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APPLICATION OF A DIRECT READING OPTICAL SPECTROGRAPH
TO GEOLOGICAL PROBLAMS

(Presented to the Fourth Australian Spectroscopy Conference,
held in Canberra from 20th to 23rd August, 1963.)

Introduction

Following the development of the direct reading optical spectrograph,
and its successful application to production control in the metallurgical
industry, geological organizations have been encouraged to instal and develop
them for their own use. When compared with many prescnt analytical procedures
used by these organizations, the main attraction of the direct reader is the
possibility for increased analytical speed for a wide clement coveragce without
sacrificing accuracy.

To date in the western world there arc about 20 direct readers used
for silicate analysis, but only 15 are wholly employcd in this application.
The remaining oncs are used in the chemical industry, and in agricultural
resoarch organizations for plant tissue and soil analysis; in ecach of thesc
applications only part of their usc is for silicatve analysis. Table 1 lists
preosent uscrs of direcct rcaders for silicate analysis and summarizes tho
analytical mecthods employed by thom.

First attempts to use dircct readcers for silicatc analysis werc mado
during the last decade, and the first installations werce in the glass and
aluminium industrics. Soon after an o0il and a mining company, and a rcscarch
organization, installed them for routine rock analysis for major and minor
clements. It is only in the last couple of years that gcological surveys
have commenced installing thom for routine analysis of geological samplos and
for their research requircments. About 6 instruments to date arc usced, or
areo being sct up, for tracc clement analysis of silicates.

Few pepcrs have been published so far on the analysis of silicate

materials by direct recading optical spectrograph. All known rcferencoes are
in the bibliography.

Proposod application of a dircct reader in the B.M.R.

The direct rcader in thc Bureau of Mineral Resources will be used to
analysc rocks, minerals and soils for major, minor and trace elements, and its
main application will be in thc analysis of samples for goochcmical surveys.

It will also have an application in fundamental roescarch, and will contribute
to the solution of many geological problems, cspecially petrological oncs,
which frequoantly arise in the coursc of Bureau work. Most of this work
requires an instrument with high sensitivity for tracc elements, a wide elcment
coverage, and a potential for ropid analysis of samples.

Fectors limiting the applicotion of direct readers to geological problems.

lo know that when using = photographic instrument the spectrographer
analysing geological materials is continually confronted in each group of
analyses with analytical problems that show up during analysis and computation.
Part of his solution to these problems is achieved by exploiting the operation-
al versatility of his instrument. With these facts in mind, let us consider
the direct reader in the light of the Bureau's application.
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The instrument being installed will analyse 33 elcments in a sampls.
Because of the accuracy of the recording and read-out equipment, for efficient
operation, the analytical methods used must also be accurate, i.e. capable
of achieving good scmiquantitative or quantitative rcsults. Ilence, if a
universal quantitative analytical method wae possible, the 33 elements could
be determined simultaneously. However, for analytical rcasons it is more
appropriate to divide the elements of the programme into volatilo and
involatile elements, and analyse each group scparately under suitably con-
trolled conditions for thc group, The analytical methods employed must be
compromiscd with invariant clement lines in thc programme and with fixed
slit sizes which cannot conveniently be altered between analytical runs.

Matrix and intereclement offects so common in silicate analysis where
physical mecthods of analysie are empleyed, are also a major preblem in the use
of a direct reader. The complexity of spcctra of silicates prcscunts a
challenge in instrument dosign and construction if the spectra arc to be
reocorded satisfactorily, and uspeciclly if sensitive but faint clement lines
arc to be recorded without excessive backsround. By eleminzting the photo-
graphic procedurc in analysis, back:round; linc¢ interference, sclf absorption
ctc., could go unnoticcd or undor cstimatcd in their ffe t and distort the
results, especially as thc samplcs to be analysed are of unknown chemical
composition, and includc a diveorsity of matrix types and a wide range of
clement concentrations.

To sclect a programme of clement lincs which is universally applicable
under all analytical conditions is almost impossible, and invariably to meet
the analytical and instrumental structural rcquircments one has to cffect a
compromisc in some elcment line selections. Thus, after installation of the
instrument, exit slit changcs may be ncccssary from time to time, or at least
desirable, for the satisfactory analysis of diffcront groups of rocks.

