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Suﬁjectz? Accuracy 'of Environmental Analysis for Arsenic

o |

FDecember 15th almeetlng was held at the Giant mine between
D I.A.N.D. and Royal Oak staff to discuss the accuracy of the
analytical results being generated by the envxronmental lab at
the Glant mlne. In attendance were:

t
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D.I.A.N. D : :
Erik Madsen - Industrial Coordlnator for Water Resources
Dave Jessiman's Water License Inspector
Kathleen Puznrckx « Envirornmental Chemist
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Royal Qakt
. Ke;dock Kim

Paul O'Hara
Doug Johnson |
Larry Connell%
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Over the past several years there has been a growing body of
evldence that the Glant envxronmental lab consistently reports
arsenic concentrations that are well below those measured by
D. I A.,N.D.’s environmental lab. The Giant lab, however, does
chéck well when assaying synthetic standards sent out by the
D. %.A N, D. envxronmental lab. ,

|

The problem is beliéved to stem from an antimony inteferrence
that affects the SDDC (Silver Dlethyldlthloearbamate) method used
at!the Giant lab to ‘analyze arsenic in water samples, Antimony is

present in water samples from the Giant mine but would not be

gr%sent in the standards prepared by the D.I.A.N.D. envirommental
ab., i . |

The solutlon to this problem lres in convertlng to an alternate
analytical method for the analysis of arsenic. The method of
choice 'is the use of atomic adsorption spectrometry to determine
‘argenic concentratlons by convérting the arsenic to a hydride
using sodium borohydride. Convérsion to this method at the Giant
environmental lab can be achieved by one of two options:

I
Purchase of a commercial Hydride generation package to be
installed on, one of the exlstlng atomic adsorption
spectrophotometers ‘at Giant. Bstimated cost of the
commercial package is $6,§Q0 plus an additional $3,500 for
i the addltlonal anc;llary equlpment.
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B) Fabr1ﬂatann of our awn arqine hydride generation equipient
followirng the’ prooedures used at the Con Mine. The majority

of +hc aquipmént xequ;:ed ‘for thie conversion was purchased
by Glant in 1992 in antlcipation of making this change. The
¢ equipment ;ncludes a multi head peristaltiec pump, a four

position magnetic stirring base and the associated hydride
generatxcn glassware. The rema;ning equipment to bé
purchased includes.

2 0t it V3

- Argon and hydrogen gas bottles with the appropriate

:egulatore, hosas and adaﬁtors.
1

The clant aso ay lablcurrently dﬁs two Atomic Adsorption
Spectrophotometerslln service. One unit is dedicated to the
analysis of gold usmng a Ketone extraction method while Lhe oLher
ha§ multlple lampslset up for the determination of metals using
an aix acetylene gas wix. Thexe is a third 2AA unit that is not in
sexvice fhat orlglnated with the TRP,

In: conve;ting from. the 8ppe method to the Arsine Hydride
generation method Io: arsenic analysis we can either use one of
the existing AA untts or set up the third unit as a dedicated
instruvent Loz arsenic. In using one of the existing units it
-wull be necegsary to set up the gas supply so that the AA unit
can be switched easily between‘an ajir-acetylene flame and an
- argon-hydrogen flame. It would he preferrable to set up the third
/AA unit as a dedicqted instrument for arsenic determination, This
would lead to less chande of contamination and error resulting
frdm switching fuel sources. The spare AA unit will require
icing at an estimated cost of $3,000 to $5,000 before béing
ced in service, :'he biggest iportion of this cost is time and
tr dvel costs for the service call to Yellowknife by a Varian
Canada techn;clan. .
At ithe meetlng a time schedule WBS agreed to for implementation
of ithe conversion of the analytical procedure for arsenic:

*, &

Januarys. ' Paul O’Hara
3 Purchase remalnlng equipment.
‘ Install AA unit and gas piping.
Arrdnge for Varian Canada to service
| the AA anit. ‘
1st Week in FebruarY: : Doug Johnson

Sr—tor 2p

Set up Equlpment and conduct test
runs of the new procedure.
Traxn the Giant envirommental analyst

in ;the procedure.
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There is also evxdence that the Glant envirommental lab

,conSLBtently reads low on nickel and copper analysis. While the

. We

-laborat%r;es. i

vaflance is not as. great as lnithe case of arsenic it does point
tola systemic problem with the duality of results generated by
our lab.} The methods used to determine both nickel and copper
concentratlons should produce acceptable results. Our failure to
acpleve ‘accurate rQSults points to a need to improve
1m%lementatlon of our quality assurance programs.

