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BLANK CORRECTiONS FOR
• (J LTRATRACE ATOMIC ABSORPTION

ANALYSIS

James H. (‘ragin and Steven 1 • Quarry

INTRODUCTION with distilled w at er ((1W), 2) ultrasonitalls cleaning in
- I ele~tioni~ gr ade acet tie, ~ leaching ut wa int

Most methods of qu.Intit.Itise’ t hemital .tnal~ si s ~oncentrated redIstilled UNO It ,. I tede, I d ,  Smith
t~ ~‘ i re th.it riles insolse the rlteasuiemeilt of Chemical Co.) tot 4$ hours, 4~ rinsIng 1w ‘te w nil t~~

the ditt eient e between sample and “blank (distilled 5) leathing in I ~ . (vol) tontentiated Illt res tlNO 1 in
w .tte i  readings , and a subsequent comparison of th is (1UW t n  S das s , and tinalls ti ) rin si ng thorought~ with
di ff eren ce with readings front st .*ndaids . Ac c urate l11)W.
chemIca l tes ults depend not 01115 upon the anals t ical Cadmium anals ses we r e pci formed using .t Per kin-
method and ~t.ind.irds used but also upon the nugni- I Inwi Model 404 atomIc absorption spet tiophotometet
tuck .tnd sa t  iahilit’, of the an.rls-te concent r.*t ion in and .in IIt,A-2(XX) Heated ~.t .rphite ~tomi,er located
the blank. In addition to being const ant .ind repro- w ithin .; Class I 00 work stat ion. S~tt1pit’ .iiiqur rfs of

ducihle . the bl.ink should hase a sutticient l’, low e on- I (Xl p1 w e re dried at 40’ C for hO s , cha rred at
ce nt ra t ro n of .trul~ Ic so th.rt the sample ~~~~~~ be dis- lot 15 s , and atomized at I-f 0’C for 1 S s . No toss of
tinguished f rom i t . I or mjrt ~ anale, st’s th~’ blank cadmium oct uried dur tog the di ing or c hatt ing opet a-
analvtc concentration is usualls low enough (.- f ’k. of Irons . Standards were pi epared trom .* stoc k solution
the s.inrple oncentlalion) so Ih.It it can he neglec ted. of ~jdmium ntetaJ in ej ilult’ fill ic jc id.
Iloweser . for Ii .i~ e (pg I .in~l ut t i  . i t ra ~ e ~rt g I dd e,
minations , blank con~entrat ions can ht’ signiti~ant
esen with the most teti ned wa tt ’ I atiti reag ent put it ,- DISCUSSION
cation 5’, stems .

In this repor I, blank 5or re~ trons ~ III be discUsSC d Flame AA
with regard to at o mic absot ptitw i ( \ VI spec tr opho. The most common ci t or , equit ing corieclion in tr .i~ c

tometi’, sink e it is one of the most trequent ls used flame AA anal’, s is is due to anal’, te impurit’, in the tils
techniques of t iat e anal’, si s . Mans of the aiguments tilled ot deionized watt’ l  (11W) used to pIepale the
gisen, howe se r . appl’, equall’, well to other methods standaids . All standards will be high hs t he amount of
of .irtals sis . anals te in the 11W , siflc e 11W was used to piepat e them.

Subsequent calculation of sample concentrations f ront
the high standards will result in erroneousl~ low satue s

• EXPERIMENTAL tot th~ samples. In addition to the standards~ 11W
blank , another 11W blank is needed to phs si~alls :er o

