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A de ter mi na ção se le ti va de As(III), As(V) e áci do di me ti lar sí ni co (DMA) foi es tu da da pela
téc ni ca da ge ra ção de hi dre tos - es pec tro me tria de ab sor ção atô mi ca. Os me i os de re du ção se le -
ci o na dos per mi ti ram a de ter mi na ção de As(III) na pre sen ça de tam pão ci tra to (0,4 mol/L,
pH4,4), As(III) + As(V) no meio HCl 6 mol/L, após uma pré-redução com io de to de po tás sio, e
As(III) + DMA em CH3COOH 0,12 mol/L. O teor de ar sê nio to tal pode ser de ter mi na do no
meio HCl 6 mol/L, após ser efe tu a da a pré-redução das for mas  As(V) e DMA com io de to de
po tás sio e clo re to es ta no so. Os efe i tos de in ter fe rên cia ca u sa dos por di fe ren tes íons me tá li cos
fo ram, tam bém, ava li a dos.

Hydri de ge ne ra ti on - ato mic ab sorp ti on spec tro metry, using so di um te trahy dro bo ra te(III)
as a re duc tant, was used to form ar si nes se lec ti vely from inor ga nic ar se nic(III) and ar se nic(V),
and di meth ylar si nic acid (DMA). The se lec ted re ac ti on me dia al lo wed the ra pid de ter mi na ti on
of ar se nic(III) alo ne (ci tra te buf fer 0.4 mol/L, pH 4.4), ar se nic(III) + ar se nic(V) (HCl 6 mol/L,
af ter pre-reduction with po tas si um io di de) and ar se nic(III) + DMA (ace tic acid 0.12 mol/L).
To tal ar se nic could be me a su red in HCl 6 mol/L, af ter ar se nic(V) and DMA pre-reduction with
a po tas si um io di de and stan nous chlo ri de mix tu re. Inter fe ren ce ef fects pro du ced by he avy me -
tal ions were also eva lu a ted. 

Key words: ar se nic spe ci a ti on, hydri de ge ne ra ti on, se lec ti ve re duc ti on, ato mic ab sorp ti on 
spec tro metry

Intro duc ti on

The en vi ron men tal che mistry of ar se nic is com pli ca -
ted by the wi dely dif fe ring pro per ti es of na tu rally ocur -
ring and ant hro po ge nic ar se nic com pounds. Arse nic can
be pre sent in na tu re ma inly as inor ga nic spe ci es, ar se ni te
and ar se na te, and as meth yla ted spe ci es, in clu ding meth -
ylar so na te and di meth ylar si na te. The most wi dely ob ser -
ved bi o che mi cal fate of ar se nic in the en vi ron ment is
meth yla ti on1,2 . Even whe re meth yla ted ar se nic com -
pounds have not been used agri cul tu rally, inor ga nic ar se -
nic can be con ver ted into meth yla ted forms in the
en vi ron ment; the se or ga no ar se nic com pounds are re le a -
sed into the aque ous en vi ron ment, the reby be co ming ava -
i la ble to hig her le vels of the food cha in 3,4.

The bi o a va i la bi lity and the physi o lo gi cal / to xi co lo gi -
cal ef fects of ar se nic de pend on its che mi cal form5 and, the -
reby, kno wing the ar se nic spe ci a ti on and trans for ma ti ons
in the en vi ron ment be co mes very im por tant, ne e ding ac cu -
ra te met hods for se pa ra ti on and de ter mi na ti on of ar se nic
spe ci es.

Nu me rous analy ti cal tech ni ques have been ap pli ed to
ar se nic de ter mi na ti on in en vi ron men tal sam ples; the most
wi dely ac cep ted pro ce du re for to tal ar se nic analy sis uses
the re duc ti on of ar se nic com pounds to ga se ous ar si ne. This
gas can be de com po sed to give ele men tal ar se nic for ato -
mic ab sorp ti on spec tro metry or un der go a co lo ri me tric re -
ac ti on. In dif fe ren ti a ti on stu di es, va ri ous chro ma to grap hic
tech ni ques have been used, which are of ten cou pled with
ele ment-specific de tec ti on met hods (grap hi te fur na ce ato -
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mic ab sorp ti on spec tro metry or in duc ti vely cou pled plas -
ma ato mic emis si on spec tro metry)6-14.

