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SUMMARY. 

A totfal of 25. samples were rece'ived arid examined by induced 
~lectron 'emi$'s'ion" spectroscopy (also known as EscAl~ .. ·Included·. 

were. dried,lung·tisstie.f;omminers, coal dust~.from pe~nsylvania 
' . . .• '• . . ' ... . . .. ' . ... . . 

....... an~LUta~ i .. dif.fererit miil,erals containing s'1<)2, a cement powder, . 

. i11CI •. i:»o~~~~-.-ffi~e~s\·Whl~h had been us~d .. to :t~ap dust particles •.. · 

···. ·. Ele~Qtai .. tdentifi~~tl~~. ~~d ~~ti~at~d--~~ight. ~~entages· ~ere 
.. _dete'fmf~~CI:i~r .~~~~~ s~~l~s~ ·' ., .. ;'/ . . . · · 

. Meilsurem~n1:s o; the binding energies: ~f· ~~~ Si(ip) and ~i(2s) 
.. : ·. '· . ·";·',',','·:_ · ... ·.: ·;· .~ :.'· : ·.·_;;,:.'': .. :_ ,.::·.;,: :·.".''::'i·~··: .. ::,:,· '",'.!<::~.-.. :,"_.··: -~ ;:.r .-·.·:: '•. ': • . 'I··· 

levels c::jf the -Si02-con.t:airiing m~nerals wer~ made. to see .if there 
··•·• .·were· stgnfficant·.•btridirig<::eriergj<di:fterences>betWee~ .•• these min~ •.. · . 

erals. : ... N'O. ~x~r;imenta~ly signific~rit dJ~fe~~rices were observed. 

A 'tablilati·oil of detectiC)n ·limits for our current spectrQmeter 
.... was prepared. These iilllits ·-were· determined for • 

a s~cifie se,t of oper~ting ·conditions and cari be :reduc~d,by 
employing longer total scan tiines •. ·. ·. 

· .. · . . .. ·· . ' .. -· -. 

problemsconcern~dwithinduced electron emission spec-

.... 5:~;=r~~s~~=!::=:~:r::~~f:E~~=t~::~::::·::~:~le 
. ' :;to imp~~vf!<th~ q~alf:t~ <o:f ·. inducecit!tect~~n elaission spe~tral 

to 
.;_-.· 
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I. . INTRODUCTION 

The purpose of the work supported by Con~ra:~t No. HSM-099~11;.;54 
, _,:·-~·: .. -·:~-~,. .. ;,;;r :. ; ,·.~·: ./:'· ~·," ·~· ·\ ·_:.··::·: ·:·" ... · .. ' · . .-·,· .. :····:, · ·· .·;·o·;.·,.\ _.,·:, .... :; ··o~i~.·-~,.,,,.,.,· 

was to evaluate th'e usefulne'ss of induced electron' 'emission' 

. spectrosco'py (IEE): also known as ·E.SCA, o~ ~1ectron s~cfr~s~ 
. ,·. . . . . . . . . ' .·. . 

copy. for chemical .. analysis, ·.··to problems ~ypical ·Of th()se' handled 

. ;f~;f.~~~~~f~2~~S~s:,~~~e;~!~r~:~~~J~~:;;,~!~~tt~~~t;~t~k · · · 
·· ··. on:' &..·;maximum .of·.· forty·salliples.prepared~.and :supplied· :by. th~ · 

.,._,.· ··:":.·:·.:·.:-,·:-~r::•.,-.:·. 1 • 1 :'.: • • .. ·::~::- . .'· '· .;': .. ·.( .-~.<··: ·! :·;_•:· "'/.: ·,~'· -; ·;:---~·-· .u·'·,. ,: 

·. Na tiorial Institute of Occup~tional .Safety, and Heajt·~h,: Cinciimati., .. 
.'.·' >. .,:·:.· :· , :. "· . ·' .. ·: . •·. ... i I, ' .. ',:· .. ,, ', 

.. ··.; _ _..... , .. 

,., .. , . : ·. . .,·. · .. ' r • • • 

\ .r ':"'· 

An • ind~ced :electron emission spec tr~met'er Dl'easu~~s . the binding 

• ijJi~':fgies'o:f the inner. shei.l. electroris of all elements except . 
.. , .: .,:-~.'~::' ,, ... ,: . '<·\···. ·. · .. ~ ·. · .. ,· •l · •• ·' . •.. . • ., ' . . .· .· ' .... '· 

hydrogen~ A sample is irradiated wi:th sof.t x~rays, '<typically ~· 

the Kd..i'; 2 l:l.lle~ of aluminum.>which have an·. energy. • of. l486 .elec­

tron· ~olts~ 'The absorpt'ioli ·of these x~rays· b~ elements in a 

.. ·. stunple cause&phot~le~tr()n~_ t6 be. ejected •. ~The kinetic energy. 

of an :~jected:.photC>elilctron 'is equal tc» the difference. ·betwE!en 

···the ·X~r~y e~er~~'ahd theibindili'gen~rg~·of:the.eject.ed ele~tron. 

ln'·· .its; element. ''•:.A .measuremt:mt·of .the•· kinetic·· ener'gy.· of the 

<. ej~c:ted el~ct~Oil, W.ith'·a·suft.able.corre~tion··:f()r w()rk function, 

. illo~s the biildin'g energy bf· that:p~r_t:i~ulilr· pho:tael~ctron to: 

.. · ,:· · .. ' j;~ .•. de termirlecl·.: .< Tii~'. ~umber ~()f: ph.~to~~~~:trons 'J)rOdu;ced per seco'nd. 

amount 



. '.Y. 

:·:r· ,.:· 
greate'r.have a• htgh· probabll~ty •. of 
r~~~~t~ :i~ a: ~~s·~ of · · 

:-{·'1. 

:,;,,. 
•' ,. 