Speed of analysis is not only determined by the ability of the
spectrographer to recognize and minimize analytical hazards associated with a
particular sample, but alsc by his ability to select prior to cxposure the
appropriate instrumcnt sensitivity scttings to satislTactorily record linc
intensity on his working curves, without repeating the exposurc with other
settings. These factors do not arise where a dircet reading instrumont is
cmployed on production control analysis, because programmes arc usually simpler
and element lincs can be duplicated, and because matrix and concentration
levels of elecments to be analysed are appraximately known beforc analysis,with
the result that thce appropriate sensitivity scttings can be made at the first
attempt. Also analysis ie for major and minor clements where the analytical
mothod employcd is not designed to achieve high sensitivity, but rather good
precision.

When compared with the photographic instrument the dircct reader has
other limitations in sil%cate analysis. The usable spcctrum of the direcg
reader is 2000 to 7000 A”. Though, preferubly, the upper limit is 6500 A,
which is the limit tc which commercizlly available rcd sensitive photo-
multiplicrs will operatc satisfactorily. Thus the alkali mctals, whose most
scnsitive spectral lines are above the wavelength range of the instrument,
c.g. Li 6706, K 6939, b 7800, and Cs 8521 c¢tc. can only be dctermincd by
less satisfactory lines.

Because of the factors mentioned, cne has to be cxtremely sclective
in onoe choice of analytical lince for a programmc, details of which are given
in Tablec 2. This h.s not always been the case where manufacturers have set
up direct recaders for silicate analysis, as can boe scen in the linc sclcctions
in programmcs of some instruments already in operation. In our own casc,
aftcr sclecting our programme with great coarc, the manufacturer chosc to
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record B 2498, Bc 2348, Rb 4202, Pb 3683 and Li 3232 in thc 2nd order,
and Zn 2138 in the 3rd order, vherc theore appears no structural reason why
these lines could not hove beci obscrved in the 1st order. It is possible
howover, thot the manuficturer's choice was influenced by the blaze of the
ating amployed, and thot he anticipated that grenter benefit would reeult
by exploiting this rather than the higher scnsitivity of lincs observed in
the 1st order. Dr. Astbury, of the British Ceramic Rescarch Association,
claims that photomultiplicr receptors are ot lcast 10 times as fast as the
fastest photographic platc usod in photographic instruments.

In their application, direct recaders are complimentary to photographic
instruments, in that they are fester and cheaper to operate for quantitative
or gocd semiquantitative anxlysis, whereas the photographic instrument is
better for rapid, less accurate work.

Modifications for the proposcd B.M.Rs installation.

In order to meet the requirements of our application we have had the
standard dircct reader used for production control in the metallurgical
industry modificd. We have aimed at maximum flexibility for operator control
of the instrument. Figure 1 is a diagram of the instrument with modificatioms.

The instrument being installed is the Hilger 3-metre Pclychromator.
The optical bench, which is of the conventional style used in large photo-
graphic instruments, will accommodatc an optical arrangement shown by
phetographic instruments to be suitable for D.C. arc analytical methods.
The optical system cmploycd will focus light representative of the complote
arc columm, or any part of it selected by means of a diaphragm, into the
instrument, but will exclude the light from the clectrodes. The D.C. arc
source unit will form an extension from the instrument's ortical bench, and
the top of it will support onc end of the 6 foot optical bar. The sloping
instrument panel of the source unit is located centrally beneath the arc box,
and contains a voltmeter to record the voltage across the electrodes, an
ammoter, switches and controls. It is a triggered, constant curront unit and
has a continuously variable omperoge range between 2 and 15 amps.

As a reosult of Pilkington Bros' oxperience in FEngland with a
Polychromator used for silicatc analysis, wo have rcquestced that the ontrance
slits be reduced from 35 to 15/u and thc exit slits from 85 to 50 m. These
arc fixed and thoir recduction ‘in size calls for norc stringent tbmperature
control in the laboratory. Het air from the source unit and arc box will be
cxhausted from the ldboga ory, anc air conditioning will bo installcd to
control temperature to 17 F and humidity to betwean 35 and 50 percent.
Pilkington Bros. found that thosc operating conditions improved the slope
and stability of working curves.

