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Determination of Selenium(IV) by Electrothermal Atomic
Absorption Spectrometry using Single Drop

Extraction in Real Samples
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In this investigation. two new chemical modif lers l i rr  dctcrmi-
nation of Se(lV) are reported. The l lrsf.  is coating of Pd in graph-
i te  tube anc l  in jec t ion  o f  Pc i  so lu t ion  or )  lop  o t ' samplc  so lu t ion  in
tube ([Pd1"1 + Pdol).  Second modif ier is concrtrrent coal ing rvith
each of W. Rh and Pd in graphite tube ([W.Rh.Pd],. ,) .  

' l  
hesc

rrodif iers showed very lorv detection l imits, higher sensit ir" i t l 'and
longer l ived than other mocli f iers previously adaptecl fbr selcniurn.
Second rnodif ier is useful lor detern.r ination of Se(lV) in inorgirnic
compounds. For obtaining higher sensit ivi ty method ot 'single drop
extractir ln tbr determination of trace amounts ol '  selc'niunr is
repofted. In this nrethod Se (IV) is reacted rvith o-phcnl icnedi-
amine. the piasoselenol complex lbrmed rvas then e\tracted into
n-r icro drop of 1,2 dichloroethane. r\ f ter extract ion, the rnicro clrop
$'as retracted and directly transferred into a graphite tubc rnodi-
l)ed by IPd,.,  + Pdr,, l .  The detection l imit l 'as calculatccl to be 0.8
ng/ml  (abso lL r te  va lue  o f  0 .3  ng)  basec l  on  3Su.  The re la t i ve
standard deviat ion fbr f ive repl icate anal lsis ol l  0 ng/nrL Se rvas
4 8 %. The cal ibrat ion curve was l ineal in thc range of '0.[J to 40
ng/mL rvith a scnsit ir , i tv of 0.25 ng/rnl-.  Recovcry ol ' t l re method
rvas 9(r %o fbr tap *,atcl spiked rvith seleniunr. In ordcl to c\ alui l tc
the  app l icab i l i t l ' o f  the  Ine lhod.  the  z rmt run t  o f  Se( lV)  in  p lan ls .
sca water nnd milk rvas determined.

K e y  W o r d s :  S e l e i u m ,  E l e c t r o t h e r r n a l  a t o m i c  a b s o r p t i o n
spec t romet ry ,  S ing le  d rop  ex t rac t ion ,  Chemica l  mod i f ie r ,
a -pheny lened iam ine .