Weicurrently use fleld blanks, replicate sampling, and commercial
standard solutions but do not use the appropriate statistical
methods to monitor, and verify our results. These procedures are
requlred urder our written quality assurance program for both the \
Giant and Colomac water use llcenses.

1 belleve that our: problem lles 1n the weak technical training of
out analytical staff in statistical quality assurance procedures.
This will have to be rectified by training as soon as possible.

]

hneed to assure ourselves of the accuracy of our environmental
analysis by 1mplementing the quality assurance programs or we run
the risk of having'to analyze a growing number of the water
samples ‘from both the Giant and COlomac properties at commercial

P. O'Hara .-
D. Johnson
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For ganral introductory materxal on atomic absorpuon spec-
trothetric met;wds. see Section 3111A
T'wo methods are presented in ;hxs section: A manual method

and 2 continupus.flow method especxal!y fecommended for se-
y

———a ¥ [

* Approved by Stgndaxd Metheds Comm:ucé. 1989,

Femmer e nzem
~

3%14 B. Manu

;
3 "
a.; 1"rmc:plei This method i3 appllcable to the determiination

of amcnic and selenium’ by conversion to their hydrides by dem

borohydnde réagent and aspxrauon into an atomic abaorptmn
atomuer. !

Arbunous dud and sclenous acxd the As(HI) and Sc(IV) ox-
xdatxon sTales of arsenic and sdemum. respeczwely are instan-

. !
.

,taneously converted by sodium borohydade reagent in acid so'lutnon

to their voldule hydrides, The hydrxd«.s are purgcd conlmqou“.ly
by argon or mtmﬂen into an appmprmte atomizer of an altomnc
absorpnon spc,‘ctrometer and converted to the gas-phase atoms.
The ‘sodxum borohydride reducmg agent, by raptd generation of
the elcmental hydndeq in an Appropr:an. reaction cell, mmfmxzeq
dtlutmn of the hydrides by the carrier gas.and provrdes Fapid,
sensitive dcu,rmumnons of arsenig and selenium. i

CAUTION: Arsenic and a(,lemmn and their hydrides arg Yoxic,
Hangdle with care, 4 }

At rowm tenperaturs and solation plf valuvs of } D ess,
arscmc acid, the As(V) oxidation state of arsenic, is geduced

. . I
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YDRIf)E GENEhATiON/ATOM!C ABSORPTION SPECTROMETRY*

Introduction

leaivm, Continuous-flow automated systems are preferable to
manual hydride generators because the effect of sudden hydro-
gen generation on light-path transparéncy is removed and any
blank response from contamination of the HCI reagent by the
clements being determined is incorporated into the back«round
base line.

I Hydride Generataon/Atomlc Absorption Spectrometric Method

relatively slowly by sodium borohydride to Aa(m) which is then |,
instantancously converted to arsine, The arsine atoraic abaorp-
tion peaks commonly are decreased by one-fourth to one-third
for As(V) when compared 10 As(ill). Determination of total
arsenic requires that all inorganic arsenic compounds be in the
As(III) state, Organi¢ and inorganic forms of arsenic are first
oxidized to As(V) by acid digestion. The As(V) then is quan-
titatively reduced to As({lI) with sodium or potassium iodide
before reaction with sodium borohydride.