The li te ra tu re shows that the re duc ti on of ar se nic com -
pounds with so di um te trahy dro bo ra te is pH de pen dent and
re la ted to the dis so ci a ti on cons tants of the in di vi du al ar se -
nic acids15; each acid must be to tally pro to na ted in or der to
al low ar si ne for ma ti on.

This pa per des cri bes the use of pH, re ac ti on ma trix and
re dox agent for the se lec ti ve de ter mi na ti on of ar se na te
(As(V)), ar se ni te (As(III)) and di meth ylar si nic acid
(DMA), using hydri de ge ne ra ti on with so di um te trahy dro -
bo ra te as re duc tant and ato mic ab sorp ti on spec tro metry for
de tec ti on.

Expe ri men tal

Appa ra tus

A Va ri an Tech tron AA-175 ato mic ab sorp ti on spec -
trop ho to me ter, set to 193.7 nm, and equip ped with a hydro -
gen hol low cat ho de lamp (Va ri an Tech tron) back ground
cor rec tor and an ar se nic hol low cat ho de lamp (CG Instru -
men tos Ci en tí fi cos), ope ra ting at 6 mA, was em plo yed; the
slit width on the spec trop ho to me ter was set to 1 nm.

The hydri de ge ne ra ti on ap pa ra tus con sis ted of a
100 mL flask with a hole half-way down the side which ser -
ved for the ad di ti on of re a gents. At the top of the flask a
syrin ge was adap ted to per mit the ad di ti on of the re duc tant
so lu ti on. A ni tro gen stre am was used to swe ep the ar si nes
into a quartz tube (11.5 cm x 1.5 cm i.d.) ato mi zer alig ned
in the op ti cal path of the spec trop ho to me ter, and he a ted by
an air/acety le ne fla me.

All glass wa re was so a ked over night in 1% v/v ni tric
acid and rin sed with dis til led wa ter be fo re use.

Re a gents

Arse nic oxi de 99.5%, for inor ga nic As(III), Ri e del-De
Ha e nag 

Arse nic pen to xi de 99.3%, for inor ga nic As(V), Ba ker
Analy ses

Di meth ylar si nic acid, so di um salt, 98%, Sig ma
So di um te trahy dro bo ra te 95%, Merck
All ot her re a gents were of analy ti cal - re a gent gra de.
Aque ous stock 1000 µg/mL so lu ti ons of ar se nic spe ci es 

were stan dar di zed 16 ; ar se nic(V) and DMA so lu ti ons were
stan dar di zed aga inst ar se nic(III), using fla me ato mic ab -
sorp ti on spec tro metry tech ni que.

Pro ce du re

So di um te trahy dro bo ra te so lu ti on, sta bi li zed with 0.5% 
so di um hydro xi de, was in jec ted into the ge ne ra tor flask
con ta in ning the ar se nic so lu ti on, with stir ring; the ni tro gen
flow was di rec ted so as to bypass the so lu ti on. After 60 s,
the flow of ni tro gen was quickly di rec ted through the
hydri de ge ne ra ting so lu ti on, al lo wing the analy ti cal sig nal

to be me a su red. The so lu ti on was dra i ned and the flask
rin sed with dis til led wa ter. The ab sor ban ce peak he ight
me a su re ments for each so lu ti on were cor rec ted for re a gent
blank sig nals.

Effect of acid me di um on ar si ne ge ne ra ti on

Spe ci es res pon se vs. re ac ti on me dia cons ti tu ents pro fi -
les were mo ni to red by analy sing so lu ti ons con ta in ning a
cons tant con cen tra ti on of the ar se nic spe ci es -
5.0 ng As/mL, but var ying the na tu re and the con cen tra ti -
ons of the re ac ti on ma trix.

The res pon ses ge ne ra ted from As(III) in hydroch lo ric
acid, ace tic acid, sulp hu ric acid and ort hop hosp ho ric acid
were in ves ti ga ted. Hydroch lo ric acid, ace tic acid and ci tra -
te buf fer me dia were stu di ed as re ac ti on ma trix for the se -
lec ti ve de ter mi na ti on of As(III), As(V) and DMA.

