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FOREWORD

This report was prepared by Dr. Theodore G. Towns, Howard University,
Washington, D.C. and Ms. Karen L. Franich, Rock Island Arsenal, Roclk
Island, Tllinois. The work was accomplished during the Summer of 1122
while Dr. Towns was employed under the Historically Rlack College Propram
for professors.

The project was carried out in the Analytical Chemistry Lahoratory,
Engineering Directorate, Rock Island Arsenal. The authors would like to
thank Mr. George Powers for his assistance in the experimentation.
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-‘ 1.0 INTRODNICTION
k . = ’.4
b .
4 R
-«
1.1 Problem Statement. S
S
rratic or inconsistent analvtical resnlts in atomiec ahcorption (A }j
analysis can usually he attributed to the occurrence ~° one nr more of the ""
o lowing: s
K
(a) Poorly prepared referenne materiale, T
o
(b) Tnadequate instrument optimiza*ion. o
- d
C L4
g fe) Meplenct of routine instrument maintenance.
} The scope o€ wnrk aconecerns the remediation of thene ocmiirrences, -]
Point. (a) generally results fFrom either inadequate startineg materials or 1
E inadequate lahoratory technique in the preparation; the “ocus nf this worl ‘ ]
3 has been on the lahoratory technique. OFf points (b)Y and e)) the 1atter ‘®
is perhaps the more serious since it inevitahly resiults in hoth an
elevated minimum detectable 1imit, i.e., lost sensitivitv, and a

degradatinn of analvtical accuracy, while the “ormer leads principally o
lost sensitivity. Instrument optimization is addressed in the form of n
standard operating procedure with notes detailing the interplav and

ad justment of the operating parameters of the Varian model AA-77S nsed at
Rock Island Arsenal (RTA).

NOTE

This operating procedure must. in no wav he conctried

to supersede the manufacturer's "Operations Manual."
Rather, it represents a synopsis of procedures arrmane tn
. the routine use of the instrument. in the RTA Fnrineerine
- Nirectorate and it provides elaboration for pnints
hriefly mentioned in the AA manual., [1]

) -
— 1.2 Objectives.
The ohiectives of this report are to describhe:
g (a)  The upprade in ecapahility of the Varian mndel AA-T75 Atemic
y Ahsorption Spectrophotometer, with particular repard for the application
to rout.ine effluent trace metals analysis,
(b) The proviaion nf advanced instruction on *he use of Atomic
Ahsorption Spectroscopy (AAS) in wastewater trace metals analysis,
(
‘ 1-1
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0Y A model echedinle far tha accumilation and anpduyaic A€ PRt

A lity onntral Aata au“Ficient tao meet or exoceed oviant ~C€1ant o
reglations and 1S Armv "nvironmental 'vricne Agency TAFTIAY PRarnlation ‘o, . . @

"Y1, Movamhar, 090 (7] R 4

- ."

f4) Tro review 07 'aharatory procedurca fnr the pirpoas o0

not ing thnse steps where apnreciable uncertainties are 11cun 1y introdieess s

hy personnel, L
-@

L) 1

', ‘iseellanenus.

The advanced instruction on the use of AA analsai s conatitiutes the -
bulk of seetion 2.0, Niscussinn, Tn section 2.1, FPA Muality Tontrol R
famples for Trace Metnls, are notes on *he “nyironmenta Pratection Apency o
(FPAY miality contrnl samplas and their ne; notes on 1aharatory
techniqies necessars “or the rontine detection of analytes in the
concentration range helow nne part per mi1lion (ppm); no*es on prepar: o
nf a ecalibration curve and its use; and nntes on the atatiatien)
interpretation of the nxperimental data, choice nf appropriante operating
parameters, and raintenance., Motes on lahoratory nrocedures are a maior
tonic of eectinns .2 throupgh 1.7,

Tienificant enhancement in the statistical accuracy ard pracrision o€
the concentration measuremant can he achieved with *he at“achment of “ath
an autosampling accessnry and remote output devices such n= 3 ohart
recorder An~ a Aigital printer. Fnhancement in the use nf the attendant
personnel's time mav also accompany this upgrade of the '"hasie"
instrument., Details nn the use nf selected accessories are faund in
section 2.9, The Tris“rument*,

The quality control schedule s given and axemplificd in section 2.0,
Reailte, The data is *alen from the prevailine offluent analveis 1oad
during the course of this studv,

In additinn, the term "ahsorbance™ as used in 311 07 the aaliheatinn
curves far this report nctonlly »efers to the rela*ive ahsorhbance
Aatormined from the pea heights on the chart recorder mensured in
nillimeters. The praY heichts are directlv proportional to the neotund
ahsorbance an?, therefre, rive a valid and nse€ul calihration ecurve ‘or
the determination nf sample roncentration.
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2.0 DISCUSSION .

