate trace metals from rocks.
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X-RAY FLUORESCENCE SPECTROMETRY

The Characteristic Line Spectrum

An excited element emits unique x-ra&s that comprise its
characteristic line spectrum. XRF analysis depends on the &eteéiion
and measurement of the cha:acteristic line spectruni. ‘The character-

“istic line spectrum arises-when a vacancy occurs in an ihner electroxjic
éhell of an atom. A vacancy occurs when an electron absorbs an
x-ray from an x-ray tube (primary x-ray). The increased electron's
energy ejects it from t‘he»atom a»n_d creates a vacénéy. | An electron
from a higher energy level fills the vacancy an’d_emits an x-ray. The
energy of the x-ray is equal to t:;he d_if'ferenc‘eﬂi‘n energy bevtween the
two electronic orbitals. The electron that fills the original vacancy
causes another transition, resulting in a second x-ray emission. By
this process, a single vacancy initiates several transitions and xX-ray
emissions. 'Each transition and corresponding x-ray photon is of an
energy almost unique to a given element. Thus, it is possible to
identify an element by the detection of its characterist.ic‘\x-rays._
‘Characteristic x-rays are called secondary x-rays when produceid
>-by incident primarybxb-rays. |

Individual spectral lines are identified by an abbreviated
Siegbahn notation system. The notation lists the symbol of the
’c';h«ekmi'ca_l element first. The series (K, L, M) in which the electron

vacancy occurs, is given next. ''Alpha'", “beta'', etc. is the last
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notation and indicates the particular line in the series. The alpha :
line is us-uaily the strongest for a giveh series. The notation '"Ni K
alpha'' indicates the strongest line originating from a K shell vacancy

in nickel.

~Excitation
Inner erlectronv shell vacancies ."may occur by various methods,
‘but our primary interest is excitation by x~ray absorption. An
electron will not absorb an x-ray that does n_élt have sufficiént energy
to eject the electron from the atom. An electron in a givén energy
level requires an x-ray of a minimum photon energy to eject the |
electron. The minimum energy is known as the absorption edge
.energy, or just the absorption edgé. Besides being the minirhum
energy for electron ejection, it is also the most efficient energy for
electron absorption. As the energy of the photons increases beyond
the absorptibn edge, the electron is less likely to absorb: the photon,
and create a va»cancy. To create a maximum nurr_ib_er'of vacancies
in a given energy level of an element, the energy of the incident
x-rays should haye the energy of the absqrptiOn edge. The pi‘iniary
X-ray intensity also affects the number of eleétron shell vacancies.
“The greater bth--e primary x-ray intensity, o.f‘-:approp'riate energ&
in.ciden’t.onbtlhe sample, ‘the more likely a vacancy will occur. A
large number of vacancies for a gi?en-element will‘ produ’cé a strong

‘characteristic line spectrum and _yieid good sensitivity; Trace element
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analysis requires high instrument senéitivity. To make the most
reliable trace element determinations,' we- -must enhance the instru-
ment sensiﬁvity through the selectionlbof optimum x-ray energies
and maximize the x-ray intensity on the sample.

X-Ray tubes most commonly provide the source of primary
x-rays for XRF analysis. The tube contains a tungsten filament
cathode and a metallic anode, with a potential of 40 to 50 kV between
“ the cathode and anode. Electrons thermélly _emitted from the filarnent
accelerate to the anode. The accelerated electrons may lose_part
- or all of their energy through inelastic Rutherford scatter as they

approach the high Columbic field 'near: the nuclei of the anode atoms.
The scattered electrons release energy by the emission of x-rays.
We refer to x-rays that originate from electron scatter as primary
x-rays. The primary x-rays create an xX~-ray spectrum t'hat"we

refer to as the continuous spectrum, or the continuum i(Figure 1).

The continuous spectrum has several characteristics. . It compﬁées
a continuous range of wavelengths (energies). A minimam Wavelengthv
 (maximum energy) of zero intensity steeply rises to a maximum
intensity. The intens:i‘tyvgradually drops from the intensity maximum
toward lo-ng:err waveiengt‘h x-rays. The minimum wavelength of the
‘continuum results from an electron Iosing all ofits energy at once

By Rutherford scatter. The tube potential determines the‘ electron's
“energy and consequently determines the wavelength minimam of the

continuum, X-Ray inte‘nsity increases with tube potential, tube current
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«— Intensity. Maximum

X-Ray inﬂensi?y -—-—-b

/ Energy Maximum-

X - Roy Wavelength ——8»

Figure 1 - Continuous spectirum of x-ray tube.
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‘and with the atomic number of the anode material. Adjustment of
tube potential, current and anode material gives the highest sensitiv-_

ity for chosen trace elements.

Spectrum Dispersion

‘Wavelength dispersive XRF spectrometers use analyzing crystals
to spatially separate the ch,araéteristic line spectrum into its compo-
‘nent wave lengths. ' The dispersion by wavelength is necessary to
measure each wavelength individually. The ana 1yzing crystal'diffr'acts
incident‘ X-rays from the surface of the crystal. A givén wavelength
will constructively interfere only at certain angles of diffraétion, as
given by thve' Bragg law:

nx= 2d sin® (5).
where n is the order of the diffracted x-ray, X is the wavelength of
the x-ray and d is the distance between the diffraction planes of the
analeih’g crystal. The Bragg angle, 9, is the angie of diffraction at
which constructive interference takes ’p‘la ce. Complete destructive
interference takes place at anvgl'es other than the Bragg angle.'v The
dest_ructive and constructive ihtefference results in each wavelength
being angularly sepe;rated. For a given order (n), the short wavelength'
photons cohstructively‘inter‘.fere at a lower angle than long waveien:gths.
bThe dispersion of the characteristic line spectrum by wavelength

allows the individual measurement of a given wavelength.
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Detection and Measurement of X-Rays

Wavelength dispersive spectrométers us uablly‘ use two types
of 'x-raybd‘etectors. Proporﬁonal counters and scintillation counters
detect individual x-ray photons. Proportional c@unters usefully detect
long wavelength x-rays while scintillation ‘gounters usefu-lly detect
short wavelength x-rays. The analyzing érystal and detectors rotate
relative to the x-ray beam in compliance With,the Bragg law, to
vnallow the detectors to scan the entire spectrum. Thé detectors
vtranslate the x-ray photons to electricaljpulses,‘ and a series of
linear afnpliﬁers amplify and shape the pulse. The pulse height
analyzer (PHA) further shapes the pulbse while eliminating pulses
below and above chosen energies (voltages). The pulkse height
discrimination reduces background radiation and system noise and
increases the signal-to-noise ratio, allowing greater instrument
sensitivity for trace element anaiysis. After pulse'height disc»rimiﬁétion,
the pulses pass to ‘the scaler. The scaler counts thg pulses as a
'fdnétion'of time. The counts per unifbtime of a kgivén_analyfe line is

proportional to the concentration of that element in the sample.

Matrix Effects

The sample matrix influences the analyte line intensity by
absorption-enhancement effects of the matrix. The matrix can
-absorb part of'the primary (continuum) fadia.tion." The absorption

reduces the -amount of primary radiation »avai"la,ble't’o excite the analyte
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" and results in a decreased analyte spectral line intensity. The matrix
can also decrease the analyte spectral line intensity by abs'o;bing
the analyte line. Enhancement of the analyte spectral line intensity
results when the radiation frém the matrix elements exéit_e _the analyt:e, _
Wé can see absofption—enhancement effects by plott’mg standard
curves. Figure 2 illustrates the standard curves of a two component
system. Line A illustrates the standard curve for iron in a nickéi
‘matrix. Tﬁe'iron'concentration-ranges from 0 to 100%. The dotted
line illustrates the line intensity we expect if there are no absorption-
- enhancement effects. The iron line intensity_ is s’ubsta'htially greater
than we expect over much of the standard curve. Thé increaée is due
to enhancement by the nickel métrix. Line ;B illustrates the éfandard
curve for nickel iﬁ an iron matrix: The dotted line again represents
the curve we would expect if there were no matrix effects. The
. attenuation of the nickel line intensity is due to absorption by the matrix.
When the matrix compos‘ition‘ i’pcludes several elements, absorp-
tion-enhancement effects become much moré complex. ‘R_ocL‘c analysis
may require consideration of ten or more major elements that comprise
: thev matrix. The trace element detérminations’ from rock samples
involve complex caiculations of those matrix effects. The -problem"
becomes -difficult for rocks because the matrix changes er each i
sample. It is necessary to calculate matrix effects for each rock
~s.arnpie. |

Given a monochromatic incident primary beam, we can calculate
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the line intensity for a given analyte in a matrix by (Bertin, 1975):

Caup
(6)

1=1,P '
oA CpKm +LGiK;

Where:
I is the analyte-line intensity.’
I is the incident primary radiation intensity.
C, 1is analyte concentration.
Cp is the concentration of the major matrik element.
C. 1is the concentration of individual minor 'm_a:trix eléments, i.
Pj is the excitation factor.
up is the coeficient for the absorption of the primary radiation
per mass of the anél};te.
Kwme» K. is thé coéfficiént for the primary and secondary radiatio‘n'
absorption per mass of individual matrix elements; corrected
‘for sample geometry.
We »s‘implify equation 6 by holding Io.'constant.v PA is constant
. for a given analyte, matrix and spectrometer, and uA»vis constant for a
given aﬁalyte and incident primary spectrum. Ky ‘ahd K; are constant
for a given matrix element, analyte, sample geometry and incident
primary spectrum. Eliminating the constants, |
TOC Cpl{Cy + BC)e «(7)
‘When the major matrix element concentratibh (Cpp) is very »iarg‘e,

the other matrix elements concentrations ~(Ci) are insignificant and
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the analyte-line intensity (I) becomes

1 OC CalCpm. ()
If the ‘avna lyte concentration (Cp) app.roach'es 0% (frace element),
‘the major matrix element (Cp) approaches 100% and becomes essen?
tially conétant. Thus, the line intensity (I) for a trace analyte in a
constant matrix is

I QG Gy (9)
‘The relationship between a trace analyte concentration and ana lyte

line intensity is direct and linear.
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EXPERIMENTAL

Preconcentration Procedure

This experimental proced'ure_simultaneouély preconcentrates
several trace metals from either rock or water samples. Trace
metals preconcentrate onto a glass bead substfé;ce cqr-xtainingvéhe—
lating functional groups. The functional groﬁps attach to the glassi
bead surface by a silylation reaction, as descﬁbed in the PREVIOUS

- WORK section. |

Prior to pfeconcentration, -rock samples must have iron removed.
The iron removal procedure is a modiﬁcétion of a procedure Danielsson
and Ekstrom (1965, 1966) developed to separate trace cations from
iron in steel samples. - Blount et al. (1973) modified the protedure
to remove iron from rock samples. The iron removal proceglure
begins by digesting the rock in acids, and then placing the 'diges‘ted‘ :
sample in a dilute HF solution to complex the iron with fluoride.

This HF‘solution' passes through a column of Dowex-50 cation éxchange
resin which adsorbs f;he trace metal ions of interest, but does ,not'v
adsorb the complexed iron. The metal ions elute from the resin with
HNO,. ‘The acid solution containing the metal ions evaporates,

leaving water soluble nitrate salts of the metals. The salts dissolve
in water. Having removed iron from the rock samples, the ‘splution
containing the cations 1s treated as a water sample. |

Glass beads preconcentrate cations from water sdlgtion by
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either batch or column extractions. The glass beads contain amino
functional groups that chelate metal ions from water solutions. The
amino functional groups cﬁelate many metal ions, but do not signif-
;icant’lybad’sorb group I and II ions (Dingman, 1972 and Leyden, v19>76a)_.
After extracting the ions from solution, the glass beadspreparé
into pellets by recovering them from solution on filter paper. The
filter paper and beads insert into a sample holder, with.a raéiatiqn
enhancer backing the saméle in the holder. The radiation enhancer

increases the X-ray intensity striking the s‘ample,during XRF analeis.

