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THE APPLICATION OF ISOTOPIC DILUTION ANALYSIS TO THE FLUORI- 
METRIC DETERMINATION 01; SELENIUM IN PLAN-I’ MATERIAL 

Interest in the dctcrmination of selcniurn in lllant material stems from the work of 
SCHWAI;% ANU I’Ol.T5!1 \VhiCll ShcW%X~ that trilCl2 ilIllC~UlltS of Sc~elliUlll ;1tX! of llUtritioIlil~ 

bcncfit. Tlic nutritional aspects of selenium in biological material were recent11 
reviewed by KIN@ who also pointed out the need for a better mcthocl of analysis. 
Difficulties in the allilly& of selenium in plant material come about from loss of 
sclcnium in the first stages of the nIlill>7Sis in which the sample is clccomposcd, and 
from interfcrcnce effects by foreign ions in tlic sample which prcvcnt proper color 
dcvclopmcnt . 
TAussre and co-workers:’ as well as CU-IXS~I,~SN AXI) LISIC~~ used an oxygen-flask 

combustion to prcl>are biological samples for selenium analysis and tlien dctermincd 
selenium sl~ectrol~liotomctrically by extracting the piazsclcnol formed with selenium 
and the aromatic o-diaminc, 3,3’-dirrtninobcnzidine. Whl’lCINsoh’6 employccl this 
same reagent for a fluorimctric detcrrnination of selenium. ‘I’hc USC‘ of this reagent 
in selenium analysis has been recently rcvicwed (1. Studies of other o-aromatic dia- 
mines7vH have silown that z.3-diaminonaphthalenc (DAN) is a more scnsitivc reagent. 
GowsucHD incorporated raclioactivc sclcnium in a study of the “wet oxidation” of 
cocoa and showed the great dcl~9idency on tlic reaction conditions for the rccovcry 
of selenium in this method of saml>lc preparation. 

Reported herein is a study on the clctermination of micro amounts of selenium in 
plant material in which the samples arc prcparcd by oxygen-flask combustion and 
their selenium content is dctcrmincd fluorimetrically with DAN. Compensation for 
loss of sclcnium throughout the analytical procedure i s made by t!lc incorporation of 
radioactive selenium into the analytical scllcmc. Also included is further information 
relating to the reaction bctwcen DAN and selenium, the structure of piazsclcnols, and 
the reaction of adtlitional aromatic o-tliarnines with selenium. 

Optical mcasuremcnts were performed with a Coleman Model xz C Photofluorimeter 
using as primary filters the combination of Corning Glass Co. 740 and o-52 filters, 
and an Eastman Kodak Wrattcn I<z secondary filter. 

Radioactivity measurements wcrc made with a Nuclear Chicago Model 15xA 
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scaler using 8 3/W well-type scintillation probe Ivitll a sodium iodide crystal. 
2,3-L)iaIninona!,Ilt!i~~lene solution was prepared !>y dissolving 50 mg of purified 

rnatcrial in 1oom1 of O.IC) X f~ydrocliloricacid. The commercial z,3-diaminorlaphthalcne 
(Aldricti Uicmical Co., Milwaukee, Wisconsin) was purified !)y fra-ming a saturated 
st,lution of the amine in 5 Ar liydrocliloric ;kcl ilnd tllen adding saturated sodium 
!lyclroxi+2 solution clwpwisc to reform tlie amine. ‘I’!Ic arninc \v;is filtered and waslicd 

witli w;itcr until tile pi1 of tile filtrate was !>ctwecn 5-7; tlic amine was then tlricd at 

IOOO. <)!JSWvC!d IllC!!tirlg ]XJilltS XgO-101’ ; !iteIXtUW IcJI-if.#‘J. ‘rile ;lInine \VaS Stored 

under rcfrigcration ancl \vas rcpurifictl wlicncvcr tlrc crystals were ycllowis!~ in Zlppcitr- 

;lllCC. 

Staritlnrcl sclcliiuni sc,lution c0ntaiIiing 1 .oo mg of sclcnium !)cr ml \v;tS !>re!xitWd 

ivy tlissolving 1.6;~31~ g of sielenc,us ilcitl (I-I~ScO;,) in I I of water. Other solutions were 
prctlx1rctl l.~y it!q~IYJpriatc tli!utioIl of t!Iis stcJck S(J!UtiWl. 