t °,1 FPA Quality Control Samples for Trace Metals. -

A The EPA quality control (EPA QC) samples, avail+ ¢+ as multianal-te
concentrates, are reference solutions which have beer prepared and stored
under exacting laboratory conditions. The individusl analyte
concentration is given hoth in terms of . "true" value defining the numter
of significant figures associated with ils preparation, and in terms of
statictical values {mean, X; and standard deviation, ) derived from
the amount detected by a number of independent analytical lahorateries.
The quality control program is based on a 95 percent confidence interval,
and thug, results for a QC sample are considered acceptahle if they fal)
within X + 2 0. The estimate of a QC analyte concentration derived from a
work ing standards curve shou'd be accompanied by its own standard »
deviation reflecting the variance in its determination. Lahoratory 1
]
{

Anal.

nrocedures must be sufficiently exacting to give a detected analyte
concentration, X', including its standard deviation, o', within the O
~ample limits. The acceptable rarge given by EPA takes this into account.
The analytical situation is represented in Figure 1. Note that, for ]
simplicity, the figure has been couched in terms of a distribution with [
¥ = 0; other equivalent representations are achieved by shifting the F
origin along the ahscissa by an amount equal to the non-zero mean value
with no change in the shapes of or relationship between the two
distributions.

'
bt A S

"PA QC samples may be put to several uses: a control for the »
digestion efficiency; a check on the quality of prepared reference -
solutions; and a puide to sample analysis accuracy. As a check on the )
reference solutiors, the FPA QC samples may be analyzed unadulterated
(neat) and this should be done at least as often as "fresh" reference
csnlutions are prepared. As a control on either the digestion or the
araly:-is, the FPA QU sample or one of the prepared reference solutions i~ ’
introducesd as 1 "uspike" in one of the unknown samples, either before or
after the digestion process. When the digestion efficiency is mot in
question, ard the chemical interferences in the sample matrix are known %o
be nominal or absent, the neat EPA QC sample is an adequate control.

However, fnr samples with unknown history or for those with known .
interferring matrices, the EPA QC sample or one of the prepared reference »
solutions must be run as a spike. This use of a spike is preferred and N
recommended ideally in all cases, but it may be deferred as appropriate to ..
the neat EPA QC sample in the interest of time and material savings. )

.
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7.” The Calibration Curve.

If the “PA QC sample is considered the "heart" of a quality control ]
prorram, the calibration, or standards, curve must be taken as the "mind;"
the two must work together to provide the desired quality assurance. The
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etficacy of the standards curve will be determined in part. by the e
taken in its preparation and in part hy the though' fulness of it: use,
Tre 'PAQC sample concerns the lahoratory technique exercised in the
valumetric preparation of solutiorns, the callbrmtion curve concern: the
relat ionship between absorbance and concentration for 5 ~iven analyte,

2.7 Treparation of Reference Solutions,

“he primary trace metal stock soluiions, typically availabhle
ommercially as 1000 ppm + 1 percent concentrates, must either be NRS
certified stamdards or be traceable to such standards. The room
temcerature shelf life of the one pint (500 mL) volumes as supplied is A
least one year, and probahly longer. Secondary stocks and serial
Ailutions (hereafter referred to as "working standards") derived from the
primary stock will have a considerably reduced shelf life which, however,
cian te maximized by the procedures given here., Degradation of working
standards is generally attributed to two phenomena: therma! instabilities
(minimized by refrigerated storase), and surface adsorption minimized %y
nrior "acid soak ing" of the storage containers). The importance of this
acid soak ing procedure is often overlooked,

Refore its wx, the volumetric glassware (class A, horosilicate
s lass) including rtoppers and any other containers destined for storape
duty, must be soaked in one to one strong acid, viz., nitric, phosphoric,
or perchloric, for at least four hours. After soaking, the one to one
acid can be returned to its own container for reuse over a period of
approximately six months.

NOTE.

This presumes the glassware has already been scrupulously
cleaned with a good quality laboratory detergent, e.g..
Alconox, and rinsed with tap and then deionized water,
The acid soaking solution must not be used as a cleaning
solution for "dirty" glassware.

After emptying the acid solution, the vessels should be rinsed three
times with deionized water, the excess shaken out, and dried. Drying may
be omitted when the vessels are for immediate use, however, a recommended
practice is to then make a final rinse with a small portion of the solvent
or matrix used. Drying can be effected in several ways: evaporation at
room temperature (air drying), rinsing with reagent grade acetone and
shaken dry, or blown dry with a compressed air source; if this latter is
used, care should he taken to remove the traces of lubricants which often
contaminate air from such sources. When the empty vessels are to be
shelved for later use, their openings should be either stoppered, using a
short, 1/8 to 1/ inch wide strip of lens paper between the ground glass
surfaces, or covered with an inert material such as "Parafilm".
Vnlumetric flasks thus pretreated can then be used for convenient,
reliable preparation and storage of working standards.
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txperience has shown that under the procedures piven ahove:

{a) Secondary stocks of the order of 100 ppm are usable for at
most six weeks.