Inter fe ren ce Effects

Inter fe ren ce ef fects from Fe(III), Ni(II), Zn(II),
Cu(II), Cr(III), Cr(VI), Mn(II), Se(IV), Sb(III), Hg(II)
and Bi(III) were eva lu a ted in the es ta blis hed me dia which
were su i ta ble for the se lec ti ve re duc ti on of ar se nic. The
con cen tra ti on of each ar se nic spe ci es used in this study
was 5.0 ng/mL; the po ten ti ally in ter fe ring ion was ad ded
up to 2.0 µg/mL (ex cept for zinc ion), i.e., up to 400 - fold
ex cess. Ca li bra tors were run at re gu lar in ter vals, and
blanks so lu ti ons were analy sed for each ma trix and ma trix 
plus in ter fe ring ion. 

Pre-reduction of As(V) and DMA

The As(V) pre-reduction step was achi e ved by ad ding
po tas si um io di de 10% m/v so lu ti on (1 mL) to the sam ple,
in the se lec ted me di um, HCl 6 mol/L. The ad di ti on of 250 L 
of stan nous chlo ri de 0.5 mol/L so lu ti on and 1 mL of po tas -
si um io di de 10% m/v so lu ti on to a 100.0 mL por ti on of
sam ple in HCl 6 mol/L al lo wed the DMA and As(V)
pre-reduction.

Re sults and Dis cus si on

Hydroch lo ric acid was shown to give the best sen si ti -
vity in the de ter mi na ti on of As(III), in a lar ge con cen tra ti on 
ran ge, with si mi lar pro fi les be ing ob ta i ned with sulp hu ric
acid up to 1.2 mol/L. Ne vert he less, when using sulp hu ric
acid, the re pro duc ti bi lity was low. The sig nals in sulp hu ric
acid de ca yed con si de rably for con cen tra ti ons abo ve 1.2
mol/L, but with hydroch lo ric acid the res pon se in cre a sed
abo ve this acid con cen tra ti on, thus per mit ting in ves ti ga ti -
on of this ma trix for the se lec ti ve re duc ti on of ar se nic spe -
ci es. In the ort hop hosp ho ric acid ma trix, a very nar row
con cen tra ti on ran ge was shown to give the hig hest analy ti -
cal sig nal but acid con cen tra ti ons abo ve or be low 0.2 mol/L 
re sul ted in smal ler res pon ses.
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The sig nals ge ne ra ted from As(III), As(V) and DMA in
hydroch lo ric acid are shown as a func ti on of acid con cen -
tra ti on in Fig. 1. For the stu di ed acid con cen tra ti ons, the
res pon ses of As(III) were hig her than DMA or As(V) sig -
nals. The res pon ses for DMA were shown to fall af ter 0.1
mol/L, with the ab sor ban ce ap pro a ching zero at 5 mol/L
acid con cen tra ti on. The res pon se for As(V) was low, alt -
hough in cre a sing up to 5.0 mol/L acid con cen tra ti on. The se 
re sults were si mi lar to the re same ob ta i ned by ot her aut -
hors17,18.

Fi gu re 2 shows the sig nals ob ta i ned with ace tic acid.
This ma trix al lo wed the ge ne ra ti on of ar si nes from both
As(III) and DMA to al most iden ti cal ex tents over the en ti re
con cen tra ti on ran ge stu di ed. As(V) res pon se was low, sho -

wing a bro ad pla te au for an ace tic acid con cen tra ti on gre a -
ter than 0.2 mol/L. Good se pa ra ti on bet we en the res pon ses
of As(III) + DMA and As(V) can be seen at 0.1-0.2 mol/L
ace tic acid con cen tra ti on.

The res pon ses pro du ced by using ci tra te buf fer, as can
be seen in Fig. 3, sho wed the ma xi mum sig nals for DMA at
ap pro xi ma tely 0.1 mol/L ci tra te con cen tra ti on. At hig her
ci tra te con cen tra ti ons the DMA sig nal de ca yed ste a dily.
The res pon se from As(V) was much lo wer than that of
As(III), which sho wed a pla te au for the stu di ed ci tra te con -
cen tra ti ons. The ma xi mum se pa ra ti on bet we en the res pon -
ses of As(III) and DMA or As(V) was achi e ved abo ve the
0.4 mol/L con cen tra ti on in the ci tra te buf fer so lu ti on. This
sug ges ted that this ma trix should be furt her stu di ed for de -
ter mi ning As(III) in the pre sen ce of DMA or As(V). Fi gu re
4 shows the ab sor ban ce for As(III) and DMA as a func ti on
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Fi gu re 2. Effect of ace tic acid con cen tra ti on on the res pon se of
As(III), As(V) and DMA du ring re duc ti on by NaBH4.