Result~· have .. be~;h: (,ht~lhed·~~ 2'5 s~pie~: submi~ted: and are 
·~· ···.·,~··.:' o o l,, '•'•''' I 0 I II,,·,; ~~ ,' ' I~ ,o~: ' I lj: '• ' • 

dis~uss~d below.. In addition/ the:;result·s of . particular ex-
•• • • ·• ~- ·,· •• ~ ·

1
: ,···;i.~:·): .... ~' ... :: ·,·\' ...... ~·.~.'·:-l_:~·:./·Yr::·::~ .. ,::.-_,>·~ .. :_:.~),:.~.,.·:.;:.'._.~: .-..: '/~.:<:::::.~··,;/ .. :_:·<;_:··~ . : 

perimen ts with some of these samples~ ' and results from some 
·.·experiments of:otir.··c)~~.·~~~·.An~·iudeci •. i Th~~-~;:iddi~i.onat · .. r~~ui ts 
.•. ~~cl:''4~~a· ar~· ·~~~~···as···:~~·~~pl~·~·ill··,fhe·:·: di~ciJ~-f~~ .of. ·particular 
. chara~teristi~s of lEE ~pect;~l d~t~~· . ·' .·, . . · .. · 

:•.· ', 

·..,,_ 

t';:_. 

· ...... 

'.·; 

.:,•:. ·· .. ~-. ' 

·.· . 
. , .. · 



. \.· .... ·.' .. 

I • • • 

· .. ·'·I·,·· 

.•. : ... A Varian.' Assoc_ia tes n10del ·JEE,;,;l5 :btdticed. el~c:~f~n emission spec- . 
. ·.. troin~ter.' :wa~ :u!!3eci .tbi, hbt.aill ail: .. experimental r~suits· •. The, x~ray 

. :~ourc.e ~i.s.~t•:,(!ircular aiu~fn~m ario~e 'w.hlch· w'as\operated: at: an 
, anod~ ;p<)t~ntiai .()f 10 K;V .. ari~·-an anode~ curren.tio:f: 60 ma. : A· 4K 

· Vart~n· 626f comp~te~"was used\w:(tb,>the~.standard Varian. 4K.. lEE 
progra:m: to. ~on,trol .s~.ctr,Qme~er. paramet~rs and .co,:Hect ·spectral 
d.ata~ ::· . . ,... · . · · ' 
.. '.,•. 

. ' . . ",' 
' ' •. ; ... ; -~ ;3 .. ·: .... :.~.: 

. s.E!ver~:J,: spectrome:t~r ni;:,dff,ic_a,tions :were suppiied by Var.ian. ariel . 
,'·. insta,l,J~d in .th~· spe~tr9ine~~r .. , during···the :period. ~f this.·contract • 
.. ·Of these;. the o_ne of•,n1ajo~·:: .im~ortance, to· the resuits ::was the 

. instailation o:f a thinn~r. shleid between the X;;;.ray region and 
•·· · .. :the \,sa,mpl~. _ This .f~s:Ufted\ ·in an increase :::in )t;;;.:rai: fiux to· the .... 

... . :::i:·• ~!::~:::~~t:t~i~:::s:;:r:;.f~:t!:i~c~~:.,i:.:~::::ed 
. appi~ed;,:tp th~; f~w. ~a~ly, sainples·,_run, be:for~ .t;his change, was .mad~, 



I' 
I 

'i • '

1 covered the btnciingerie~gy.;angei ~£:!0. to. noo electron voi ts. 

Since t~e spec'trom~ter' c~n sea~ ~ril~ a 100 volt segment at a 
desired 

desirabte eff~ct' ~'i' dtiubling th~ ~hsJ~~~tion time' for each 
• ' ' ' ,"• I ·,, • •'' 

point of data obtained·and thus: improves the signal-to-noise 
·• ~· ~~tio:. without increasing the· totaf !sc·ari~ililf·'time ~ .. Under these 
'.y' ,condftio~s :the spectl.;ome·ter' acdiinulates. information' for a total 

'of· ;s~o seconds for each of the >1oo: channels_.: 
'•-:'' 

Narrow: scans of·' 20'<ele~'tr~~.;:.~~l:t widths· were'· run at a scan time 
of·· ro secontt~:,ilnd: so::<s~~n~:: ~tire"'acc\unu·lated 'tn:roo~ chaiinels. 

···.····:n:::~:::~:~c:::~:~~ni: i::, :==~~::~!~;s=:.t:~::t:: .. :~ans 
and permit 
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. had prepared .'a· tabulation :by bindin~ energy .of .iall levels of 

. all eleme~.ts in. the range of 10 to 1100. ev. from Siegbahn's 
. . 

data. Although very useflilii the data .in the tabulation do 
, ; ·.not. alwa~s;,agre~ .. with values observed .on our .spectrome.te:r:, 

For·:.an ele..e!lt: sufh as\rii trogeri a range· of binding ·:erl~rgies · ·· 
· from appro*imately. 395;.\·.e~ to 410 ev · is>:.more •· i:P~r~p~iate .than.· 

the si~gle value .·9f 399 ev from Siegbahn! s table. 

:Two' sou;c~~ of li~eEI o.ther than direct .. photoelectron levels 
.. are (1) sateiHte/··lirieEI· from the A1Ka:3 ,._ :x-ra~ line· of the 
. sdurce and ··(2) Augerilines. The satellite lines appear because 
·•the.X-::"ray source:<produces its principal radiation ~fAiKa.t~ 2 
. at 1486, ev and a secondary radiation, 1;h,e A1Ka. 3 i 4 ,. of ap-

. pro~imately. gne tenth the intensi~y ,of the primary rad~ation. 
at ari energy of ,.1496 ev.. Thus, all.intense pllotoelec 1:ron lines 
will b~ .. accompa~ied.by .a less-intense line (0.075 times. the 
main.line· intensity) .. at .a .bfnd:i.ng·energy ·lO.·volts.lower. in•·. ·· 

'' ) ·. . ' ' 

energ)' •. ' 
.. ·.,· 

The Auger l:i.ne.s. ~re . produced throUgh interrtal conversion of 
·ehergy within ari atom which has already .l.ost a photoelec'tr()n. 
The<vacancy ·.l~:ft by· the elilitted.pliotoelectron is filleci:by,. a ' 
·higher ··l.evel';eiectron in·: ... the .aiom •• ·, A~;~this e~e~tron•:dr~ps .to .. 
· ·the·••.vacancy it ~~~ses>~ll~rgy · •• either: tl1rough .the ·e~tllalion .of'·. an 

.x-ray ·· ( ~~~ay:fiuorescence l ,:or •..• thr9'lgh··:·th~··· ejec tion.•· of •. ano~her 
e:fectron·:fro~,.1:he .atom. ;sucll a.i.e:iectroti:·is·.an·Aligttr·.e.lectron. 
The ,,Auger.· ... i~iieJ.s: that we. have. ob~erv~d hiLve all' •))~!~ :lllu~h lea~ .• 

:. . ·intense·• and u~ually broader. than ;the primary phot~lect~~~. ;_ ... · .. · 

· .• A#:\elf:c~~ii~ll ·:~<f:~his,;~s,th••.·Aug~t:.i~n~:•>bt~:socl'~ll~ ••. a·~ •:'-:bJndj.~g· .: · . 
e~ergy o£ ...• 498 tlvwhich~ t~:,retativel·y .. in1;f3nse ·.·.and··-llarp'~i~ IIC,w~ 

.. ·. ·••······ !~~~=:te~.=.·lfl:, •• i •. :t .. ·.e-::~!~m~~~~,~~i~:;~~r::~t::~~~!~:~~!n!:o· :f:.y.· ·.·.· ·.·· 

' milllsini ·. b$~a.~je;' .~~e .·k:lnetic .. 
_.· .. :·. 