Description of Experiments

- This investigation divides into four research phases, each
comprising several experiments:

1) Sample Pellet Preparation. Experiménts.include preparation
of the gI;ass beads into pellets for XRF analysis. One eXperimént
compared trace metal sensitivities resulting from the aﬁalysis
of three pellet preparation techniques. This determined the
pellet preparation technique yielding the highest trace metal
sensitivity. Another experiment compared sensitivity of a pellet
with a radiation enhancer with the sensitivity of a pellet without
‘a radiation enhancer. A third experiment anal_y‘zed sample
pellets ofvdifferent thicknesses to determine the pellet thick-
ness t’hat‘yi.elded the highest trace metal sensitivity. -

2) Conditions Affecting Metal Ion Extraction. These experiments
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defined optimum cphditiOns for the extraction of metal ions
frc.)mbsoAlution with silylated glasé beads by the batch extb'raction

- procedure. Metal ions preconcenti’ated from solutions of
‘various pH determined the extraction ef.ﬁciencyk of the glass
beads as a function of pH, and the optimum pH for multielemehtal _
preconcentrations. A second experiment extracted rﬁetal ions

: By the batch method using various mixing times to determine
the mixing time for maximum cation extraction.

3) Extraction of Metal Ions from Water Solutions. These

' ekperiments quantified the ability of the glass beads to pre-
concentrate trace metal ions from water solutions. One
experiment determined the precision of tﬁé water analysis
procedure by preconcentrating several identical standard

metal ion solutions. Standard curves were made from the analyses
of standard metal solutions preconcentrated by batch and column
extraction techniques. The batch extraction standafci curves
provided’data for.det'ection limit calculations.

4) Rock Sample Analysis. These experiments investigated
t»réce metal precohcentratio‘n from rock‘samples detei'mining
the type of fock samples for which the preconcentration procé—
dure is useful. Trace metals preconcentrated from se’vef‘al |
USGS rock standards determined the precision and accura.cy '
of the preconcentration procedure as applied to rock analysis.

Metal ions preconcentrated from standard solutions containing
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high concentrations of calcium ion determined the effect of

calcium on trace metal preconcentrations.

X-Ray Instrument and'Measurement Parameters

All x-ray measurements were made on a Philips 'moael'PW~1410
spectrométer, modified for complete computer adtomatibn. All
elements were determined using a LiF-200 analyzing crystal except
zinc, which used a LiF-220 analyzing crystal. A gas (10% methane,
90% argon) flow proportional counter was used in tandem with a
scintillation detector, for x-ray detectidn, A chromivum-anode
_x-ray tube was operated at 45 kV ‘and 35 mA, using a Philips XRG-2500
full wave x-ray generator.

The same spectral line was consistently measured for a given
element throughout this research. The L alpha line was measured for
Bi and Pb and the K alpha line for all other elemeﬁts. Heréa'fter,
the spectral line is usually identified only by the element symboi. Each
_ metal ion analyzed has the 2t oxidation state, except for bismﬁth,
‘which has the 3% oxidation state.. Each anélyte intensity is given as
peak minus ‘Ba'ckgro-und intensity. The intensities were measured as
counts per unit time, scaled for presentation to counts per second {cps).
The counting times were limited fo 100 seconds, or less. If less
than 100 seconds, the counting time was long enough to_give an
accuracy of 1% relative sfandard deviafcion. Throughout thié r’esea’rch,

the instrument (PHA, detector voltages, etc.) settings were varied
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for different experiments. Identical samples may yield different
intensities because of different instrument settings, sometimes
preventing direct comparison of line intensities a_mc_mg some of the
~experiments. For some experil;nents, .rsuch as the rock analysis

~and the standard curves, the instrument settings were the same.

SAMPLE PELLET PREPARATION

Comparative Study of Three Pellet Preparation Methods

This experiment investigated three pellet preparation techniques
to determine a method that yields high sensitivity for trace metals.
Two of the methpds have been used previously in this and other
laboratories for r'ock analysis. Both previoﬁsly used methods
require the addition of large quantities of binder or flux to the glass
beads to form a pellét,- "decreasing analytical sensitivity by absérbing
primary and secdndary radiation. The new pellet preparaﬁon
) technique, specifically for preconcentrated samples, requires no
additional matrix.

The new pellet preparation tec.hniéue was compared with the
6th~er two ‘pelletk preparation methods to determine thch method
yields the greateét sensitivity for trace metals. Three identical
glass bead samples prepared by the batch extraction method. Appendix
IIT details the batchA extraction procedure. Ten milliliters of standard

solution, made with nifrate salts of six metals, were added to each
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~of three beakers. The standard solution contained 200 ug each of Bi;
Pb, Zn, Cu, Ni and Co, buffered to pH eight with a phosphéAte buffer.
One hundred mg of silylated glass beads were addéd to each solution,
stirring the mixtures for ten minutes. The beads collected on 25 mm
filt.eriéaper, ‘then dried on the filter. paper in a 105° C oven.

Each of the three glass bead samples were made into pellets.
One pellet was prepared by removing the glass beads fr_om the filter
paper, mixed with six grams of lithium ytetraborate on a mixing wheel
for four hours,. The‘ mixture fused in a Claisse fluxer at 711000 C to
yield a 1 1/4 inch diameter fused pellet. A second pellet was made
by removing the glass beads from the filter paper, and grinding
them with three grams of boric acid for 45 minutes in a Spex ball
‘mill, The mixture,v placed in an aluminum sample cup, was pressed '
at 10,000 p.s.i., forming a 1’1/4> inch diameter pressed pellet. The
pressed and fused pellet te‘chniqués are standard pellet preparations
‘.for rock analysis m this laboratory. The final giass bead sample
© was prepared by a»méthod referred to as the no-matrix pellet. |
Appendix IV details the no-matrix p‘ellevt preparation. The beads,
with filter, were placed onto a metal support disk. A thin polypropyle;xe
film ,cbvered the support disk and glass beads. The entire appayr"a‘tus
inserted into a sample _holder' slidé, with the support disk and poly-
propylene film sandwiching the beads and containing thérn in the
sample holder slide. The pellets analyzed by XRF»and the analyte line
intensities were compére& to determine which -pellét gave the highest

trace metal sensitivity.
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Sample Holder Radiation Enhancer

26

A radiation enhancer was used to increase the analyte spectral

line intensity of the no-matrix pellet. The enhancer was méde with
a mdlybdenum disk that inserts between the sample support disk
and the glass bead sample pellet (see Appendix IV). An ‘enhance‘r
should increase the x-ray iﬁtensity from‘elemer‘xts 1n the sample,
because the thin sample pellet absorbs only part of the incident
vradiatio-n from the x-ray tube, the remainder passing through the
pellynet. The molybdenum enhancer absorbs the radiation paAsvsing »
‘through the éample, causing the enhancer to fluoresée. The x-‘raéb
emissions from the enhancer strike fhe sample pellet, causing the V'
sample to fluoreslclze. |

To test the molybdenum radiation enhancer, two identical -

glass bead samples were prepared by the batch extraction procedure.

Twenty milliliters of standard metal solution, containing 100 ug
each of Bi, Pb, Zn, Cu, Ni and Co, were »placed in each of two
- beakers. To the solutions, buffered to pH éight,v 100 mg of silylatéd
glass beads were added and the mixtures stirred for ten minutes.
The kkg-lass beads were made into pellets, one pellet With a molyb—
»dev‘num (99. 9-5% pure) radiation ‘enhancer, the other pellet w’ifh an
aluminum (99 999% pure) backing plate, ’The-éluminum char'écterist
line spectrum does not excite any of the elements' lines measured,
:svo the alurﬁinum backe_@ sample has no enhancement.. The analyte
spectral line intensities were measured for each pellet by XRF fo |

determine the effect of the molybdenum radiation enhancer.

ic
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Effect of Pellet Thickness

The thickness of the no-matrix pellet was adjusted to increase
the analyte spectral line intensity. Several no-matrix pellets were
prepared, each containing the same concentration of coppefr but of
different thickness. The.pellet diameter and glass bead dénsity
remains constant making pellet thickness a function of pellet mass.
Pellet thickness was measured indirectly by measuring the glass
mass. Each pellet analyzed by XRF to determine the effect pellet
thickness has on analyte line intensities.

.. Five 10 ml standard solutions that contained 50, 100, 150,

200 and 250 ug copper were buffered to pH eight. To each solution,
50, 100, 150, 200 and 250 mg of silylated glass beads were added
vrespec.tively, and the mixtures stirred for ten minutes. Pellets
made from the beads had a 1000 ppm copper concentration, but each
pellet contained different masses of copper. XRIF analysis measured
the' Cu K alpha line intensity to determine the pellet thickness yielding

the highest copper line intensity.

CONDITIONS AFFECTING METAL ION EXTRACTION

Extraction as a Function of pH

Solution pH controls the amount and rate of cation extraction
by the silylated glass beads (Leyden and Luttrell, 1975b). We
performed an experiment to determine the solution pH for fastest

cation extraction rates. A set of several identical standard
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solutions were adjusted to various pH values. Silylated glass beads
extracted cations from the solutions, but the beads were removed
from solution before extraction reached equilibrium. Analysis .

of these samples showed which pH allows rapid cation extraétion.

A second experiment determined the pH for maximum ;cation
extraction_, or the most efficient extraction pH. A set of solutions,
identical to the first set, mixed with silylated glass beads until the
extraction reached equilibrium, showed which pH allows greatest
cation extraction.

Each set of samples were prepared by placing .fifty ml of
standard solution, containing 200 ug each of Bi, Pb, Zn, Cu, Ni
and Co, in each of eight beakers. Dilute NaOH and HNO3 adjusted
the pH of each solution to one of the following values: 3, 4, 5, 6, 7,
8, 9 or 10, + 0.1 pH. The unequilibrated solutions stirred with
100 mg of silylated glass beads for five mi;autes, and the equilibrated

set stirred for 40 minutes. Pellets prepared from the samples were

analyzed by XRF.

Extraction as a Function of Time:

This experiment determined the mixing time that the batch
extraction procedure requires to reach equilibrium. For consistent
analytical results the beads must mix with the solution long enough

for the extraction to reach equilibrium.



T-2193 29

Several standard solutions were prepared contéinirig equal
masses of three trace cations. To these solutions, silylated glass
beads were added and the mixtures stirred forvdiffévrent periods of.
time. Pellets m(ade from the glass beads were analy‘zed,by'.XRF’.
The line intensities, proportional to fhe amount of metal extracted
for each mixing time, determined which mixing time gives the most
complete extraction éf metals.

Fifty ﬁlillilitersbf standard solution containing 200 ug each of

”Pb, Zn and Co was added to each of six beakers. The solutibhs
‘buffe‘red to pH eight and,}OO mg of silylated glass beads were added
to each beaker. The six mixtures stirred for various time per‘icd:-*;'
6f 0, 1, 3, 5, iO, and 15 minutes. ‘For;the mixing time of zero
minutes, the beads, were added to the solution and immediétely
vpoured into a filtering flask to récover the beads. The solution
takes about 30 seconds to pass through the filter, allowing trace
,rhetal extraction. Pellets made from the beads were analyzed. by

XRF.

EXTRACTION OF METAL IONS FROM WATER SOLUTIONS

Precision Study

The total reproducibility of the batch extraction and XRF
analysis was determined for cations preconcentrated from water

solutions. Several standard metal ion solutions were preconcentrated,
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_vh.olding the amount of metal, f;he sblut%on pH, and the mixing time
constant. Pellets preparéd from the glass beads analx:yzed by XRF.
The aegreé~of variation in analyte line intensi‘tbies indicated the
precisioh of the procedure.

Five 50 ml solutions containing 200 ug each of Bi, Pb, Zn,
Cu, Ni and Co were placed in separate beakers and Buffered at pH
eight. To each solution, 100 mg of silylated glass ’be.ads were added
.and stirred for ten minufes. Pellets made from the samples analyzed

by XRF.

Standard Curves

Standard curves were made to test the linearity of analyte line
intensity versus metal mass. Several solutions, each conta'ining
‘different amounts of metal ion, preconcentrated by batch and column
extractions. Pellets made from the beads analyzed by XRF. Plotting
analyte line intensity versus fhe metal ma‘ss originally present in
the standard solution, a straight line was madevfrom the .points by

a least squares linear regression. . The line having the form

Cp = (I - b)/m, (10)
where:
C, is the metal mass. {ug).
I is the analyte line intensity (cps).
b is the background intensity (cps).

m is the slope of the line, or sensitivity (cps/ug).
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The linear regression determined the values for b and m for each
‘ metal ion.
Supplying b, m and I to equation 10 allows metal determinafibﬁs
for unknown samples. Including the original sample mass v(G),
converts metal mass (C,) to metal concentration (C). Equatioh 10
becomes:

C = (I -b)/mG, (1)
where the original sample mass (G) is given in gram units for rock
samples, and the concentration (C) becomes ug/g, or ppm. Fér.
water samples, Gis given in units of kg (or liters) and C is in ppb.