One minute timing clocks in the recording clectronic console will be
replaced by 5 minute clocks with facilities to prearc up to 30 scconds.

Fhecilities for ccupling o paper feed chart recorder will be provided,
and this will cnable linc profiling duringe arcing, and hencce the study of
clement excitation charactoristics. This facility will aid setting lines
on peak, and wc¢ hope may provide a mecans; by scanning the line ar by running
standard blanks . of evcluting background and detecting line interforance.

It will be especially uscful for examining how chosen lincs react in various
matrix types at diffcront olcment concentration leovels. Other forms of
road-out will be by meter, dckatron tubes and typcwriter, all of whose
readings will have to bc corrected by means of working curves, compiled from
standard samples, to determine thc concentrations of elements prescent.
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All sensitivity controls are designed to cover the complete uscful
range of chosan spectral linces in the programme. Finc sensitivity controls
provide parallel and anguler movement of working curves, where apbient
working oonditions (such as slight tempcraturc voriations) cause a shift.

Matrix corrector and sum corrector facilities arc also incorporated.

Programme Selcction.

For our application a comprehensive programme is necessary to mcot
the requircments of geochamical surveys and research. Table 2 shows the
programme and the order of tabulated recad~out. Instrumental snace usually
permits only one line per element in a large programme. From the elements
of interest with respect to our application we have selected those which can
be satisfactorily analysed by optical emission spectroscopy, and from these,
those eloments whose sensitive lines can be accommodated in the 1st or 2nd
order by the instrumcnt. The instrument design 1imits cxit slit positions so
that in the 1st order they can be no closcr than 24 A% to cach other and in
the 2nd order no closer than 12 A°. Up to 50 exit slits can be accommodated
at thc focal plane. We chose well recognized scgsitive element lincs which
have no apparent interfering lincs within 0,25 A~ of them.

The clements were then divided into 2 groups (1) volatile and
(ii) involatile elcments. This uscs the electronic console arrangement and
cxposure timing facilities of the instrument to the best advantage. There
are 4 banks of 10 channels, divided into 2 groups of 20 channels cach, and
tho exposure of cuch group can be terminated by time or by the concentration
lovel of a chosen internal standard in the group. Bach group is independant
of the other with regard to exposure tcrmination. Fach group has 6 of its
channels for internal standard use, and patchboard facilitics cnable any
clement of thc group to be plugged into any of that group's standard channcl
positions, which are those that can be profiled. Spare channels in cach
group can bec uscd for duplication or triplication of any celement channel in
the group, and honce for slight cxtonsion of working curves for an clement
when required.

Analytical Mcthod proposecd.

&8 the most important aspcet of our applicaticn is to analysoc for
tracc elements, we plan to usc a D.C. arc technique, anode excitation of rock
powder with o Pd. - graphite mix to detcrmine involatile clements, and an
In -K5S804 mix to detormine volatiles, Pd and In being the intcrnal standards.
Mest spark or interrupted arc methods using pclletized samples have good
prceision but poor scnsitivity for trace clemonts, though it may be worthwhile
oxperimenting in the future with fusion or solution techniques incorporating
ion exchange procedurc for trace analysis. Both these techniques have the
advantage of minimizing matrix effects by reducing the sample to a common
chemical and structural state, and hence, with the &id of a tape machine,
lead to excellent precision though possibly with some sacrifice of accuracy.
However, some spectrogrophers using fusion techniques have expericnced
difficulty in obtaining satisfactory line to background ratio for faint
element lines, i.e. for low element concentrations. As sensitivity, accuracy
and speed of analysis are imporiant requirements in our application we will
initially use D.C. arc methods. By using these we estimate that with sample
preparation time, up to 33 elements in a sample can be determined in about
20 minutes with an accuracy within 10 percent of the element present.
Spectrographers cxperienced in both photographic and direct reading instruments
find that methods developed for the photographic instruments can in most cases
be used with little modification for the direct readers.



Results of trial runs.