I<;Idi(JilctiVc sclcnium-75 solution \vas ])W!XLIUl !I>* xltliiig I00 pl of tile original 

I rIl(_t/z Ill! sc!enous acitl S(J!UtiOIl (Oak !<itlgc ~~aticJll:ll lA!JOriltOr~) to 100 InI of I.2 h 

l~ydrocliloric ncitl. 
SpXtrOgKldc! cyclOh~x:lnC! WlS USC<!. 

ITor t!Ic rlcterminiition of sclcnium in plant mxtcrhl, com!>ustion sample licJ!ders 
wet-c cut from No. C&J black ribbon Schlcichcr and Sclltill filter paper, using a Fisher 
Scicritific (3~. # x3-304 combustion sample holder as a puttcrn. 11 series of sample 
lioltlcrs \vcrc placctl 011 ~ViltCll~lilS~~S anal 5CJ pl of riitlicJucti\T sc!lcniuIn solution were 

l~lacctl upon cacli sample holder using a o.zg-ml tuhrculin syringe wit!] a 26-gauge 

neccllc. A pipctting stop was fiLStC!Ilt!d to tlic syringe. ‘I’lw saml)lc !io!clcrs were allowed 

to dry overnight in air oncl then v:tria!,le amounts (from 0 to Too pl) of 5 p.p.111. 

sclcniuni solution were ])lilcC’Cl upon tllc sarnplo Iiolclcrs rcspccti’vcly and the SillTl- 

plc liolclcrs wcrc’ again ;illowccl to dry. A roe-mg sar~iplc of plant material was 
wrappctl into the trcatctl sample lioldcr, which \v;~s tllcn inscrtcd into tlic combustion 
head. ‘To the combustion flask \vct-c adcled 30 ml of \Viltl2r, and prior to ignition Plic 
outside of the filter papr WLS wcttcd with 2 clro!>s of cyc!o!~xant!. After combustion, 
the flask was Sllitkcn mi~nu:tlly for 5 min to dissolve the products from the combustion; 
the contents of tllc! flask wcrc transferred to i\ xso-ml beaker ancl the combustion 
flask was rinsed with IO ml of water which \vils tllcn ndcletl to the previous contents of 
the flask. l‘llcn I ml of freshly prcpnrcrl pot;lssium IlcrSulfiltc solution (0.1 g/l) was 
adtlcd, ant1 the contents of the !>caker- wcrc boilccl for 5 min. After the solution had 
coolctl to room tcm!)cr;iturc:, I ml of 0.1 M EII’I’A solution \VZLS itddecl iLnd the acidity 
Was adjuSted to pIi 2.0 wing either llyclrOc!llOriC acid Or SOdiUm llydrOXide SOhitiWI; 

tllcI1 0.5 ml Of ‘IlLIN solution W;\S ilClCleC1 iLllC1 tllc! mixture \\‘ilS :l!lOWc<l to StiLI~<l for 2 h. 
A 3/s” ‘X 3” Lustcroic! tube (Atomic l\cccSsorics, Valley Stream, N.Y .) was filled 
with il portion of the SilIIlplc ant1 ;1 count Wi16 IllilClC! for 4000 counts. ‘I’lic colltcnts Of 

the h1kcr ilIlt the Lustcroid tuba were tr;unsferrccl to a 120-m! sclJar:1tory funnel 

ant1 tllr: Silnll>lc was cxtrpctecl wit!] IO ml of cyclollc,x;~~~c by sllaking for 5 min. The 
layers wet-c scparatcd, and the ac!ueous layer WLS x-c-extracted with 5 ml of cycle- 