Standard curves for sampies containing metals in the ppm
‘range were made by'ba'tch extréct-ion, and samples c:ontaining metals
'in the ppb range were made by column extraction. Batch extra ctien

samples prepared by adding 50 ml of standard solution to each of
seven beakers. The standard solutions contained Ni and Co ranging
from 3 to 60 ug, Pb and Cu ranging from 10 to 200 ug, and Zn .rangin'g
‘from 25 to 560 ug, representing ratios of metals expected in rock
sgmples. The solutions buffered to pH eight, 100 mg silylated glass
beads were added to each beaker, 'and, the mixtures stirred for ten
minutes. Pellets made from the gléss 'b,elads analyzed by‘ XRF. VFkiv_eb
sémplesvwere prepared by the column extraction method, us‘iyn‘g 250
ml of standard solution for ea CH ‘sample. _'I’he..standard solutions
cqntaine& 6.25 to 125 ug each of Bi, Cu, Ni, Co and Zn and buffered to

pH eight. " The solution péﬁssed through a column cohtaining 100 rvng‘
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of silylated glass beads at a flow rate of about 20 ml per minute.

Pellets were prepared and anarlyzevd by XRF.

Detection Limits

Detection limits were calculated with data O‘Btained from batch

extraction standard curves, using equation 12 (Bertin, 1975).
Cpr = (3/m)ig/ T)0" 3 (12)

Cpt is the minimum concentration of metal detectable in the sample,
Iy is the background intensity in cps, T is the counting time (seco'nds)‘
‘and m is the slope (sensitivity) of the standard curve. Equation 12 |
determines the theor‘étical detection limit wifh a 95% probability that
‘the analyte _s?ectral line peak is actually present.

Ip was obtained from analyses made for the standard curves.
The background intensity for the standard curves (b, equation 10),
differs from the background intensity of the analysis (Ig); Ig is the
background noise near the analyte line and is much larger than b.
~ The standard curves give the slope (m). T is the maximum peak
or background counting time allowed during the analy‘sis and equals -

100 seconds in these calculations.

ROCK SAMPLE ANALYSIS

Preconcentration of Rock Standards

Trace metals preconcentrated from several USGS rock standards

,déterminéd the precision and accuracy of the procedure for rock
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analysis. ‘The previous precision vstudy_ of water solutions is not
valid for preconcentrating trace metal‘svfrom rocks. Rock prep-
aration inéludes an ion-exchange procedure to separate iron from
vkthe trace 'elements, and the major and minor elements in rocks might
affect the preconcentration procedure.

Trace metals pregoncentrated from four samﬁles ‘of andesite
(USGS standard AGV-1), using batch extraction, determined rock
analy's“is precision. Analyte Hne intensities were éonyerted vtbo metal
'_'éoncentrat,ion by equation 11. The precision of the p;econcentratio#
V-bprocedu.re and XRF’analysis was determined from the metal concentra-
tions.

Preconcentrating trace metals from four different USGS rock
standards, including andesite (AGV-1), basalt (BCR-l), grano-
diorite (GSP-1), and peridotite (PCC-1) determined fhe accuracy of
the rock analysis procedure. The anaiyte line intensities were
measured by XRF, again converting the intensities to met_éi con-

' centration using equation 11. The analyzéd metal concentrations
were compared with values in the literature (Flanagan, 1969), to
'détermi.ne ‘the accuracy.

The iron was femoved from the samples (see Appendix I];)’
prior. to preconcentratibn. One gram portions of the powdered
standards digested in-a solution oyf}conéentrated HNQ3, 'HC104 and
HF. The acids evaporated, 1eéving a residue. The residue, dissolved

in IN HF, passed through a column contéining Dowex-50 cation
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exchange resin which adsorbs Pb,' Zn, Cu, Ni and Co. Dilute HF
rinsed the column free of iron, . then the metals of interest eluted

from the column with 4N HNO;3;. The solution evaporated on a hot
plate,b leaving a residue 'containing,the nitrate salts of the metals.
'The s‘alts«‘dissdlved in water and the solution adj usted to pH eight.
One hundred milligrams of silylated glass beads wére added t§ the
watef solution, and the mixture stirred for 10 n'ii_nutes.' Pellets

made from the glass beads were analyzed by XRF and analyte line

intensities converted to sample concentration using standard curves.

. Effect of Calcium

The ion-exchange resin used to remove iron adsorbs calcium.
Large amounts of calcium in rocks can interfere with the preconcentration.
procedure. ‘This experiment determines how much calcium can be in
:a’ rock without interfering with trace metal determinations,

Several standard solutions were made containing equal masses
of six trace metals. Different amounts of calcium ‘ion were‘a’dded to
each solution and the trace metals preconcentrated according té the
rock énaiysis procedure {Appendixes II - V), except the rock digéstion
was eliminated. The x-ray line intensities shoWed how muclh' calcium
may be present in a sample without seriously affecting the analytiéal
results.

Seven 50 ml 1N HF solutions were prepared, ‘each containing

200ug of Bi, Pb, Zn, Cu, Ni and Co. To each solution except one,
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various amounts of calcium nitrate was added. The amount of
calcium added was calculated as percent CaO, adjusting'the percent
Ca‘O’to a sample size of one gram. Thus, for a 10% concentration |
of CaO, the equivalent amount of Ca(NO3), was addéd to yield 0.1 g
of Ca0O. The amount of CaO added to the solutions ranged from

zero to 30%. The solution passed through the resin column, followed

by the standard rock preconcentration and analysis procedure.
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RESULTS

SAMPLE PELLET PREPARATION

Comparative Study of Three Pellet Preparation Methods

Table 1 lists analyte spectral line intensities for three pe'llets'v
that contain metal ions pfeconcentrated onto glass beads. Each
pellet was made by a different pellet preparation method. The glass
beads were fused with lithium tetraborate in one pellet. In another
-pellet, the glass beads were mixed with boric acid and pressed
into a sample cup. The last.sé,mple was prepared by the no-matrix
method. Xach pellet cbntained' 200 ug of each metal, so the _analyte,k‘
line inténsities represent the relative sensitivity for each pellet
- preparation rﬁethod.

‘The no-matrix pellet yields substantially bhigher analyte line
intensities than the fused or pressed pellets. We calculated the
percent intensity of the preséed and fused pellets, as‘c‘:ompared to

the no-matrix method.

‘Sample Holder Radiation Enhancer

Table 2 lists the analyte spectrai line binté‘n«sit‘ies for two pellets
with different radiation enhancers. The energy of-the principal
(K alpha) emission line of each enhancer and analyte excitation
potential'is given»ivn Ke__VL The excitation potential is thé minimum

x-ray photon energy a given element requires for excitation. From
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Table 1 - Spectral line intensities for three sample pellet

Metal

Pb
Zn

Cu

.Co

preparations. Values in parentheses represent
the percent intensity of the no-matrix method.

INTENSITY (cps)

Pressed " Fused \No-Matrix ‘
‘Pellet Pellet Pellet

34 (27) 22 a7 126

33 (14) 26 (11) 238

57 (20) 31 (11) 291
202 (27) 106 (14) 735

86. (13) | 52 (8) 1650

98 (16) 49 (8) 620

37
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‘Table 2 - Analyte line. intensities for aluminum and molybdenum
radiation enhancers.

INTENSITY (cps)

Excitation Al K alpha Mo K alpha % increase with

| Potential (KeV) =1.487 KeV  =17.425 KeV Mo enhancer

Bi|  13.424 T 84 y1z2
Pb| 13.044 80 90 + 13
3 zn 9.660 119 129 + 8
5 cu | 8.980 | 324 380 | 17
Ni 8. 331 329‘ | 351 + 7
Co 7.709 317 343 + 8
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Table 2, we see the Al K alpha en;lission line has a lower energy than
avll analyte éxéitation potentials. The aluminum eﬁhancer can.not
Aincrease analyte spectral line intensity by secondary fluorescence.

The Mo K alpha emiésion line is energetic enough to excite all analytes,
As expected, the molybdenum enhancer increases vs'pectral line.
»intensi‘vties for all analytes. The percent increase in analyte spectral

line intensity for the molybdenum enhancer is given in Table 2.

Effect of Pellet Thickness

Figure 3 plots the Cu K alpha line intensity versus pellet mass.
The intensity of the copper line for each pellet mass is given in.
parentheses. The i)éllet and copper mass is-different for each pellet,
but the'copper concentration is constant (1000 ppm). The. pellet
mass is proportional to pellet thicl;ness.

Figure 3 illust.rates the effect pellet thickness has on analyte
1ine intensity. The intensity initially inc'reases 1inear1y. to a péllet
‘mass of about 75 mg (A, A'), then thé rate of inten'svitj‘r increase
decreases. A pellet mass of 75 mg '(or less) gives the l‘lighest' copper:
sensitivity. For pellet masses above 75 mg, the matrix absorbs the
primary and secohdary radiatibn significantly. | The intensity continues
to increase to a pellet mass of 200 mg, due to increasing copper mass.
’Beyond a pellet mass of 200 mg, x-ray absorption by the matrix
'beco’-mevs severe enough to reduce the efficiency of the radiation

- enhancer, so the intensity decreases.
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Figure 3 - Cu K alpha line intensity versus pellet mass.
Fach pellet contains 1000 ppm copper concentration.
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CONDITIONS AFFECTING METAL ION EXTRACTION

Extraction as a Function of pH

Table 3 gives analyte line intensities for metals extracted
at various pH and two mixing times. The intensities are normal-
ized as a percent of the maximum intensity for a given analyte.

The five minute mixing time data represents an unequilibrated
extraction and illustrates which pH yields the fastest ejxtractioh_.
rates for each cation. The average normalized intensity for all
elements is also listed for each pH. The highest average (84%)
occurs at pH 8 and 10, and the second highest (78%) at pH 9,
indicating the pH range yielding rapid multielemental éxtraction
rates is between 8 and 10. The five minute extraction data i‘s
plotted in Figure 4 as percéhé of the maximum intensity versus
solution pH.

Table 3 also lists normalized intensites for 40 minute-extrac-
tions, representing an equilibrated extraction. The equilibrated
extraction shows which pH yields the most complete or efficient
extractions. Again, the averagernormalized intensities are li"s1t'ed
for each pH. The most complete multielemental extractions occur
at pH 8 and 9, yielding a 95 and 98 percent average, respectively.
The extraction curves for 40 minute extractions are plotted in. |

Figure 5.
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Table 3 - Normalized analyte line intensities for batch extractions

Metal

in various solution pH. Five minute (unequilibrated)
extraction data and 40 minute (equilibrated) extraction
data is given.

3 4 5 6 7 8 9 10
Bi 29 | 100 94 64 75 & 74 8o | 98
Pb 1 7 18 47 87 {100 59 | 78
Zn 2 7 21 42 69 j100 | 87 | 88
Cu 48 70 85 69 s4 | 74 | 100 | 95
Ni 1 5 |7 19 26 55 95 1100
Co 1 7 18 41 57 {100 51 | 44
s 14 | 33 41 47 61 84 78 | 84

INTENSITY
Normalized to 100% Maximum

Five Minutes Mixing

Solution pH

Forty Minutes Mixing

Bi 30 24 | 26 27 50 | 89 96 §100
Pb 2 1 69 | 75 70 96 | 100 ‘| 71
Zn 1 5 56 | 79 93 | 93 94 }100
Cu 52 76 | 73 74 62 | 97 95 {100
Ni 1 3 22 42 51 97 | 100 | 89
Go 1 4 33 51 62 98 | 100 |} 73
st 15 19 47 58 65 95 98 | 89

* Avei'age normalized intensity for all elements at a given pH
and mixing time.
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Figure 4 - Unequilibrated (five minute mix) pH extraction curves

for extraction efficiency study. A) Bi, Pb and Cu, B) Zn,
"Ni and Co.
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Figure 5 - Equilibrated (forty minute mix) pH extraction curves

for extraction efficiency study. A} Bi, Pb and Cu,
B) Zn, Ni and Co.
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‘Extracvtion as a Function of Time

Table 4 lists the analyte spectrai linev intensitieé for the various .'
" batch extraction mix times at a solution pH of ei‘ght;k The data .is B
norma liz»e’d as percent of the maximum count rate for ea ch'a‘nalyte,

and is presented in parentheses. Silylated glass beads ,mixe(‘i wit‘;h"
»standard solutions containing 200 ug each of three metal ions. The
_beads extracted the 'iori‘s, from solution over a.period of time’ rangirig
from zero to 15 nﬁnutes.