TNTRODUCTION

Seleniurr( lV) is an essent ial  t race elenrent for several  aniulal  species.
inc lud ing  humans.  I t  i s  an  in tegra l  par t  o f  g lu ta th ione perox idase,
catalyzing the reduct ion of react ive peroxides. This element is also appl ied
to industr ial  products of semiconductor,  glass, Inedical  and prodLrct of
colours. The l i igh value of selenium is intensively toxic ancl at  high level is
lethalr r, hence it's determination is ofgreat importarrt. Electrothermal atomic
absorpt ion spectrometry (ETAAS) is a highly sensit ive and relat ively
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select ive teclrnique fbr selenium deterrninat ion. Chenical  rrodi f iers are al l
inrportant thctor i r r  determinat ion by ETAAS. Several  chenrical  modif iers
lbr c leternr inat ion of selenium by ETAAS have been reported. Among a
wide var iety of rnodif iers already suggested. Ni" Pd and Rh have been used
with success. Tlre rnodif ier rrost commonly used for stabi l iz i rrg Se species
is Pd. alone or in combinat ion with magnesiurx ni trate. Wherr Pd is used
alone, selenium can be stabi l ized up to l000oC',  whereas the (Pd * Mg)
rnixture stabi l izes selc-nium up to l200ocr.  Arrother rnocl i t ler commonly
rused is nickel5. Bulska and Pyrzrrskau studied the effect of N i and Pd on the
detenninat ion of selenium species in blood by ETAAS. For both modif i -
ers.  i t  was observed that selenium was stabi l ized up to 1200'C. Deaker and
Maher'examined the effect o1'pal ladium and nickel on thelrnal stabi l iza-
t ion of al l  forms of seletr iurn in graphite furnace and obserl 'ed that pal la-
diunr rvas nrore effect ive than nickel as a rnodi l ler for Se(lV) in aqueous
reference solut ions. stabi l iz ing the anal l ' te to above 1400'C. Tada c/ r11.3
invest igated 35 netals.  including Rh, for the direct deternr irrat ion of Se in
blood by ETAAS arrcl  t l rey observed that Rh showed the largest enharrce-
rrent eflect and was also the rnost efTective in preventing nratrix interfer-
ertce. Mci et  al . t  repotted that a solut ion corrtaining (NIIu)rIRhCl, , ]  plus
ci tr ic acid coLrld be used for stabi l iz ing selenium in biological  t issue nratr i -
ces at high pylolysis temperatures (1200'C),  al lowing i ts deterrninat iorr  in
r ich plrosplrorus containing sarnples. Volynsky and Krir ,an" cornpared the
effect of Rlr in pre-reduced form and as a solution of RhCl: on the beltaviour
o1'selenium in a transversely heated graphite atomizer for ll 'IAAS. with
other plat i rrum grolrp metals (Pd, Pt,  Ru and Ir) .  Lima et ol ." 'proposed a
tungsterr-rhodium coat ing as a permanent modif ier for detenninat ion of
cadrnium. lead and selenium in rvaters by ETAAS. They observe"d this
modif ier can stabi l ize selenium to above 1400"C. Zanao et ol . t t reported
W-Rh coated platforrrr  and co-inject ion of Rh nodif ier for determinat ion
of selenium. This modif ier showed high serrsi t iv i ty and lorrger l ived than
other rnodif  iers used for selenium

In  orc le r  to  de termine t race  leve ls  o f  e le rnents  an  ex t rac t ion  and
preconcentratiorr step is rrecessary. Clonverrtionally, this can trc acconrplished
by l iqu id - l iq r - r id  ex t rac t ion .  However ,  l iqu id - l iqu id  ex t lac t io r r  i s  t i rne
consurl ing, tedious, requires too much of organic solverrt  and can be rela-
t ively expensive. Recent ly,  sol id phase extract ion has gained favour as a
replacemelrt  for l iquid- l iquid extract ion, usirrg low amounts of organic
solveut aud capabi l i ty of  autonrat ion. Sol id phase microextract ion was
proposed by Belari and Parvliszyu''. For solid phase rnicroextraction a small
dimension fused si l ica f ibre coated with a high ternperaturc phase is ap-
p l ied .  hav ins  the  advantages  o f  a  h igher  enr ichment  fac to r ' ,  f lee  o f
solvent and r isk of contarninat ion and ease of appl icat ion to f ie ld sarnpl ing
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and automation. Jeanton and Cantwel l  developed a newly nrethod, l iquid
phase mic roex t rac t ionr r  wh ich  overco l res  the  prob lenrs  o f  so lvent
evaporat ion in l iquid- l iqLr id extract ion and sol id phase extract ion and f ibre
preparat ion in sol id phase microextract iou. I t  is based ou t l re tradi t ional
l iquid- l iquid extract ion technique but i r rvolves only a f-erv nr icrol i ters of
organic solverrt  as an extractant.  TIr is rnethocJ is quick. iuexpensive aud
Ltses sural l  volume of organic solvents. This techniqLle Llses sirnple equip-
rnent wlr ich is fourrd in most analyt ical  labolator ies and is used for
pre-concentrat ion of organic cor lponents and has been coupled with
clrromatography nret l rods. In this work the l iquid phase micloextract ion
method is reported for deternrination of seleniunr in a variety of samples.
Despite tlre advantages of tlris method. no rvork has been reported so far on
the coupl ing of l iquid phase rnicroextract ion with spectrornetry to deter-
mirre inorganic compounds'r .  Bueno and Pot in-Car"rt ierr ' |  appl ied the sol id
phase extract ion teclrnique using Amberl i te resin fol lowed by high perfor-
rrance I iqLr id clrrornatography.