./.:.·::._(: 



~-n::t.=:.'ta::ti'V"ec ~ ~- oase:dL.om. ~ ~: ~ ~"ll!d'.. 
~' ~ ae=cmc'fef cttsmts;;::faiF ·af; qpa-<1.t.iJ:a:;t:;f'.U.e:;- a:Jia'iE:Jl'L;-;f:"a;T ~m:fu: -~ 

izm:'T'wiil!;!r <ISE' ~fili!'x;. A1· ar· ~· ~·YEI!; .• ~. 
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III. RESULTS. 
,..,, 

In<luced electron emission ,spectr.-. and artalytical· results have 
been obtained for the 26 samples· subliii tte.d. · For reference 
purposes, the sample numbers and sample descriptions are tab-
ula ted in Tab.le I. · · 

Table II giv~s sen:si tivi ty data for 33 elements. Among these 
are the more commcn1ly found elements and include a good r'ange 
of sensitivities. The est;imateddetec.tion limits are based 
on the assumption that a line'of 25 counts per second can'be 
observed above the ·noise. Admittedly,. thi'(f may be somewhat 
!lPtimistic for some<elements~ · We must: also assume that a· 
narrow sca11 ·of 20 volts width is' run for· at •1east 50 s~ans at 
a scan time of 10 seconds with 100 channels for data storage. 
The sensiti'\l'i ty can be incr~ased by increasing the observation 
time. · Signal-toL·no.fse increases as the square root of the 

. . 

observation. time. 

T'\VO entries are given for· copper in Table .. II. The sensitiv:lty 
for a metal.lic copper surta~e 1is'~in1ch gfo$ater than that ~bserved 
f~r ~opPE!r tn a·: compound~ ..... 111 tact, the c6p~;: count rat~ for· 
a really ~lea:~· c~ppe~ ~u;f.ac~ is prob~bly •. consi.d~rably higher 

th,an the value shown in the tab~~. w~ h~~~ no: explanattoll for 
these observations. · ·· · ·· · ·' : 
.. -' . . . . ·--~'-\' .. :-.:~~-- ·, ·:-~ (:.> .. _:: .:· :·. 

The sen~l~.i~;fti ~l'ven for iro~; ·~e, ~houi(i be considered. as 
. . . . :. . . :, •. ; : :, . : . ' . ' ~ ~-,' . ' . ~ I ' . ' ·;. : 

· only a. very. rough estimate.· ln the lilpectral region used to 
observe iron,. two nor~al lines occur at approximately715·and 

. Howe ~~:r ; . : f:or' so.ic/\t~ri ·:~Rtta~l~~ ., ;h~~e~:~ i¥#'~ : b~~o;n~ .. 



'\; 
. ! : 

t ·:!. 
i .;).·' 

:• 

~ ... Description of Samples ~ceived,;,; .. 
' ;. J I; ' ' ··- • '"·:.··.·,:.:.<;~:..:":; ~~:·,::·,;::~+.::'.;:.~"<' .. ::~ ,. ~-.. ;' 

~=. .. . . =~=~:~t;:g~:!t:~~~r~~~!~~~~ 
1~2.•:::··Uta}l·~coal.Dust.:(Bulkl·'·.·.· .. ; '·" :; 

~= .. s~~~~~~~f.ii •. ;.·.:l· .•. ! .. ~.··. :.•··~·············.1~·:···:.r.! .•.. -: .. kk .. 

2

1 ...•.•. f.·······~·,6, i .. :.;gg·.' .. ' ~ , l.QO&·; ,,.;Utah: Cp&.l Dus~ on· .. . . . . . . 
. 1007.: Utah Coal Dust on .. Filter.:·126-0~~.ljag1 . 

l.QQS · ; ,~n~~yivania· C91.'1 ·~.···.·.··.· s
8
······.·:tt;.:: .. ~: .••.• ~o ..•.. nn •. :.;~.•.-·.F.F ••... · .. :i1~t1 .•..•..... tt·. ee: ...•••. rr·····.··.'- ... ·

1
1• .. ··()3:-.. :

1
1•·.• .. •·.o~ ... 

2
5.· · ..... ••· gg 1009 ~nnsylvania;;,~oa}. uu. . . . il!" .·· 

·1010· . ·~n~~y.iv&.nia .. C9~1ipg_s,~ion•.·~i1~~~~l17~0 •. ,9· mg .. 

. iC,ii . · 1:rtdyj.i1:~.$mtlle~Jc . frp~·IQllar·1:Z\ ... , .. 
1()12 . .• Crt.stob.~U te~Sy~tlletit.::· .$·:1.()~,. } ; :: 

. 10:1.3. . ·. Kao(in 

1o1• .. QUartz:~lOJJ·: •. 
. t~:l:~ · . . . Crtllatii~-Johns:• -..layttl,>4P 

C.rysatile•Johns;cllanv.fl.ie 4i>'. :(Gf~~~d-:'a.t LHat;teap~>···. 

1011 .·· . ~;~;~;3:;;!~~;~;;~;;~~!, ~,;,~;e•, ;~~~:;' ~.~n OK ide-
. 1~18 ' ··. Fil~er lS~Asbesto&;o~:;si.llg · · · ··· · ... · 

·········,·:i~~· .. ·.· .···y·T:~·~~ii,~.···.~¥+.~r~~~~,-.£~.~¥t~~J:Ji~~.;~9,~.~~·;i·~~· ... ·.::;,.,:;.~·· .. 
. . . .,.~i~.~~or; .. x-~ ·.~·".'~~.~.:·r:.~ .. !~:t·'·''~~" .... ~:;.-,~.~"! .. !1· Ill ... :.·.~.,;;..,: io2r . 