The line intensities generally increased with time until the .
extraction r,eé’ches equilibrium, at about ten minutes. All metals
reached 99% maximum extraction at ten minutes mixing. Pb and Zn
are extracted more completely than Co with no mixing and reach
maximum extraction ten minutes sooner than Co. Zn and Co continue
to'haﬁze high intensities at 15 minutes mixing, while Pb intensity
decreases. Optimum multielemental extraction mixing time is ten

minutes for these‘ three metals.

EXTRACTION OF METAL IONS FROM WATER SOLUTIONS.

Precision Study

~Table 5 lists the precision data obtained from the analysis
of five preconcentrated water solutions, each solution containing
200 ug of each metal ion. The batch extraction method was used

for each sample, with a solution of pH eight and mixing time of ten
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- Table 4 - Spectral line intensities for various batch extraction
' ‘mix times. Data normalized as percent maximum
" analyte intensity is in parentheses.

Metal

Pb

Zn

Co

Table 5

Metal

INTENSITY (cps)

Mixing Time (minutes)

15

0 1 3 5 10
211 213 | 210 226 223. | 213
(93) (94) (93) (100) (99) (94)
238 255 | 249 288 286 287
83) | (89) | (86) | (100) | (99) | (100)
423 | 530 | 573 | 685 707 | 714
(59) (74) (80) (96) (99) (100)

- Precision data for five batch extraction water analyses.

Average Line Standard % Relative
Intensity ~ Deviation  Standard Deviation

(cps) (cps) R

140 5  3.6

216 8 3.7

290 5 1.7

- 816 11 1.3
773 23 3.0
717 12 1.7

46
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minutes for each sampie. All parameters were kept constant to
“determine the total preéision of the preconcentration procedure
and(XRF analysis of water samples.

Table 5 lists the average intensity, the standard deviation and
the percent relative standard deviation (% s. d.) forv the five analyses
of each analyte. The % s.d. best represents the reproducibility for
‘metal determinations. All metals have goodArepr'oducibility at
200 ug metal, with values from 1.3 to 3. 7% s. d. However, ‘ZI.I,

~Cuand Co(1.3to 1.7 % s, d.) are significantly more precise than

'Bi, Pband Ni (3.0t0 3.7 % s. d.).

Standa 1fd Curves

Table 6 lists the analyte spectral line intensities for the batch
‘extraction standard curves and the amount of metal ion used to 'prvepare
the standard solutions. The data from Table 6 détermined standard

curves of the form C_ = (I - b)/m, where I is the in'tensity:’,‘, C is the

‘ mefa'l mass, m is the slope of the standard curve and b is the b.ack--
ground intensity. The least squares linear regression values, m and
b, are given in Table 7 for each element's spectrai line., Figures 6,
7 and 8 represent graphically the standard curves for the batch’
extraction.

Table 8 lists the analyte spectral line intensities for the column
-extraction, and Table 9 lists the resulting standard curve constants.
Figure 9 illﬁstrates the standard curves we obtained by the column

extraction,
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Table 6 - Analyte spectral line intensities for batch extraction
standard curves. ' '

INTENSITY (cps)

ug of metal ion

10 20 50 70 100 150 200

Ppb | 11 | 15 | 37 | 60 | 90 | 140 | 1821
Cu 29 63 186J 226 338 | 524 677

ug of metal ion

3 6 15 21 30 45 60

- N 9 19 51 | 70 g 104 | 157 211
Fr o ' ' ) t

S Co | 11 | 20 49 | 68 | 95 | 154 194

‘ug of metal ion

25 50 125 175 250 375 500 -

Zn 35 67 170 245 &+ 345 501 668
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Table 7 - Batch extraction standard curve constants
for G, = (I-b)/m.

STANDARD CURVE CONSTANTS

m b
(cps/ug) (cps)
Pb 0.93 -3.5
Zn | 1.33 ' 4.7
o
® Cu 3.43 -2.1
= .
Ni | 3,55 2.5
Co 3,28 I 0.2
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Figure 7 - Batch-extraction standard curves for cobalt and nickel.
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Metal

Table 8 - Analyte SPectralv line intensities for column
extraction standard curves.

Ni
Co

INTENSITY (cps)

12.00

ug of metal ion "

62.50

6.25 25. 00 125. 00
6 10 19 40 74
4 9 19 40 82
4 17 20 62 150
12 20 42 119 258
18 38 70 193 370
11 39 71 189 352

Table 9 - Column extraction standard curve constants -
for Cy = (I-b)/ m.

Metal

 STANDARD CURVE CONSTANTS

b o ot + o8

m b
(cps/ug) (cps)
0.57 fﬂ 3. 48
0.65 0.91
1.21 | 25.25

2. 09 | 6.57
2098 | -0.06

% 2.85 __0.56

53
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Figure 9 - Column. e*ctrac*lon std'xdard curves for otsmutu,
lead, zinc, copper, nickel axd cobalt..
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Detectiqn Limits

Table 10 lists detection limits for five met_als,_' calculated with
equation 12. The background iritensities (Ig) and ‘sensitivities (m’)"
were obtained from batch extraction standard curves. Included. |
ére the mass and concentration deteétionv limits. The mass detectioh’.‘
limit is the minimum amount of metal in the sample pel'let that c;an
be detected, and the concentration detection limit is'the minimum
detectable metal concentration in the original sample (of a given
sample size). It is possible to make a qualitative analysis of the
metal at values near fhe det:ection limit. To make a quantitative
determination, the metal must be present in amounts .of about three.
times the detectibn limit (Bertin, 1975). This value is the deter-
mination limit and is listed in parentheses in Table 10.

Table 11 lists trace metal concentrations found in several
USGS rock standards (Flanagan, 1969), river water and sea"waterr
’(R‘iley and Chester, 1976)., These data allow comparison between
~ detection limits and trace metal concentration invtypical fock and

water samples.

ROCK SAMPLE ANAL YSIS

Preconcentration of Rock Standards

Tables 12 and 13 list the precision of four analyses of USGS

andesite rock (AGV-1)." Table 12 lists the metal concentrations
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Table 10 -"Mass detection limits calculated from Cpy, = (3/m)(Ig/ T)0. 5,
T = 100 seconds. Concentration detection limits calculated
for two sample sizes; determination limits given = -
in parentheses.

DETECTION LIMITS

Massv(CD) | Concentration
m I Pellet 10 g Sample 1 liter Sample
(cps/ug)  (cps) (ug) (ppm) (ppb)

Po | 0.93 | 83 | 2.9 (8.7)]0.29 (0.87) | 2.9 (8.7) |
zn | 1.33 24 | 1.0 (3.0)]0.10 (0.30) | 1.0 (3.0)
Gu | 3.43 63 0.7 (2.1){0.07 (0.21) | 0.7 (2.1)
Ni | 355 | 44 0.6 (1.8) 10.06 (0.18) | 0.6 (1.8)
Co | 3.28 41 | 0.6 (1.8),0.06.(0,18) 0.6 '(i'. 8)
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Table 11 - Typical trace metal concentrations in rocks
and natural waters.

Granite (G-2)
Granodiorite (GSP-1)
Andesite (AGV-1)

Basalt (BCR-1)

Material

Peridotite (PCC-1)
River Waterio:

Sea»’ Water

CONCENTRA TION (ppm)*

Metal

Pb Zn Cu Ni Co
28.7 | 74.9 | 10.7 | 6.4 | 4.9
52,4 | 143 1352 1107 | 7.5
35.4 | 112 i 63.7 17.8 [15.5
'18.0 | 13.2 {22.4 {15.0 {35.5]
13.3 53 |10.4 ;2430 ! 112!
30 10 s o3 oz
0.03 s 12 o.sf

Water concentrations in ppb.

**World wide average.
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obtained using standard curves to convert analyte line intensity to
concentration, with the spectral line intensities in parentheses tfor
each analyte. Table 13 lists the average concentration from the
four»analyses," their standard deviatioﬁs, and the percent relative
standard deviations. Tables 14 - 17 list the data from the "a*nalyéés

of four different USGS rock standards. The tables include fhe analyte
line int’en‘svitives, the metal concentrations obtained from stanciafé
curves, the acceptéd metal concentration values, and the éoncehtration
ranges (Flaﬁagan, 1969). Comparing the deterrhinaﬁons with the.
a,ccépte‘d values determine the‘ accuracy of the 'preconcerl.tl;ation‘
procedure. The _rqck standards analyzed include andesite (AGV—I),
basalt (BCR-1), granodiorite (GS“P—»l') and peridotite (P‘CG-i). The
andesite analyte intensities are an average of the four individu\al
determinations listed in Table 12. The intensities for the other rocks
are from one ana.lysis. The trace metals Were;preconcentrated

from one gram of rock sample.

Effect of Calcium

“Table 18 lists the analyte spectral line intensities for safnples
- containing calcium., Thev‘measur_émentsb were obtained from the
preconcentration of solutions that contained 200 ug of each ana.lytve b
and various amounts of calcium.  The amount of calcium is reported

as percent CaO, based on a one gram sample size. The line intensities

reflect the effect of calcium on the preconcentration of metal ions in
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Table 12 - Analyte 'determin‘a'tions,of andesite (AGV-1). ‘One
gram sample size. Analyte line intensities (cps)
are in parentheses, ;

CONCENTRATION (ppm)

Sample

Metal
Pb Zn Cu Ni Co
1| 1702) | 99 (136) | 68 (230) | 20 (68) | 11(35) |
2 12 "(sv)» 95 (131) | 59 (199) | 19 (65) | 12 (39‘):
3 11 (7) | 88 (121) | 66 (zzé) 22 (76) 11 (35)
4 | 1702 101 (139) | 64 (217) | 20 (67) 12 (38)

Table 13 - Precision of four andesite (AGV-l) determinations.

Average Standard % Relative
Concentration Deviation Standard
(ppm) (ppm) Deviation
Pb 14 1 32 22. 4 |
Zn 96 5.7 5.9 |
& Cu | 64 3.9 6.1
2 Ni 20 1.3 L 6.4
Co 12 .6 . 5.2

i H . " s U R R A 1 N A e
S S B g -



T-2193

‘Table 14 - Accuracy of andesite (AGV-1) determinations. One gram
sample size.

USsGs USGS |
Intensity*  Concentration Mean Range |
(cps) (ppm) - (ppm) (ppm)
Pb 10 15 . 35.4 18-48
Zn |, 132 96 112 | 64-304
‘T Cu 217 64 63.7 52-83
] : -
2 Ni 69 20 17.8° | 11-27
Go 37 | 11 15.5 10-33

* Average from four determinations.
See Table 12 for individual determinations.

Table 15 - Accuracy of basalt (BCR-1) determinations. One gram
sample size. ' ' ,

) | USGS USGS ;

Intensity =~ Concentration Mean Range |

i (cps) (ppm) (ppm) (ppm) |

Pb 6 10 © 180  5-35

. za 183 134 § 132 . 94-278
3 i : | % S !
~§ Cu 66 ; 20 ; 22.4 . 7-33
NP 76 -, 22 . 15.0 | 8-30 |

. i : |

Co | 105 ;32 | 35,5 1 29-60 |




T-2193 61

Table 16 - Accuracy of granodiorite (GSP-1) determinations.