EXPBRIMENTAL

All  reagents were of alralyt ical  reagent grade and tr ip ly dist i l led water
was usecl throughout.  A stock 1000 pprn of seleniurn solut ion was prepared
frorn dissolvirrg appropriate arnoult ts of Na:SeO. in |  0/o I- lNO,. Modif iers
o f '0 .1  7o  Pd and Rh in  HCI  2%.0 .1  % W.  l0  9 /o  N i  in  rva tc r  r ,vc re  used.  0 .2
o/o tpltenylenediamine in I : I H:O/C:ll:OFl was used as a coutplexing agent.

A l0 prL Hamil ton syr inue was used to suspend the drop of the accep-
tor plrase and to in-iect it into tlre graphite funrace atorlizer. A Shimadzu
rnodel 4A-670 atomic absorpt ion spectrometer with CFA-48 graphite
furnace atornizer and D: larnp tbr background correc(ion was used. A sele-
rriunr hollorv cathode lalnp rvas used as radiation source adjLrstecl at l2 rnA.
An atomic absorpt ion signal at  196.0 nln l ine was recorded orr a graphic
printed PR-4 with peak height arrd gas stop rnode tbr qLrantification. The
ternperature progratn for the furrrace is as fbllows:

TABLE- I
GFA HF,ATINC PROGRAM

Stage
Ir t t rnace.^.  

Moclc
telnperatufe ('L )

Arron Flow
l l l l l c  ( s l  

. u t . : 1 L  n t i n ' ' 1

Dn ing
Ash ing
Atorlization
Cleaning up

r 5 0
400
2 l  00
2500

Ramp
Step
Step

l 5
l f

J

2

1 .5
t5

0 (gas stop)
1 . 5-qlgp
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Determination of selenium vil, pre-concentration using single drop
extraction technique

l0 rnL of Se(lV) solut ion was adjusted at pH:2.5 and treated with 2
mL of 0.2o/o o-pltenylenediarnine. heated at 60oC in water bath and then
was transferred to a l5 rnL vial .  After cool ing to 3-5oC in ice-bath i t  was
extracted into a 4 prL 1,2-dichloroethane drop suspended on the t ip of a
Harni l ton syr inge for 25 rnin. Tlre solut ion was st i rred (2000 rpm) during
the  ex t rac t ion  (F ig .  l ) .

Fig. I  .  Sclrenrat ic setup fbr s irrgle drop extract ion

After the extract ion was conrpleted, the solut ion rvas direct ly in jected

into t l re graphite tube rnodi l ied with IPd,. ,  + p61, ,1.

Tube nrodification

Ni rnodif ier was used by inject ing 0.2 % Ni and sample solut ion with
equal volumes. [(W.Rh)1",* Rlt i i r ]  modif lers were used for coat ing contain-
ing 60 pg of each of W and Rh fronr 0.1 % of their  solut iorrs at tempera-
tures of 2200"C and 2000'C. respect ively and iniect ing l0 pl .  of  0.1 % Rh
on top of l0 pL sample solut iou. [Pd,. ,  + Pd,,1] modif ier was usecl as coat ing
of 60 trrg Pd orrto the graphite tube at 1800"C and irr ject ing of l0 ptL solu-
t ion of 0.  |  % Pd on top of I  0 pL of sarnple solLrt ion. [W.Rh.Pdl, . ,  rnodif ier
was used as coat ing of 60 pg of each of W Rh and Pd solLrt ion at the
appropliate ternperatures.

Direct determinat ion of selenium in real samples

Sea water:  50 r lL of sea water was reacted with 5 rnL i7 % HCI and
5r r I -  I5o /oHlO?andbo i l ing toha l fandd i lL r t ing to50rn1, . " l ' l re IW.Rh.Pd] , .1
modif ie r  was used for this determinat ion.

P l u n g e r

Syr i  n  go

Holder  w i th  c lamp

Aqueous sampls

Organ ic  so lvent  d rop

St i r r ing  bar

Magnotic sterer
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Milk:  50 mL of rni lk was treated with l0 rnl  65 % I- lNOr and after
boi l ing for 10 min, 5 mL of l5 yo H2O, was added dropwise. After boi l ing
and f i l ter ing, Se was determined using the [Pd(")+ Pd,,1] rnodif ier.