lwxalw, by shaking again for 5 min. The Orgiltlic extracts were combined arid the 
fluorcsccncc of tlic oqqariic layer was mensurccl. Tlicn a portion of the organic layer 
was tmnsferrccl to another Lusteroicl tube and counted for IOOO counts. 
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Two calibration curves were prepared by adding to a series of beakers which con- 
tainecl 40 ml of water and 50 pl of radionctivc selenium solution, from 0 to 100 pl of 
5 p.p.m. selenium solution respectively ; x ml of potassium persulfate solution was 
added, and then the procedure was continued with the boiling of the samples and all 
steps describccl :tbo\*e. A sample containing no selenium \vas usccl to set the zero 
reacling of the fluorimetcr ant1 the sample of highest concentration containing either 
0.3 or 0.5 pg of selenium \vas usctl to set the instrument at @jyb fluorcscencc. This was 
done to prepare calibratilm curves to cover tllc range of selenium concentration prc- 
sent in actual samples. Dilute solutions of cluinim* sulfate wcrc’ pt-cparecl to cover this 
same range of fluorcsccncc intensities, and these quinine sulfate solutions wcrc’ then 
cmplryctl as “reference” standards for daily use in retaining tllc instrument settings. 

‘rlAC! aVcr:q.p SpCcific actiVit>’ Of tile ~1ClUCOUS phSC mC1 Of the cJrg:LlliC ph;lSC Of th! 

standards whicll were used to prepare the cxlihratir~n curve \V;LS calculated ‘I’0 correct 
for h)ss of selenium in an unknown samph_!. the value of the concentration of S;ehiWTI 

nic:~surccl from tho calibration curve \\‘ilS multiplictl hy tile CcJtTKtiOn factor ohtnincd 
ah foll~~\vs’: 

(‘l’lie avcragc! slxGfic actix*ity of tlie stancl;d smipk in tlw aqueous phase was 50 
counts/niin/nil atltl tllc avwagc- slwcific ilctivity of the c)rgillliC l>IlilSc’ aftor extraction 
\VilS cY0 counts/niin/ml.) 

l<csults on tllca iLIl:ll~SiS of the plant s;unl)les art* rcportccl in ‘I‘alIlc I. 

‘l’;\l~l.I: I 

Ir~s(!L’rs OF SI:L1:Slllhl ASALYSIS 
-_ _ _ . . - _ _ ..__ _ . _. _.._. ._-.. . .._.._.._ .-. ._.- 

-.__ _. . _ _ .._ . . .._ _ _ _._ -_._ _.. _ . _.._ -~_.--- 
<kits Xc,r11: o.ca.47 .. 0.003 
(0.100 g) 0.10 0.234 0.034 Sonc 

0.10 o.270 - -0.01.) 

Cornftokcs NOIW 0.1 IH 0.018 
(0.100 g) 0.10 o.:.*H o.o.+H 0. .I .I 

0.30 0.341 0 .OOH 
0.50 o.7Ho 0.180 

liicc Sonc 0.15 0 .“_j 
(o.Ioo&g 0.10 o.‘L.? 0.01 O.ZO 

0.20 0.3’ 0.01 
0.30 O..(O 0.00 

Grass-seeds Nmw 0.305 0.ro.j 
(o.oso g) 0.10 0.335 0.13.j (J.00 

0.10 o.HHo 0.5H” 
0.30 0.770 0,370 

-- -..--_..-_I_-- _--- -_ 

l l~cforc subtracting o. I 0 pg for the rrvcrilgc wleniunL content of the filter paper. 
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IlESUL’I’S ASD I~IsCussIOs 

I’rcvious work” 1~s slmwn that tlrc maximum color tlcvclopmcnt takes place at 
l)lr 2 uftcr standing for 2 II and tlint in tolucnc tllc maximum intensity for fluorcsccnt 
radiation is at an excitation wavclcngth of 390 inp and Iluorcsccnt wavelcn@h of 
$+o mp. 111 tllc courser c~f the 1XcVioUS work mcasurcmcnts wc’rc: made wit11 an Amin- 
cc,-.1%3wman Sl~cctrol~li~tofluoriiiieter. As that instrument was not avnilablc for 
lm%c!nt work, nicasuremcnts wcrc Iimitcd to tlic ~&ilian I2 c pliotofluorimctcr. 
‘I’llis instrument sl~owctl a very high blank rcacling wit11 tolucnc and impure DAN. 
(:onscqucntly, otlier solvents wet-c tcstccl as cxtrncting agents by measuring tlic 
cliffcrcncc in t11c fluorcsccncc bctwccn tllc rcqplt (DAN) and its piazsclcnol. 
VillUCS for tllc per cent piazsclcnol cxtroctctl wcrc obtained by mcasurinff tlie specific 
activity of tlic isotope in tlic organic pliase anti aqueous plinsc after extraction. Tlic 
clatu arc prcscntccl in TilblC! I I. 