Fi gu re 1. Effect of hydroch lo ric acid con cen tra ti on on the res pon se of 
As(III), As(V) and DMA du ring re duc ti on by NaBH4.

Fi gu re 3.  Effect of ci tra te buf fer con cen tra ti on on the res pon se of
As(III), As(V) and DMA du ring re duc ti on by NaBH4.

Fi gu re 4. Effect of pH on the res pon se of As(III) and DMA  du ring re -
duc ti on by NaBH4. Re duc ti on ma trix: 0.4 mol/L ci tra te buf fer so lu ti -



of ini ti al pH va lu es in ci tra te buf fer so lu ti on (0.4 mol/L); as
As(V) res pon ses were ne gli gi ble they were ex clu ded from
the di a gram. This fi gu re shows that for pH va lu es abo ve 4.8 
the DMA con tri bu ti on to the ar si ne ge ne ra ti on be co mes
gre a ter, so li mi ting the op ti mum pH ran ge for the spe ci a ti -
on stu di es.

As the re ac ti on pro duct is a ga se ous com pound, the ar -
si ne dis so lu ti on equi li bri um is very im por tant and like gas
li be ra ti on is also af fec ted by the vo lu mes ra tio in the flask
(so lu ti on vo lu me to free vo lu me). The ef fect of the vo lu me
of the so lu ti on on the analy ti cal sig nal was stu di ed to achi e -
ve the best pre ci si on and sen si vity, wit hout lost of ea si ness
in the pro ce du re.

The in flu en ce of the sam ple vo lu me on the ef fi ci ency of 
ar si ne evo lu ti on was as ses sed over the ran ge 10-40 mL
(Fig. 5). Up to 30 mL the sam ple vo lu me had no ef fect on
the ab sor ban ce of the ar se nic in ace tic acid me di um, but for
sam ple si zes abo ve 30 mL lo wer sig nals were ob ta i ned. In
hydroch lo ric acid, the ab sor ban ce was hig her for the lar -
gest sam ple vo lu me; ne vert he less, vo lu mes abo ve 20 mL
were pro ble ma tic due to the gas pres su re in the flask. In ci -
tra te buf fer so lu ti ons, the gre a test ab sor ban ces were found
for sam ple vo lu mes from 20 to 30 mL. This study al lo wed
the cho i ce of the sam ple vo lu mes in the ge ne ra tor flask su i -
ted for each re ac ti on ma trix: 20 mL for hydroch lo ric acid
and ci tra te buf fer, and 10 mL for ace tic acid; the to tal vo lu -
me of the ge ne ra tor flask used was 300 mL.

An im por tant pa ra me ter in the hydri de ge ne ra ti on tech -
ni que in vol ves the re duc tant con cen tra ti on in the re ac ti on
me dia. When in jec ting the same vo lu me of so lu ti ons of dif -
fe rent re duc tant con cen tra ti ons, in the ran ge 1-2%, into the
re ac ti on flask con ta in ning a cons tant con cen tra ti on of
As(III), it was ve ri fi ed that the ab sor ban ce is hig her for the
gre a test re duc tant con cen tra ti on; the more con cen tra ted so -
di um te trahy dro bo ra te so lu ti ons pro du ced a pre ma tu re re -

le a se of ar se nic hydri des, and also in cre a sed the in ner pres -
su re in the flask, ma king dif fi cult the me a su re ments. In Fig. 
6 the be ha vi or of As(III) in each re ac ti on me di um with dif -
fe rent re duc tant con cen tra ti ons can be seen; the ob ta i ned
cur ves were very si mi lar, thus al lo wing to fix the 1.5% so -
di um te trahy dro bo ra te con cen tra ti on for all the me dia stu -
di ed.

The ef fect of al te ring the car ri er gas flow-rate on the ar -
si ne li be ra ti on and trans port to the ab sorp ti on cell can be
seen in Fig. 7. This ef fect is in flu en ced by the ins tru ment
res pon se time and by the ar se nic con cen tra ti on in the ato -
mi zer. The analy ti cal sig nals ob ta i ned, when var ying the
ni tro gen flow rate from 0.1 L/min to 1.7 L/min, were gre a -
test for the hig her flow rate. Abo ve 1.7 L/min it was im pos -
si ble to me a su re the sig nal due to the smal ler hydri de
re si den ce time in the quartz cell. The 0.9 L/min ni tro gen
flow rate was se lec ted for the la bo ra tory system.