(b)Y Serial dilutions in the range 1.1 to 0 ..nm are usa>le for
at most two weeks.

{c¢) Dilutions to below N.1 ppm should not be kept for longer
than five days.

As mentioned earlier, the working standards should he prepared as one
or more serial dilutions of the secondary stock. Serial dilution affords
a proven method for minimizing the uncertainties passecd through the
volumetric work, and provides a tractable design for assessing anomalous
occurrences attributahle to the standards. By the same token, serial
dilution also demands that the same care be given the preparation of each
in the series. The quality of the dilution will depend on two critical
factors: temperature and the handling of the volumetric ware.

For very precise work, the glassware and reagents mist all be at the
ambient temperature of the volumetric vessel's calibration, typically
specified as 20 deg C on the apparatus label (TD ?) deg ~ means to deliver
at 20 deg C). Since 20 deg © is not always the room terperature of the
laboratory, having the reagents and apparatus involved all at the same
temperature, which is near that of the calibration, is sufficient,
Considering the coefficient of thermal expansion of water in the
neighborhood of room temperature (approximately 0.1007/deg C), there is a
margin of about 6 deg C over which temperature variation will not
introduce significant loss in accuracy or precision; that is, all else
being equal, laboratory room temperature of, say, % deg C will introduce
an error of less than 1 percent when using glassware calibrated at 20 der
r. The effect of temperature on the volumetric ware itself is also a

consideration, but for good quality borosilicate glassware the effect of
temperature is negligible.

[f pipets are not dry before use, always rinse them to a point above
the fiducial mark, with the solution to be transferred. A recommended
practice is t» wash one's hands before beginning the work, and then avoid
handling any part of a pipet that will contact the reagents. Pipets
should have a clean, dry surface on which to rest when not in hand. The
fiducial mark must he at eye level when filling and the miniscus should
"sit" on this mark., Volumetric pipets are calibrated either "to contain"
{T7) or "to deliver”" (TD); the two letter designation may be found on the
glassware in the vi~inity of its capacity marking. To deliver means that
after gravity has withdrawn all but the last drop, the pipet tip is
tnuched to the side ~f the receiver vessel to remove both the drop and
1 part of what remains in the tip. There will still be a small amount of
liquid remaining inside the pipet tip, it is there hy design, leave it.

A TP pipet will be labeled as such. A TC pipet may or may not

2=

..
P o . . . e . o sl
o e m s e et A aleliatanls T a2 A PPN TS

PUREPL I L SRS

AR

et
Ah A A

’
St

cwe
.A—~

LRI
A

. LI ’

st i S

- .

Y

B s e T, .
U WIS S S IR W 7Y

-‘ "“J'I.I ’...v

L

-
P e e
o




i Sl Gad N iClad hag

————
L

-,
~

M e e n e e e M IR e e e de ciee. e Se SMRCHAL B R Ve AP MMM AL St A A A i Rk B I el B G G 6

have an imprint; the absence of such a marking near the capacity label can
be taken as to contain, which means that the last portion inside the tip
should be blown out, after gravity has finished its work.

The amount of analyte transferred for each solution in the series
should be as large as practicable; i.e., smaller volumes at high
concentration, larger volumes at lower concentrations. After discharring
the contents into a volumetric flask, the matrix is added to bring the
liquid level to a point below the neck and the vessel is swirled a few
times to insure mixing. The volume is then brought to the mark, the last
half milliliter, m., or 30 introduced dropwise taking care not to run
drops down the side of the neck because this can lead to a false reading.
After filling, tne flask is stoppered and inverted at least twice. The
solution is now ready for use,

Since the ahsorbance versus concentration relation is not often
linear over more than an order of magnitude (decade) change in
concentration, adequate characterization of the relationship requires at
least. five concentrations per decade span. For example, to cover the span
0.1 to 1.0 ppm, a representative schedule of standards is (0.1, 0.3, 0.5,
N.8, and 1.0 ppm). Serial dilution implies that each decade of
concentration is prepared from the preceding decade. A representative
schedule is:

fa) Begin with secondary stock of 100 ppm and pipet 10.0, 8.0,
5.0, and 3.0 ml, aliquots per 100 mL to prepare the decade 10.0, 8.0, 5.0,
and 2.0 ppm.

(bY Use 10 ml. aliquots of each from step (a) per 100 mlL to
prepare 1.0, 0.8, 0.%, and 0.3 ppm.

{(e¢) And so on until the desired limit is reached.
.t Multianalyte Reference Solutions.