One gram
sample size. )

_ _ USGS USGS
Intensity Concentration Mean Range
(cps) (ppm) (ppm) (ppm)
Pb 12 17 52, 4 14-80
Zn 144 105 143 54-340
3 Cu 132 .39 35.2 15-54 |
] , . E
2 Ni 38 11 10.7 3-25
Co 18 5 7.5 3-22 |

Table 17 - Accuracy of peridotite (PCCG- 1) determmatmns.
sample size,

% Not available

s apps ¢ EGra

e

One gram

| USGS USGS
Intensity -~ Concentration -Mean Range
(cps) (ppm) (ppm) (ppm)
Pb 8 12 L1333 §
Zn 45 30 53 24-100
% Cu 39 12 10.4 i 5-16 )
2 Ni 3445 971 2430 1750-3400
Co 215 65 11 2 80-300
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rocks. . The zero percent CaO sarhple shows the line intensities for
~samples containing no calcium. All other samples show the effect
progressively increasing amounts of calcium has on the analyte line -
intensities. Thg line intensities are proportional to the amo'unt of
analyte extracted by the glass beads. Figure 10 shows the effect of -
calciﬁm on metal ion extraction by plotting the data in Ta‘ble 18 as
intensity versus percent CaO.- figure 10 shows the analyte line
intensities decreasing with increasing calcium concentrations. The"
intensi'ty decrease is very pronounced for samples containing more
than 15% CaO but less significant for sarn"plles‘conta'ining 15% CaO

or less,

A least squares linear regression analysis of the data for
samples'containing zero to 15% CaO‘in Table 18, eliminates the
variations _dué to imprecis.ion. The lines calculated from ‘the linear
regression are plotted in Figure 11. The constants that define the
lineé (.IO and m) are alsé given in Figure 11. I, is the y-intercept of
* the line and m is the slope. I, indicates the analyte line intensity
for zero percent CaO and m indicates the intensity decrease rate as
a function of percent of CaO. |

Calcium interference decreases the line “intensity of the analyte
lines, tﬁe-decrease resulting in low metal determinativons for rock
analljlrsis. The degree to which the determinations are 16wered is
dependent on the Cang_voncentration in the sample}.‘ Calculating thé

percent concentration decrease (D) for each 1% CaO present in the
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sample by

| D = (m/I,)x100, a3
the values for m and Io were obtained“from Figure 11, for each v )
analyte. The constants and calculated D values a"re listed for each
analyte in Table 19. D represents the pércent change in énalyte |
line intensity for each 1% of CaO that is present_in a one gram,éamplé.

The analyte line intensities for samples containing zero to 15%

CaO (Table 18) were statistically analyzed to determine if varying

amounts of calcium affect analytical precision. Table 20 lists the

results of this precision study.
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Table 18 - Analyfe line int'ens‘ity of samples containing

Metal

‘Pb

Zn

Cu

Ni

-various amounts of calcium. The % CaO is

calculated for a one gram sample size.
200 ug of each metal.

INTENSITY (cps)

% CaO
-0 5 i0 15 20 25 30
124 | 127 | 120 | 112 | 19 | 8 ; 16 |
223 | 247 i 219 : 209 216 i 191 1 62

295 | 306 | 274 | 269 | 256 | 224 ; 172

797 | 751 | 737 | 774 | 642 } 591 ; 455

779 ] 703 | 667 | 693 1 632 | 547 | 419

484 | 293

[N

720 | 686 | 616 | 635 | 539

64
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Figuare 10 - Effect of calcium on analyte line intensity. Percent
calcium calculated for a one gram sample.
Two hundred micrograms of each metai.




T-2193 55
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Figure 11 - Linear regression curves of analy:te line intensity
wversas percent CaQ,
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Table 19 - Percent change in analyte line intensity (D), for each 1% CaO.
Calculated for a one gram sample. D = (m/I )x100.

Bi 1 -0.9 127 . -0.7
Pb .14 235 -0.6
Zn -0.6 297 -0.2

- |
g Cu -1.7 777 -0.2
N ‘, -5.9 755 -0.8
Co -6.5 713 - -0.9

‘Table 20 - Precision of four analyses for samples containing zero to
15% CaO, calculated for one gram sample size.

E Average Standard % Relative
| Intensity Deviation  Standard
% (cps) - (cps) Deviation
Bi 121 | 65 5.4
Pb | 225 | 161 | 1.2
~.  Zn 286 | 175 | 6.1
o} { S . . i
bl N . . K .
é) Cu 765 | 26.4 3.5 P
NI 711 481 6.8 |

e € e e e S A

L o
Co i 664 § 47.5

-
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'DISCUSSION

SAMPLE PELLET PREPARATION

Comparative Study of Three Pellet APrepa:at'ion Methods

The no-matrix pellet is superior to the pressed and fused
pellets for preconcentrated trace metal analysis. The no-matrix
method yields much higher analyte iine intensities result;ing inbimproved
detection limits. The pressed and‘,fused pellet procedures dilute the ‘
trace elément concentrations by adding a flux or binder to the sat;nple‘.
| The lithium tetraborate flux and the boric acid binder absorb primaryv‘
and seco.ndary radiation, attenuating the line,intensities. The intensities
of the lithium tetraborate pellet are almost one half as intense as the
boric acid pellet. The pressed and fused pellets used the minimum
amount of binder or flux to make useful sample.pellets.
The pressed and fused peliet preparationé were originallly aési’gnted E
~for the analysis of major, minor and the more concentrated trace |
elefhents in rock samf)les.~ Major or minor element analysis does not
“suffer significantly from syample pellet dilution, in fact dilution reduces
the mag‘nitud.e of matrix corrections. However, sample pe’ll'let dilution
certainly places many trace element concentrations near, or below
the detection limit, making some determinafions impossible and
reducing the precision for others.’ Sample pellet dilution reduces the

~advantage gained from preconcentration.
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The no-matrix pellet prepa rétiOn has advantagés other thaﬁ high
'analyte intensities, it is fast and'convénient, and avoids the ihtro'duction
of impurities from grinding the sample or from additional pellet matrix.
However, 'there is contamination resulting from"the sampl’e Holder
not introduced by the fused or pressed sample holders.

Qualitative analysis of blank samples revealed large copper
peaks originating from the sample holder. The sample holder is made
from an ':Al-: .Cu.alloy'. A high purity aluminum (99. 999% pure) sheet
. was placed on the analyzing surface of the sémple holder to reduce
the copper contamination. Aiuminum was chosen because we had no
interest in analyzing that element. A hole cut in the alﬁi‘ninum sheet
exposed the sample to the x-ray beam. This precaution considerably
reduced but did not eliminate the copper contamination. . The rest of the
copper contamination originated from the svupport disk, directiy behind
the glass beads. A high purify metal disk (the radiation enhancer) was
placed between the support disk and the glass' beads to eliminate this
source"of'contamination. The combination of the secondary support
"disk and aluminum sheet .sati‘sfa ctorily reduced sample holder contam- |
| ination by copper. The aluminum sheet and secondary supporvtkdi'sk was
used for the analysesﬁlw’.sted in Table 1. | |

It might be better to substitute polyethylene for the Ai- Cu a}loy
used in the sample holder. PolyethYlene does?not have the major
i‘mpufities of the Al-Cu alloy, the high ,pu”rkity aluminum shield may
“not be necessary and poly;thylene lasts well in th‘eb x-ray.bearﬁ,

Eliminating the aluminum shield will make the holder less complex,
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less expensive and reduce contamination. Reducing contamination

will improve the signal-to-noise ratio and improve detection limits.

Sample Holder Radiation Enhancer

A molybdenum radiation enhancer gave a significént advantage
in analyte line intensities as compared to the aluminum enhancer. -
The aluminum enhancer acted as the control for no radiation enhance-
ment. Each analyte element éxhibited an increase in its emission
line intensity using the molybdenum radiation enhancer. The fluo-
rescence of the zholybdenum enhéncer increases x-ray flux sfriking
the sample. The increased radiation excites a Higher proportion of
the analyte elements at any given moment, resulting in greater
~ anélyte line intensities, hence greatér precision and accuracy.

If radiation enhancement were the only effect, we would expect
ﬁhe percent intensity improvement to be proportional to the 'extiéation
potential of the analyte spectral line.” The analyt.e Spectrakl line with
~ an excitation potential closest to {but not below) the energy of the
M.b K alpha should increase the most. The Bi L alpha should exhibit
’the strongest increase in intensity, while the Co K alpha intensity

shoul,d;increaséﬁthe least. "We do not observe this relationship be-

tween the excitation potential and line intensity increase. Deviations

from this rela’ti‘onship are due to enhancer contamination.
Contamination ag.coun“cs for an increase for" some an_alyté line

intensities with the molybdenum enhancer. The aluminum backing
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plate is 99. 999% pure aluminum contributing \;ery little contamination.-
The molybdenum enhancer is only 99.95% pui'e. | The fna’nufact}urer
lists copper as a ma'jor contaminant of the molybdeﬁum, with Pb, -
Ni and Co as minor ¢onta_minants.r The Bi and Zn lbivne intensities
. represent the true increase due to the molybdenum radiation enhancer,
since they are not contaminaﬁts. |
The enhancer ,contamination.is not high 'enoug.h to affect the
accuracy of the analysis significantly. The cbntaminatioﬁ‘ raises v
the calculated va lué of b (backgrouﬁd intensity)in the standard line
equation (equation 10). Subtracting b from the spectral line intensity
(I)' corrects for the contaminatioﬁ. Using purer molybdemim .‘for the
enhancer may improve analytical pi-ecisio_n bby reducing the variation
in contamination from different enhancers.
Materials other than molybdenum may also serve as r»a‘divation :
enhancers. For example, -a lead enhancer will improve the first
row tfénsitio'n element line intensities more than a molybdenum
" enhancer. However, a lead determination will be impossible with a
lead enhancer, and lead will not improve the bismﬁth line at all.
Enhancers made from two different materials wi_ll_allqw a broader
f.ange of elements to benefit from the enhancer. The choice for
enhancer material must be made on the elements to be determined

and the element needing the most radiation enhancement.
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Effect of Pellet Thickness

Figure 3 illustrates the relationship between line intensity and
pellet ma ss.‘ 'The Cu K alpha line intensity increasies linearly toa -
"p.ellet‘ma ss of 75 mg and then increases nonlinearly to a maximum |
vat"a 200 mg pellet mass. As the_peilet i‘néss increases, the mass
of'copper in the pellet increases proportidnaliy.» ‘The greater th‘e
copper mass, the gr»eater-the Cu K alpha intensity. How_eve:, bthe
relationship between intensity and. pellet mass is not linear beyond
a ‘péllet mass of 75 mg. The‘li‘ne passes through a maximum and the
sloi)e of the line becomes negative. |

-We can e}hcplain this phenome;non in te.rm’s of pellet thickness,
which is proportional to pellet mass. The gradual decrease in_intensit?
with pellet thickness is due to primary and secondary x-ray absorption
by the matrix. Absorption is minimal for very thin pellets and analyte
intensity is essentially proportional to pellet thickness, up to a
pellet mass of 75 mg. For thivéker pellets, the attenuation of primary
“and secondary radiation increases with depth; The spectral line
‘intensity éontinu.es to increase but at a lower rate. An x-ray emissivor_l,
beyond a certain dépth in the sample results in the absorptién of
‘the x-ray before it can escape bthe peli_’et. This th_ickness is the
"infinite" or critical thickness of the pellet (B‘ertin, 1975). ‘irifi‘nte
thickness varies with matrix and x-ray \afaveiength.

When the pellet equa Is infinite thickness, the rate ofl increase

is expected to be zero. However, the rate becomes negative beyond.‘
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a sample mass of 260 mg. vathe pellefs'exceed infinite thickness

for molybdenum the radiation enhancer c‘an not excite the metals in-
the pellét.v Since the enhancer does not function, the ana 1yté intensities
decrease. | The inténsity is greater for av'200y mg pellet than for

250 mg, illustrating that infinite thickness is at a pellet mass of
“about 200 mg or greater.

A ZQOV mg pellet yields the highestintensity for the Cu K alpha
line. Pellet thickness for maximum analyte line intensity will vary
for other eleﬁenfé. ‘ElementsAWith a lower energy spectral line .
than copper will reach maximum intensity at a Sm~a11er pellet mass
than for copper. Elements with aA higher energy spéctral line fhan]_

_ copéer ‘will reach maximum inténsity at a larger peliet mass. The
~Cu K alpha was chosen for this experiment beca us-é it is intermediate
in energy of the elements studied.

