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OnIDeoember 15th aImeeting was held at the Giant mine between 
D. I. A. N. D. and Royal Oak staff to discuss the accuracy of the 
analytical results Ibeing generated by the environmental lab at 
.the Giant. mine. In 'attendance were: 
D. I. A. N. D 3 

a

' 

Erik Madsen - Industrial doordinator for Water Resources 
Dave JessimanIe Water License Inspector 
Kathleen Puacki u Environmental Chemist 

I 

'

. 

Royal Oaka‘I 
1 Keidock Kim 

Paul O'Hara 
Doug Johnson 3 

Larry Connellg 
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0v r the past several years there has been a growing body of 
evIdence that the éiant environmental 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 
check well when assaying synthetic standards sent out by the 
D I.A N D. environmental lab. :

I 

Th problem is bel eved to steD from an antimony inteferrence 
that affects the SDDC (Silver Diethyldithiocarbamate) method used 
atI the Giant lab to‘ analyze arsenic in water samples. Antimony is 
present in water saDples from the Giant mine but would not be 
Erésent in the standards prepared by the D. I.A. N. D. environmental 
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I 
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The solDtion to this problem lIes in converting to an alternate 
analytIcal method for the analysis of arsenic. The method of choice is the use of atomic adsorption spectrometry to determine 
Iarsenio concentrations by converting the arsenic to a hydride 
using sodium borohydride. Conversion to this method at the Giant 
environmental lab tan be achieved by one of two options:

I 

Purchase of a :commercial Hydride generation package to be 
installed on one of the existing atomic adsorption 
spectrophotometers ‘at Giant. Estimated cost of the 
commercial package is $6,§D0. plus an additional $3, 500 for 

r the additional ancIllary equipment. 
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B) Fahr1oetann of our own areine hydride generation equipment 
following the procedures used at the con Mine. The majority 
of the equipment required Eor this conversion was purchased 
by Giant in 1992 in anticipation of making this change. The 

5 equipment includes a multi head peristaltic pump, a four 
position magnetic stirring base and the associated hydride 
generation glassware. The -remaining equipment to be 
purchased includes: 

"ho—W 

«nu—«- 

- Argon and hydrogen gas bottles with the appropriate 
regullatore, hoses and adapters.

I 

mhe Giant ace ay labicurrently £33 two Atomic Adsorption 
Spectrophotometerezin Service. Edna unit is dedicated to the 
analysis of gold using a Ketone extraction method while Lhe oLher 
has multiple lampslset up for the determination of metals using 
anfair acetylene gas mix. There is a third AA unit that is not in 
service fhat originated with the TRP. 
In converting from the SDDC method to the Araine Hydride 
generatipn method for arsenic analysis we can either use one of 
the existing AA units or set up- -the third unit as a dedicated 
instrument Io: arsenic. In using one of the existing units it 
1wuil be necessary to set up the gas supply so that the AA unit 
can be sWitched easily between;an air-acetylene flame and an 

5 argon-hydrogen flame. It would be preferrable to set up the third 
,AA unit as a dedicated instrument for arsenic determination. This 
would lead to less chance of contamination and error resulting 
tram switching fuel sources. The spare AA unit will require 

icing at an estimated cost of $3, 000 to $5, 000 before being 
dad in service. 3whe biggest portion of this cost is time and 

tr vel costs for the service call to Yellowknife by a Varian 
C ada technician.‘ " 

'At the meeting a time schedule Wes agreed to for implementation 
of the conversion of the analytical procedure for arsenic:

~ 

5 
1 ~ 

January: ' Paul O'Hara 
3 Purchase remaining equipment. 
5 

Install AA unit and gas piping. 
Arrange for varian Canada to service 

5 

the‘AA unit. 
5

_ 

lat Week'in February: 5 Doug Johnson 
19-».- 

A. 

Set up Equipment and conduct test 
runs of the new procedure. 
Train the Giant environmental analyst 
in the procedure. 
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Vi Lau~ February 

Q Beg1n round robin testing with the 
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’ D. I. A. N. D. environmental lab and Chemex 
la5s in Calgaryii
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1 There is alSo ev1de5ce 5hat the {Giant environmental lab 

.consistently reads glow on nickel and copper analysis. While the 

.We 

-laborat5ries. ; 

variance is not as- great as ini5he case of arsenic it does point 
to:a Systemic problem with the quality of results generated by 
our lab.}The methods used to determine both nickel and copper 
concentrations should produce acceptable results. Our failure to 
acnieve accurate résults points to a need to improve 
imglementation of our quality assurance programs. 