Selenic acid, the Se(VI) oxidation state of selenium, is mot,
measurably reduced by sodium borohydride. Te determine total
sclenium by atomic absorption and sodium borohydride, fivst
reduce Se(VI) formed during the acid digestion procedure to
Se(fV). being careful to prevent reoxidation by chlorine, Effi-
ciency of reduction depends on temperature, reduction time, and
HCl concentration. For 4 HCL heat { h at 100°C, For 6N HCly
boiling for 10 min i5 sufficient.! -* Alternatively, autoclave sam-
ples in scaled containers ut 121°C for 1 h, NoTE: Autoclaving in
sealed sontaimes may realt o neemplog reduction, appar‘bﬂﬂy
due to the buitdup of chlorine gas. To obtain equal instrument
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HYDRIDE GENEHATION/ATOM!C ABSORPT!ON SPECTROME.TRY (3114)/Manual Method

respanses f{:r rcduced Se(Vvi) and Sc (W) solunonf. of equqi
concentrations, manipulate H(l concentmuou and h(.atmg time.
For further details, see Scetion 3300-Se,

b, Equ:pmem selectwn
Certain atomlc absotption atomizers and lydride feaction cells

are avm!able commercially for use with the Sodium 'borohydnde

reagent. A Junctional system s presented in Fipure 3114:1. Ir-

’gqu,gtwe of the hydnde reaction ccll- dtonnzer system selected,
it must mcct the following quality-control tonmdumnom {a) 1t
must pronde a precise’and reproducible «.t\mdard Lurve batween

i and 20 pg As or Se/L and an mstrumental detection limit

Between 0.1 and 0.5 p,g As or 8e/L; (b)) whc.n cartied through,
the entire procedure, oxzdatmn state couples 1As (III) - As(V);
or Se (IV) -Se (VI)I must tause equal i mstrument résponse; and’
(c) sample dxgestmn must yw!d 80% or grcatcr recavery of added

cacodylic acid (dxme!hyl arsinic acid) and 90% or greater recov-

ury of added As(lil), As(V} Se(VI), or Se(lv)

Three types of atomlc absorption atomwers commOnly are
gsed in the menurCmmt of arsenic and :-.elemum Most instru-
ment manuficturers can provide a Bohng—tvpe burner for argon
(or nitrogen)-air entrafned-hydrogen flames. Altornatively nse.
an extema!ly heated quartz celfora quartz cell with an internal;
fuel rich oxygcn-hydrogcn or airhydr ogen flame, Quartz atom-
fzation cells provide for the most sensitive arsenic and seleniumn
hydride determmatxons and minimize background foise associ-
ated with the argon-air entrained- hydrogen flame.

c: Digesﬂ&n technigites: Waters and wastewaters may contain
varying am&mls of orgunic arsenic compounds and inorgani¢
compounds ?f As(XI1), As(V) Se(1vy, .mgl Se(VI). To measure
tota] arsenic 5nd selenium in these samples requires sample diges-
tion 10 solubilize Pdmculate forms and omdwe reduced forms of
arsenic and selenjum and (o convert any organic compounds to
inorganic ones. Organic selenium compounds raicly have been
demonstrated in water. ¥t Is left to the experienced analyst's
Judgmem whether sample digestion is requnred

Two digestion procedures are provided in  4c below. Consider
Sulfunc-mtric-petchlonc acid digestion oF sulfuric-nitric acid
digestion as“provxc;lmg1 a measure of tota] recoverable arsenic
rather than total arsenic because they do npt completely convert
certain orgamc arsenic compoundq to As(V) The sulfuric-nitric-
perchioric acnd dxgestwn effectively deﬂtroys organics and most
particulates m witréated wastewaters or sohd samples. The po-
tassium pcrsu!fate dxgeshon (' 4d) is effe«.uve for converting
organic arscmc and selenium compounds to As(V) and Se(VI)
in potable and surface Waters and in most wastewaters 4

The HCl-autoclavé reduction of Se(VI) ¢ described above is an
effective dxg&tmn procedure for total inprganic Se; however, it
has not been found effective for convertmg benzene substituted
seleiium compounds t§ inorganic seleniym.’