_____ _ _ _. . . . ._---__-.. __- __... -- .--- . _... _ .-._- .-_ _ _--. - --__-_ 

.SUlVP~lf SC@ tctltlctl (IAR) I~‘llrorcscc*rzct~ ‘;<, I:.vlrccclrd 
____ ___.._ _ ._... .__- _.____ .._. -.. .._._ ..- ._ _.__ ____ 

(I;L~~JCJII tctr;d~loritlc 0.0 5 
5.” 7’ I~)..1 

(‘hloroform 0.0 4’1 
5.C’ 51 L!o.o 

I~tl~ylc~~ctlicl~loritlc 0.0 3.5 
5.” 02 20.0 

‘rolllclll! 0.0 PO 

0.?5 2.5 
0.p 53 
1 .oo IO0 22.2 

C:yclollcxnlIc 0.0 G 

0.25 3” 

0.Y 55 
1.00 I00 23.8 

_~_________ ..__-.-.... .._..~_ ---.._._-. - .-..... ~ -_._--- 
n qo nil of ;uIucouH soluticm iLt 1111 2 whicll i:cml:rinctl tllc intliciltctl arlwllnt of sclcniiim was c-x- 
trilclctl for 1 inin with 10 ml of solvent. 

The ilb(>vc results confirmed the work of ~‘ARI<I:I< AND HAKVI~\‘~ tllat cyclollcxane 
is ;I better rxxtmcting solvent tlliln tolucnc ant1 tlrat purificcl DAN is necessary to 
minimize tile blank rcnditig. I3ccausc of the aViiilal>ility of spcctrogrodc cyclohexanc 
it was clioscn in prcfc!rcncc to dccnlin. 
X’ ‘Tllc effect of tlic p1-i of tlie ~~lucous layer prior to CXtrilCtiOll with cyclohcsanc 

was mcnsurctl and tlic results arc! prcscntctl in FiK. 1. I)ntiL on per cent extraction 
iis iL function of cxtrnctin~ time arc rcportcd in ‘Tnblc III. 

l’lic use of ion-ctscliangc resins in the proccdurc was impossible with tlic plioto- 
fluorimctcr usctl in this stucly. ‘I‘l’ilCC amounts of resin monomer wcrc carried along 
in tlic proccclure and tllc fluorescence of tllc monomer could not be filtered out. 
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Consequently a study of the effect of foreign ions in the procedure was made in which 
the radioactive selenium isotope was used to correct for interferences. For this study 
2 ml of 0.01 M foreign ion solution was added to 40 ml of water containing 0.2 pg 

of selenium and 50 ~1 of the radioactive selenium solution. The results arc listed in 

l’,\lS I,15 I I I 

I’liR CliS’I’ I’lA%sI:I.I~soI. I’.S’I’I<AC’I’I!D AS I~IIsc’cIos 01’ l?XI’HAl:1’lON 1’1h113 

-_- -. . . -- .-- ..__ -_____ __.__ .___--_ -_.-_ _ -._ - _- 

_---.- __. ___.-_-__.- . .._. . _.._ ..- ._.. -.-_-...- -....... __ - ___..- __- ._- 
‘I’irnc of cxtractlcm (mill) 1 3 5 IO 5 -- 

‘%, lSctr;kctctl z3.Y zH.;r a0.o zr).o 5 .3 34.0 
--- ----.. ._._ _--- - .____._ _--_-.._-_.-__ ..- -.- -..._. -.- - . . ..- 

‘l’al~lc IV. Of 20 metallic ions tcstccl, major interference was observed from cliro- 
rnium(III), nntimony(II1) and tin(IV). Radioactivity measurements showed that the 
interference of tin was due to ii reduction of selenium, while antimony and chromium 
enhanced the fluorescence. 