Although avpellet mass of 200 mg yields thelbhighest}. Cu‘ K alpha
line intensity, it is not the optimum pellet mass. Since all the pellets
* studied had the same copper concentration but different pellet.vma‘s-ses,
the cbpper mass is 1argerkin the heavier pelvlé‘ts,' thus requiring
larger original samples for eqn;xivalent ihtensities. For a given
copper mass (or sav.rnple size); ‘the 75 mg'pellet is most efﬁcien‘t.
A ;200 mg pellet c’ont«aiﬁ‘i.ng 200 ug of cqppervhas a Cu K alpha line
intensity of 483 cps. Calculations show that a 7‘5' mg pellet with 200 ug
of -\copper'Will have a 896 cps Cu K alpha line intensit?, ‘or an improve-.

ment of 86% over the 200 rtr1g pellet. For analyses requiring maximum
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sensitivity, 75 mg pellets should be used. For reasons of consistency,
100 mg pellets were used in the remainder of this ihvestigation. How-~
ever, 75 mg pellets increase intensities about 16% over the 100 mg

pellets.

CONDITIONS AFFECTING METAL ION EXTRACTION

Extraction as a Function of pH

Figure 4 gives pH extraction curves for five minutes mixing,
representing an unequilibrated extraction. The pH with the maximum
analyte line intensity is the pH giving the most rapid extraction rate
for the cation. Each cation has a single pH where extraction is
fastest, but on the average, multielemental extraction rates are
fastest at a pH ranging fron?é to 10. Figure 5 gives pH extraction
curves for forty minute mixing, representing an equilibrated extraction.
The pH with the maximum analyte line intensity is the pH giving the
most complete cation extraction, and each cation has a single pH
where the extraction is most complete. Multielemental extractions
are most complete at a solution pH ranging from 8 to 9. The "sp’lution
pH of 9 has a slightly higher percent average intensity (98%) than
pH 8 (95%), but the difference is probably not significant, and may
be due to analytical imprecision. The pH range yielding the fastest
extraction rates (8 to 10) is similar to the pH range giving the

most complete extraction (8 to 9). Multielemental extractions
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should take place in solution pH between 8 and 9 to assure a complete
and rapid cation extraction.

Irregularities in the extraction curves, particularly the
extraction of Bi, Pb and Cu at low pH, are'probably a resu;jlt of two
types of metal-ligand complexes that are pH dependent. Tilese pH
curves were compared with curves of Leyden and Luttrell (1975b),
who used‘ silylated silica gel rather than glass beads. A comparison
of these data to Leyden and Luttrell's curves show little significant
difﬁerences. Leyden and Luttrell give extraction curves for all
elements in this study except bismuth. They also included pH
extraction curves for Mn, Hg, Eu, Fe, Ag, Cd and Cr which were

not studied in this research.

Extraction as a Function of Time

The effect of mixing time on batch extractionwas determined
for ,Pb’ Zn and Co (Table 4). All metals reached 99% of their max-
imum intensity with ten minutes of mixing. In a similar experiment
nickel reached 98% maximum intensity with ten minutes mixing,
bismuth 97% and copper 100%. A ten minute mixing time appears to
be adequate for multielemental extractions at pH 8.

leyden and Luttrell 4(1975b)b performed experiments to determine
the relationship between the percent maximum intensity of an analyte
line and the percent analyte metal extracted from solution. They

analyzed solutions containing metal ions by atomic absorption
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spectrometry, before and’ after eXﬁractions With silylated substrates.
They c:alcgdlated' distribution coefficients that represented the amount
of rﬁetal extracted onto the substrate from the sblution. These -
'coéfﬁcients indic“ate the extractions are quantitative (o’vé_r 99%
extracted) at mibxing times‘ yielding the highest analyte line: intensities.
The percent of the maximum intensi>ty forka'n analyte indicatés the
percent metal extracted from solution.
The mixing time data are 'oﬁiy valid for an extraqtion in a
solution of pH eight. The solution pH controls the extraction rate,
so a solution pH that yields fast extraction rates for all elements
was used. The aata are also only valid for batch type extractions.
Leyden and Luttrell (1976a) investigated extractién,rates for column
type extractions, ~calculating extraction ra‘tes’ as solution flow rates
(ml/ minute) through the column. Their investigation showed flow

rates up to 70 ml per minute quantitatively extract ions from solution.

EXTRACTION OF METAL IONS FROM WATER SOL»UTIONS

Precision Study

The data of Table 5 reflect the total vprecisi‘on for the extraction
of 200 ug of each metal ion from solution, by the batch be»xtractio.n -
,procedL’lre‘, and XRF analysis. A 'metal mass of 200 _Lig is a reasonable
| quantity for a rock ovf- sample size befween 1 and 10 g. The results

‘of the precision study show adequate reproducibility for samples in

this concentration range.
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Zn, Cu and Co are about twice as precise as Bi, Pband Ni. Bi.
‘and Pb had the lowest ana lyte line intensities and imprecision will result

from greater count rate variation. Nickel had the lowest extraction -

rate of all metals at pH eight'(Tablé 3).. The poor nickel extraction

at this pH may contribute to the imprecision.

Standard Curves

Two sets of standard curves were made by‘n}easuriing. analyte
line intensities from standard solutions. Thé’ curves were linéaf_;
‘con.firming the theoreticél linear relationship between aﬁalyte line
intensity andvtracev elemenf' concentration-in 'a constant matfix.

For. sampies with mefal concentrations in the pp\m"range; ‘the
batch.extraction procedure was used, ‘Rock determinations qsually
fall in the ppm range. When the batch extraction standard curves
were made, we véhose metal concentration ranges in the standard
solutions similar to concentrations we e_xpeéted to find in rock samples,
with concentration ranges exceeding an order of magnitude.

For metal concentrations in the ppb range, a column extra,ction '
.isus‘ed. Water énalys_es usually fall in the ppb range. Since natural
waters usually have very 1o.wvm,eta1 concentrations, the sample
. must ‘be 1a‘rge'_to, »d»etyec‘i; the metal. vConvenvience- in preparing a
'large‘,%x/ater samole (100 ml or'grk‘eater) pr»omp’t-edvthe use of-a column
extraction prbcedure. The s‘téndard curves of the column extractions

cover the same concentration range for each element, because of
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difficulty in predicting which metals will have high or low concentra-
tions for natural water samples. The slopes (m) of fhe column
extraction curves differ from the slopes of the batch extraction ;i -
curves,. primarily beca_use. of differen’t x-ray instrument conditions.

Trace metals preconcentrated onto the silylated glass bea.dé |
yield linear standard curves, at low concentrations. The beadﬁ
-capacity limits tﬁe linear range of the curves. vInvestigationsv s.how
that standard curves remair; linear up to 60%.of the béad capacity
.(Leyden and Luttrell, 1976a). Calculations show bead capacity to
be about 1.0 meq/g (Leyden and Luttrell, 1975b). Qualitative exper-

: iménts support these values. The bead capacity is substantially
lower than many ion exchange resins cufrently in use. Fortunately,
ethylene diamine functional groups have little or no affinity for
group I and II elements (Leyden and Luttrell, 1976a and Dingman
et al., 1972), and can effectively preconcentrate trace metals in
the presence of large amount.s of these elements.v 'Thisv is very
important for preconcentrating trace elements in.ﬁatural maﬁeriéls,’
‘where large amounts of group I and II elements are often present.

It may be more efficient to eliminate the batch extraction proce-
dure,_ and usve the column extraction procedure for all types Qf analyses.
Th-e ex'clusive use of column extractions will eliminate the need for
batch extraction equipment, and standardize‘the extraction procedure
for water and rock analyses. The use of the column extraéti'on ‘proce-
dure will become easier if control rate solution pumps are used to

control the column flbw rate.
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v_Leyden et al. (1976a and 1976b) investigates water analysis by
this preconcentration procedure éxten‘s'ively. We do not further

pursue water analysis, except for the calculation of detection limits. -

)

Detection Limits

Table 10 lists detection and determination limits calcb.lated
‘for metal mass in the pellet and metal concentration in given sample
‘sizes. The concentration detection limits for ten gram samples |
are for_ rock analysis, which is about thé largest arﬁount of rock
vsampl‘e useful for preconcentration. . P‘reconcéhtrating tr.‘akce métals
from teﬁ grams of rock sample onto 100 mg of silylated glass beads
‘represents a concent;ation factor of ‘IOO_X, or one hundred times |
more concentrated than in the original sample.

The determination limits for tén gram éafnples should be
‘adequate for most rock determinations. We list the metal concentra-
tion found in six USGS rock standards in Table 11. All of the listed
trace metals in that broad ‘suite of rock types kakre'abo’ve the determin-
ation limits, In fact, a 10X concentration fac‘toi}' {one gram Sample) is
adequate for trace metal determination in thv'ose six rociﬁ typés. How-
: évér, a larger sample may improve precision kby’ proyiding a morAe‘
repre‘éentati‘ve sample and improving the statistical xX-ray count |
varia tibn‘.: ‘.

The concentration-detection limits forvthe 1000 g [one ,liter}v

sample, represents-a concentration factor of.l“O, 000X. "The
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‘determination limits indicate the preconcentration procedure may be
useful for many types of natural W_ébtef anélyses, pai’ticularlyk where
the trape metal concenfration may be enriched, s'uch as mine or waste
waters. Table 11 lists trace metal concentrations in sea water.
Only zinc and possibly copper are above the determination vlimits‘,
-‘aﬁd lead is above the detection limit. Cobalt and nickel are below
' the detectable range.
It is possible to improve the detection limits by using a larger
sémple. ~Dingman, et.al. (1972) used.ZO-liters of synthetic sea
water for trace metal preconcentration onto ion exchange resin.
A 20 liter sample will improve our determination limits enough to
analyze the five trace metals listed in Table 11 for sea water. Using
‘a more efficient radiation enhancer can imoarove specific trace metal
detection limits. Uéing 75 mg rather thar} 100 mg peilets_improVes
analyte ‘lvine intensity, therefore improves vdetéction limits. Changes
in the x-ray spectrometer also improve detection limits. The |
measurements for the dection limits were made on a XRF spectrometer A
using a full-wave x-r‘.ay,,generator. A full-wave generator produces
Hhigh e‘r‘mergyv x-rays only a fraction ‘.of thé 6~peratiﬁg time. The metals
in this study require excitation bjf high energy x-rays, therefore a
uli--\x'ave generator gives ’poor.ef ‘detection ,limifs than a constant
ﬁotential x-ray generator, ‘w,hich produces high energy x-raj/s 100%
of the time. Near fhe end of this investigation, we ran analyses

to determine how much the detection limits improve with a constant.
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potential generator. The detect’ioﬁ 1imifs improved 2‘0% fo‘r Ni and Co,
2;5% for Zn, 71% for Pb and 75% for copper. Increasing the power of
f.vhev generator will also improve heavy trace metal detection limits
(but éhqr’pen x-ray tube life). We used a chromium a_nodé x-ray tube
'fbr all anélyses in this inveétigatio-n. A Ag, W or Mo tube will
improve he‘avy trace metal detection limits considerably.

Detection limits were calculated using a constant potential
X-ray genefétor, 7‘5'.mg pellets and a one liter sample#

Pb - 1.5 ppb | |

"Zn - 0.7 ppb

Cul - 0.4 ppb

Ni - 0.4 ppb

Co - 0.4 ppb
These improvements are easily made using eqtiiprhent in this laboratory.
Using a heavy metal anode x-ray tube opera.ted at high power will
‘easily reduce these detection limits by one-half. Increasing water
Saméle size will reduce the detection limits pr’oportional to the

increase in sample size.

ROCK SAMPLE ANALYSIS .