This is a practical means of minimizing both the amount of glassware
required for routine analysis over a wide concentration range and the
amount of time devoted to standards preparation. The foremost concerns
here are "chemical interferences" and "chemical (metathesis) reactions."
A recommended practice, though not essential, is to compose standards
solutions as free as possible from both of these influences. "Chemical
interferences" is the phrase used to describe the suppression of an
analyte's absorbance caused by the presence of another species in the
matrix. For instance, chromium is known to suffer this interference from
the presence of cobalt, iron, nickel, and some of the Group II-A elements;
lead suffers no cationic interferences but is subject to anionic
interference {rom concentrations of phosphate, carbonate, acetate,
fluoride, ard iodide in excess of ten times the concentration of lead.
Tron »n the other hand, while an interference for chromium, is itself
typically subject to none. The kinds of "chemical interferences" for most
of the common elements analyzed by the atomic absorption are well

L.
-

-
)

-

P

L

o

aud A A o

PSPPI




2O A B o P S Ca@aArang aat avi i AR LR

documented and available. [3-6] "Chemical reactions" are probable wher
the form in which the components are available as primary stock are
unstable when mixed. Caution is in order only when a reaction removes
N analyte from solution, viz., precipitation. For example, while neither
! lead nor chromium exhibit any mutual "chemical interference,"” their form -
in our primary stock is as the nitrate and dichromate salts, respectively,
and their mixture, at the 100 ppm level, leads within seconds to the

Ao gl

A
formation of a flocculent, pale-orange precipitate (a thorough ‘
investigation of the nature of this precipitate was not feasible, but by .

i its color and cursory solubility studies one of the lead oxides is a ;*J

probable candidate; for all of them the solubility product constant is

K
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well below 100 ppm.)

2.5 Absorbance versus Concentration.

ultraviolet or visible (UV/VIS) experiment. The quantitative use is based
on the well known Beer-Lambert Law, A = a-b-c, where a = absorptivity (an
intensive property of the absorber which is wavelength dependent), b =
optical path length, and ¢ = concentration. The law defines a linear
relationship which passes through the origin between absorbance A (an
extensive property) and concentration. However, inherent in the .
derivation of the law are two principal assumptions, the second of which 1
has significant bearing on the preparation and use of the calibration
curve: that the absorptivity at a given wavelength is constant; and that
the absorbing species are non-interacting. While the absorptivity is
appreciably dependent on the absorber's environment, in the present
application (flame photometry) the first assumption is appropriate. The o
second assumption clearly presents no conflict at very low concentrations ? j
1

V‘_.

bf-! The atomic absorption method is essentially a single wavelength
,

}

(parts per billion (ppb) or smaller). But just as clearly, every element
- or absorber must exhibit a concentration level at which this assumption
[ becomes entirely untenable. Indeed, positive and negative deviations from
2 the Beer-Lambert Law expectation over a wide concentration range are quite w0
_ common; the interactions gain sufficient magnitude to significantly affect !
b the "constancy" of the absorptivity. Thus a realistic expectation for the .
shape of the calibration (or standards) curve is not a straight line from
the origin out to the highest concentration of interest, thereby requiring
but a few (two or three) reference solutions spanning perhaps three or
four orders of magnitude in concentration. Rather, it is a linear portion
in the dilute region and a concentration level at which decided curvature
sets in, thus requiring groups of several (ideally five) reference
solutions where each group spans only one order of magnitude change in
concentration. An empirical standards curve for cadmium is representative
of the situation and is given in Figure 2(A). The feature of note is that
there is a quite good linear correlation up to about one ppm, but
thereafter, the relation is indeed a standards "curve."

o
-
Y

What is essential for the analysis is that the unknown sample
roncentration be bracketed by reference solutions. The remarks of the
preceding paragraph are intended to provide insight into the mumber and ‘
value of reference concentrutions needed to achieve an analytically useful :

2-6
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. calibration curve. For example, when one is working in a region of the

" absorbance function which as been found to be inherently linear, i.e.,

less than one ppm for the metals of current interest, the number of ;. 2
bracketing standards may he taken as a minimum of three, spanning an ° - i
approx imate order of magnitude change in concentration. When working in a

non-linear region, concentration intervals must be made sufficiently small

to achieve practical linearity or else a non-linear curve-fit must be 5
used. -

2.6 The Instrument.

The Varian model AA-775 is a thoroughly modern atomic absorption
spectrometer offering several capabilities that facilitate routine
analyses for trace metals. There are input and output ports for
simultaneous operation of an autosampler and chart recorder and digital ®
printer. Benefits from these automating accessories accrue both to the
precision of the analytical method and to the flexibility of the
operator's time. An internal! microprocessor provides, among other
features, an automatic calibration curve based on up to five reference
solutions and subsequent direct output of sample concentration.

The automatic calibration curve can, for highly controlled samples,
offer substantial time savings in the conversion of absorbance to
concentration. However, its use requires a judicious choice of reference
solutions since there is no "automatic" correction for any inherent
curvature over the range of standards used. Consequently, its range must i
be limited and its practical utility as the sole output device for e
unknowns of highly variable composition is questionable.