Weicurrently use field blanks, greplicate sampling, and commercial 
standard solutions 5ut do not use the appropriate statistical 
methods to monitor and verify our results. These procedures are , 

required under our written quality assurance program for both the \ 

Giant and Colcmac water use licenses. 
I believe that -our problem lies in the weak technical training of 
our analytical staff in statist1cal quality asSurance procedures. 
This will have to 5e restified by training as soon as possible.I 

Eneed to assure ourselves of Ethe accuracy of our environmental 
analysis by implementing 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 Colomao properties at commercial 

EP. O'Hara .' 

D. Johnson 
cc: E. Madsen 

K. Kim 
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For general introductory 1111111113311 on atornic absorptioit spec- 
tromctric methods. see Section 3111A. 

‘t'vvo methods are presented 111 this section: A manual ”themed 
and a continuous-flow method especially recommended r se- 
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"' Ap 11(1c by Standard Methods Ccmrnittcé. 1989,.
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a."Pr1'nc1'ple.f This. method is applicable to the determination 
'of ar:scnic and sclenium' by conversion to their hydridcs by 5011111111 
boréhyd'ridc reagent and aspiration into an atomic absorption 
111011112121. 1 

Ar’scnous mud and scicnOus a'cid the A51!!!) and Sc(lV) 0x- 
idation States 61 arsenic and selenium. respectively. are instan- 

.' 'I 
|= - 

,tanebusiy convérted by sodium borohydride reagent in acid solution 
to t'ticir volatile hydridcs. Tho hydrides are 'purgcd continuously 
by a goo or nitrogen into an appropriate atomizer of an atomic 
absorption spcfijctromcter and conv'cr‘ted to the gas- phase atoms. 
The {sodium borohydridc reducing agent by rapid generation of 
the elemental hydrides‘ 111 an appro‘priatc reaction cell. minimizes 
dilution of the’ hydridcs by the carrier gas and provides Rapid 
sensitive determinations of arsenic and selenium.

i CAUTION: A'rremc mu! 34111111511171 and (heir hydridcs arc 7011c. 
Handle with crirc. l 

Ii At mom icmpcraiurd {and atsiuuvu y" vain-1:5 61f 1 :0 19-155.. 

arsenic acid the As{V) oxidation state of arsenic is reduced 
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YDRIDE GENEiiATiON/ATOMIC ABSORPTION SPECTROMETRY" 

introduction 

lenium. Continuous-flow automated systems arc preferable: to 
manual hydride generators because the effect of sudden hydro- 
gen generation on iightrpath transparency is removed and any 
blank response from comaminat'ion of the HCl reagent by the 
clcrncnts being determined' 18 incorporated into the background 
base line 

oi Hydride Generation/Atomic Absorption Spectrometric Method 

relatively slowly by sodium borohydridc to As(Ill). which 11-: then 
instantaneously converted to arsine. The arsine atomic abSorp- 
tion peaks commonly. are decreased by onc-tourth to one-third 
for As(V) when compared to A5011). Determination of total 
arsenic requires that all inorganic a1senic compounds be in the 
AsUII) state. Organic and inorganic forms of arsenic are first 
oxidized to AS(V) by acid digestion. The AsW) then' is quan- 
titatively reduced to A5611) with sodium or potassium iodide 
before rcaction with sodium borohydridc. 