Po tas si um io di de was shown to ca u se the ra pid re duc ti -
on of  As(V) in high con cen tra ti ons of hydroch lo ric acid,
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Fi gu re 5. Influ en ce of sam ple vo lu me on the res pon se of As(III).

Fi gu re 6. Effect of so di um te trahy dro bo ra te (III) con cen tra ti on on the 
res pon se of As(III) in the se lec ted re duc ti on me dia.

Fi gu re 7.  Influ en ce of car ri er gas flow rate on the res pon se of As(III).



thus al lo wing the se lec ti ve de ter mi na ti on of As(III) + As(V)
with ne gli gi ble in ter fe ren ce from DMA. In Fig. 8 an analy ti -
cal cur ve for As(III) and As(V), af ter pre-reduction with po -
tas si um io di de, is shown; both spe ci es gave iden ti cal
analy ti cal sig nal, in di ca ting that the As(V) re duc ti on was
com ple te. Ho we ver, po tas si um io di de alo ne fa i led to re du ce
DMA, even in 6 mol/L hydroch lo ric acid con cen tra ti on. Po -
tas si um io di de and stan nous chlo ri de were shown to re du ce
As(V) and DMA ra pidly, the reby pro vi ding a way for the de -
ter mi na ti on of to tal ar se nic. After this pre-reduction, As(V)
and DMA gave the same res pon se as As(III), as can be seen
in Fig. 9. The de tec ti on li mit (lo ca ted at 3σ abo ve the blank
sig nal, with σ as the stan dard de vi a ti on of 20 blank me a su re -
ments) achi e ved in this acid ma trix was 0.43 ng As/mL.

The analy ti cal cur ves in ace tic acid re ac ti on me di um
for As(III) and DMA is shown in Fig. 10. Both spe ci es ex -

hi bi ted the same res pon se in this me di um, thus per mit ting
the ir de ter mi na ti on with only one analy ti cal cur ve for
As(III), with a de tec ti on li mit equal to 1.04 ng As/mL.

In ci tra te buf fer ma trix, the pre sen ce of ar se nic as DMA in
the same quan tity as As (III), had no ef fect on the sig nal of
As(III), but when DMA con cen tra ti on in cre a sed, the ab sor -
ban ce in cre a sed too, as could be ex pec ted from Fig. 3; when
the ra tio of As (III) to ar se nic as DMA be co mes equal to 0.1,
the sig nals be ca me al most 40% gre a ter (Fig. 11). As(V) in this 
same ma trix sho wed a si mi lar be ha vi or (Fig. 12), and the ab -
sor ban ce was 50% gre a ter when As(III)/As(V) was 0.1. As in
ge ne ral both As(V) and DMA le vels in na tu ral wa ters are
smal ler than As(III) con cen tra ti on, tho se ar se nic spe ci es ca u -
se no pro blems when using analy ti cal cur ves for As(III) alo ne, 
in ci tra te buf fer and ace tic acid re ac ti on me dia. In this buf fer
ma trix the de tec ti on li mit achi e ved was 0.53 ng As/mL.

Fi gu re 8. Analy ti cal cur ves for ar se nic in hydroch lo ric acid 6 mol/L,
af ter pre-reduction of As(V) with po tas si um io di de.

Fi gu re 9. Analy ti cal cur ves for ar se nic in HCl 6 mol / L, af ter pre -re -
duc ti on of As(V) and DMA with po tas si um io di de and stan nous chlo -
ri de.

Fi gu re 10. Analy ti cal cur ves for ar se nic in ace tic acid 0.12 mol/L.

Fi gu re 11.Analy ti cal cur ves for As(III) in the pre sen ce of DMA. Re -
duc ti on ma trix: 0.4 mol/L ci tra te buf fer so lu ti on.
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Inter fe ren ce Effects

Inter fe ren ces can be de ri ved from two dis tinct sour ces,
the for ma ti on of com pe ting hydri des and inhi bi ti on of ar si -
ne ge ne ra ti on. Ta bles 1-3 show the ef fect of va ri ous con -
cen tra ti ons of ele ments on the re co very of ar se nic spe ci es
in the dif fe rent re ac ti on me dia. The ef fects are ex pres sed as
per cen ta ge de vi a ti on from the in ter fe ren ce-free res pon se;
dif fe ren ces gre a ter than 10% were con si de red to be a re sult
of in ter fe ren ce ef fects.