Blght working curves compiled from rcsults of initial trial runs made
on the instrumcnt by the manufacturcr in London have beoen sclected for
comment, ond cro shown in Figurc 2. They arc Na 56€8, Mg 2780, Al 2575,

Ca 4425, Cu 3274, Mn 4034, Pb 3683 and Li 3232. Thc slope of the curvcs
ranges from 50 to 560. The result for Mg shows that provided a linc is sot
on poak and background minimized, the analytical mcthod employed will produce
good results with the instrument. Scattor of points in some curvcs is not

2 matter for concerny it probably reflccts only the manufacturer's lack of
oxporicnce with the analytical mothod. In the case of Ca, tho working curve
indicatos a possible matrix cffcect. The shift in the werking curve ocours
for rocks with high silica «nd low clumina contents.

The main point for concern, howover, shown by the working curves is
the strong indications that backgrowund significantly affeets the line
intensities of clements presont in low concuntrations, e.ge. Mn, Pb and Na.
In fect, many of thc results obtained in the trial runs for trace elcments,
not shown in the diagram, were recordings of background cnly. This probably
indicates that lincs for these elcments werc not set on peak, for in oach
cese there were only low clemont concentrations in the standord samples
analysed. It could, of coursc, also mcan that the instrument lacks sensitivity,
and for low element concentrations gives poor linc to background ratios.
Further trial runs orc at pressnt in progress to chcck oxit slit scttings,
and experiment with masking and filtoring, to improve this ratio.

Possiblc solutions for problems alrcady apparent.

As the trial runs have shovm, the main problem to be overcome is
bockground, The problem of ovorcoming background next to faint linces has
boon ccmmented on by all operntors of these instruments to date where thoy
have becn intercsted in troce elemont determinations (Hildcbrand, Churchill,
sstbury cte. - sce Table 1). The cnswer to the problem, I think, lics
partly in the choicc of analyticel method, for example the sclective uso
of fluxcs, buffers, olcctrode sizes etc, and possibly the use of a Stallwood
jot for volatile runs, and partly in controlling (i) exit slit sizes or
masking, (ii) appropriate filtering at exit slits, c.g. a glass filter in
front of the Sr 4607 oxit slit would remove 2nd order UV intcrfcronce,

(iii) the amount of unwanted light entering the ontrance slit, c.g. empleoying
a rotating adjustablo aporture disc, and (iv) background by directly
corrceting for it, c.g. cmploying, as montioned, the paper feed rocordor

and profiling facilitics to measurc it.

Sclf chsorntion can be avoided by careful linc sclection for the
programme or by duplicating lincs for an clement to cover differont concen-
tration ranges c.g. we have used Cu 3274 for 1 to 500 p.p.m. Cu, and Cu 2824
for morc than 500 p.p.m. The usc of tho Stallwood jot should also help
minimize sclf absorption whore volatilc elements are affocted.

Linc intcrfercnec ie something best chocked out thoroushly by a
photogr.phic instrument, and agoin is a probluan of line selcction. Linecs
for elemonts wniversally suiteble under all matrix conditions and for all
clament concentratione crc hard to find., For exomple I find that Ca 4289.36
interferes witl: Cr 4289 in basic igneous rocks, and Y with Ti 3982 in
syonites etc.

Matrix offccts, as for self absorption, fortunately show up in the
working curves oand aroc reciily detected. For example, in the working curves
of the trial rums thore was a shift in the curve for Ca in high silica -
low alumina rocks. This is a problem of standardizotion. Dre Astbury of
The British Coramic Research Association, also found a similar effect using
Ca 3968 (1 - 11%) and Ca 3179 (O = 55%) in rocks with low Al content. In
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his somiquantitative work the most serioue deviation for Ca rosults wore in
megnesite which contains little or no Al., Even quite small Al contont, he
found, sufiiccs to moke obscrved intensitiocs lic closc to the common working
curve.

Avail~bility of stendards is a problem fuced by spectrograrhical
laboratorics overywherc, and cspecially where the analyticel method cmplcyed
requires control of mntrix crffcets, such 28 in cur case whore trace elemants
will bo detormined using D.C. arc tochniques. A number of rocks and oro
standards cre in circulation, but thesc do not give a complete covercge of
concentrations for each element in various motrices.