Sclcnic acid. the 5120/1) oxidation state of selenium. is not. 
measurably reduced by sodium borohydn'dc. To dctcrmine total 
selenium by atomic absurptiou and sodium borohydride. first 
reduce Sc(V[) formed during the acid digestion procedure to 
Se(IV). being careful to prevent reoxidatiou by chlorine. Effi‘ 
ciency of reduction depends on temperature. reduction time. and 
HCl concentration. For 411/ l-lCl. 111.1211 1 h at 100°C. For 6N HG].- 
boiling for 10 min is t:1.1t'ii1:i1-:11t.l " Alternatively. autoclave sam- 
ples in scaled containers at 121°C for 1 11. NOTE: Autoclaving 9" 
thud-ml cummingm may run-alt in inumnplcrc inductiwn. apparcnllv 
due to the buildup of chlorine gas. To obtain equal instrument 
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~ HYDFilDE GENERATlON/ATOMlC ABSORPTlON' SPECTROMETRY (3114)/Manual Method 

responses {in reduced Se(Vl) and So (1V). solutions of equal 
concentratic ns, manipulate HCl concentraiibn and heating time. 
For further details, see Section 3500-311. 
b.5q112pmenlsclccrwn 
Certain atomic absorption ammizers and liydrid'e reaction cells 

an: available commercially for use with the Sodium 'borohydridc 
reagent A functional system is presented“ 111 Figure 31141 11- 

peppectlve o the hydride reaction cI- -at‘o111izer system selected, . 

it must men? the following quality-centre considerations: (a) it' 

must provide a precise and reproducible standard curve between 
11' and 20 it" As or Se/L and an Instrumental detection limit 
tie-tween 0 1‘ and 0.5 up As or Se/L; (b) ivhcn carried throttgtt= 
the entire procedure.o oxidation stale couple's [As (in) As (V): 
or Se (IV) -Se (VDI niust cause cqual‘ Ins‘t'rltiment response; and' 
(1‘) sample digestion must yield 330% or greater recovery of added 
cacodylic acid (dimethyl arsinic acid) and '90% or greater recov- 
ery of added AsOll), As(V), SeWI). or SieUV). 
Three types of at‘or’nic absorption ‘ator'nizers ‘comnmnly arc- 

used in the ine115urCmcnt of arsenic and selenium. Most instru- 
ment manufacturers can provide a Boling—type burner for argon 
(or nitrogerfi-air entrained-hydrogen flarties. Alternatively use. 
an externally heated quartz cell or a quartz cell with an internal: 
fuel rich oxygen-hydrogen or air-hydtogen' flame. Quartz atOIn- 
ization cells rovidc for the most sensitive arsenic and selenium 
hydride determinations and minimize bacltground noise associ- 
ated with the argon-all éntrained- hydrogen flame. 

c. Digestihn techniques: Waters “and wastewaters may contain 
varying amdunts of organic arsenic compounds and inorganic 
compounds pf As(lll)'.' 'As(V) Set) and $c(VI) To measure 
tetal arsenic pnd selenium‘ In these samples requires sample diges- 
tion to catch lize particulate forms and oxidize reduced terms of 
arsenic and selemurri and to convert any organic compounds to 
inorganic ones. Organic selenium compounds rarely have been

l 

I \ 

demonstrated in water. it is left to the experienced analyst‘s ‘ 

judgment whether sample digestiou' 15 required 
Two digestion procedures are provided in ll4c below Consider 

sulfufic-nitrlc-perchlori'e acid digestion Or sulfuric-nitric acid 
digestion as"provic;liuig1 a measure of total memorable arsenic 
rather than total arsenic because they do not completely convert 
certain organic arsenic 'cbmpounds to As(V) The sulfuric-nitri 
perchloric acid dige‘stidn effectively destro'ys organics and most 
particulates in untreated wastewatcrs or solid samples. The po- 
tass'iun‘i’ pers'ulfaté digestion ('ll 4:!) is effective for convening 
organic arsenic and selenium compounds to A50!) and Sc(VI) 
in potable and surface Waters and' In most :.wastewaters 4 

The HCl~autoclavé reduction of Sewn described above' ts an 
effective digestion procedure for total inorganic Se; however. it 
has not been; found effective for converting benzene substituted 
selenium compounds to inorganic scleni'uni. 

d. Imerfefiences: interferences are minimized because the As 
and Se hydriiieS are removed from the solution containing most 
potential intérfe' mtg substances. Slight response variations occur 
when acid matrices are varied. Control theta variations by treat- 
ing standards and samples' tn the same manner. Low concentra- 
tiOns of noble metals (apprortimatcly 100 "ttg/L of Ag Au, Pt 
Pd etc. ',) concentration; of copper lead',"ai1d nickel at or greater l 

than 1 Rig/LL and concentrations between 0.1 and, l mgIL of 
hydride-f0 mg elements (Bi, Sb, Sn and Te) may suppress the 
response of As and Se hydrides. Interference by transition metals 
depends strongly on Hc'l concentration- fntetférences are less 
pronOunccd at 4 to 61V HG! than at lower cenccntrationsfi The t
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Auxiliary niirnzcn Burner