. .. ; '-.~·:_~;:~ .. ' . . ... . : "' ·~ 

' i622'' . 

·: ; . :~·~· 

1016 
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.ith the n~es't Variall IEE spectrometer, all scanning times 
are .:iecl~~~·d ·b~ { f~~to~>c;~ ~~o~t :lo~ . · Rescallriirig ·of in~iviciual 
lili~~· ',is not req\lt;ed; any c:l~'sired portion i~f J~ i~de scin call 

', be··'expanded,, displayed a,nd .plotted. . ,. 
i':-··: 

\.·. 
'•c ' ' 

~ . : : 

. B~ ·'.· . ~ . 

All induced electron emission spectrometer provides two types 
.. •·. ·of information, :l)ii1dillg. energies for· qJ~l:i.tative: ·identification, 
, ., ' , ' • •' • • ." ', . . • ,. I ,•', ;'·t", 

' ::and photOelectron counts 'J)E!r second fo~ quantftative deterDii;;., 
. riai:f'ions• An evaluation '()f,a\partic~l~r··spectl~~~e'ter should 

···~:;!Z7~:.·:::::,~·r::,.h1o2~ltt~~:~~::~:;!~!:O::::~uee 
sample preparation probleui& Diust .be elimiliatec:l::&s ·much as pos­
'slble. · We lla:Ve,·chosen cyl~nciers. ()f Teflon®,· mig~ineci: to clean 
~he surface befo~e analysis, as a .:standard ~a:~pie to :~h~ck our ' 

' ' 

spectrometer •. '·~. . 

'··;_;··. 
·: ··, 

. . ," ,' •.'. ·.· ..... .'.,'.' . ,t 

Table III gives the bindin'g ~n~;gy measureme~t·s· for c~rboJ'::; 
.·.·. and. fluorine obtained fdr ''a number' ·~~. ~t~nd'arcl.~eflon~·~uns. 

,, 

·. :Also· inclu'ded .~~e:.:the .ob~erved net. counts ;:per second,. (~imum 
counts per ,secc;nd - .minimum counts per seconcll·.fd~ ~a~~~n·•and 

Th~·:~~xi~~~· .• ~pread' of.· bind.ing 'energ:l:~~· fo~".~~·th • .· 
fl.tibt,ine;;,is ,()~S ev. Measured binding energy:.sbiftEi .. 
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. de{ riot as yet have adequate data. tb verify that 'our measured 
bincl:lng energies B.re ~~~~re constant with ~his change incorporated. 

Tli4!' coullts ~er sectinci' for ca:r;b~n and: :fiu~rtne given· ill Table 
III are typi~·ai of ,sensitlv~/ty''va~iations observed at that 
tille. No attiipt':\Vis made to optimize the reproducibility· of. 
the siM!ctr()~eter:: ':Repi-oduc'ibi,lfty for tile same sample' for 
runs made during ~ day a;e/better. , Table IV gives the maximum, 

' :. .. ., ... : ··. /. : .. ' ' ·. . .. , . . . ··, ./. :·.,. . ' .. , .l:' - .:... . . : ' ' ~- . . ' . - . . . 
minimum, and net counts per se'cond observed for five successive 
fun~ wfth:l.n olie hour Of· ·the iibc region Of '·sample. no. 1022. . 

.· :+lle:~max:i.'mum spre·aci is o3o ·c6unts J)e·r ·~~cond, or 2.1% ''of tile 
largest net ~ou.rit •. ·T~ese ~cans \ver~ ptdtted and··are shown in 

··.:Fi~;·;·i:· ..•. The ·.agre~~nt b~t~een<tile''j)inding eliergi~s of the 
· >C~aks·:·fs 4uit~g6oa~· ··· · ··.· ···· · · · 

Table IV 

Scans/o:t zn from Sample No •.. 1022 

.... ··Maximum / 
counts/sec' 

37,94~ ~· 
38·; 280 . .. '13, 57 .•. , 
'3~,244 •·· ].3, 718 .. '· ,, 

3~_,148 . i 13'\568 
<37,&32 · ·l~:x~a';:, 
. ) ..... \: . -:··:·>'' · ... _:;.: · .. ',' "I·,·_, ·: 

: .. : ·': . ·: .. >/• 

... ,. .Net 
Counts/sec 

i24,318 

'~· ~-~()(; 
2~,49~' 

C • .~ );•:'•,~·;,:, •• .::·. :··~ • >.•.::••' ':\•~io•:" •.".'•\•."·\ {• • '• ~c • 0 0 I ''•:':::..;<:"·~';" .. ~·:;·;·.~;:~·~·:} ',,:·:~~-·~~>: '', ."•\ "•" ·'"",:., .. ·., 
··~~.~:}~;J~Y.:~:.:: .. :::':· ).::;-~t .. '!"f":;~;· r,_l. ···f:· ·::~ ,.,-.:.;::(, . --~~:'·~ .. , .·.· ... :·'=. ·,]: <·:··::~::ii:~(\~ 

·.· ,c~:'.:"'~hmiNCi:,~nllCii~'~:):·~~ ~iLiboif![ftk.\1'6~i~ · o~·.sio~·.··,· 
'··~: 
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kaolinite from the Dixie Rubber Pit at Bath, South Carolina. 
These·data are·given:in Table v. Data are entered as two 
n\u1ibers: jhe upper•:u~d~rllried ~ullbe~ is, the :observed binding 
ene~gy iri::~iec'tron volts:' vihil~ thi number illllilediately below 

' , : • • • , • ; • • ' 'r " ' • i . · : ' . , :: . . ~ ~ ' ·, , ; : 1 ,', , , ": ' '' ' ' ' '.' : • ':; ' • • ' ' • • ; 

is the.net count.s·per second for the observed· line. Samples 
lOll th'rough 101~ show no large,change.in_the binding energies 
of either, the. Si(2p) or the .Si(2s) levels. 

. . :~: :', .: . ,, ': ·.: ... . ... . . ' .. . . '. 

The silic~ri ·resul~s: for sample~>lol5~ u)H; a~C:t the API: stan- .·· . 
darcllcllolini te appe1u . .to be substa~tlally diffe~ent. However, 
if a correction ;;for change in sample surface charge effect is 
applfEU~ Using. :286. 3_ ev as. a re,ference · ca*bon ib'i~ding energy, 
then th~ Sf( 2p) ~ ~esul:ts for s~ples. -jon: thro4gh lOlE; and . 
API .kaolini te··-~ecomes: 

1P11 
·. 1012 

'iol3 _. 
•.1014•·. 