Inter fe ren ces were most se ve re in the de ter mi na ti on of
As(III) in hydroch lo ric acid me di um, with sig ni fi cant ef -
fects from ex cess of Mn(II), Cr(III), Cr(VI), Sb(III),
Bi(III), and Hg(II). In ace tic acid me di um, Zn(II), Fe(III),
Cu(II), and Ni(II) ca u sed the gre a test ef fects on the res pon -
se of As(III); in the de ter mi na ti on of DMA, in this same
ma trix, high in ter fe ren ce ef fects from Zn(II), Cu(II), and
Ni(II) were ob ser ved. Inter fe ren ces due to Cr(III), Cr(VI),
Se(IV), Cu(II), Zn(II), and Fe(III) were evi dent in the de ter -
mi na ti on of As(III) in the pre sen ce of ci tra te buf fer ma trix.

Ele ments which give rise to vo la ti le hydri des were
shown to de press the res pon se of ar se nic in hydroch lo ric
acid me di um. The de pres si on in the pre sen ce of Cu(II),
Fe(III), Zn(II), and Ni(II) is be li e ved to be due to inhi bi ti on
of ar si ne ge ne ra ti on.

Fi nal Dis cus si on
The use of dif fe rent acid me dia al lo wed spe ci a ti on

stu di es of ar se nic. Hydroch lo ric acid pro vi ded a me ans
of mi ni mi sing the hydri de con tri bu ti on from the meth -
yla ted ar se nic com pounds, as the re la ti ve hydri de res -
pon se for meth yla ted ar se nic spe ci es de cre a sed with
in cre a sing aci dity of the hydri de ge ne ra ting so lu ti on. Si -
mi larly, in ace tic acid the As(V) res pon se could be re du -

ced, per mi ting a good se pa ra ti on bet we en As(III) + DMA
and As(V) res pon ses. 

Ai ming to find a che mi cally inert buf fer that would al -
low the se lec ti ve re duc ti on of ar se nic spe ci es, par ti cu lar
con si de ra ti on was gi ven to buf fers who se wor king ran ges
co ve red the pH ran ge 4-9 (in con se quen ce of the pK of the
in di vi du al ar se nic acids), man ta i ning a re a so nably cons tant 
pH du ring mi xing with the re duc tant so lu ti on sta bi li sed by
so di um hydro xi de. Gre at dif fi cul ti es were men ti o ned in the 

Ta ble 1.  Effect of me tal ions on the re co very of As(III) in the
hydroch lo ric acid ma trix.

in ter fe ring ion con cen tra ti on, µg/mL de vi a ti on, %

Fe(III) 0.56 -5

1.0 -8

2.0 +8

Cu(II) 0.5 0

1.0 +4

2.0 +16

Zn(II) 5.0 -7

10 +29

Ni(II) 0.5 +2

1.0 +9

2.0 -29

Mn(II) 0.5 -13

1.0 -41

2.0 -50

Cr(III) 0.5 -47

1.0 -58

2.0 -63

Cr(VI) 0.5 -66

1.0 -45

2.0 -53

Sb(III) 0.001 -44

0.01 -49

0.1 -23

Bi(III) 0.001 -47

0.01 -55

0.1 -47

Se(IV) 0.001 -24

0.01 -5

0.1 -40

Hg(II) 0.001 -35

0.01 -38

0.1 -37

Fi gu re 12.  Analy ti cal cur ves for As(III) in the pre sen ce of As(V). Re -
duc ti on ma trix: 0.4 mol/L ci tra te buf fer so lu ti on.
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li te ra tu re in fin ding such buf fer systems18. Hydro gen evo -
lu ti on and, con se quently, de gas sing ra tes in me dia who se
ini ti al pH va lu es were gre a ter than 6.0-6.3 were slow, as the 
rate of de com po si ti on of the re duc tant is strongly pH de -
pen dent. The re fo re, hydri de ge ne ra ti on was not fe a si ble at
pHs ap pro a ching ne u tra lity. In the dif fe rent me dia in ves ti -
ga ted, only ci tric acid ma trix led to As(III) de ter mi na ti on in 
the pre sen ce of DMA or As(V).