~ Hydrogen ~ Nitrogen 

200-1111 Benches halter at 
ton-mt bullet 

Figure 3114a. Manual reaction cell for producing As and Se bydrides. 

presence of As or Se in each Other’s matrices can cause similar 
suppression. Reduced nitrogen oxides resulting from HNO; 
digestion and nitrite also can supprcSS instrumental response for 
both elements. Large concentrations of iodide interfere with the 
Se determination by reducing Se to its elemental fOrnt. Do not 
use any glassware for determining So that has been used for 
iodide reduction of As(V). 
To prevent chlorine gas produced in the reduction of Se(VI) 

to Se(IV) item rcoxidizing the Se(!V), generate the hydride 
within a few hours of the reductioa steps or purge the chlorine 
treat the samples by sparging 5 

Interterences depend 011 system design and defy quantitative 
description because of their synergistic effects. Certain waters 
and wastewaters can contain intcrferences' In sufficient concen- 
tration to suppress absorption responses of As and Se. For rep- 
resentative samples in a given laboratory and for initial analyses 
of unknown wastcwaters, add appropriate inorganic forms of As 
or 313 to digested sample portions and measure recovery. If av- 
erage recoveries are less than 90%, consider using alternative 
analytical procedures.‘ 

e Detection limit and optimum concentration range: FOI both 
arsenic and selenium, analyzed by aspiration into a nitrogen- 
hydrogen flame after reduction. the method detection limit is 
0.002 lug/L and the optimum concentration range 0.002 to 0.02 
rug/I... 

2. Apparatus 

(1. Atomic absorption spectrometer equipped with gas flaw me- 
me for argOn (or nitrogen) and hydrogen. As and Se electrode-w 
less discharge lamps with power supply, background correction 
at measurement wavelengths. and appropriate strip-chart res 
cordon A good-quality lO-mV recorder with high sensitivity and 
a fast response time is needed. 

it'— Atamizcr: Use one of the following: 
1) Boling-type burner head for argon (or nitrogen)—air en— 

trained-hydrogen flame. 
2) Qilindrical quartz cell. 10 to 20 cm long. electrically heated 

by extemai nichrome wire to 800 to 900°C.7
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3) Cy lindricol quartz cell with int'eriull IIfuI'ul rit fiydrogen-oxyI-Il 
gen (air) flame. " _ 1 

The sensitivity of quartz cells deteriorates over s’cveral months' 
of use. Sensitivity sometimes may be res ored by treatment wtm 
40% HF. CAUTION: ['15 is extremely corimiw: Avoid Mindanao-1‘. 
with exposed skin Handle with care. - 

c. Reacl’iort cell fo'r producing .45 or Se hydrid'e315ce Figure:t 
3114: 1. A Icornmercially available system )5 acceptable if it utilizes 
liquid sodium borohydrido reagents; accepts samples digested“ mi 
accordance with 113 4c 11‘. and e; acceptsI 4 to 62V HC1:.and'1s- 
efficientlyI and precisely 311111511 by tho purging gut: andlor a mag-I: 
116t Slll’l’fil’ 

d.Ey1.° dropper or syringe capable of delivering 0.5 to 3.0 mL 
sodium bo'rohydri'tle' reagent. Exact and reproducible addition '1: 
required so that production of hydrogen gas does not vary sig-I 
nificantly 'between determinations. 

a. Will: See Sc'ctioIn 311114.63”. ' 
-

l 
I 1 

l 

.‘ 

v 3 l. 
1: 

- 1 

3. Reagents 
,a

1

l 

i
l 

‘ a.Sodl11m boroliy'c'lridé reagent: Dissolve 8 g Na‘Bl-L in 200 
ml. .0 1N lNaOH'. Pr’dpalro fresh daily. 