This papcris but a bricf rovicw of the problems to date which we
arc aware will confront us with this instrvmentotion in its fairly new
application to the analysis of gcologioal matcrials.

—— e — e — ) —
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TABLE 1

DIRECT DEADINC OPTICAL SPECTROGHAPHS EMPLCYED QN SILICATE ANALYSIS

Instrument Location Application : Anglyticsl Method é Analytical Speed
¥
A.R.L. Quantometer  California Research Geochemigtry of sedimentary Low voltage "interupted arc!" discharge to rotated pelletized |
, Corporation, La Habra, rocks. sample comprising rock powder, graphite, internal standard- §
lCalifornia. alkali flux mix. Obtained reasonable freedom from matrix i
(Dr. Hildebrand) effeets, good precision but poor sensitivity for trace

elements, and inability to read background adjacent to
faint lines.

i
1
Alcoa Research Laboratoriesi Mineral and rock analyses for Low inductance gperk discharge to pelletized sample. Weighed i With sample preparation
" " New Kensington, mgjor and minor elements. powcder sample mixed with flux, then fused and ground. To ! time, 6 elements deter—
Penngylvania., Geclogical survey work. this, a salt standard and graphitc added beforc briquetting. | mined within 1 to 2%

(Dr. Churchill) Proved to be universal mcethod for miscellaneous materials, j concentration present,
because interclement effeets, structural effects and rock § in 40 minutes.
standard requirements largely eliminated by fusion technique. |

lethod based on Tingle and Matocha (1958), but found too !

within 5%, ond =ccuracy within 5% of clcment present.

insensitive for trace analysis, for which a conventional
L.C. arc method is used.
. ; National Centre of kock analyses for 10 major Controllcd are and spark excitation of pelletized samples. ‘
Scientific Rescarch, clemcnts - analyscs for trece The ground sample first fuscd with fluxes added, then
Nency, France. clements planned. ground and the product mixed with grophite and Ni internal
(Dr. Govindaraju) Frogrammed for 24 trace clcments, standard before briquetiing. Synthctic standards, approxi-
- 10 simultancously. mating compesition of rocks for analysis, used to determine
begt analytical conditions and control instrument's
operation.
Aluminium Laboratories Angldysis of bauxite, carbon D.C. arc technigue on powdered samplces, anode cxcitation ! Quadruplicate analysis
" " Ltd, Arvida, Quebec, materials and rock mincrals. using grephite - semple mix and Cu as internal standard ' of sample in 15 minutes.
Canada. Algo used for analytical control for bauxite anclysis. For acnalysis of other clements, = ' Does not include sample
(Dr. Lemicux) of materials required for alum- graphite - sample mix and buffor used, with Al 2s imternal , preparation time.
inivm production. Analysis for standnrd, Uscd syanth.tic stancerds to determine calibra- ‘
13 major and minor elements. tion curves, optical backgrouncs, reproducibtility and g
29 eznalytical lines sct. limite of detoction. Preoeision for individual areings z
|

" " Corning Glass Works, i
Corning, New York.
(Mr. Close)

3 m. Hilger Pilkington Bros Ltd, Study of raw materinls requirced D.C. are Fech@ique, cathode layer oxci?ation. Obtaingd W?th sample'proparation
Polychrometor. St. Helerns, England. for glass manufocture, and of . good sensitivity end fair reproducibility, and, provided timc, 10 major and
(Mr. Ward) glasscs, sands and alumino- i gtriet control of slit widths and instrument temperature ; minor elemcnts determined
silicate rcfractories. . mainteined, proven photogrephic mcthods can be applied . within 2% of amount
t dircetly to direct rcader. lMethod based on Inncs (1958). . present in 40 minutcs.
. i
" " T@uﬂmdim1GLms ! i
(Installation Manufacturers, Sydrey. | |
plenncd) f(Dr. Draycott) ; f
1 Y 1
" " gBritish Ceramic Rescarch | inalysis of high silica matcrials,% Spark.excitatiO@ of solutions or briqgotted fusions, uging
(Recently tAssociation, Stoke~—on- I slumigo—silicatos, 'igh alumina I a scmlquagtitat1VC mc@hod (bgscq 02 Tlngl? -nd Matocha,
instelled) : Trent, England. i matcrials, chrome bearing orcs, f 1958);.sg1tablo_for wide varicty of matcricls. Found |
z i (Dr. Astbury) grefractories and pottery glazes. | secnsitivity ef instrumcnt to be 10 times greater than that

of thc fastest photographic plate.