d. Iruerferences. Intérferences are mm:mnzed because the As
and Se hydndes are rcmovud from the solution containing most
potential mterfe ring substances. Slight responsc vanatxons ocenr
when acid mamces are vaﬂed Control theje variatidns by treat-
mg standards and samples in the same mafiner, Low concentra-
tions of nobl;e metals (approximatcly 100 /L of Ag. Au, P,
Pd, et¢.), concentrations of copper, lead, and nickel at or greater |
than 1 mg/l.. and concentratlons between 0.1 and 1 mg/L of |,
hydride-fey mg e!c.mt.ms (Bi, Sb, Sn, and Te) may suppress the *
response of As and Se hydndes Interference by transition metals
depends strongly on HCl concentration. fnterferences are: less

t
| 1

pronounced at 4 to 6N HCI than at lower ¢oncentrations.® The |
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Figure 3114:1. Munusl resetion cel} for producing As and $e hydrides.

presence of As or Se in ¢ach other’s matrices can cause similar
suppression. Reduced nitrogen oxides resulting from HNO,
digestion and nitrite also ¢an suppress instrumental response for
both elemcnts, Large concentrations of iodide interfore with the
Se determination by reducing Se to its elemental form. Do not
use any glassware for determining Se that has been used for
iodide reduction of As(V),

To prevent chlorine gas produced in the reduction of Se(V1)
to Se(IV) from reoxidizing the Se(IV), generate the hydride
within a few hours of the reduction steps or purge the chlotine
from the samples by sparging,*

Interferences depend on system desxgn and defy quantitative
description because of their syncrgistic effects, Certain waters
and wastewaters ¢an contain interferences in sufficient conecen-
tration to suppress absorptxon responscs of As and §e. For rep-
resentative samples in a given laboratory and for initial analyses
of unknown wastcwaters, add appropriate inorganic forms of As
or Se to digested sample portions and measure recovery. If av-
erage recoverigs are less than 90%, consider using alternative
analytical procedures. ‘

¢. Detection limit and optimum concentration range'. For both
arsenic and selenium, analyzed by aspiration jnto a nitrogen-
hydrogen flame after reduction, the method detection limit is
0.002 mg/L and the optimum concentration rarige 0.002 to 0,02
mg/L.

2. Apparatus

a. Atomic absorption spectrometer equipped with gas flow me-
ters for argon (or nitrogen) and hydrogen, As and Se electrode-
less discharge lamps with power supply, background correction
at measurement wavelengths, and appropriate strip-chart re-
corder. A good-quality 10-mV recorder with high sensitivity and
a fast response time is needed.

b. Atomizer: Use cne of the following:

1) Boling-type burncr heud for argon (or nitrogen)-air en-
trained-hydrogen flame.

2) Cylindrical quariz cell, 10 to 20 em Iong, electtically heated
by external nichrome wire to 800 to 900°C.7
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3) Cy lmdncal quariz cell with internial fuc.l rich hiydrogen-oxy- | §
gen (jau-) flame.¥ | ¢

The senditivity of quartz cells dclenoratas over spveral monthr.
of use, Sensitivity sometimes may be restored by freatment with '
40% TIF. t‘AUTmN HE is extremely coriuuw: Avmd all contae!
with e\po.scd skin, Handle with care, -

¢. Reaction cell for producing As or Se hydrides: See i"":gur(:I
3114:1. A pommergially available systermjs accoptable if it utilizes,
liquid sodmm borohydride reagents; accepts samples digested i in!
accordance with ¥s 4c, d, and ¢; accepts 4to 6N HCl and is;
efficiently and prectSely sutied by the purgmg gas and/or 2 m'tg
nettc stm‘er

d. Eye dropper or syrmge capable of dehvcrm" 0.5t03.0 m'L
sodivm bqrohydnde reagent. Exact and’ rcproduc;ble addition is
required so that productxon of hydrogc,n gas does not vary sxg-
pificantly hetween determinations.