Cadmium w as se lected tot analss is because of the the AA speetrophotometec during operation. Because
high sen sirisri ’. of tiameless atomic absorption for this ist the relat ivcl~ large ~olumes requite d, it i~ often not
element. All laborator~ wor k ‘ .1% perrormed within convenient to use the standards blank tot this purpose.
Class 100 laminar-flow clean air stations. Blanks ot 1 his reterence o W  blank is also anal’, zed heto’ e and
douhl’, -distilled deionized water (DDW) and acid aft er eac h standard cit sample to compensate for IflsttU-

blanks , ~onsIsttng of LIltre~ HNO 3 (J . 1. Baker Chemical ment drift at high scale espansions. Standaids .*nd
Co .) in 1)11W , were prepare d ,tnd stored in Nalgene samples are then compared to the reference 11W blank
2-o, (hO.rnl) I etlon ii P bottles . I hew hottleI, .md to obtain a t ised calibration curve. Pius. two diffe rent
all other plastic lahware that came in contact with 11W blanks e5 rs t  a standards ’ 11W blank and a retetence
blanks or standard solutions, were cleaned by 1 ) 1  insing 11W blank. I he effec ts ot blank impur it it ’s upon

di



12 1 1 directly front the calibration curve . I ~er esamp le , a
- s a m ple S that gives an .absothanct’ of ‘~ 0 c har t divisions

/ cont ains , from c ur se I, an anal’, te concentration ot 2.5
/ -
/ It the OW used to prepare the standards contains
/ ,~~~ - 0.5 ~.tg/I of analyte (Curse II: 8 0.5 pg/I, R 0).
I 

~~ 
the actual anal ’, te concentration of cacti of the standards

8 - / . will be 0.5 pg/I higher than eiipected arid the correspond.
/ ing absorbances will be high by 1 .0 chart disision. W hen

Relative - / ‘ these high absorbances for the standards are plotted vsAbsorbanci 
/ the nominal or espected concentrAtion s, the entire

(chart 6 - / - calibration curse is shifted upward by 1.0 division. In
divitions) / this instance , sample S. although still giving an absorhance

• — 1— of 5.0 chart divisions , will have an apparent concentration
- —P — (C,, from curve II) of onl’, 2 0 pg/I. Correcting for B b’,• / I - adding 0.5 ug./t to the apparent sample ct -encenlrationI gives an actual concentration of 2.5 pg, l.
- I A higher concentration of .rnal’,te impurit’, in th~c DW used to prepare th~ standards simply shifts the

2 calibration curve upward b’, a greater amount. Cab-
I C4 bration curve III (8 1.5 pg/I, R 0) has moved up-

C3 I C~ - ward 3.0 divisions due to a blank impurit’, concentra-
Intercept $ B—R,~ ~ t ion of 1.5 pg/I. Sample S. alt hough still giving an

— o 2 4 absorbance of 5.0 di’. isierns, will have an apparent con-
Concentration ~ Q/L centration ~C3, from curve III) of only ~ O pg/I. Cor-

recting for B b’, adding 1.5 pg/I to this observed con.
FIgure 1. Theoretical callbrut Ion curves f or centration gives the actual concentration of 2.5 pg/ I.

4 standards containing various anolyte impurity The above three e~camples demonstrate d the effec t
concentrations In the blank and In the reference of B, the concentrat ion of analyte impurite. in the
distil/ed ssuter . The slope (or all curves Is the standards ’ OW . upon the calibration curve and samples.
same and is given by: slope absorbance The reference DW was assumed to he free of anal’, te
(dlv) /concentrotlon (~ //) a 2. The y impurity (R 0) which is usuall’, not the case . The
Intercept, however, varies with the Impurity effec t of R upon the standards is shown in Curve IV
concentration of anolyte In the blank (8) and where B 03 pg/ I and R 0.3 pg/I. Comparing
In the reference (R) distilled water (curve I: curve IV with curve 11 (8 0.5 pg/I, R = 0) ~h~ws
B ~ 0, R ~ 0; curve II: 8 0.5 pg/ I, R a that if R 0.3 pg/ I the standards ’ calibr ati o n curve is
0; curve III: 8 1.5 i4// , R • 0,’ and curve shifted downward bs 0.6 division. This downward
IV: B 0.5 ~~/ / , R 0.3 ~~/ l.I. As this shift due to R is distinct front the original upward shift
figure shows, 8 raIses the standards calibration of 1.0 division due to B 0.5 pg/I, so that the net
curve while R lowers the cu,vt. Sample S (see effect is an upward shift of the standards calibration
text) contains an actual (true) concentration curve b’, 0.4 division. In addition , unI~Le B, which
of 2.5 ,~ / l ln aIIcases. The x intercept (8—R) directl’, affects only the standards, R direct ls affects
shown is for curve IV. the absorbance of the samples as well as that of the