1()15 

1016 
' . -' 

Kaolinite . · · 

. .".' .. 

·, 

Si(2p) = 104·' 7. ev 
.>.':~:: ·.: .... 

· 105.1. ev 
: 1o4~~ ev 
104.'7 ev 
104~ 5 Erv 

lo4.6 ev . '• . . ~ . 

104-~·o·ev 

. )· 

·-··· AlthoJ~~ tlie .si(2p):::_bin~:i.ng ·ene~gY f~f.k~~li~·:l.t~;J&S lower· .1:han . . ' _-_·· ·.. . _'; _, ' .... ·, ;': . . : ... -' ... _. ,. _:_." . ~\ -. . . . ' . . '': .'. ,:.:, '., '_· . <. ", : .'• . . . . '. ·.'. · .. ' 
i the citti'~r yalu'es: by mor~ than expec t~cf experiJilental accuracy t 

,: addit"ton~l,~Ork·.,~Ould be' req~ired to.:; pr~V'~.-- th~t·::.this di:ffert!~ce 
. <··::· ... -.·· :: _.'~. ,. :.:.:·_: ~:./~~: >> ' --<·· ': . .-·.. > ··. ·:·· ....... : · ... : __ .:·:-. _:. ,/:' ,_ :.~,, .. ~: .. ·''):"·.: .. ;:<,.·.' :- · .. ; . ~--~-~-- '·-... ·:. ~:.' ' : ... :- . . .. ·:·. 

· .... is reah ·.The/;value'of 105~1 ~v.·: forilOl~,,Cristobalite. also:·· ... · 

· ::rrzm~~t~~=t~~:~!{~:E1~~~i~s:~~:i~~:!~:;;7··· 
.standard 'k:~ortllite showed .. a gooCI:.~aluminliar lille{" 

' . • ... ,;. . . . • .. I 

. . ! ~:bl~ ~I giv.;~ . cilL ~tRi~d f4 sil;~~qn ·~li gf~nds .• w~.#~ B .. ~fe . 
t'enria •. d~~~:::~tst N~. · 1.;.: · A &·ja:~l bilt 'liigrtificant · 



· ... ·. 

~~!~ample 
·NO,; 

·, :.~' Tabl~ V . :"_ ~: 
''!. 

',·.'it,·, 

~J,e~tr~l Datil ,for a Series· C)f. Sillcatea 
'<"'. ' ,.,.. •,:· .·l':-' 

."·,;';.··· 

.•,;·; 'r·'·· 
: ' ~ .. ' . . 

' ld \.·-. 

... Description· ... 
. ~ 'Ji ''\:,·,: .• ~ ·'' :-\:_·, ·:·.,_-::--·· 

·'l'ri~)'~\lt~~ SyJl~h~_tlc 
fro~ Qua;r:tz; ... ·· · · · 
· .. , .. f · .. -.:::.~~-;>._.·.-_.:.:.>.~: .. >~--<~:-- .·.:. (:'_(': ~-::: ·.. . . '. '· 

·C:ris:t;pballte-sy~thetic. s.101 , . • ·:· ... <,;,:. •. . · ..• 

·.-.·:·/~~' ·' . r.;(,:~) .. ~y: •_."·,·< 

!J;:· 
,,~ 

. -~ . 

··:·.:.• 
'--: :~. ·;: 