The sample introduction process is an important part of the AA
analysis and can be conveniently described in terms of a "sampling time,"
the period over which a sample is aspirated, and a "settling time," the
period between successive samplings. Adequate sample time allows: the
estahlishment in the flame of a steady-state condition reflecting the true
analyte concentration; and sufficient time for an integrated response to
be made by the instrument. Adequate settle time allows: the previous
sample to be cleared from the nebulizer capillary; and the instrument
response to return to its baseline. Efficient use of time requires
minimization of these two parameters; however, they should not be made too
short and the same set of values for samples and standards alike is
desirable.
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The Varian model 51 Autosampler provides a highly reproducible means
of regimenting the sample introduction; and the sampling and settling
t imes can be varied to optimize the sensitivity for a given analyte and
concentration range. The sample time should be three to four times the
integration period and the settle time should be equal to or greater than
p the sample time. We have found that a sampling time of about eight
seconds (with integration periods up to two seconds) provides adequate
1 resclution of concentrations down to ahout 0.1 ppm for the metals of ,
4 interest here. At lower concentrations sample times as great as 12 to 1 o

seconds have been necessary.
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The actual time savings that results from the use of an autosampler
depends on the rumber and mature of samples (unknowns, standards, and
quality controls) and is difficult to quantify. However, we can be
certain that an automatic device will perform the sample introduction more
reproducibly and no slower than a person, 30 that whatever the time
required here, it does not involve personnel attendance; hat fis,
personnel may engage in other analytical activity (e.g., -‘tandards
preparation, paperwork, etc.) while sampling proceeds unattended. The
full (50 samples) model 51 carousel may be set up in about 10 to 15
minutes and will cycle in about 14 mimites at a combined sample and settle
time of 15 seconds, or in about 24 mirutes at a comhbined sample and settle
time of 28 seconds. Thne individual sample cup volume (six mL) is
sufficient for three to five metal analyses, depending on the sample time,
so that reduced manual handling of the aspiration tube minimizes the
opportunity for sample contamination.

There are several advantages to using a chart recorder as an output
device. Principal among them are: such output affords a more accurate
estimate of the noise level and hence the true signal strength; any drift
or change in the baseline (zero calibration) is more readily evident and
arcountab le; the shape of the absorption peaks provides a useful guide
both to the adequacy of the selected operating parameters (specifically,
the sample and settle times and the integration time) and to the need for
maintenance activity; and, the full scale Recorder Span (mV) and the
ahsorbance assigned to it can be sgselected to allow collection at one time
of a wider range of data than could be effectively used by the
autocalibration feature alone.

For highly controlled samples, that is, for unknowns whose
concentrations all fall within one linear region of the calibration curve,
use of the internal autocalibration feature with a digital printer and
chart recorder can realize appreciable timesavings for data processing.
For example with cadmium (see Figure 2A), over the range 0.1 to 5.0 ppm
the calibration curve is non-linear, but this interval may be divided into
two sufficiently linear ranges (0.1 to 1.0 ppm and 1.0 to 5.0 ppm), only
one of which at a time could b¢ used for the autocalibration curve
ontputing to the digital printer. On the other hand, the dynamic range of
the chart recorder at REC RANGE - 0.5 A and Reco~der Span = 500 mV will
allow calibration data to be collected over the whole range (0.1 to 5.0
ppm). The internal calibration curve may be used to process unknowns in,
sy, the lowest concentration range; the digital printer will then output
vilues for all unknowns in that range directly. The chart output can then
be used to 'manually' determine unknowns that fall outside the automatic
calibration curve. Obviously, for those cases when all unknowns are within
*he range selected for the internal processor, there is no 'residual’
processing to be done by the operator.

Fhe fill scale recorder deflection in absorbance units (REC RANGE),
tr.e recorder sensitivity in mV (Recorder Span), the recorder time constant
“K2C FAST, REC NORM, REC DAMPED), and the integration period (TIME SEC)

2-9
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are all chosen in consort to achieve adequate signal to noise at tho
desirec sensitivity. Signal to noise (SM) ratios of less than thive ‘o
four are of marginal quantitative use.

The treatment cf the recorder output is straightforward. Baseline
anga peak height lines should be drawn parallel to the " 'me axis of the
ctart and should he nlaced in the "middle” nf their - -rective noise
levels, that is, co 'hat equal excursions of magnit i~ and Aurctior xcur
botr 1above and tbelow the line. When the baseline is very stahle, one line
may be drawn from the heginning to the end of the sequence, otherwise it
should be drawn between the average noise levels on either 3ide of each
peak. When the haseline must be drawn for each peak, it will likely not
be parallel to the time axis, and the height must be measured from the
midpoint of the peak base width.

The noise level {sensitivity) can be affectec by excessive turbulence
in the hurner compartment. 'n this connection, the exhaust system draft
may he too vigeorous. The dreft is simply controlled hy closing the stack
camper in, say, 17 to 1¢ degrece increments until an optimum draft is

obtained. This would Y@ a one time adjustment for the current exhaust
system configuration.

When or» encounter:s unexpectedly high unlnown concentrations which
are off-scale at the current recorder setting, one may choose: an
alternate, less sensilive analytical wavelength; reduced sensitivity
settings (i.e., increase REC RANGE or the Recorder Span); or a rotation of
the burner head o yield an absorbence reading of less than 1.0 in the
most concentrated sample. In any case the change should he made at the
end of the initially programmed sample sequence, and standards must be run
until the wknowns are bracketed by at least three references forming a
linear segmenrt of the calibration curve.