Com!~stion corrditiotts 

GUTBNNASN AND hs~@ employed a slxctroJ~hotometric determination to detect 
the amount of selenium in oats after oxygen-flask combustion. 13ccause of the lower 
sensitivity of this mctliotl comlxircd to a fluorimctric cletcrmination, tlicy recloired 
1-g samples cotnJxired to 0.1 g in our procedure. Smaller sample concentrations arc 
dcsirablc as in larger samples complete combustion is more difficult. Wc obscrvcd 
that the conditions of combustion were not reproducible. This was ascertained by 
using as combustion samples filter lxiJ)er which contained only radioactive sclcnium 
and standard selenium solution. A cotnJxuison of tlic specific activity of the aqueous 
layer mcasurcd directly after combustion against the sJx2cific activity of tlic aqueous 
layer of standard solutions, showed that the rccovcry was random and at times only 
Gg”/$, of the selenium added was recovered. This variability can be corrected by iso- 
topic dilution techniques. Measurements of the ratios of the specific activity of the 
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_ ._ .._ _.... -.. _ __ ____-.. . .-- - ___._._ _ _.___ 

Corrcc- 
Selenium concotlrulion (pg) 

_ . . _- _ _ 
.Spcci/ic aclivilyo~ 

liyicroirs _bhuse prrw 

lo c.ufrtcriir~n 

(col~Jlls/J~iirr/Jnl/ 
_. 

53.X 
36.2 

42.5 
.iO.lJ 

53.2 

. -.--._ 
Culibrulion 

curve 

:\l(Ill) 

IJiI(I I) 

l~i(IIl) 

C’il( I I) 

<‘ll( I I) 

Lt.5 

88.5 

73.5 

73.5 

Hr.5 

(‘lJ( I I) 

<‘r(Ill) 

c:ll(I I) 

I:c(ill) 

lip 

10g.0 

105.0 

c,n.o 

57.” 

73. ’ 

Ii(I) 
MK(II) 
.\lll(Il) 
NiL( I) 

Ni(Il) 

HZ.5 
HH.5 
73.’ 
Hr.5 

103.” 

1 .CJ3 

0.71 

1J.M) 

I .03 

I.11 

l’l~(11) 
Sll( LV) 
Sr(II) 

SI,(III) 

%11(11) 

H2.s 
_-_ 

fJ3.0 

71.0 

H2.S 

-.--_- 
CorrecleJ 

byj~xlor 

CJ..,CJ 0.26 

o.3H 0.53 
0.0x V.CU) 

0. I ., O.lH 
lJ.;l.l 0.27 

cJ.r.1 0.25 

0. 15 -- 

C,.i!.? 0.2 I 

l’.SS O.d1.) 

ll.‘.) 0.25 
_._ ._ __.._ ._.. ..- 

orgnnic and ac~iicous laycrs slii~wcd tll:tt the cxtrnction step is mow rcprw_lucil~lc than 
the combustion step (‘l’;~blc V). 

A vwialh! intrcduccd into tlw pwcctlurc is tlic selenium content of tlic filter 
paper used to prcpurc tllc SiLlIlI)lC lloltlcrs for tlic combustion. ‘IIic sclcnium contwt of 
the filter pxpcr \ViW about 0.1 pfi, which ticccssitatctl ;t liigll blank subtraction in the 
comhistion :mdysis. 13ffcrcnt comhstion materials wc’rc triccl such as dialysis 
casing, acctntc paper, ~clatin c~tps~~lcs and cliffcrcnt makes of filter paper. ‘I’lw 
Sclilciclicr nntl Sclilill $4Cj ])ilIWr i~~qx!;mxl most uniform ant1 was used tlnxq$lout 
for the combustion. This paper sliowed iln nvcr:lgc sclcnium content of 0.1 pg which 
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was subtracted from all samples. r\n exhaustive study on the selenium content of 
filter paper was recently reported by ~'VIIST ASD C~:m~sr,~slO. 

At one time diluted solutions of the isotope were stored in Lustcroid tubes. After 
several days of storage, the specific activity of the organic layer of samples prepared 
in the same manner as those of the calibration curve, was lower than the specific 
activity of the organic layer of similarly treated samples which went through the 
flask combustion. Yet, the specific ;Lctivity of the aqueous solution \vas at its normal 
value in both casts. This was probztbly due to a partial reduction of sclcnium(IV) in 
the Lusteroid tube. Only selenium(I\‘) reacts with aromatic o-dinmincs to form the 
piazselenols, and cluring tile combustion any reduced selenium \vas rcosidixcld to the 
sclcnium(IV) state. Reduction of the isotope solution \\‘iLS not observctl if the isotope 
was storccl in glass containers; consequently, all solutions of the isotope were stored 
in glass bottles. 