.~~~~---=~~...--~ ... 
~~~~ , '~oxypn · 

;,-. 

. . cirbon' 



ido3~Penn~ · ~o~1· bust l•i<a) •···. 
. ., . .. ~ ,.,. ' . ~ ' . . " 

,'i·~' ; , . ,".<, 'I' 

";:~.· .· I ; . 
1,;.;,., .. ·· :,:r,: 

··.· 9.:9 '<Yit~CJ,t~!·st.~h~ii"te :·.ClOl~)· 
in> ,Penna coaL:Dust (1003) · .. ·:·:>·~::\.~: (;·:·; .. ··~: "/·~f-:· •·; ·:··, . ' .-~: ... , 

·. ·.· .. · .. ··.iq:~l{~i·,,~,k~o~~n(te· ·{A~t. sfdl .. 
· in' :Penna:· coal' ·nus t (1003) 

:•;::. ·. '.:~-/lJ''/.' :· ·:\· ~ ,· :· 
<J~;J~·': '·· .·.,,~·, 

101~·.5 ev 
. 163· .. · 

., ' ':· ;_:: 

. .... · 
.'\ 

. . ' . ' . 

· 3 ··w~,,% 

.. ·.· .. ' ..... 

'l1<wt.,%1, 
·.; · . 

. ', .• 

·, :: 
... 

. . ··:,··. 

53o;? ~v' 
1,51~ 

··.' 

...~ ·. 
,,·_' 

.. ·"'. ·,,.• 

·: ... ., 

·· .. :. 



:' 

r 
j 

. . . 
line was observed a:t a binding energy o£.100;.8 ev for the Si(2p) 

level in the coa,l ·sample .. If _the ·c~rbon li.n~·is ag~in used as 

~ reference to corr~t fo~ surface change. t!i!ect, •as above. 
then. the corrected si.(2pl·. bindfrtg eri~rgy: ~e¢9me~ 1()()~ ~- + 3. 9 

104.7. ev:, in reason~lHe··ab-~eratm't wlth>th~ 8{(2~) binding energies 

reported for samples 1011 through '1014. <Note that. in this run 

of 180 scans, the minimum detectable peak 15, c~rtainly lower 

than the 2~ couri.ts ~r secondo~:~ed t() caJ.~~la'i~ ·:th~ data' of 
Table II. ·.. :.~ ·: 

The three blencis' reported in Table. VI were designed ·to show the 

effects Of mixi~~ material~ of diff~rent eJect~if!Al;•c:()~ductivity. 
S),ec tra. of the; silicon regiori of' ~a.aipie rio. i:c)(}~(;·~nn,a coal 

dust' the blentl6f 9. g' wt.% crlstob~li t~ 'i'n ~rtha ~~a.f· and the 

Qlend ()f 10. i· ~t .% k~otinite '(API) :in Penti~ cC>ai. 3:~~-:_shown as 
_A, B; an~ C, resJ)ectively, in Figure 2. These run.S:-.were made 

from· new· samples:afte:r the basic data. runs reported?in>Ta:ble VI, . . : . ' .. -~~.:.:,,' .. :- ·_, . . . . . ~ . " .. '· ' .. ·,:,t~:~- .· . 

and may . differ somewhat: . The decreaE;e of ,;tile · bir:t~iilg energy of 

Si.(2p) ;ith ~hrlr~asing concen~i.atio~:,of. tiii.; co~i .:a~~t·:P~~bably 
results from J~cteas ~ng condtictivi ty 'of the 'ini:Xt~re~ :With a 
result ill~ decr~ase. in . sufface .· charg~. ·· we.· have observEtci similar 

results ~n :milt*Q,fes .. of inorganic salts with ~~ph:i.te. ~.These 
data ···illustrate :the . . need for. a'.rel~abi~ intern:il. standard when 

determining ac¢utate. bi~~fng :e;e~~i¢,s~ .. ~~foit~~~t~i;..··,o~ygen 
and t:arb~n s~a~~:;;e~e ~.-ll~i:;, ~~- Jn .t~~~~ ~iitt&r:~~·~ ·· · ' 

__ ;-. 
·,., -·· 

··:·.''-. 
~-- . :-. ., .. 

->:-.~--.: .·.;,;~'?:'~( ~-: ~-
.::, .. . -_·:~ 

.. ' 

·of the 



·.·,.. 

ElEM. : .. 
INBE = 
INVO. : 
SWID = 

· .STIM· .. -
#SCA. 

... :-CHA' C.' ··100' 
.. :~X,Mipt. 17234 · 
··:PISEC· 9s&··· 

NET .. · P/SEC .. 
. ·. ·-' .... 
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collected on :filters plus unexposed blanks of the filters. 
Results.for sS:~ples lOll through 1016 inclusive were given 
above i~ Tabie; IIIo 

The ~~~lintng data were s~parated into separate tables .accord­
'· irig to ::fhe nathre of tbt! s~mpl~~. .Table VII contains the re-

. . ·.·, . ' . ·, .. 

sults ,c;~ theith:ree lu*g sampl~s,: Table Vlll gives the results 
for co~l arid" cement dusts, whtle, Table .. IX gi.ves the results 

' -.1 '. . . . • 

for dust,.saniples collected on Filters. Figure 3 .shows scans 
of th~ 900 ':io ioo(); ~n~Jg<),O .~0 llOo ~v r.egions' ()f sample no. 
1022 of filter ;7 with welding fumes.. These are typical of 
ttie;1oo 'volt s~gments u~ed to. obtain wide scans of the submitted 
s~mpleEJ. · ,. · ' 

J\s ex~c!ct~d, ' t~e filter biahk; (~~veril~ :1er~ actually rlri with 
identt6al'•results) contained carbon and oxygen. The· ~ppearance 
.of til~ llitrogen lirie at about 407 ev was u~expc!cte,c:t'. A\ nii:~ogen 
at tht~,.~inding energ'y is most probably from an .NOs gf,C)\.ip; ·b~t 
s0~p~; o;g~~ic -No2 .groups cannot. b.e ruled out. Since ~his line 
i~··•f,rom' the·· filt~r. ·paper ···it>• serves as 'a roUgh .indicator of ·•.··.the 
d~:t~e~· ~f filter. surfac'f:' coverage ~; th(!,;C!Jst. A .heavy.deposit 

',of dust \Yould completely co~er· t.~e' surface of the filter paper 
' and : rio 40'7 ev peak would' be observed . (unless ' of course' ' the 

·-:·· ;" . . .. ·.:- . . 

dust. its~~~ .. c.on~~·i#~d ·N(?3 . groups). 

'; •/ 'c, '.> :.-,·:' 



. .,. 



161.9''' '. 

·'·r33.1 
c; ·, 

:168.6 
'285.2 
4'oo.·2 
532.<)' 

lo7L9·'· .· 

:> is9~5 
'286:~!() 

. . .... ···: .· . 

' ' / /: :~_(),1. ~-() . 
' 532~3, 

. Si 

p 

'' · S (sulfate) 
. . ,:·· c .•' 
-·:N<amin~f-
. o·· ... 
N~·-

~(S1Jlf~:~~).' .. • . 
c. 

• ....• ·.·N(amine) .... ·. ····•t,:· .· ; 
Fe?\ 

· Na 
~ .... ~.·::/·:.: .. : 

;!:,•;,, 

124-

3'9o' 

250 
. 1790 

' 350 
. ...• ----~420·• 

i92o 

··-. __ il.o 
169 

: ' .· ,• ;,· ~ 

--~~4-··::i•)-.:; 

818 

·132 

-3~"0: 
80 

_-._: 