¢. Veni: See Scctmn 3111A 4 ' ' :

t .

| i
v i l: v
3. Reagents ¥ :

1
; 3
- 4. Sodiym borquydride reagem. Diso[ve 8 g NaBH, in 200
m!. 0 LN N2OH. P;cpare fresh daily. |
b, Sodlum iodide' preréductant so[uriom Dissolve 50 g Nal irf
500 ml. water. Prepare fresh daily, Altematlvely use an eqmv?
alent KI solution, .,
¢ Sulfuric acid, 18N, '
d. Sulfiric actd, 2,5N: Cautiously add 35 m¥.'con¢ H.SO, to

about 400 mL watei' let cool, and adjuaf volumé to 500 mL.

e Potaseium persulﬁzre. $% solution: stsolve 25 g K.5.0, 1 m
water snd dilute 1o'500 mL. Stoxe in'g glass and refrigerate. Pre-
pare weekly. ! ;

¢ . )

A Nltrtpc acld, HNO,. cong.

g. Perchloric acu,i HCIO,, sonc.

k. Hyarodzlorlc acid, HCl. cone.

i. Argon (or nitrbgen), commercial grade.

j. Hydrogen, commcrcnai grade. . ¢

k. Arspnic(lll) solufions: ,

1) Stock AstIIl) solution: Dissolve 1.320 g arsenic trioxidé,
As,0,, i m water contammg 4 g NaOH, Dllute to1L; .00 mL
-1.00 mg As(II1)." i

2) .(mernwdzaxe As(lit) solunan, Dsluts 10 mL stock As so-
fution tof 1000 mL ‘with water containing 5 mL cone HCE: 1.00
ml = 10.0 ug As(m)

3) Stuhdard As(lll) solution: Dilute 10 mL mtermedlate As([l[)
~solution, 0 1000 mL with water conhmmg the same concentri-
tiop of acxd used fox sample prescivation (2 to 5 mL conc HNO',)
1.00 mk; = 0, 100 pg As{UIT). Preparé diluted solutwn'. daaly ,

L Arswuc( V) m!uuom

1) Sroick As(V) solxmcm Dissolve 1.534 g arsenic pontoxndg
As,Oy, In dmdled water containing 4 g NaOH. Dilute 10 L;
1.00 mL = 1.00 mig As(V).

2) jnrgrmcdmte As( V) solution: Pmpare as for As(IIl) ahovc.
LOO mE = 10.0 wg As(V).

3) Stdncard As(V) solution; Prepasé as for As(II) above L 00
mL = 0,100 pg As(V).

m, Organic arsenic solutionss !

1) Stock organic arsenic solution; Dissolve 1.842 ¢ dimethyl-
arsinic acid (cacodylic acid). {CH;);AsOQH, in water contulm;ng
4 g NaOH. Ditute to 1 L; 1.00 mL = 1.00 mg As. {Nore: Cl;‘eck

o, e

!
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putity of cacodylic acid reagent against an intermediate arsenic
standard (50 to 100 mg As/L) vsing flame atomie absorption. ]

2} Intermediate brganic arsenic solution: Prepare as for As(II)
abuve, 1,00 mL = 10.0 ug Ae.

3) Standard arganic arsenic solution: Prepare as for As(III)
above; 1.00 mL = 0.100 png As.

n. Selenium(1V) solutions:

1) Stock Se(1v) solution: Dissolve 2.190 ¢ sodium selenite,
Na,5eQy, int water containing 10 mL HCl and dilute to 1 L; 1,00
‘mL = 1.00 mg Se(IV).

2) Intermediate Se(1V) sobution: Dilute 10 mL stock Se(l\/‘) 10
1000 mL with water containing 10 mL conc HCHE 1,00 mL =
10.0 pg Se(IV).