Plant: 4 Species of plant named Atriplex, Suaeda, Gamanthus and
Koshia were analyzed. They were treated with 6 M HNO1 and 6 M HCI
(1:3) and after boi l ing for 15 min and f i l ter ing, they were analyzed using
tubes modif ied by [W.Rh.Pd]r"r .

RESULTSAND DISCUSSION

Optimizing the parameters

ln order to investigate the effects of different parameters on Se deter-
minat ion by single drop extract ion, 10 rnl-  solut ion of 50 ng/rnl  selenium
was used at al l  the fol lowing stages:

Modif iers:  46 Modif iers containing Pd, Ru. Rh, Ir ,  V Mo, W, Ni,  Mg,
ascorbic acid separately or in their  cornbinat ions were tested. The results
of best performing modif iers are as fol lows:

TABLE-3
ANALYTICAL FIGURES OF MERIT FOR SELENIUM(IV)

DETERMINATION USING DIFFERENT CHEMICAL MODIFIERS

Chemical
modifier

Detectionu Sensitivity" Linear
limit (ppb) (ppb) range (ppb)

RSD'(%)

Nir i t

[(W.Rh)(.) + Rhirr]

[Pd1.1+ Pd1,y]

Iw.Rh.Pd](.)

8.7
6 .8
4.0
3 .5

3 .2
2 .0

5 .1
9.0
A <

4.0

8.7-5s8.3
6.8-349.8

1.9 4.0-335.3
1 . 1 3.5-302.3

nBased on 3S5; "Calculated by dividing 0.0044 to the slope of calibration
curve; 'For l0 replicated analysis of lC0 ng/rnL Se.

I W . R h . P d l , . 1  r n o d i f i e r  s h o w e d  t h e  b e s t  r e s n l t s  i n  c o n t r a s t  t o

IPd, " ,  r -  Pd , , , l  fb r  d i rec t  de te lmina t ion  o f  se len ium.  A lso  [ [ 'd , . ,  *  Pd1, r ]
modif ier showed the best results in deterrninat ion of organic cornpounds
of seleniunr than [W.Rh.Pd]1";  modif ier.

Solvent:  Dif ferent solvents were tested from the volat i l i tv and
dissolving points of v iew. 1,2-Dichloroet lrane showed the best results for
extract ion of piasoselenol complex (Fig. 2).

Temperature: The extraction of complex into the drop was performed
in the range of 3-20'C and the results showed no signi f icant changes over
this range. I-lowever temperature of 3-5"C was chosen for low volatility
and higher nrechanical  stabi l i ty (Fig. a).
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Fig. 2. Eft 'ect of solvent

pH

Fig.3.  Ef fect  of  pH

4 5
(cH,),cL ccr.

pH: Selenium conrplex solut iorrs of di f ferent pH wele tested. As can
be seen frorn Fig. 3,  the best pH was 2.5.

Extraction time: The time of extraction was varied tiorr 5 to 30 rnin.
As the results show (Fig. 5) the opt imum t ime of extract i t ' rn is 25 rnin.

o

o

5 1 0 1 5 2 0 2 5
Temperature (oC)

Fig. 4. Eff'ect of temperature

5 1 0 1 5 2 0 2 5
T i m e  ( m i n )

Fig. 5. Efl-ect of t ime

Volume of aqueous and organic phase: Changing the organic vol-
ume frorn I to 4 pl increased the extraction efficiency. However higher
volurnes were avoided due to mechanical  instabi l i ty.  l0 rnL solut ion vol-
ul l re was clrosen for the analysis as lower volumes caused fal l ing of the
drop due to agitat ion and higher volurnes showed no benef i t  for the extrac-
t ion process and were not used.