b. Sodium iodide 'prerédttcmm solution: DISSOWO 50 8 N31 “l 
500 ml. violet. Prepare flesh daily. Alternatively use an equiv; 
alert: KI solution. 2'. 

o“. Sulfiirib acid; lSIN.
' 

1?. $1111" 1m: acid. 2.5M Cnutiously acld 35 ntLI cone $80., «Ii; 
about 4 ml. wtt'te‘l' let cool. and adjust volumi: to .500 ml. 

e.Poras.tn1m parsI'ulfare. 5% solution: Dissolve 25 g 32.8.0. 111 
water and dilute to 500 mL Store in glass and refrigerate. P10:- 
pare woeltly. ' 3

r 

.l 
. l 

f. Nitric n'cid, 110103.000; 
g. Perclrioric acid. HC10.. done. 
it. Hydrochloric acid, HCl. cone. 
1'. Argon (or nitrogen), commercial grade. 
1'. Hydrogen. commercial grade. .

l 

11 Arsjlzntcmn 101111211111: . 

1) Stock Ari!!!) solution: Disso'lveI l 320 g arsenic trloxidé 
As_0_,.ii'1 water dontaining 4 g NaOl-l. Dilute to ‘1 L; l. 00 m1. = 

_.1 00 mg. 'As(lll).'
l 

2) .lntérm'ediate Asy’lll) solution; Dilute. 10 mL stock As 30- 
lut’i‘on to_' 1000 ml. with water containing 5 mL cont: HCl; 1.00 mL— 10 0 ug A50“). 

3) 51111111111 11' AsUll) solution: Dilute 10 ml. intermediate Niall) 
solution Ito 1000 ml. with water contflmIning the same concentra- 
’tion of acid used lo'Ir sample preservation (2 to 5 1111. c0111: H1405): 
l. 00 m =0.100'1.1g Asmi). Preparo" diluted golutions dailyI, 

l. Ars't'ttlc'lV) solutions: 
1) 5105111 AslV) :roiution: Dissolve 1; 534 g arsenic pontoxid'o. 

As:0'_., 1n distilled water containing 4 g NaOH Dilute to l L; 
l. 00 mL'I. = 1.00 mg As(V). 

)2 
Inflfl'lnc’tlltlle A1(V).1oi1111'011:l’10pare as for A501!) above: 

I 00 mL' = 10.111111, A1(V). 

1113' 
511011011 cl AslV) solution: Prepare as for A501!) above- 1 .'00 =0 100 11g A1111) 

111.0rg1111ic arsenic solutions: | 

3) Stock orgmu‘c arsenic solution: Dissolve? 1.842 g dimot'hyl- 
arslnic acid (cncodyliu acid). (Cl-l ) .AsOQll in water «intuini‘Ing 
4 g1NaOl-l.Dilutoto l L: 1.00 mL = l 00 mg As.{Nor1s-ClIE111-ck 

-'FH‘-fi4-

-

l 
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purity of cnoodylic acid reagent against an intermediate arsenic 
standard (50 to 100 mg As/i.) using flame atomic absorption] 

2} Intemredime Organic arsenic solution: Prepare as for As(llI) 
ubuvc. 1.00 mL - 10.0 “45 All- 

3) Standard organic arsenic Solution: Preparo as for Astlll) 
above: 1.00 mL = 0.100 mg. As. 

It. SeleniumllV) solutions: 
1) Stock Sam/1 solution: Diasolve 2.190 g sodium selenite. 

013,511.03. 111 water containing 10 mL lid and dilute to l L; l 00 
mL = 1. 00 mg Se(l\l). 

2) immediate Still/t solution: 0111111: 10 1111.. stock 301111) to 
1000 mL with water containing 10 mL cone H01; 1. 00 mL = 
10. 0 ug Se(IV). 

3) Standard Se(1 V) solution. Dilute 10 ml. intermediate Se(lV) 
solution to 1000 ml. with water containing the same concentrau 
tion of acid used for sample proservation (211.1 5 mL cone HNOI). 

i.- 

ii

I 

0‘ 

Prepare solution daily when checking the equivalency of instru~ 5.. 

want response for Se(lV) and Se(VI): 1.00 mL= 0.100 mg 3, 
$e(Iv 2- 

eleniuml VI) solutions: "if 

05111111 SelVi) 171111111011: Dissolve 2 393 g sodium sclenate g-It‘ 

0111280035111 water containing 10 mL cone HN03. Dilute to l L; 1;" 

1.00 1111. = 1.00 mg Sewn." it 

2) Intermedtm $e(Vl) .soiun‘on: Prepare as 'for Se(lV) above; "l; 

. 
1.00 mL = 10.0 1111. So (v1). -. ." 