3) Standard Se(1V) solution: Dilute 10 mL intermediate Se(IV)
sotation to 1000 mL with water containing the same concentras
tion of acid used for sumple preservation (2t 5 mL cong HNO,).

g
3
?
b

Prepare solution daily when checking the cquivalency of instru- 3.

ment response for $e(iV) and Se(VI): 1.00 mL = 0100 pg
Se(Iv #
elenium(V'1) solutions: i

1) Stock Se(VI) solution: Dissolve 2.393 g sodium sclenate, = %
Na,ScO,, in warer containing 10 mL conc HNO;. Dilute to 1 L; {:
1.00 mL = 1,00 mg Se(VI). B
2) Intermediate Se(VI) svlution: Prepare as for S¢(IV) above; "ﬁ
1.00 mL = 10,0 pg Sc¢ (V1). &
3) Standard Se(V1) solution: Prepare as for S¢(IV) above; 1:00 :?,ﬁ"?'

AL

!
v

mL = 0.100 g Se(VI).

I B AR
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4. Procedure

%

Y

’

i

a. Apparatus setup: Bither see Figure 3114:1 or follow man-
ufacturer’s instructions. Connect inlet of réaction cell with aux-
iliary purging gus controlled by flow meter. If & drying ¢eli be-
twecn the rcaction <ell and atomizer is necessary, use only
anhydrous CaCly but not CaS0, because it may retain Seli;.
Before using the hydride gencration/analysis system, optimize
operating parameters, Aspirate dilute aqueous solutions of As
and Se dircetly into the flame to facilitate atomizer atignment.
Align quartz atomizers for maximwn absorbance, Aspix_‘ate 2
blank until memory effects are removed. Establish purging gds
flow, concentration and rate of addition of sodium borohydride
reagent, solution volume, and stirting rate for opfimum instru-
ment response for the chemical specics to be analyzed. If a quartz
atomizer is used. optimize cell temperetire, If sodium boro-
hydride reagent is added too quickly. rapid evolution of hydrogen
will unbalance the systom. If the volumc of solution being purged
is too large, the absorption signal will be decreased. Recom-
mcnded wavelengths are 193.7 and 196.0 nm for As and $¢,
respactively. :

b. Instrunent calibration standards: Transfer 0.00, 1.00, 2,00,
5.00. 10.00, 15.00, and 20.00 mL standard solutions of As(Ill)
or $e(IV) to 100-ml. volumetric flasks and bring to volume with
water containing the same acid concentration used for sample &7
- preservation (common!y 2 10 5 mL conc 1INO,/L). This yields
blank and standard solutions of 0, 1, 2, 5. 10, 15, and 20 pg A§
or Se/l. Prepare fresh daily.

¢, Preparetion of semples and standards for total recoverable
arsenic and seleniwm: Follow aencral procedures of Scetion 3030F:
alternatively, add 50 mi- sample, As(Iil), or Se(1V) standard to
20-mL Berzelius beaker, (Alternatively. prepare standards b)’
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adding 300 p,g/L standard As ox' Se solutions dircetly tEo the
beaker and diltte to 50 mL in this beaker) Add 7 mL 18N )-),soq
and 5 mL cont HNO;. Add a snmll bmlmg chip or glass beads
if necessary Evaporate to SO, fume,s Maimtaln oxxdnzmg con-
dmons at all times by adding small amounts of HNO, to prevent
solution from darkening, Mmmamr an extess of 1INQ; until ajj
orgapic matter’ is destroyed, Complete digestion usually ¥s in-
dicated by 2 light-dolored solution. Cool slxghtly, add 2§ mL

" water and 1 mL conc HCIO, and agam evaporate to SO, fumes

1o eﬁpel oxxdes of nitrogen, Cavtion: See Section 3030H Jor

. cautions an use of HCIO, Momtor effectiveness of drgesnon

pyocédurc uscd by adding 5 mL of standard organic arseni¢ so-
lutioh or § mY. of a standard sclenium solution to a S0-mL sample
and measunng Tecovery, carzying standards through entirc pro-

‘ cedu}e To rcpon total recoverablé arsenic as total arsenic, av-

eragé recoveres of cacodylic acid must exceed 80%. Altema-
tively, usc 100-mL micro-kjeldahl fiasks for the digestion of'totai