Preconcentration of Rock Standards

Table 13 list the results of the precision study.  Co, Cu, Ni,

‘and Zn have a percent relative standard deviation (% s.d.) ranging
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from 5.2 to 6.4% s.d. The previous precision study of water Vsolutidns
gave values ranging from 1.3 t‘o 3.0% s.d. for the same elements.b
"Ivfhe rock préparation procedure introdﬁces an estimated 3. to 5% s.d. -
of the entire preconcentration procédure, for these four elements.
The precision (22.4% s. d.) of the Pb analysis is much poorefthan,
for other elements. |

There are many possible reasons why rock analysis is less -
precise than watez;'analysi_s. The rock preparatio;ﬁ 'pr'ocedure requires
much more sample preparation than water 'analeis. . Sample loss
or contarriiﬁation is mxich- more likely for rpck analysis. Rock _éamples
‘ar'é not as homogeneous as water samples and sampling error can’
result. ‘Inhomogeneity can be greater for trace eiements thai; major
elements in rocks. Selecting a nonrepresentative sample constitutes
one of the largest single sources of experimentallerrorvfor trace
‘element analysis in rocks (Ingamells and Switzer, 1973). Most
of a given trace element may be present in a relatiirely small number
of usually heavier grains in the powdered ,samp:le. Using‘f a larger
sample improves precision by giving a more representative samplé,
aﬁd also increases the precision of the #»ray_ counting sfatistics-.
by increasing the analyte line iyntensityv. In rock»lprepara;‘tion, the
‘adsorption and elution procedures require a Cbnstant resin célumn‘
flow rate. With our equipment flow rate control was difficult. ‘We
believe a significant improvement in precision will res‘ult if'we

control the column flow rates closely. With the type of resin column
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we used, flow rates can vary by rrllkore‘vthan 100%1. ‘The use of control
ra-zte peristaltic solution pumps should eliminate this ,.variation‘, as
well as re’duc'ing the time spenf on sample preparation.

Tables 14 - 17 give the results of the accuracy studies. Of ..

20 analyte determinations, three values »areb outside (below) the USGS
‘reported range. One of the:low values is for lead in the AGV-1
standard. The other two low values are Ni and Co in’_ the PCC-1-
standard. The PCC-1 standard is peridotite containing’over 43%
MgO. We previously analyzed nonstandara rocks that contained
similar amounts of CaO. The_se samples also yielded erratic trace“
metal determinations. Large quantities of Mgior, Ca interfere with
fhe preconcentration of trace metals. We pursue this probiem
furthei in the next secti.on.

The precision and accuracy of the lead values are generally
much poorer than the other metals. The lead Qalues do not have
erratically high and low values, but are consistently beiow,theUSGS
reported mean. The problem appears to be_limited to .preconcentratibn
of lead from rock samples. We precviohc-entratedbthe trace me.:tvéls
from the stan_dard solutions by the same m‘ethodee usiye for rock:
‘samples, i.e., we use the iron removal step. The ,bana_lyses of the -
’stavnda‘r'd solutibns are precise and accurate for alLvelements, includ’mg'
lead. We feel the prob,lem of the lead deter'minations i'1n rocks is a
‘resultrof poor rock digestion technique. Some of the rock is not in

solution after we add the IN HF, prior to the ion exchange resin
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extraction. Thé residue is discafded with any lead it may contaivn.
‘Som'e df_the other metal ions may be frapped in the residue, contribut-
ing to the imorecision of all metal determinations. Lead and nickel
may also be in sulfides not easily digested by the method we used.
Metals in the sulfides may yie_ld low values. The use of a digestion
proqedure that assures complete dissolution of thé rock should improve
“the accuracy and precision for all trace metal devtermir.lations. It
is doubtful that a single digesti'on procedure will be ideal for all rock
‘sample_s'.k The digestion pfoceaur'e used was for total rock a’nélysis.
Other digestions may bé .useful for analeis of plant‘mat.erials, | partial.
| extractions, etc. Partial extraction, e.g. _With‘col'dextraétable-HCl,
should suffer little from the possibility of excess calcium or magnesium.
For the analysis of rock standards, we find the preconcentra-
tién‘proced’ure usually works well. The precision is acceptable for
Cu, Ni, Co and Zn. The precision may improve with rigorous control
of column flow rates. Most of the Calculated values for: Cu, Ni, \Co
and Zn are near the IjS‘GS means. All these element are within the
USGS range with the exception of elements from the PCC-1 standard.
The method does not work well for lead, or for rocks containing large
amounts of Ca and Mg. The next. section discusses how much calcium
may be present in a sample and still yield acceptable trace:métél

determinations.
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Effect of Calcium

-Experiments indicate that large amounts of calcium (and
vmagnevsium) in rocks interfere with the preconcentration of trace
metals. This experiment established the range of CaO conéentration,
where trace metal preconcentration is practical. Figure 10 illust‘rates
the effect is probably due to the loading o»f these elements on the
ion exchange.resiﬁ. Calcium and magnesium compete for available
ion exchange sites with the trace metals. An excess 6f calcium or
'magnesium,resuits in a nonquantitative extraction of trace metals
onto the resin. The use of a larger quantity of resin m‘ay'reduce |
the‘in’ter‘ference by calcium and magnesium.

Table 20 lists the analytical precision for samples contaihing
'b'zevro to 15% CaO. The precision is about the same as for the andesite
deterrr‘:inationsk (Table 13). Imprecision resulting »lfrom variable

amounts of calcium does not appear to be significant.
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CONCLUSIONS

This preconcentration procedure yields encouraging results
for trace metal 'detern;xilnations. Preconcentration has severai
advantages over direct sample ana-lysié. The pro-cred"ure increases
trace element concentration to improve detecti'onv'limitsr. Trace
elements in water samples analyze as a solid, avoiding the problem
.akssociated’with liquid XRF analysis. | Matrix effect calculations are
not necessary for elemental determinations. ‘Those:advantages are .
common to most preconcentration procedures.

This preconcentration procedure has advantages not fouhd_in
other éimi_la-r procedures. This method preconcentrates several trace
elements simultaneously, taking advantage of the multielemental
determinations pos:sible \%/ith XRF analysis. The method can also’
preconcentrate trace metals from both rock and water samples.

: The sample pellet preparation technique increases ana 1ytel line
intensity and improves detection limits. These were the basic
‘research objectives at the beginning of this investigatioﬁ.

The procedure has met the original obbjectives, and specific
aspects of the procedure can be improved to yield better results‘.

The investigation has resulted in several conclusions in specific
areas of the résearch, and some suggestions on improvementyf
1) The no-matrix pellet increases analyte line intensities over fused

or. pres,se:d pellets. By avoiding additional matrix in the pellet,
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excessive secondary x-ray absorption is eliminated, and detection
limits are improved. . Using a polyethylene sample holder may result
in a simpler sample holder design and reduce contamination.

2) The molybdenum radiation enhancer increases analyte lir:ie intensities
for the elements studied. Other materials can be used for t}:ile en-
hancer to improve specific analyte lines. Enhancers made from

two materia ls may improve intensities for multielemental determination
covering a broad range of x-ray energies.

3) A sample pellet mass of 75 mg yields the highest analyte line
intensity for a given metal mass in the pellet. A pellet mass over

200 mg reduces the effectiveness of the molybdenum enhancer.

4) Each element has a unique solution pH where extraction is fastest
and most complete. For multielemental extractions of metals studied,
the extraction is most efficient with a solution pH from 8 to 9.

5) For the metals studied, the extraction is complete after ten
minutes of mixing, by the batch extraction procedure. The extraction
procedure may be simplified by using only the column extraction
procedure for rock and water analysis. The column extraction
procedure should give better results if peristalic pumps control

the solution flow rate through the column.

6) The precision of trace metal determinations from water solutions
is good: 1.3 to 3 7% relative standard deviation with 200 ug rﬁetal.
Other investigators have proved the value of this procedure for

trace element determinations in natural waters.
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7) Linear standard curves repla ce the matrix effect calculations

usua lly required for XRF 'anavlyvsis.

8) The silylated glass beads have gdequate capa city for traceielem.ent'k'
preconcentration from natural materials, because ethylenediamine
selects against group I and II elements, which often occur in high
concehtratilons in nai:ural materials. Othe‘J‘r silane compounds with
different functional groups may be used for preconcentration (Leyden
and Luttrell, 1975b and 1976a).

9) The concentrétion detection limits range from 0. 06 to 0. 29 pprh

for rock”samples (ten gram sample),. and from 0. 6 to 2. 9 ppb for "wate’r‘_
~samples (one liter sample). Further improvements can be made by
using larger samples, 75 mg pellets, more efficient radiation enhy‘avncer,
constant potential x-ray generator operated at higher power, and a
heavy metal anode x-ray tﬁbe.‘

10) The precision and accuracy of Co, Ni, Cu and Zn determinations
were generally adequa'te for rock analysis. Lead determinations
Wefe~impreciée and.yielded‘ 1ow V'alue, | probably due to poor rock .
’digestion. Solution pumps controlling the flow rate fhrough the rf_e”sin
columns sh'ould_improvek precision, and simplify t.Be procedure.

ll)k Calcium-ar;d magnesium interfere with th_eb'pi“ecorlcentra’tion
procedure. Rock sarhp‘le‘s coﬁtaini;’xg over 15% CaO or MgO may

yield low trace metal determinations. Increased amounts of cation
.exchange resin in £h-e column may reduce this problem, Rocks

containing less than 15% CaO or MgO suffer interference to a small
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degree‘, and the error can 1:>'e‘<:orrected° Changing the CaO sample
_.concentration from zero to 15% CaO, does‘not significantly arffectv
ana ly’tic_abl precision.
'12) Multielemental determinations from water solutions are not
limited to Bi, Co, Cu, Ni, Pb aﬁd Zn. Other elements can also be
de"cermined by this method. Leyden and Luttrell (.1975}3) preéoncentrated
Hg, Eu, Mn, Fe, Ag, Cd and Cr from water solﬁtions by a sim’ila.i'
procedure. Leyden et al. ’(1976b) also p'reconcentrated.the oxyazﬁons
of As, Mn, Cr, Se, Mo, W anyde‘from water solufcions.-
1‘3)" The variety of elements pr-econcent'ratable from rocks is'_m’ore
limited than for water somtions. Elements must adsorb onto the ion
~exchange resin (from dilute HF solution) as well as the glass beads,
for rock analysis. There are several metals tﬁat are known to VadSOfb
onto both the Dowex-50 cation exchange resin and the glass beads
that we did not study, including Mn, Ag and Cd (Danielsson, 1965}.
Hg and Eu are also likely to adsorB onto both substrates, but no
~ confirming data is available.
14) The utility of the method may i‘be increased bs«" using 'DoWex;l, -
anion exchange resin mixed with the Dowex-50 cation exchange resin.
Dowex-~1 adsorbs’Mo,‘Nb‘, Sb, Sn, Ta, Ti‘, V W and Zr, from dilute
HF solution v(Danielsson, 1965). Further research can confirm the

possibility of preconcentrating these elements.
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APPENDIX I

Silylation Reaction - Procedure

Appendix 1 describes the silylation reaction to prepare the
glass beads for extractions. The reaction attac;hes an alkoxysilane
' compound,“cgntaining amino functional groups, onto controlled-pore
g,la‘ss beads (Electro-Nucleonics Inc., #CPG 240); The glass beads
are 200/400 mesh, have a mean pore diameter of 259 ?& with a pore
~-size distribution of + 8. Z%, a pore volume of 1. 31 cc/,g, and a
 surface area of 118 mzlg. . The alko'xysilanevcompound is
N-aminoethylaminopropyltrimethoxysilane, or Dow-~Corning Z-'-6.020>
' V(PC‘R Research Chemicals, Inc., #34070-3); ' A

Stir ten grams of glass beads for four hours in 200 ml of 1:1
"H.NO3,. Coliect the beads in a_ Buchne;: filter funnel. Use 100 ml of
. deioniged water to rinse the HNOj3 from the beads. Prepare a solution
"~ of three drops of acetic acid and ten ml of the élkoxysilane' in 90 ml
of deionized water. Add the glass beads to the solution, and stir
the mixture for one hour at 80° C. Pass the sdlution.through a filter -
fo recover the beads, and rinse the excess solution from thé beads’
| with 100 ml ‘of deionized water. Wash polymeriyzed silane compound
from the beads with 100 ml of toluene. Fifty ml of isopropyl alcohol
wash ramoves excess toluene. Cure the beads at 80° C for e.ighf hours,
The -silyiéted glass beads are stable, and can be stored at room

temperature.
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APPENDIX II

Iron Removal from Rock Samples

This proceaure is only for rock samples, and 1t serves‘two
purposes, First, it removes elements that may interfere with the
‘extraction procedures (Appendix III). Second, it piaces the metals
of interest into a water solution. The extraction pr‘oceduvi‘é requires
the metals to be in a water solution. | |