i
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TLBLE 1 (Continucd) DIRECT READING OPTICAL SPECTRCGRLPHS EMPLOYED CN SILICATE LNALYSIS

Instrument Location i Lpplication Inalytical Method fnglytical Spced
L.R.L. Quantometer Bolidens Gruvaktiebolag, lnalysis of ore dressing products, { Spark excitgtiop employing tape.machine. Methods invo}vo Complete analysis of
Skelleftechamn, Sweden. concentrates, ores, rocks and (1) homogonization of samplcs with buffer or (2) solution slags by fusion tech-
(Dr. Danielsson) slag and slso of geochemical proccdure with internal standerd added using ion exchange nigue in about 10
i.e. Bolidens Mining samples, soils and peats. Uscd proccdurc to reduce sample to common chemical and structural minutes.
Company . also in production control of state before final powdcring and homogenization or (3) fusion
mining plent processcs. Deter- technique with uffor and internal standard added, guenching
minations are for 12 major, and homogenization. Prccision cxcellent, accuracy good,
minor and *race elements. 4t though accuracy not crucial congideration.
least 16 analytical lincs sct.

Hilger & Watts inglo-fmerican Corporotion,! Geological prospccting samples, D.C. arc method, anode excitation for sct time, of weighed

344 m. Ebert Central Metallurgical especially hcavy mineral concen- powdered rock sample - graphite mix after homogenizing.

(with D.R. Laboratory, Johanncsburg, trates from panned scil samples, ' %

attachment) South Africa. analysed for tracc clemcnts. §
(Recently installed) Lincs sct for 15 trace and 3

major elements. ;

R.C.I. Lir COptical

N 4 United States Geologicel Mincral and rock analyses for C.C., arc method, anode excitation employing Stallwood jet )
(Rigigtiomineiall a) Survey, Denver, Colorado. | minor and tracc elements. (/0 mixture) and magnetic rotation of arc. Methods !
- s R E € (Mr. Myers) Currently programmed for 22 described in U3SGS Bull. 1084 - I indicate rock powder
Jarrell-Lsh 3.4 m. elements, expand to 40 clenments mixes with graphite and silica used, but with carbon lines

Ebert (with D.R. Washington, D.C.

. \ in 12 months and add computer for internal standard.
attachment). P .
. sltage, J
r , , - .
LiaRoLe Quantometer | Geologicel Survey of | inelysis of materials for geo- Spark cxecitation of velletized sample. Obtain good ‘with sample preparation
(Recently installed) Canada, Ottawa, Ontario. chemical problems. Employcd on precision. “time, complete 100
(br. Cameron) anelysis for major elcments but samples per man week.

: propose to develop techniques for
trace element analysis. -

3 w. Hilger Burcau of Mincral - fiock, mincral and soil analyses Plan to usc a D.C. arc mcthod, anode excitation of rock With sample preparation
Polychromator Resources, Cunberra. for majcr, minor and trace powder mixes with In as internal standard for analysis time, estimate that a
(Installation (Dr. Walkcr) ! clements, Programmed for 33 i of volatile clemente and Pd the internal standard for sample can be analysed
planned) clements, 34 analytical lincs involatile clements. for 33 elements within
b set. *% of concentrations

present in about 20 mins.

State Raw Matcrials
Laboratory, Trondheim,
Norway.