Effect of interferences: Interfering species at I 00 fbld excess were
added to the Se(lV) solLrt ion and the extract ion was fol lou'ecl . l 'he fol lorv-
ing table shou,s the resLrl ts:

Tlre se'n,ere interf 'ereuces were due to Bar ' .  AsOrt ' .  St l '  .  Pbr ' .  Cdr ' .
F Ig :  .  Sr r ' - .  ( iu r ' ,  Mnr ' .Ag .  Fer ' .  Co: - .  Mg}  and Cr t - .

Us ing  the  Che lex-100 res in  and pass ing  the  so lu t io r r  o f  se len ium con-
taining interfering species at pH = 7 all of the interferertces were retnoved
cxcept lbr Ag arrd Mg: .
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TABLE-4
EFFECT OF INTERFERING IONS

RE % in absolbance
lnterfering ion

Direct determination
Determination by
Pre-concentration

CI
Nor-
Port-
So.,2-
AsO.rr-
SiO:2-
Na-
K-
M g t t

LA

Ba2 '
Al't '
sn4*
sb '
crjt
Cr,rz'
l-l92*
Pb'
cdr '
Ire''
zb2 '
As-
Mrr'
Co'

-20 .1
-6 .1
-3 .3
-2 .8
-3.7
1 . 9

-5 .  1
-5.6
- 6 . 1
2 .3
1 . 9

-2.3
_4.7
-6.5

. 1  1

- 13.6
-43.9
-2.8
-0.9
-3.1
-1 .8
1 . 4

-  r 3 . 6

0.0
0.0

-2.0
-4.4

-3_s.(r
- 1 t . 2

0 .0
0 .0

-29.3
-0.-s

- 1 1 . 1
- 1 . 5

-5t.2
-25 .8
-28.3
- r6.6
-  1 9 . 0
- i0.2
-22.c)
-48 .8
-8 .1

- - ) o .  I
- i4 .6

Analytical figures of merit
Cal ibrat ion curve was calculated based on 2 rnl  of  aqueous solut ion of

seleniunr treated at the opt irnized condit ions. 
' lhe 

cal ibrat ion curve was
l inear in the range of 0.8 to 40 nglmL seleniurn with a corrclat ion coeff i -
c ient of  0.9936 arrd the sensit iv i ty was 0.25 ng/ml.  The detect ion l i rni t
was calculated to be 0.8 ng/ml basecl ort 3Sr,. The relative standard devia-
t ion (RSD) for f ive repl icate ar ialysis of 10 ng/mL seleniunr was 4.9 o/o.

Recovely test was performed Lrsing tap water spiked wit l r  l0 ng/rnl
selenitrrn.  The result  shows a recovery of 96 % for the technique.

Appl icat ion

Analysis of real  sample: In order to evaluate the capabi l i ty of  the
rrrethod cl i l  rent real  samples \ \ ,ere analyzed accordirrg to the method
described eirr l ier.  The results are siven in Table-2.
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TABLE-2
RESULTS OF DIRECT DETE,RMINATION OF SEI-ENIUM

Sample Value of Se Sample Value of Se

0.54 + 0.01 mg/L
93.2+0.7 p,glL
6.4 + 0.5

Sueade
Gamanthus
Koshia

2.s * 3 ptg/g
4-5 + I pg/g
4 .1  +  0 .6Atr in lex

Conclusions

The results show a very plomising technique for deterur inat ion of
seleniurn i rr  a var iety of sarnples at ng/ml levels without the necds for any
sophist icated device. Apaf i  f rom having extremely higlr  sensit iv i ty.  the
procedure is sinrple, nearly fast and benef i ts a very low delcct iorr  l i rni t .  By
the use a prel iminary separat iorr  step using a resin, the ntcthod coLrld be
relat ively free fronr interferences. The experimental  paranreter such as
chemica l  rnod i f ie r ,  o rgan ic  so lvent ,  pH o f  aqueous phase.  sampl ing
temperature. extraction time and volume of aqueous and olganic pltase
lrave great effects on the sensitivity of rnethod and should lre optimized.
The results show that selenium could be determined with high serrsi t iv i ty
and relat ively good reprodLrcibi l i ty in aqueous samples such as tap water
and sol id samples.
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