In or der to chan ge the oxi da ti on sta te of inor ga nic ar se -
nic spe ci es, se ve ral re dox systems have been used in a wide

ran ge of analy ti cal pro ce du res 18; some of the se re dox
systems re qui re he a ting or long re ac ti on ti mes. In this work
emp ha sis was to wards spe ed and ef fi ci ency in analy sis; ap -
pro pri a te re a gents were the re fo re cho sen for use with the
re ac ti on ma trix pre vi ously se lec ted. The em plo yed low
stan nous chlo ri de con cen tra ti on al lo wed its use as a re duc -
tant, alt hough the stan nous ion re du ces the ar se nic sig nal.

Hydroch lo ric acid re ac ti on me di um can be con si de red
in ter fe ren ce free with res pect to the de ter mi na ti on of ar se -

Ta ble 3.  Effect of me tal ions on the re co very of As(III) and DMA in
the ace tic acid ma trix.

in ter fe ring ion con cen tra ti on, µg/mL de vi a ti on, %

As(III) DMA

Fe(III) 1.12 -18 -3

11.2 -49 -5

50.5 -51 -18

Cu(II) 0.44 -14 -27

1.0 -29 -57

5.0 -100 -95

Zn(II) 10 -70 -25

100 -70 -82

Ni(II) 0.5 -62 -51

1.0 -78 -65

2.0 -99 -76

Mn(II) 0.5 -10 +8

1.0 +3 +18

2.0 -4 +18

Cr(III) 0.5 +6 +7

1.0 +29 +15

2.0 -31 -18

Cr(VI) 0.5 +14 +7

1.0 +22 +3

2.0 +7 +15

Sb(III) 0.001 +10 -17

0.01 -7 -6

0.1 -35 +14

Bi(III) 0.001 +6 0

0.01 -8 +18

0.1 -3 -6

Se(IV) 0.001 -8 +28

0.01 0 +38

0.1 +25 -19

Hg(II) 0.001 -1 +32

0.01 -1 +14

0.1 +32 +28

Ta ble 2.  Effect of me tal ions on the re co very of As(III) in the ci tra te
buf fer ma trix.

in ter fe ring ion con cen tra ti on, µg/mL de vi a ti on, %

Fe(III) 0.56 -64

1.0 -64

2.0 -64

Cu(II) 0.5 -57

1.0 -57

2.0 -57

Zn(II) 5.0 -58

10 -62

Ni(II) 0.5 -6

1.0 -1

2.0 -6

Mn(II) 0.5 -5

1.0 +8

2.0 +3

Cr(III) 0.5 -41

1.0 -62

2.0 -67

Cr(VI) 0.5 -28

1.0 -56

2.0 -71

Sb(III) 0.001 -3

0.01 +1

0.1 -7

Bi(III) 0.001 +14

0.01 +10

0.1 -10

Se(IV) 0.001 -2

0.01 -19

0.1 -50

Hg(II) 0.001 +3

0.01 +3

0.1 -2
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nic spe ci es in na tu ral wa ters, as the con cen tra ti ons of
Ni(II), Mn(II), Cr(III), Cr(VI), Sb(III), Bi(III), Se(IV), and
Hg(II) are low. In ci tra te buf fer and ace tic acid me dia se ve -
ral ele ments pro du ce in ter fe ren ce pro blems.

Con clu si on
The re were dis tinct dif fe ren ces bet we en the res pon ses of

the ar se nic spe ci es in each of the acid re ac ti on me dia in ves ti -
ga ted. The use of 6 mol/L hydroch lo ric acid pro vi ded a me ans
of mi ni mi sing the hydri de con tri bu ti on from the meth yla ted
ar se nic com pounds as part of a spe ci a ti on in ves ti ga ti on.

Di meth ylar si nic acid, ex pec ted to be the most abun dant
meth yla ted ar se nic com pound in fresh wa ter, could be de -
ter mi ned to get her with As(III) in ace tic acid ma trix, thus
per mi ting a spe ci a ti on study.

The pro po sed met hod for the ar se nic spe ci es de ter mi -
na ti on in na tu ral wa ters is sim ple, ra pid and se lec ti ve, dis -
pen sing any ex trac ti on or sam ple di ges ti on pro ce du re; due
to its easy ope ra ti on, it can be re gar ded as a very ef fec ti ve
tool in the ar se nic spe ci a ti on stu di es.
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