standards. Since the sample also is anal’, ted s .. R, the
observed absorbance of sample S will now be Oh

standards and samples are illustrated graphically in division low , or 4.4 (5.0 — 0.6) divisions. This sample,
Figure 1 for four theoretical situations. In this figure, designated SI. contains (from cur s-c I \)  an apparent
B is the Concentration of analyte impur-ity in the DW Concentration C4 of 2.0 pg/I. Correcting for B h’,
used to prepare the standards and R is the concentra~ adding 0.5 pg/ I gives the actual sample concentration
tion of analyte impurity in the reference OW used to of 2.5 pg/I.
zero the spectrophotometer. From the above, it can be seen that t he s.ilue of R

Ideally, B = R 0 (curve I) and the standards ’ ~~ti. need not be known when analyzing samples because it
bration curve is a straight line passing through zero, equally affects absorbances of both standards and
so that actual sample concentrations can be found samples and is effectivel’, cancelled out. Although 

the2
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reference OW blank is tr ad it ionall ’ ,- ~alled “the blank” I lameless AA
in an analysis , i ts anal’ ,’te conc entra t ion It does nsrt flea s ’ , me tal samples anals :ed ti’, tlaitmeless ‘\ -\

affec t sample concentrations The actual blank cot (gmafthite .rtomm:c’ generalls iet~uiie three 5l ittemen t

rectktn added to samples is due to the anal’, Ic ifl ipLi l it ’ , blank 5oi fec tu’fls I ‘I a ‘t rir miace blank ,’’ ~ a distilled

in the standards ’ OW (B) and not due to that of the ssate r blank tom the staridaids ~~ and ~ an acid blank,

reference OW (RI - 
1 tiese or : cc t ions should be appi it’d in the or ~ter listed

The preceding corrections are straightfo rward to
apply if B is known. A precise method of determining 1 he fu rnace bLink rs the .ttssortsa ncc signal obtained

B is to anats ze an aliquot of the OW blank that has slui ir ig atomr:at ion w rth~’ut a sample ~r t’ an enipts

been cosscentrated several tii’flCs hs , t,~r e~ampte , slew tu,natc~ 1 his baseline shift was t r i s i  reps’r ted to, Ca

(nonboilirig) esaporation in Teflon dishes. If flame ~Cragri t and Herion t ’~’ ~ arid it’. ritagnitude depends

is used and the blank is concentrated 10 times , upon t he w av elength of t he clement bein g anal’, :ecl.

the absorbance signal will he 10 times that of the Mo 1:? icatrr ’rt of the spccim~sph~stometc r optical si stem

blank signal. When this absctthance value is con v erted .~art signi f isantls rt’ducc the signal (I’5et ber ci al 1~~’ ~\

to an anal’, Ic concentration using the calibration curse . but does not 5ompIcteIs elmn uiriatc i t at high sta le

the observed concentrati on w ilt be l~ w fi’, B because ~‘,p~f ls& its -\s a rcsult , the furna ce blank ab’.ombartce .

the standards forming the calibration curve are high when pm escrit - should he s::lir at ted Ii o mi t all absoi hant c

hs B. Thus, the rrt’sersed concentration for a 10-told readings ~t’l~riks . standards, arid samples) before an’,

concentrate is samp le ~ort~ eriti ations arc made - lit pr act Ic e. ~.sr re~trng
to , 1w rure blank absor Isa rice ‘.s ill not affe c t alt utated

observed concentration 108 — It sample cor rcc r lcrat io ns sitt ~ e bot h standa rd and s.ariiple

absctm hances are att ested cquaII’. - I lowesem , t his oi

and It ’s t i. ’ ?l is rmtt p ti r f,rrtt it Ott’ stamidam dc ’ (itt (‘lank s

deter nirmied (s ’, c’. t r ~I’~ l at rig the sal ’ hr at io:r 5tr r  se t

B observed concentrat .crn g hac k to the s a~~i’ intercept.
‘1i~, ht’it ~r’ .~ tg flameless A -\ , the con s emi t : ati o m i ft