'rccoverablc argcmc or selenium, thereby improving dxgcbhon
: effectweness. After fixial evaporation of 30, fumes, dilute to 50

mL for arsenic measuréments of 10 30 mL for selenium meas-
urements.

d ,Preparauan of samples and srandards for total nrsemc and
selenium: Add 50 mL sample or standard to 3 200-mL Berzelius
beaker. Add imL 25N H;S0, and 5 mL 5% K5,0s. Boil gently
on a pre-heated hot plate for approxxmately 30 to 40 min or until
a ﬁnal volume 'of 10 ml, is rcached Do not let sampie go to
drynéss. Altemauvely heat in an aufoctave at 121°C for 1 h in
capped containers, After manual dxgestxon, dliute to 50 mL for
Subseﬂuent arsemc measurcments and to 30 mL for sclcnium
measyrements, Momfor effechwness of digestion by measuring
recovery of A§ dr Se as above, If poor recovery of arsenic agded
s cadodylic acid is obtained, reanalfze using double the amgunt
bf Kzszoa
. e Determivation of arsenic with sodzum borohydride: To 50
mL digested standard or sample in a 200-m¥, Berzclius bejker
(see Figure 31 14 1) add 5 mL cone HCI and mix. Add 5 mL Nal
prereﬁucfant solut:on, mix, and wait at ieast 30 min. (NOTE:, The
Nal reagent gas not been found necessary for certain hyqnde
rcacnon ccll designs if 2 20 to 30% 1055 in instrument sensitivity
is not important'and variables of solutwn acid conditions, tem-
peratures, and vo!umes for pmduct:on of As(V) and arsine’can
be controlled strictly, Such control requires ap antomated deliv-
ey system; see Sc,ctton 314C)

« Attich one Berzelius beaker at a timie to the rubber stoppex
contammg the gas dispersion tube for the purging gas, the sodmm
borohydnde reagcnt inlet, and the outlet to the atomizer. Turm
on strip-chart recorder and wait unti] the bise line is established
by the' purging gas and all uir is expélled from the reaction ccll

.

- Add 0.5 mL sodivm borohydﬂde reagent. After the mstrument

absorbance has reached a maxlmum and returned to the Qa
line, remove Txaker tinse d!spetsmn fube with water, and pro-
ceed to the next bample or standard. Penodxcally compare stand—
ard As(IIl) and As(V) curves for résponsé cpnsistency. Check
for présence of chemical mterferences that suppress matrument
response for arsine by treating a digested sample with 10 pg/L
As(ll!) or As(V) as appropriate. Averagc rccovenes should be
not less than 50%.

1. Wetermination of Selenium wxzh sadmm borahydr:de. To 30
mL digested standard or samgte, or 1030 m undigosted standard
or sample in a 200.mL Berzelius beaker, add 13 mL conc HC!
and mix. Heat for a predetermined period at 90 to 100°C,
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ternatively antoclave at 121°C in cupped comtainers for 60 min,
or heat for a predetermined time in Open test tubes using 2 90
to 100°C hot water bath or an aluminum block digester. Check
effcctiveness of the selected heuting by demonstrating equal in-
strurnent responses for calibration curves prepared either from
standard Sc(IV) or from Se(V1) solutions. Effective heat ex-
posure for converting Se(VI) to Se(1V), with no loss of Se(IV),
ranges between § and 60 min when open beakers or test tubes
are used. Do not digest standard Se{IV) and Se(V1) solutions
used for this check of equivalency. After prereduction of Se(VI)
to Sc(1V), attach Berzeliug beakers, one at a time, to the purge
apparatus. For each, turn on the strip-chart recorder and wait
until the base line is established. Add 0.50 mL sodium boro-
hydride reagemt. After the instrument absorbance has reached
2 maximum and returncd to the base line, remove beaaker, rinse
dispersion tube with water, and proceed to the nexs sample or
standard. Check for presence of chemical interferences that sup-
press selenivm hydride instrument response by treating a di-
gested sample with 10 ng Se (VYL. Average recoveries should
be not less than 90%,