Prepare a column for the ion exchange resin, and associated
apparatus, as shown in Figuré 12 and 13. The three inch long column
is made from 1/4 inch i. d. polYethylene tubing. A v1/4 inch piece of
the tubing is placed inside the column, to support the material inside
the column, Fifty mg of teflon wool (Supelco, Inc. #2‘—0597) rests
on the support and prevents res'in from washing out of the column. .
The column attaches to the stem of a five cm plas‘tic Buchner ﬁlter
~funnel (Sargent-Welch, #S-35620-C), which inserts through a single
hole rubber stopper. Remove the funnel reservoir from the funnel
stem, and insert the -apparatus into a 500 ml plastic filtering’ﬂ'ask
(Sargent-—Wélch, #S—34380—E}., A rubber 'h~oée connects the filtering -
flask to a vacuurﬁ source, Place three grams of Dowex-50W ion )
exchange resin (Sigma Chemical Co., #50X8-200) vi’nto the funnel
stem., | The resinis 100/‘200 mesh, H+,form, 8% cross linked cation

exchange resin.. Wash the resin into the column with deionized water,
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«@—— Filter funnel stem

COBIOGN.

i
i

«@——— Polyethylene tube

<«8——— lon exchange resin
(or silylated glass beads)

/——— Teflon wool

«@——— Plastic support

Figure 12 - Jon-exchange resin column for iron removal (cross-

section).. The column is also used for the glass bead

column extraction by replacing the resin with 'silylated
glass beads. '
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- Fm_er funnel resarvoir
A Sl
; Filter suppon

“@————— Filter. funnel stem

«@————— One-hole rubber stopper

@ RES8IN column

- To ‘vacuum source
“@———— pjastic filter flask

Test tube (for HNOy collection)

Figure 13 - Ion-exchange column apparatas tfor iron remoyal.
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and insert the funnel reservoir onto the funnel stem. This complefe:s ‘
the construction of the apparatus required for the iron removal
proceduré. Several sets of apparatus can be ndade to prepare several )
rock sampl‘eAs s,imultaneously.
Begin sample digestion by powdering the rock sample in av ba';l

mill. Heat sample in oven at 105o for four hours and place in |
”désic'ator until weighing. Accurately weigh one to ten grams of
.s'ample and place in teflon beaker. -For each gramof sample, :.add |
the following proportion Qf concentrated acids to 'digést the powder,
Add two ml HNOj and five ml HGIO4 to sample. Warm mixture on

hot plate for 30 minutes and allow to cool. Add 20 ml HF and replace
beaker on hot plate, allowing the acids to slowly evaporate overnight. |
Add 100 ml 1N HF to the residue, regardless of original sample size,
and stir for one hour. |

'The iron removal procedure uses the following amounts of

- acids, independent of original sample size. Place a ﬁve‘cm filter
paper in the filter funnei, and apply a vacuum to the filtering flask.
-Pour fhe 1N_HF solution, containing the rock sample, into the fu_ﬁnel'
reservoir and adjust the vacuum to achieve a flow rate thr_ngh"'che
column of two n’xl/minute; The résix} adsorbs fh“e metalé of interest, -
.A.“fter the solution passes through the column, wash any residue on
tf’ne-filter‘ paper with small quan‘fities of 1IN HF, and allow vth‘é yvashingsr
to pass through the column, kRer'nove_ filter paper and \resid.ue from

the funnel, Add 50 ml IN HF to the funnel reservoir and allow the
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acid to pass through the column.  The acid washes excess iron from

“the resin. Discontinue vacuum and remove filte’ring funnel-column

- apparatus fromnthé filtering flask. Discard the diluté HF éolution,
and place a large test tube in the ﬁlterihg flask. Replace filtering
funnel-column apparatus into the filtering flask, so the co‘lumn'
drains into the test tube. App‘ly a vacuum to the filtering flask, aﬁd
add 50 ml 4N HNOj to the funnei i‘eserv_oir. Allow the acid to pass
through column and collect in the:' test tube. The HNOj elutes the |
metél ions from the resin. Wash the resin with a few ml of deionized
H,O and add the‘wa'sh to the nitric acid solution.

To transfer the. cations"in the acid solution into a water solﬁtién,.
put the HNO3 solution in a 100 ml glass beaker and place it on a hot "
plate to evaporate the acid solution. Tak¢ precautions not to "burn'' -
the residue that remains in the beaker. -The residue ?:onsists of
nitrate salts of the trace metals and overheating méy oxidize the

salts to form insoluble metal oxides. Add 50 ml deiqnized water to
the nitrate salt residue and heat the solution to dis soive the salts. The
solution is ready for preconqentration by the batch extraction proced.ure,

The ion-exchange resin is s-iowly atta'cke& by the acids. We.
feel the resin should be replaced after every analysis. However,
Danielsson (1965) reports the resin is still us‘able'after three months

‘of daily use, wsing a similar iron separation procedure.
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APPENDIX III

‘Batch and Column Extraction Procedures

Appendix III describes the extraction (preconcentration) of the
metals Ifrom'solution onto the glass beads. Tﬁis step is necessary
for all rock and water samples. Use the batch extraction procedure
when the solution containing the cations is léss than 100 ml.. For

solutions larger than 100 ml, use the column extraction procedure.

Batch Extraction

Place the water solution containing cations in a 250 ml plastic

96

beaker. If the solution volume is less »thax-u 50 ml, dilute the solution

to 50 ml with deionized water. Adjust the solution t0o 8.0 + 0.1 pH
with dilute NaOH or dilute HNO3. Use of pH buffer can replace the
acid-base pH adjustments, ‘however, the buffer may react to form a
_precipitate, and also contaminate the solution. Add 75' mg sily‘lated
glass beads (see Appendix I) to thé solution. Add a magnetic stir
‘,bar and stir the mixture for ten minutes. Monitor fh_e solution pH

throughout the stir period and maintain the pH at 8.0. Prepare the

beads into a sample pellet immediately after the stir period, according

to the instructions in Appendix IV,

" ‘Column Extraction

Prepare a column with the same material and dimensions as
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the ion-exchange column (Figure 12.). Replace the .‘io‘nv exchal;lge résin
with 75 mg of silylated glass beads. | Attach the colﬁmn onto the stem
of a AZOO mm plastic filter.ing fuﬁnel ‘(Gelman, #4203) (figure 14), )
cont‘.aining' a 25 mm, 0.65 um pore size‘ filter. (Millipore, #DA wPpP

025 00)._ The funnel stem has a single-hole rubber stopper that

inserts into a 500 ml filtefing flask. Connect the flask to a vacuum

hose wifh a rubber hose. The column apparatus 1s ready for'frrie_tal

ion extraction. |

| | Place the water solution containing metal ions into a lérgé

beaker. Adjust the solution to 8.0 + 0.1 pH with dilute NaOH or

HNOj;. Allow several minutes for pH to stabilize. We do not recommend
the use of pH buffer fqr the column extraction procedure.. Place the
solution in the reservoir of the filtéring funnel, and apply sufficien't
vacuum to the filtering flask to obtainv‘é flow rate of 10 to 50 ml per
minute. After entire solution passes through the column, prepar_é

sample pellet according to-instructions in Appendix IV.
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‘P Filter funnel ‘resarvoir

¢  Filter and filter support

One-hole stopper

«@——— To vocuum source

Glass. bead column
(remove for peliet synthesis)

G Filter flask

Figure 14 - Apparatus for column extractions and
pellet synthesis.
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APPENDIX IV

' Sample Pellet Sy'nthesi's - Procedure and Equipment

- Appendix IV describes our method of making sample pellets
from the glass beads. It is pdssiblle to eliminate this‘procec‘iure“bvy
~ use of another sample pellet preparatioh. - Use the same equipment
for the pellet preparation aé >for the column ektractioin, except remove
‘the extraction column from the filter funnel stem (Figure 14) and place’ |
a new 25 mm filter paper in the filter funnel. |

Place the glass beads from the column extraction i’nAto a Beaker

with 50 ml of deionized water. The glass beads from a batch extracti.oﬁ
are alr‘}eady-in'this form and this step is not necessary.. Pour the glass
bead-water mixture into the filter funnel.» Wash residual beads from
the beaker into the funnel with small quantities of deionized water,
Apply a vacuum to the filtering flask to hasten bead recovery from
"the water sblution. f‘Wa sh beads from funnel éides onto the filter with
deionized water and discontinue vacuum,. Observe the beads to see
Cif they distribute evenly over the filter surface. Correct any uneven
dis.tributﬁion by applying a stream of deionized watér to the beédé;
About 5 ml of water redistributes the:beads evenly when they settle.
'.Momentarily reapply the vacuum to drain the Watér into the flask,
The filtering funnel sep@rafes at the filter support; remove the top.

(funnel) portion of the filte;'ing funnel to expose the filter and beads.
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Wedge a flat razor blade under the filter and remove fhe’filter,
. taking care not to disturﬁ the bead disfributi‘on on the filter. ) Place
filter on th‘é ‘'sample support disk apparatus (Figure 15). -

“The s‘ample support disk apparatus includes one thin and one
thick metal disk. The disk is the primary support diék, and has a
rubber seal around the diametér. We call the thih disk the secondary

. support disk or the radiation enhancer. Place the support disk
apparatus, with the filter and beads restihg on top, into a 105° C
oven to dry for 15 to 20 min'u'tes. Longef drying per‘iods may curl
thé'filter paper, resulting in bead disturbance. - vaer the glass
bead-support disk apparatus with 3 inch x 3 inch x 0.5 mil. poly-
propylene film (Somar, #3750-33). Press the sample ‘holderv‘slide
over the top of the support disk apparatus to insert thé sample into
the holder (Figure 16 and 17). Trim excesé polypropylene film to

complete the sample pellet preparation.
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A)

Filter paper —3» Glass beads

B)
Filter poper —8 & muirins <@ Glass bveods
= — «@— Secondary support disk
| (molybdenum radiation
- Primary support disk —» ’ enhancer)

Rubber "0" ring

Figure 15 - Sample support disk apparatus. A) Top view,
B) expanded side view. '
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A)

V- - Aluminum

 «@—— Polypropylene film

Glass beads

Samplev support
-disk apparatus

B
) Polypropylene film

/ ' with beads underneath
‘ g e & Aluminum shield
| N7 NN

h ‘ ——— Polypropylene film j‘

«@—— Sample slide

Support' disk apparatus

Figare 10 - Sample slide and suapport disk apparatus {cross-
section). A).Sample sugport disk not mserted
B) 1nserted
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A)

<@—— Sample slide

Rotating inner disk .

-

Primary support disk

B)

El"“"’ Sample: slide

Gloss beads

' «<Gr———— Aluminum -shield

Flgare 17 - Sample holder slide with sample support disk
inserted., &) Top view, B) bottor: view (analyzing
sarface).
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APPENDIX V

. Appendix V gives ordering information for special equipment

used in this investigation.

B

2)

3)

4)

Electro- Nucleonics, Inc.
368 Passaic Avenue
Fairfield, New Jersey 07006

(201) 227-6700

Controlled-poreglassbeads, #CPG-240.

Gelman Instrument Co.

600 S. Wagner Road

Ann Arbor, Michigan 48106
(313) 665-0651

.25 mm filter funnel, #4203

Millipore Corp.
Ashby Road

Bedford, Massachusetts 01730
(617) 275-8800

25 mm filter paper, #DAWP 025 00,

PCR Research Chemicals, Inc.
P.O. Box 1778 '

.Gainesville, Florida 32602

(904) 376- 8946

Dow~Corning Z-6020 (alk oxy511an e), #34070-3.
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5)

6)

7)

8»)

Sargent-Welch Scientific Co.
P.O. Box 7196 '
4040 Dahlia Street

" Denver, Colorado 80207 .

(303) 399-8220
5.6 c¢cm, plastic Buchner filter funnel, #5-35620-C.
500 ml plastic filtering flask, #5-34380-E,

Sigma Chemical Co.

P.O. Box 14508

St. Louis, Missouri 63178

(314) 771-5750

Dowex-50W cation exchange resin, #50X8-200.

Somar Laboratories, Inc.

"P.O, Box 5234

Grand Central Station
N.Y. New York 10017
(212) 697-4351.

Spectro-film (polypropylene), #3750-33

Supelco, Inc,

Supelco Park

Bellefonte, Pennsylvania 16823
(814) 359-2784 -

Teflon wool, #2-0597

10
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