or more generalls anal’, te in the standaids ’ (ViA blank cart t’e d~ternumnr’d

hs one of 1w.’ ‘.5 ass  th e simplest method is hi dii es

B observed concentration ~CI — Fl es t r a f s ~s latr ~’n of tht’ standaids ’ call1” af is tri ~umsr It
this pm s’rc eduie is sited - t ile cal ibr at ion • si r s t ’  nis is t f r i  51

where CF is the blank co ncentrati on fact o r (number of be co’ rested tom the to: nace blank l’s sut’lras~1irtg this

times the blank was concentrated), Note that because at’soi bance signal I: omit the absom t’artce or eac h ~ f the

the calibration standards contain B, the observed con- sia,’dards ~taiIure to do this is ml l m ~sult iii an e r r  oneous li

cenfration ,s divided by CF — 1 and not simply hi the high ‘,al~ie for ftt the s ,ilue of It is then the ncgal lie

concentration factor . The concentrated blink is of the ~ .i~ is i nter c e$t I tAt ’sor t ’ aflcc O~ of the •o’
treated as a sample and , as such , is corrected for 8. re’s test absom fiance s s Omic emi t :  at mon cut ~c I hi~ riteihod

Asnother method t hat has often been used to deter - rs salid w hen rising t1am~Iess ‘i~’\ be~au’e , unlike flame

mine B is e’ctr apola ti cs n of •he absor bance is co ncen- •‘..A , a l t ’ fc ’~c’n5 ~‘ blank ,s not rr qt ir t  ed to phi t it alt’ .

t rati on ca libra ti on cur se. ihe value of B is taken as :ei o th e’ instrument - I he mnstrtirtscnt tart be tn oed on

the negative of the s. a’ds intercept (ahsot’ bance ‘- 0). art cnl f’ t i fur nace is iths’Ut atoritr;atlci n

However , as can be seen from Figure 1, this technique Ari~ ther method to defc -r ,’nrite the salue of It is to

is salid only when It = 0, whkh rs seldo m the case . artals te ;‘re5 .’rt ~c’t fralcd blank aIiquc~ts . As dcsc r it’e tt

As shown f~r curs-c l\ , the s a~ is iriter-cept actua~ly for f lamite .\.\ ntteasuiertit’itt’ t’,e’co,tcerilialroit an be

represents B — R. If It B , then cs ir apolalinn will pen t~ : med cither hi eiaps ’i atmo n in I efis In dishes 04

result in a va lue of zero to , B, wh ich again is incorre~t. .l::r tls in the graphite fu r  n.*~ r hi srquentralli di’. rig

For analyse s using flame •~A , B cann erl be reliabli multiple aIrquof~ be’t ore ,st,smi:ation

determined hi estrapolat ic rn ~if the standa rds ’ cal ib ra- It has been f, surr,d t’i erihem tilt ’ r’ sf i  Aps~lAt ion

lion curve, hut only bs analysis of a concentrated cii the s .‘n~entr ,stion method , ‘ i s  salue shorild be added

blank. to all samples r r t ~ lust m ug as rd blankst
Thus , for flame AA measu rements th~ os-e m aIl blank lhe th i rd c~t mme. t o n  t i’ .u~ll’, mequuire d f..: flantclevs

correction required is simply t he addit ion of B, the ‘\A determinations of heass metals is that due’ t~s the’
concen~ atkin of anatvte impurity in the distilled water acid blank A • omm~’n method of prese rif imig teas’.
used to prepare the sta ndards , to all samples. metal Iciss from solution hi autcorplrs’n onto container
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24 which the samples mus t be corrected. However , this
aci d blank contains analyft ’ impurity not only from the
ac id (1% of the acid blank volume) but also from the