2.7 Maintenance.

“he cleanliness of the burner head and nebulizer assembly tas
pronounced influence or the noise level and thus the censitivity. The
presence of {carbon) eposits in the burner slot is evident by
irregularities in the neak-line of the inner flame profile. Small
Jeposits are easily removed, after turning off the flame, with an unwantec
business card or 3 soft metal (e.g., copper or brass) strip. A good
practice at the end of a sample run, before shutting down the instrument,

is to aspirate 25 to 5N mL of deionized water as a flush for the nebulizer
and spray chamber.

Tne burner head should be dismantled periodically for a thorouph
internal scrubbing with soap and water. A plastic domestiec dish serubber
or cne of the copper mesh (not steel) variety is appropriate for removing
encrustation inside the burner. Hard metal implements (e.g. screwdrivers,
rarort Tades, ete.) must not be used for cleaning; also, acids or other
hardh chemical cleansers or abrasives should not he used. Take care
while cleaning not to immerse the interlock socket. The spray chamber

2.1
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should be removed periodically and cleaned with soap and water., The
aspiration capillary hose should be replaced whenever it becomes cloudv or
otherwise visibly encrusted on its interior walls. When fitting the fresh
tubing one must take care that the (sharp) metal edge of the nebulizer
entrance tube does not gouge the wall of the capillary hose and thereby
create blockage.

Akl &

There are only thr:e optical surfaces that require regular
inspection, and clearinz as necessary: the hollow cathode lamp window and )
the entrance and exit windows to the burrer compartment. These surfaces
must be free of fingerprints and dust or other smudges and debris. They
must be cleaned only with quality lense paper and optical grade solvent, o)
e.g., Spectrograde ethanol, methanol, or acetone. 1

4

Gas supply hoses must be inspected regularly for both physical »
integrity (major cracking or deterioration) and secure fit. When
acetvlene supply tark pressure gets below 100 psi, a fresh supply should R
he fitted. Below this pressure the acetone used as stahilizer in the tank '
gains sufficient concentration in the gas supply to pose both a serious :
safety hazard and an increase in flame instability. §

Tre autosampler sample cups must not be allowed to dry out when they ‘I
contain sample; they should be rinsad several times with deionized water, K
shaken out and allowed to dry secure from contact with metal containing ,
apparatus and particulate fallout. T

Gas supply filters (whether for fuel or oxidant, particularly air) )
should be changed according to the manufacturer's instructions or when
substantial deviations from usual S/N levels are noticed. The replacement
date of such filters should be noted for future reference. This presumes
that the reduced S/N cannot be traced to some other alignment or matrix
problem.

P
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2.8 Instrument Alignment.

PRI WS LY

Instrument alignment response and analytical performance are as
intimately tied to the care in setting up the instrument as they are to
the quality of the reference solutions used. Diligence and patiemnce are
the keywords here; an instrument may be stable at less than optimum
performance. While manufacturers make every effort to make operation as
"user friendly" as possible, one must remember that the ultimate
friendliness is only achieved through familiarity and practice with the
exercise of the key operator qualities. (This is particularly important )
*n the adjustment of the burner position and flame composition,) To set T
up the instrument, proceed as follows:

.
b

.o v
. ool R
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(a) Check that gas supplies and lamp current switches are OFF,

afacal

{b) Power OM; check that the following conditions have heen
vitomatically selected:
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ABRSorbance operating mode;
INTegrate RFPeat readout mode;
Background Correctinn OFF
RECorder NORMal
RECorder RANGE

= 1.0 (absorhan - unit)
TIME SEConds = 1.0 7

! second)
NOTE

CAL 7ERQ Light will be flashing; both display and meter
indications are meaningless.

(¢) Fit burner; connect interlock; exhaust ON; pas supplies ON.
(&) Fit lamp; adjust current to specification,
NOTE

The current giver on the specification card accompanying
each lamp i 'recommended' (not absnlute); somewhat higher
currents may improve the signal to noise ratio and therehy
afford greater sensitivity. For example, operation of the
iron lamp a' 7 mA showed signficant improvement in the
signal to mize ratio for the analysis of this element. The
current selected must not exceed the maximum specified.
Once the desired current is selected, the lamp should be
allowed tn warm up for a period of 15 to 20 minutes, in the
interest of maximum stability and minimum roise at the
chosen setting.

(e) Adjust the burner vertical and horizontal positions so that
the lamp light spot, intercepted at the midpoint of the burner slot, is
approximately two to four mm above the slot and centered. Adjust the
angular position so that the light spot is centered when alternately
intercepted at the ends of the burner slot. These adjustments can be
conveniently made with the use of a business card for example.