Estimated 
.wt,% ·- : 

;' '6··: 
. ·1s· 

·.···.·.s· 

17 
'4 

57 .. · 
8 

" . ' ~- . 
·.;·; 

6' 

''e;~~9·-

8; 
: . ; '~-'>.·:.· 

:. ''(,:' ~~ 

-a·· 
4 
1~4' 

.; .. _ <.':\1.;1, ' 
''• 19. 
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l'abl.e VIII 

Dati h~ ·coat ·alia ~Jit,:s!IIPt.e&··· 

· ~1ie f\~An'lt~~ PDrt1~cf:.~ut<·~'··.i~.P·· 

·i!li 
.1C 

'c· 

. : •··· ... ··• · > Inte~ity<. ··. EstiUt:ed · El~n1t Pea Ccl&ecl 4 

· · ·· .-rt;·~ 
· ... ',;" 

;), ·I 

·•·• :!J•D ·Cr observed .· .. , 

96<. 

'670. 

,2570 

·Su!pl.e·#:uil32-.~~·. ~t· 

. iol.o . 
··~s2:s···· 
.• 3!JB' ~d 

<.'530..;;8 

1:00.:8 

282~4 .. 

397 :brDu 

.·.·····530.·-:r. 

Ji{a.m:ne·.'if-. ~~ng)··· 
0 

i (Balk)·· 

··.·:·'·."" 

140 
·<1216 .. : .... 

2 

:'25 
1.1 

.._.•:·ll 
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Tail1e IX 
.. ,· .... -

.:·· ·· ·oat~ rrbill~oos:t :o~·r:n·fer·~ .. ·· 

·.·. ·--~itittin~· -~~i's)fci~·j 
. 101.0 .. · 283~1 

·· .. s1 
c 

... 

N(amine or r:l.ri~) 
"·.' 

397.8 
• 531.0 -·o. 
io7t.9 :Na 

· • ····:POs~ib:llity; .. ofsmal1' ttace'·:<;~·. 
. '. . 

. ' ...... ··: ... ::':· .. ··:1:· .. ··_. _;,,. __ ·' . _ .. 

. Sample #1006-Utahi'Coal Dust on 

2"83.9' 
.• ~~? .o 

.. 

2~4~s;··· ... 
39s.t···· 
4&hsf 

. 5~2:3 . 

···.:, .. ()s,.c~ 
··~2,~~·8 .. 

. _.( 

c 
N(nitrate) 

·Q_'''·· 

-N(ring) 
· N(nitrate) ·., 

\-::.\· .... __ ;· ··· ... ··.o .. • .... , ..... . 

... .. .::_ :";--.:{::;.:,'_·._ --::.-/_: . 
.. ,. si 

,: .• ;H; .. ';·.y;.c,~~.·.··· 

::• 

Peak. Intensity 
· · (c/sec) · ·· 

4500· 
•; ... ··. i27 

"'23.P<> 
74 

<.2~40'.: 
.. ···20· 

mg 

126~0-~ 61 mg 

:-. 30 

· 3140 

. 90 
. •.55() 

··• ')37~0· c' ! .. ,. 

Estimated · ··v,r,ct· ·· · 

2.5 
, ; 4-a 

1~.5 

21 . .. 
0.3 ·. 

,. 26 
.. ··4.4 . 
··,24, •.. 
· o.09 

':; 

.. 1. 5 ... 

31 

i.i. 



i: 
·.1o1.~ .· 

283.o. 
·~:.cii~o 

. -· 
532;.0 

lb27 .8 .. 

40s.8 
.· 532.5···· 

285.5 . :· ... ·· 

.. 4o7;;2··· .. 
. · . 

. '532~8 
'·· . 

. 1071.5 
·. ,;,•,'.:. 

... 

N(ni t;ratf!) .· 

0 

Zn? 
·;•"· :_,_.; 

N(nitrate) 

0 

·_224 

• .. :209o 
58. 

. Estiaated ....... ·,. 't ,, .. , 
'"' ~~-.·· 
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.Table IX 

Saaple: .. flOl~Pilter 

,:)Hndini. Enerjz(ev)' .. , ·· . ·Elea~nat .. ··. 

· .· ·<<':' ·::a88.o · ··· ··· · . ·.: ·. ·e:···· 
N(nitrate) . · ,··. ~07~0 

,· 533~0 
.>! ' ' ... ·····o··· ..... , ...... . 

··• zn . ·:·•. ·: 

1071:~7 .Na 

'~ ., 

740 
,5530 

····uio 

' ' ' 

saift~1e .fio20-P.h ter ~..:2-~ter1ent l>uet-11.84 111 
' ,I ' "'', .•·;•' 

·133t.O 

168.5 

198.8 

232.0 
','. •.' .. 

. 284.8 
,,. ·'·. 53f. 5 

- .:·:.:.:., .. 
1071.5 

< 28Eh3 · .. ·· ·· 
. .. . 

·--.o1~o. 
··532.''8' ;< 

' ' :,,:L()?l:J3 ''· ,· 

Pl.: 
·.· .. ·. S(Sulfate) 

:Cl(Cl-) 

Ta? 

c 
., .. _;· : ....... . 

. Na 

- -N(nitl"l..~e>·•' 
o·· 

· ...... 1Ha 

'75 
278 

10 
133 

1090 
-~~~~ 
2100 

' ' 

'130 

'-1'730 
'740' 

5380 

180 
. :. : ~ .,·. . . . '. :·. 

-·. sai'i•:··tio2~~rn t.~ ?:weldtns_ ~~.-3.18• •1 

2fJa'.;'i.i · ... ·•' .· · . : .c. .1420 
·:. 53~-~~--··· ' 6 .·· .40Q0. 

1350' 

··.··. 

Eetiaated 
WteJ · 

i2.' 
9 

49 
o~:8 

1.7' 

3 
6 

0.3 

Bo std. 
available 

20 
20 
12 

7 

17 
9 

48 
0.8 

14 
'36 
' .4 ' 

'75 
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. . . 

IV •. ·, VALUE :OF·--IEE TO HEALTII AND----ENVIRONMENTAL. STUDIES 
.·.·,·· 
·'. 

The rt~filul:~s .'gfv«!ll above on the submi,_tted sauip~es serve only as 

·all :ind1cator, ~nd not final proof, ·~f ·.th~ -- tyj)e 'and' quality. ot 
·-- .•. r~sults that _caui be obtailled. from an lEE spectro~eter•:· The 

stro!lg 1eature of--a~ IEEspectrolneteri~ that it,Js.seJ1sitive 

_to elem~nts:,\:in ~ v_ery th_in surfac_e layer~ 50 -t;o, 1_00 1 in ~-thick­

ness~ ., .', As ; a de tee;; tC,r of. ppm, or sm~ller ; in a~ bulk sample; it 

ias.llb~·,:¢omPefitiVe•With other_ .. te~hllfqU~$, SUCh afli. an :emi.SS~Oii 
spe_c~rosc~py. However,. if •the material of •· inter~st is .norJil8.lly 

' . 
on a surface_, :or ca11 be prepared as a surface layer, then. :lEE · 

will detect ttie.: elemental content, and give> quantitative and.·. 
. . . . ' ., '· ·- . ·.··. . . ·. : ·.:· 

chemical char~cter information -of ,the element$ p;resent. 

~he value of lEE for the study. of .dust collected on filters is 

'·that no special~-- ch~l!lit:al preparation ()r · tre~ tl!letlt of: tbe sample 

is J;'equired •... The ,.results obtained are._in. terms of weight per-

-.c~nt of an· ei~ment in. the ~ust coll~cted on- the-filter. How-. . -

ever.,<the}'.do.not give.a meas:ure of theto:taldust accumulated 

per volume .of air passed through the filter~-- That resu.lt.can 
' . '. ·. . 

be detel"Dlined from a simple weight measurement. Since only a 

SJil8.ll total, VOlUtne of dust is._requi,reci, . air- sampling time can 