• I DW (99% of the acid blank volume). (This DW is not
2( - 

4 - necessaril y the same as the OW used to prepare the

/ J standards .) Since the acidified samples contain acid
/ I 

- and not OW , the contribution of the DW to the total
/ ac id blank impurity must be determined. Simply

IC 
/ 

- analyzing a separate unacidified aliquot of DW is not
/ reliable because heavy metal loss by adsorption onto

Cd 
- 

5” container walls during storage may result in erroneously

12 / - low OW analyte concentrations. A more precise method
(ng/I ) / of determining the acid and the DW analyte contrihu-

/ finns to the acidified blank is to prepare and subse-
, / qu-’ itly analyze a series of acid blanks in DW of differ-

8 V ent acid dilutions (vol), e.g. 1:20 (5%), 1:100(1%),

/1 .ritd 1:1000 (0.1%). A plot of the tot~I observed

/ B anal ytc concentration (corrected for the standards ’
OW blank) in eac h of the acid blanks vs its acid dilution

4 - factor will be a straight line, the y intercept (x acid
concentration = 0) of which represents the analvte

- — concentiatiun in the DW used in the acid blank . Such
a plot is shown in F igure 2 for experimentally measured

I 
I I 

6 concentrations of Cd in acid blanks of various dilutions
with DDW . The analy te concentration in 1% (vol) - -

Acid Concentration (~°) (1: 100) acid is then the difference between the total
observed concentration in the 1% acid and the y

Figure 2. Experimentally determined concen- intercept. For the example in Figure 2, this concentra-
trotions of Cd /n acid blanks of various acid tion is 8.0 — 4.9 3.1 ng/l.
concentrations in DOW. The plotted Cd con- Alternativel y , the acid ,snal’,tc concentration can be
centrations, determined on 100-pi a/iquots found directl y from the plot of analySe concentration
by flameless AA , have been corrected for the vs acid dilution without determining the acid DW
stondards’DOWbIonk (3. 7ng Cd/ I). The acid blank. Since the slope of the line, 296 ng/l , is equal to
concentration /s the volume proportion of the analyte concentration in pure undiluted acid the
concentrated (70%) HNO 3 In DOW (e.g. 1% acid analyte contribution front the 1:100 acid blank
represents 1.’!OO concentrated HNO3 in DOW). wil l he equal to slope/ I 00, or 3.0 rig/I, which agrees
In this figure , A = Intercept = DOW Cd con- well with the 3 .1 ng/ l determined previously by the
fr/but/on to acid blank = 4.9 ngfi; B = 3.1 intercept-subtraction method. The slope method
rig// in 1% (l:100) acid, ond C slope probably gives a somewhat more reliable figure since

4 (19.6 — 4.9)10.05 296 ng/ l in concentrated it is averaged over a wider concentration range. Regard’
acid or 3.0 ng/ I in 1% (1:100) acid. Cadmium less of which method is used, however , the value for the
concentrations, found In this commercial acid contribut ion should then be subtracted from all
high purity acid b,v either the slop e or the acidified samples (after correction for the standards ’
blank subtraction method (0.30 and 0.31 blank).
~t4 Cd/ I of concentrated acid), are well within
the specifications of the manufacturer (< I gag
cd/I,). CONCLUSION

The absence of proper blank corrections in trace
walls during storage is to acidif y samples to a pH of 2 analysis leads to er rors , positive or negative , which re-
or less with HNO~ or HO. ~An acid blank, such as suIt in high or low apparent sample concentrations.
1:100 (vol) concentrated acid in DW (1 ml of acid Erroneously high sample concentrations will cIearl~
in 99 ml DW), is also prepared at the same time to result from failure to correct for an acid or reagent
determine the acid analyse impurity concentration for blank. Low sample concentrations can result not only

4

- 

-
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• from metal adsorption onto container walls but from

• failure to correct for the standards ’ distilled water
blank. Hence, in an interlaboratory comparison of

• identical samples , the fact that one laboratory pro-
duces consistent ly lower values may not necessar ily
reflect super ior contamination prevention procedures.
The actual discrepancy may be due to analyte impurity
in the distilled water blank , producing high standards
and accordingly low observed sample concentrations.
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