(f) Set the monochrometer wavelength and slit at the values
recommended for the concentration range of interest; select Single Ream
{(S8) and adjust the gain so that the meter reading is ahout half scale.
Using the gain adjustment to keep the meter reading on scale, max imize the
signal by fine adjustment of a) the wavelength selector, and b) the lamp
focus, with the two knurled thumbscrews on the sector base.

(g) CSelect Double Beam (DR); light the flame.

At this point the coarse alignment of the instrument has been
effected; fine tuning is achieved (in DB) as follows:

{(a) Aspirate the matrix or analytical blank; select CAL 7FRRN
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(b} Aspirate a solution known to give ABS = 0.4, while

ad justing:

(1) Horizontal, vertical, and angular burner position.
(?) Fuel and oxidant flow.
{3) Glass bead position (nebulizer).

(4) BRurner vertical position again.

NOTE
ARS
Analyte ppm giving ABS=0.4 (best ohserved at given ppm)
Cd 2.0 n.51%
Cr 10.0 0.504
Fe 7.0 n.hRa
Pb 19.0 0.400

NOTE.

Steps (1),(?), and (3) above, are all crucially
interdependent; here, perhaps more than any other step in
the procedure, diligence and patience must prevail. The
flame configuration, physical position, gas volume ratio,
and nebulization rate will “make or break" the AR analysis.

Step (?) represents the optimization of the "flame
stoichiometry"” or composition, which will be determined by
the nature of both the analyte and the matrix. For the
digestion process prescribed by the US EPA, i.e., for a
given matrix, the identity of the analyte will be the
deciding factor. Flame composition for best performance is
given for each element as either oxidizing (lean), reducing
(rich), or stoichiometric (intermediate). Oxidizing flames
are the hottest and appear non-luminous white with a slight
bluish hue in the body of the flame profile. Reducing
flames are the coolest and appear luminous with red to pink
hue in the flame profile. The exact composition of the
flame must be found during aspiration of the appropriate
standard solution; a previously achieved set of index
numbers (as shown on the AA-775 control panel) should

ne taken only as a puide.

Properly installed, the glass bead will be about one mm from
the nebulizer orifice and its adjustment should be small,
tess than one full turn of its adjusting screw. The

19 justment should be made for maximum absorbance and
stability. The effect seen from this adjustment can be
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quite significant particularly if the setting has been moved
o grossly aut of range. The best sensitivity has been found
" for sample uptake rates of three to six mL/minute. [6]

: Since the adjustments »f steps (?) and (3) will have a2 major effect or the
. vertical geometry of the flame profile, step M) is essential as the last
step in optimizing the "flame configuration".

{c) Aspirate the matrix or analytical blank; select CAl 7ERO;
aspirate the optimizatinn standard to check performance. ®

(d) Select an ABSorbance EXPansion factor (1.0 usually) and an :
integration period (TIME SEConds = 1.0, usually).

NOTE

o
The expansion factor will only atfect the digital display; ]
it is not presented tn ir.. input-output ports. The factor
.. affects both the signal and the noise; to bhe practically
! useful factors greater than one must he accompanied by
L substantially increased integration times and consequently o
e greater sampling times. For this reason a preferred scale o 1
4 expansion technique is outlined in the final note under =
Recorder Setup. S

An integration period of one second will provide a 7
relatively noise-free signal for metal concentrations down
to about 0.5 ppm for all the metals of interest here. o
Longer periods may be used to smooth out the noise Lo
inherently encountered when working at the tens of ppb
level. The only caution here is that the sampling time :
should he on the order of three to four times the Ll
integration period. N

2.9  Recorder Setupn.

Power/ON; Select full scale (f/s) = 1 V; Select standhy. Allow to
warm up, for example, while setting up the AA-T775.

Select INT REP, TIME SEC = "x" (x greater than or equal to 3).

A" Reenal  MRAAEN

Select BAR GRAP!; when pen comes to rest, you have "x" seconds to se’.
the haseline with the ZERO POS potentiometer (10 turn). If you miss,
simply select bar graph again.

e Select REC RAMI; (.1 witl deflect to or near f/s; you have as much g
time as you please Lo set the pen to exactly f/s with the RECORDER ADJUST
notent inmeter (one turn). When completed, go on to the next step.
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. The mumber in the digital display after selecting REC RANGE '.._
will be the f/s deflection in absorbence units and at this ‘

point has no bearing on the zero and f/s positioning of the
pen.

Ala

Select REC NORM, R=C FAST or REC DAMPED. -
NOTE
After selecting, for example, F-C NORM, the pen will come to

rest at a position determined by the status of the CAL 7ERO
function. That is:

(a) 1f TAL 7ZERD > assigned (LED on) and the AA-775 is
aspirating the assignment, then the pen will rest at zero
position established above.

(b) If CAL 7ERO is assigned and the AA-TT5 is
aspirating anything other than the assignment, the pen will
rest at a position up- or down-scale from the original
selection according to the difference in absorbance between
the assignment and what is heing aspirated.