5. Calculation

Construct a standard curve by plottinig peak heights or areas
of standards versus concentration of standards. Mcasure peak
heights or areas of samples and read concentrations from curve.
If sample was diluted (or concentrated) before sample d:gestwn,
apply an appropriate factor, On instruments so equipped, read
concentrations directly after standard calibration,

6. Precision and Bias

Single-laboratory, single-operator data weré collucted for As(il)

and organic arseni¢ by both manual and automated methods,
and for the manua] dutormination of selenium. Recovery values’
(%) from seven replicates are given below:

As{III) k

Org As
Manus} with digestion 918 $7.3 — —
Manual without digestion 109.4 194 006 110.8
Automated with digestion 95.8 98.4 - —_

Auntomated without digestion 92.5 10.4 — —n
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i
The continuous hydrtide generator. mtroduced recently, offers;
the advantages of smipl city in opemtxon excellcnt rcproducx-

. bility, low detection lm'uts, and high sa.mplc volume throughput,

for selenmm émalysxs followmg pr(.pdrauons 35 described in 3500~
Sc.B or 3114B.4¢ and d. !

a. Prindiple: Sce Section 31148. '

b., Interferences: Eree chlorine in hydrochloric acid is a com-
mon "but dlff' suli-to- dtaﬂnose interference. (The amount of ¢hio-;
rine ‘varie§ with manufacturcr and with each lot from the same,
mantfactdrer), Chlorine oxidizes the hydnde and can contami-,
nate the hydnde genex’ator to prevent recoveries nnder any coh-
ditions. When interference is encountered, or preferably before;
using each new bottlc of HC!, eliminatg chlorine from a 2.3 L
bottle of ¢ conc HCl by bubbling with helium (¢ommercial grade.,
100 mL/mm) for 3 h

EXcess gmdant (pcromde. persulfate, or poermynganate) from
the total sclenium digestion can oxidize the hydrlde Follow pros
cedures in 3500-8e.B.2, 3, or 4 to easure removal of all oxldazmg
agents before hydnde getieration.

Nrtnte Is a common tiace constituent in natyral and waste‘
waters, aod af levels as low as 10 p,g/L vitrite can roduce the
recovery of hydrogen selenide from Se(1V) by ovier 50%. Morc-
over, during the reduction of Sc(VI) to Se(1V) by dtgc.suon thh
HCl (3500-8&. B.5).’some nitrate is corlverted W pitrite. Whlch
subsequently interferes, When this mtﬁrference ls,snspcctcd b d
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Continugus Hydnde Generatian/Atomic Absorption Spectrometric Method
(PROPOSED)

sulfanilamide after sample acidification (or HC! digestion). The
diazotization rcuction between nitrite and sulfanilamide com-
pletely removes the interferent effect (i.e., the standard addition
slope is normal).

2. Apparatus

a. Continuous kydride gencraror: The basic unit Is composed
of two parts: a precision peristaltic pump, which is used to meter
and mix reagents and sample solutions, and the gas-liquid sep-
arator. At the gas-liquid separator a constant flow of argon strips
out the hydrogen and metal hydride gases formed in the reaction
and carries them to the heated quartz absorption cell (3114B.1b
and 2b). which is supported by a metal bracket mounted on top
of the regular air acetylene burner head. The spent liquid flows

“out of the separator via a constant level side drain to & waste
bucket. Schematics and operating parameters are shown in Figs
ure 3114:2,

Check flow rates frequently to ensure a stéady flow; an uneves
flow in any tubing will cause an erratic signal, Remove tubings
from pamp rollers when not in usc. Typxcul flow rates are; sam-
ple. 7 mL/min: acid, 1 mL/min; borohydride reagent, 1 mL/min.
Argon flow usually is pre-fixed, typically at 90 mL/min.

b, Atomic absorption spectrometric equipment: 3e€ $ection
3111A.6.