3) Standard Sell/I) solution.- Prepare as for SeaV) abOVe; 1100 31'5" 
11'“h 1. 
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1111. = 0.100 11g Se(VI). 

4. Procedure 3;; 
-. 

' -' -.;.".' 

a. Apparams setup: Either see Figure 3114tl or follow 11111111 4"? 
utacturer's instructions. Connect inlet of rdactibn cell with aux- MI 
iliary purging gas controlled by flow meter. If a drying cell. 110- Ilia->11 

tween the reaction cell and atomizer is necessary. use Only {if 
anhydrousI CaCl. but not C050. because it may retain Sol-l. 55f, 
Before using the hydride generation/analysis system optimize 05,11 

operating parameters. Aspirate dilute aqueous solutions of As fifl; 

and Se directly into the flame to facilitate atomizer alignment. . :1i 

~~~ ~ ~ ~ ~ ~ 
~~~ 

~~ ~~ 
~~~~ ~~ 

Align quartz atomizer: for 11131011111111 absorbance. Aspirate a 
blank until memory effects are removed. Establish purging gas 
flow. concentration and rate of addition of sodium borohydride 
reagent. solution volume. and stirring rate for Optimum instru~ 
meat response for the chemical species to be analyzed. If a quartz 
atomizer is used. optimize cell temperature. If sodium boro- 
hydride reagent is added too quickly. rapid evolution 111100113011. 
Will unbalance the system. if the volume of solution being purged 
is too large the absorption signal will be decreased. Reoom— . 

mended wavelengths are 193.7 and 196.0 nm for As and 81:. 
respectively.

' 

b. lmtrimzem calibration standards “11115031000. 1.00 2. 00 
5.00. 10 00. 15.00.3111! 20. 00 mL standald solutiOns of AS(IIll) 
or SeaV) to 100-1111.. volumetlic flasks and bring to volume with 
water containing the same acid concentration used for sample , 

preservation (commonly 2 to 5 ml. cone llNOIIL) This yields 
blank and standard solutions of (l. i. 203 :1 . 10 15 and 20 15‘3"” "" 

or So/L.Prepar1: fresh daily 
1:. Preparation of simples and standards for total recoverable . z 

ante-11111111111 selenium. Follow general procedures of Section 30301:: - 

alternatively. add 50 all. sample. Asflll). 01 56(IV) standard to "f 

ZOO-tnL Berzelius beukur. (Alternatively. prepare standards by
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3. 

adding 5.00 pg/L standard AS or Sc: Solutions directly “153 the 
beaker and dilute to 50 mL' in tltis' betiltIer). Add 7 mL 1811! $50.. 
and ,5 mL cont: HNO; Add :1 51111511 boiling' chip or glues beads 
if necessary. Ev'apbrate to SO; fumes Maintain oxidizing con- 
dltioIns at all times by adding small Iamounts of HNQ. to prIevent 
solution from darkening. MaintainI an excess of llNO; until all 
organic mattcr' is destroyed. Cum late digcsfion usually ‘is' 1n1 
dicaicd by a light-colored solution. Cool slightly, add 25 mL 

' 

water and 1 mL cone HCIO. and again evaporate to SD; fumes 
to eiItpel oxides of nitrogen. Caption: See Sectiorr 3030}! for 

. (uniform on 113‘: of HCI'IO.. Menitor' effectiveness of dicStion 
proclIadurc 1.1c by adding 5 ml... of: standard organic arsenic so— 
lutlon or 5. ml, .511 standard scleniu‘m solution to a 50-111]. sample 
and measuring recovery,I carrying Standards through entirc' pro- 

I 
cedui'c To report total recoverable arsenic as tore! arsenic. av~ 
erage recoveries of caccdylic acid Imust exceed 80%. Alterna- 
tivcl .1151: 100-1111. micro-hidden! flasks for the digestion ofItotal 
recoverable argcnic or selenium, thereby improving digcistion 
'cr‘fectiveness.I Alter final evaporaItign of $0,. fumes, dilute’ to 50 
mL for arsenic measurements 01" to 30 mL for selenium meas- 
uremIcnts. 

L; 

d. freparaéfiah of samples and standardi for total arsenic and 
Irelen' m: Add 56 1111. sample ‘or S'ItaIndard to ‘a 200-mL Berz'clius 