EDT’:2 was employed in the proceclurc as a masking agent. Potassium persulfate 
was a&led as an oxitlizing agent to assure that all selenium \vas in the tetravalent 
state and that any traces of nitrite were oxidized to nitrate. The interfcrcncc of nitrite 
but not nitrate has bc!cn reported ])rcviouslyn. 

Accwncy and firecision 

‘The recovery of selenium in the samples tested was satisfactory. 13ast4 upon the 
interference tests in ‘Table IV, the standard tlcviation for the dctormination of sclc- 
nium was 0.04 pfi. The prccisicm and accuracy of the mctllotl d0cS not illIlX!k\r to IX! 

limited by the chcamical steps in tlie procedure, but I-iltIlW upon tllc (lllillity of tlie 
fluorcsccnt readings. With the instrument which was available, measurements could 
not be made with sufficiently moIloclirc)ni~~tic radiation to attain ultimate i~CCl.lKLCy. 

The reaction of selenium with z,J-diaminonaphtl~alene~ an<1 3,.3’-diaminol,cnzidinc* 1 
is quite ps-dependent. Preliminary kinetic in\*cstigations sIlowed tllat the rntc of 
reaction is dcpcndcnt upon the amine being pt-otonattrtl (a favorable condition at 
low p,I) and upon the bisclcnitc ion concentration (a favorable effect at hif_$ I)H). 
Other aromatic o-diamines wcrc prepared; for thcsc amincs the optimum rate of 
reaction also occurred in the acicl range (pH 1-3). ‘I‘hc fluorescent and absorption 
spectra were measured for those compounds which showed the grcntest promise as 
analytical reagents. Tlrc molar absorptivitics and relati\*e dcg-cc of fluorescence arc 
summarized in ‘Table VI. The fluorescent spectra arc prcscntcd in Fig. 2. 

The reaction of selenium with aromatic o-tliamines (~.,q. I ,z-diaminobcnzcne) could 

produce cithcr a bcnzenoid structure or a quinoid structure for the piazsclenol. 

The cluinoid structure \vas proposed by I,UZZATI~~, from S-ray crystallographic 
mc,a.surements. Although nuclear magnetic resonance spectra of the piazsclcnols of 
2,3-cliaminonaplitl~alenc and x,2-diamino-4,~-c~iclilorol~en~~nc were not conclusive in 
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showing that in these compounds the piazselcnol also exists in the cluinoicl form, the 
cluinoicl structure was confirmed by infrared spectra. 
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.A inctlir,tl hs IJWII &!vdO~Id for the fluorinictric tlctcrnlinatic~n of sclcnium in plant mutcrial 
using tllc rc;qwit ~,j-cliilnlillc~1lirI,htllt~l~ll~1I~. ( k~~cll-flaSl~ cornl~ustion is usctl to oxidize plant 
rn;rtcri;d. Isc~tq~ic dilution tcchniilucs m-c incor~~oratc~l to account for loss in tiiffcrcnt st;rc:cs of 
the ~wocctlurc. ~lc;rsurcnicnts ilrc illSlJ iriclutlctl oI1 tlic siiitability of swcrd other ainincs as 
rc;rKcnts for sclcniciin. 

1% wlirtlc cinc Xlcthotlc fiir tlic fluorinwtrisclic I~cstimrnun): van Sclcn irii I’flilnzcnmatcrinl 
cntwickr~lt.. 1)ic Slll~Stilll% wurtlc ini Sch(iili~:cr-I~oll,cii vrdnxnnt untl r,3-l)iniilinoriilJ~hthnlin nls 
Rcngcnz Iwr1ut;r.t. >lit blilfc &r Jsc~to~)l!tl~c~rtliinn~~~~~st~~~llrrik wurtlc tlcr L’crlust IJci tlcn vcrschic- 
tlcncn \‘crf;lllrcllsstufcn fcstgcstcllt. Vcrscllictlcnc ;lndcrc Amirrl. wurdcn ;tuf illrc I~much\xlrkcit 
ills ltCil~l!lliT fiir Sclcll gcpriift. 
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