-'b~' mintmize~-•. · .. 'J,'he I;EJ; $pee tro~_eter ~-~e~ cmly- a' 50._ to 100- A.· 
thlck layer, _and. there, iS JilO a_dyantage fti C()llecting more samples 

than -that. reqUired to :form a 100 1 tbick layer. · A sample volume . 

of. about 10~~,-ems is required-. to p~epare an i~E $ample .:to-a 
.ci~~th?:of, toq.,l-.. ·_ .-.-· .-...... ·· -- - -- . . : ._--

.· .. ·.,.:-. ·:· .. 

Chemi~~l--,.~o~taJiiination .. of s11rfa_~$s. is a~ .llrea ;in which_ I_EE. 

c~uld. proye.-'yrqual):l;~., · .. ·In pri.nci;pl~," a wiping technique in .·_ 

... · ~hic;:h a.·~uspec,~~dl!ll1r,fll~~t i&Lwiped .witt) a_. paper or clo:t}l o:f. 

c.o'l.lld;.t)e; used. With·--,.the co~ta•in.tion -_tr;ans-
. -, - ·~ .. 
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Ilf atf:f 6:f::'thi abb~·~· -~~licatt~n~· decre~sed·iowef llmti t's of 
d~:tect.i.~n .. a~~ .~esirabie~--- .· ·As will be discuss~<! in section v, 
;~ lire awaiting ~~]j;~ry of ~~-- tm~roved X~ray anod~. whi~h 
.-~iii:'p•·~vid~~; ~ri· i,~~*o;~¥ sig~ai+t~~n~is~ ·f~f til~ .sam~ sca~ning 
't'i:~~-~ ... ,· 
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some.cases·~ ·. Mucb.·w~rkhas b~el'l··•done .. at .th,is,laboratory .. and :· 
others to f··ind the ~universai solution 'to .this· probl.em. ·At ·. · 

. this .. :.p9int•,.; ~o,.,uniyetosaH,y .. satisfac.tory· s~lution :is· ava.ilable • 

. Cor:r~cti~n,.:fac.tt,;rs, are.deterlllined'·f~; a spe.~ific>Pr()blem. i .One 
of the ..•. s:l.mples.t; prOcedures·:ts· to·.:use, •. the., obs~rved· binding .en~ 

' < ' • • •• :;. • ~· ',.' ' •• • • ' ': :. • : • ·'· • ' • ' • • • • • : • • " • ,• ' • • • ' 

ergy:. of >~the. ~c~J:'~on ;:line'l':: .wh,ich kis:· alll,lOIIt, ~ly,.ayS;·:present as ·an 
. · ,; imp~~lty .. O~j SUrfaCEt;·•COntaminati()~: as.· ... ,ethyl.:.methyiene;(carbon; . 

.. · .as·.an'JnteJ'nal:.fiill.ndard ~0 .CO~l"e~t binding energies~·\. 
!·:,:.· 

PI"oyisions for. i,mproyeme.n:t of t.he ~ensi:ti v:i.ty . of . the .Varian 
lnduc_ed.eiectro~e~ission.sl)f:lcti"ometer have been made during 
the P,ast 'si~ ,months• Variali: Ass~iates al"~ liow ~~n~facturing 
atkimp~9ved m~gn~~{~ :X-.ray anod~ cap~~le ~~. ~roviding .a much . 

·greater .X-ray fiu:X th.an. our·.·pre,sent,a1uliliint1Jl. anode. · ·.The x-ray·· 
f).ux froll ,the ney,. ario4e i,.,. increase~ thrf?Ugh {ts ,ability . to 
~~ndle higller. P()'ll~r .• arui .an' .imprCJ,r.:JIDel\:tin ... t.he geomet~y of 'the . 
~nocie . y,.h,ich .J!llow~ a lai~gel" i frac.tt~il. of· the' tC,tal' flu* produced . 
tQ. b~ , focu~~d . on··. the, s .. pi~{: .:The ~esui£ of. t}lese. iJilpro\Ye~n1:s 

·. : '," .: ·.· ._, ... ·· ... '. '.· :,, · ....... , . ' ·' ., . 

•.. · i~, an·: illcr~ase.,in{:s:tiilll.f ~() no~se of:,a.J)pr();rt!mat;ely :~·for .. 
id~n.'ttca.l·s~annillg .. ~illes. ·· Conversely, the .required scanning 

. j;:l.me .for ~he :P~e~ellt ~ign.al~.~O:noise lev~i: is reduced by a'·· 

:factor o:f;2o> w~ CJrd~fed :t;ht~ new an&i~ in October, 1971, with· ... 
.. the \l'nd~~standing that w~ :w61lid· ·b •. diiivered· in Qecember ·· of 
i971~ . Deli. very is' ljt)ji.. s~~~~u·l~d f()r'· the DlOil~h of Aprile .·· 

• An additt~;4lil)i,je~ of eq~i~D( Which allci,B •· .;;;., t~• handle 
wid~ isbans Qf all elements m()re efficiently is the, n~ 8K 

:::pf~~ioi.~ <~~~/\~11~ ~'E~ f'r()lll var-ian.· . one ... :feature· .. ·~·~ i th'i~-~rogralli. 
·····<·ts1:hat ·a· w:lde sc:llii ():f iooo ~olt~·"~all be ;6a.tl.~ci :f()r/wi~lt: i .... 
. ·.··.single :entr~:.on the telety~~i-ite~,~ an~ the enti~~;·looo volt 

is aut()mat:lc.ally sc~rinecl.·:~~·~elltiatlly ),n" 1,00 .. ~oit seg~ 
At -the ~nd :df 'th~. s6~~~ t~e . , ·.·. • .. . . . · ... 
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VI• CONCLUSION 

The field of induced electron·emission is a new but rapidly 
developing.field of. spectroscopy~ The newness of the field 
is exemplified by the fact that during the life of this short 
contract, Varian has provided three improvements for our 
spectrometer: (1) a thinner X-ray shield for higher flu:x 

· density, (2) a .more linear counting preamp and pulse amplifier 
were installed and (3) wiring. changes. in the retarding voltage 
power supply were made to improve the accuracy of binding 
energy mea.surements. Unfortunately, with such rapid develop­
ment, earlier data and techniques become rapidly outmoded. 
Much work remaii1s to be done in the developmsnt of simple and 
general techniques for absolute binding energy measurements. 
Quantitative work needs improved understanding of what the 
spectrometer observes in the sample and related problems. How­
ever, with the broad interest shown by the rapidly increasing 
number of spectrometers in operation, development of techniques 
and applications should be rapid~ The actual and potential 
applications to environmental. problems have been discussed 
above, and merit your. consideration. 
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