beaker; Add l 1111.. 2 5N IHgSO. and 5 ml. 5% K520... Boil gently 
on a inc-heated hot Ipla't'e for approximately 3010 40 min or innit 
a finaIl volume of 10 mL' is reached. Do not let sample 5°. to 
dryne'ss. Alternatively heat‘ 111 an tiut‘oclave at 121°C for 1 h' 111 
capped cuntaiIneIrs. After manual digestion, dilute to 50 mL for 
SubseIguen't' arsenic measurements and to 30 ml. for selenium 
It'It'leaSIItrements. Monitor effectcneIss of digestion by measuring 
Ir'ecov'ew of A5 51 Se as above. If poI'Ot" recovery of arsenic a ded 
'as cadodylic acid 15 obtained“ reanalyze using double the amount 
of K:SgOg. 
. 

e. Determinaiian of arsenic with sodium Earohydride. To 50 
'mL digested grandam or sample 111 11 2004113.. Benclius begker 
(see Figure 3114. 1) add 5 mL cone HCl and mix. Add 5 mL INaI 
prere5ucfant solution, mitt, and waiter lea5130 min. (11101131l The 
Na! tangent §a5 not been found necessary for certain hqr-ide reaction coll esrgIns if a 20 to 30% loss.“ 111 instrument sensitivity 
is not' important and variables of solution acid condititms. fem- 
beratu res, and volumes for producnon of A507) and amino? can 
he controlled smctly. 'Such control requires an automated deliv- 
ery system; see Section 31140.) 
Attach one Bérzelius beaker at a tin-1e to the rubber stopper 

cental'ning the gas dispersiou tube for the purging 3115.011: sodium 
borohydride reagcnt inlet and the outlet to the atomizer. Turn 
cin strip-chap recorder and wait until the base line" rs cstabli ed 
by the purgrngI gas} and all air is expelled from the reaction do“.

I

~

~ 
. Add 0II.5 mL sodium borohydride reagent. After the 11.511.111.111 
absorbence has 'rIeIached a maximum and returned to the 
line, remove beaker, iinsé dispersion tube with water. and lim' 
ceed to the next tiarnple or standard. Periodrcally compare stand- 
ard A561!) and As(V) curves for response consistency. Check 
for presence of chemical interferences that Isuppress instrurrient 
rc5ponse for arsine by treating a digested s'arhplc with if) rig/L 
AsallI) or' As(V)'_ as appmpriate. Average recoveries should be 
not les‘s than 90%. 

:. 

I Determination of Selenium with sodium borohydride. To: 30 mL digested stanc’lard or sample or to 30 not, undigested standénd 
or sample in a ZQO-unl. Berzellus hetlker. add 15 ml. cone HCl 
and mix. Heat for a predetermined period ,atI 90 to 100°C, 
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tentatively autoclave at 121°C in cupped containers for 60 min. 
0r heat for a predetermined time in Open test 111t using a 90 
to 100°C hot water bath or an aluminum block digestcr. Check 
effectiveness of the selected heating by demonstrating equal in- 
strumcnt responses for calibration curves prepared either from 
standard Sc(lV) or frOm Sc(Vl) soluticms. Effective heat ex- 
posure for c0nvcrting Sew!) to Se(lV), with no lo‘ss of ScClV). 
ranges between 5 and 60 min when open bunkers or test tubes 
are used. Do not digest standard Sc(lV) and Sc(Vl) solutions 
used for this check of equivalency. Al'tcr prcreduct'ion of Se(Vl) 
to Sc(IV). attach Berzelius bankers. 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 0.5!) ml. sodium boro- 
hydride reagent. After the instrument absorbence has reached 
a maximum and returned to the ban: line, remove Beaker. rinse 
dispersion tube with water, and proceed to the next sample or 
standard. Check for presence of chemical interferences that tap- 
press selenium hydride instrument response by treating a di- 
gested sample with 10 113 Se (lV)/L. Average recoveries should 
be not less than 90%. 

5. Calculation 

Construct a standard curve by plotting peak heights or are“ 