(Dr. Kvalheim)

&eR.Le Quantometer

i

§ Duplicate analysis of

L R.L. Quantometer | Michigan State University, | fnalysis of plant materials and Interrupted arc, producing spark-like condition, of solutions | sanple in 20 minutes for
Kast Lansing, Michigan. plant ash solution for 10 major, with buffer and internal standard added. ' 16 Sloment determin;tion.
(Dr. Bass) minor and tracc clements. : Doss not inelude sample
preparation time.
Eilger Poly Spek Macaulay Institute for Soil! fLnalysis for iracc clements in 1. Porous cup sp=rk excitation of solutions with intecrnal
(Miedium quartsz Research, nberdeen, gollg and plants. standard added. [nalytical conditions controlled by
spectrograph) Scotland. Determine up to 11 minor and synthetic stondards.
(Dr. Mitchell) trace elements, 2. Rotating disc triggered L.C. arc excitation of pelletized
somple with graphite - buffcr mixture and internsl standard
acded.,

Union Corbide Nuslear Co.,
O2k Ridge, Tennessec.
(Mr. King)

L RJL. Quantometer

Mallinckrodt Chemical

' Works, Uranium Division,
i Saint Charles, Missouri.
(ir. Vogzel) |

i




TABLE 2.

BURE.U OF MI}V"RAL RESOURCIS ~ POLYCHROML.TOR PROGRAIMME

Volntile Groun . Involatile Group B. _j Channcl ?rVolatile Group 4. Involatile Group B.
Elcment | Line | Order Concontration rangc l Mement | Linc § Order | Concentration range Revi, { 1 2 3 4
1
In 4101 # 1st b pa 3214 1st Stancard In Li Pd Be
Bi 3067 | 2nd {1 - 1,00C pepome Fo 3048 § 1=t {2,000 - 25G,0C0 , Bi Ga Fe La
PeDPsls Crannecls
ig 3382 | 1st §1 - 1,000 pepems al 257151 1st | 5,000 - 200’020p " ol Ha 21 Sp
J_. - L] -

Li 3232 | 2nd f1 - 5,000 pep.m. Be 23481 2n1l |1 - 500 pepeile

6706 1st1 La 4333 1st |1 = 500 pepDeme Tlcnent Pb K Mg Ca
Ga 2943 | 1st |1 - 500 p.pem. Sr 46071 1st |1 = 5,000 pepems Channols Zn Fb Cr Bz
v 3683 1 2nd |5 - 1C,000 pepeme Mg 27801 1st |[500 - 250,000 pep.m 73 Cs Co Ti
Na 5688 | 1st | 500 = 50,000 Depems Cr 42541 2nd |1 = 10,000 peDema P Cu Ni B
Zn 2138 | 1st {25 - 10,000 ».D.m. Co 34531 1st {1 - 5,000 psp.r. Ge Cu v Sc

1
Tl 3775 1 1st j1 - 500 pepeme Ki 3414 2nd |1 = 10,000 pepelie * Sn Mn Zr
P 2534 | 1st } 500 - 320,0CC p.s.m. v 4379 | 1st |1 - 5,000 Hepere i * Mo x
Ge 2651 1st §1 - 1,000 pemem. Mn 4034 15t 100 = 50,000 Depeme
K 4044 | 2nd 1100 = 50,C00 pepnent Mo 31701 1st |1 = 500 Deieine * Sparc channels for duplicating
£ Ca 442 1st a2 — 300.00C ©.Dame or trinlicating any channel

6939 | s 4422 3 il within the volctile grou.
Rb 4202 | 2nd |1 - 5,0C0 Depoite Bz 4934 1 1st |1 - 5,000 Dep.n.

7800 | 1st Ti 32421 1st | 10C = 50,0C5 pepem. x Sparz channel for duplicating

= chonnel within the

Cs 2555 | 1st [1 = 500 pepem. B 2498 | 2nd |1 - 1,000 pepeins el v P

8521 | 1=t Sc 4246 | 1st |1 - 500 peDdem.
Cu 3274 | 1st |1 = 500 pepem. Zr 34381 2nd |1 = 1,0CC DeDelie

2824 | 2nd }5CC - 1C,0C0 pepem.
Srl 2840 181; 5 ek 10,0C’O p.p.m.

Exit slits sct 21 Exit slits sct 19

Photormltiplicrs sct 18

Chenncls

20

Photomultipliers set 19
Channels

20
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