of standards versus concentration of standards. Measure peak 
heights or areas of samples and read concentrations £1c curve. 
If sample was diluted (or concentrated) befom sample digestiOn, 
apply an appropriate factor. On instruments to equipped. read 
concentrations directly after standard calibration. 

6. Precision and Bias 

Single-laboratory, single-operatOr data were collected for As(lll)_ ' 

and organic arsenic by both manual and automated methods. 
and for the manual determination of selenium. Recovery values" 
(93) from seven replicates are given below: 

Asflll)
' 

Org As 

Manual with digesrion 91.8 87.3 -— - 
Manual without digestion 109.4 19.4 100.6 110.8 
Automated with digestion 99.8 98.4 —» -— 
Automated withom digestion 92.5 10.4 — —» 
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The continuous hydride generator. introduced recently. offers; 
the advantages of s‘i'nipli city in operation. excellent reproduci-a 
bility'. lcw detection limits. and high sarriplc volume throughput 
for scleInium hnéilysis follo’wing preparations "as described In 3500- 
Sc. 8' or 311433 4c and d. E 

a. Principle: See Section 31143.. 
b.I111le erences: Free chlorine' in hydrochloric acid' 15 a corn-' 

men :but diffiCuli-ip- diagnose interference. (The amount of chic-i 
ripe varie with manufacturer and with each lot front the same 
manufactui'cr). Chlorine oxidizes the hydride. and can contend-j 
hate the hydride generator to prcnt recoveries under any con- 
ditio‘ns. When interterencc' is encountered, or preferably before; 
using eacii new battle of HCi, eliminate chlorine from a 2 3-11 
bottle of cone HCl by bubbling with helium (commercial grade: 
100 ntL/htin) for 3 h. 
Excess pxidunt (peroxide. perSulfate, or permanganate) from‘ 

the total selenium digestion can oxidize the hydrlde. Follow pro-s 
cedures' in 3500-36. 3.2. 3. 0r 4 to enSureI removal of all oxidizing; 
agents before hydride generation. 

Nitrite is a common trace constituent in natural and wasle‘ 
waters. and at levels as low as 10 rig/L nitrite: can reduce th ‘ 

recovery of hydrOgcn sclenide from Se(IIV) by Civic: 50%. More- 
over; during the reduction of 800/!) to Sc(lV) by digestion with 
l-lCl (3500-81335). some nitrate is converted to‘ nitrite. which‘, 
subsequentlyintorfcr’cs. Whenthisinterferenceissnspcctcd. a (1 
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Continuous Hydride Generatidn/Aiomic Absorption Spectrometrle Method 
(PROPOSED) 

sulfanilamide after sample acidification (or HCI digestion). The 
dramatization reaction between nitrite and sulianiiamide coin- 
pleteiy removes the interferon: effect (i e.. the standard addition 
slap: is normal). 

2. Apparatus 

0. Continuous hydride generator.- 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 gals-liquid1 WP- 
arator. At the gas-liquid separator a constant flow of argon strips 
our the hydrogen and metal hydride gases formed in the reaction 
and carries them to the heated quartz absorption cell (31148.1!) 
and 2b). which' ts supported by a metal bracket mounted on WP 
of the regular uir acetylene burner head. The spent liquid flows 
out of the separator via a censiant level side drain to a waste 
bucket. Schematics and operating parameters are shown in Fig- 
ure 31 i4: 2. 
Check flow rates ficquently to ensure a steady flow: an uneven 

flow ll‘l any tubing Will cause an erratic signal. Remove tubings 
from pump rollers when not in use. Typical flow rates are: sam- 
ple. 7 mL/min: acid. 1 mL/min: horohydridc reagent. 3 mL/min- 
Argon flow usually is pre- -fixed. typically at 90 mL/min’. 

b. Atomic absorption spectrometric eqm'pmcm: See’ Section 
31 HA.6.