(c) If CAL ZERO is not assigned (LED flashing), the
pen will behave as based on the last previous assignment.

The assignment should be whichever {matrix or air) has the
lower absorbance, most likely air for wastewater analysis.
When the difference in absorbance between matrix and air is
small, the baseline position is not critical. When this ®
difference is substantial, as for lead, the baseline :
position established must be able to accomodate the pen
excursion due to the air aspirated between samples, For Pb,
if the assignment was air, pen moves up-scale when
aspirating matrix; if the assignment was matrix, pen moves
down-scale when aspirating air.

L e e

g

PR N T

el

Select the desired recorder SPAN; a decrease from f/s = 1 V may
squire a small final adjustment of the baseline position with the ZERO
‘08 control, unless the recordz2r functions are perfectly
nalanced/calibrated.
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The choice of recorder SPAN in concert with the choice of
¢ REC RANCE determines the magnitude of the pen displacement
t for a given analyte absorbance value. For example, if the
pen response to a given absorbance value is, say, 14 mm at
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[- FC RANGE = 1 A and recorder SPAN = 1V, then nominally the e
AR same (14 mm) response can be achieved with RFC RANGFE = 2.0 A g
s and SPAN = =00 mV. Ry the same token, an effective two-fold o
;E amplification of the "readability" of the recorded =ipgnal .‘

{i.e., P8 mm) is achieved either by halving the SPAN at the
original REC HANGE or by the converse; if both isitial
parameters ore ividea by two, the enhancement i: four~foll
(i.e., S m). TRemember that such erhancement: apply to
hoth the signal level and noise level; however, we have
found empirically with the present system that increases in - -
recorder sensitivity (decreased SPAN) generally tend to ’.
produce somewhat higher noise levels than the corresponding
change in the REC RANGE. The relevance of these comments to
the above note is that at analyte concentrations ahove one
ppm settings of REC RANGF = 1 A and SPAN = 1 V are quite
adequate and render nominal the difference in absorbance )
between matrix and air, thereby mitigating the choice of

haseline position. Alsc, at concentration levels helow one

ppm where more sensitive settings are required, a judicious

T T T a e

{ choice of hoth parameters may eliminate the concern with .
- haseline position. 1
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2.0 RESULTS

The data and analyses given in this section are based on the
techniques set forth ir section 2.0, NDiscussion. DMuring the summer weeks
when the daytime, ambient laboratory temperature was consistently ahove 0N
deg F (32 deg C), all secondary stocks and glassware were allowed to
equilibrate at the temperature of the instrument room (approximately 25
deg C), and volumetric preparations were performed therein. Flame methods
were used without simultaneous use of the background correction o
(deuterium) lamp and ahsorbance was outputted to the Varian Model 2176 T
chart recorder. Peak heights were measured to the nearest 0.1 millimeter
and a linear regression was performed (using a Hewlett-Packard 3IUC hand .
held caleulator) as concentration versus absorbance on typically four or i
five points spanning not more than an order of magnitude chanse in .
concentration. When necessary the end-points were varied to achieve a )
linear correlation coefficient of not less than 0,099, Additiona! program
code was entered in the calculator to allow a determination of the
standard deviations for the regression slope, regression intercept, and .
the interpolated unknown concentration. (The formulae on which the )
additional program code is based may be found in the appendix.)

The data in Table I is a representative, ahridged listing of an
original series of unknowns analyzed for chromium using an oxidizing air
and acetylene flame. The certified concentration of chromium in "QC-A" is:
true value, 250 ppb; reported 242 + Uf ppb. There are two sets of data in °
Table T: the left three columns result from instrumental conditions '.1
1

posted at the tahle foot; the right three columns result from sampling
under identical conditions except that REC RANGE = 1.6 and Recorder Span =
1V (i,e., lower sensitivity). Tahle IT is a listing of statistical data
nrtained hy linear regression analysis of the data in Tahle I.

As for the QC sample results, the values when derived from standards
numbered one through seven are within the acceptable range, and the .
nrecision of their measurement, in terms of the relative estimate of ‘}}
variance (s = 1NM0%*s/X), is below the maximum value (eight percent) -
estahlished for chromium by AEHA. [?] That the amount detected is, in
fact, in the low part of the acceptable range may be attributed in large »
measure to matrix mismatch between standards and sample; particularly the
»elat.ively high concentration of iron (990 ppb in the QC sample, along Ty
~ith other metals). That the QC results, when derived from standards
‘mmbered six through twelve, are outside their expected range and low is

attributed to extrapolation error and to the negative curvature in the 1
calibration curve (c.f. Figure U4), [
For samples whose concentration is less than 80 ppb, the results are 9

miven as such since standards below 80 ppb were not used during the sample
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TABLE II

B Statistical Evaluation for Table I Data
Data Pairs (Conc. Range) 7(0.08 to 1.0 ppm) 5(n.%8 to 5.0 ppm) .
-
Slope of Conc. vs Abs, 0.016 0.0uN -
.-
Variance on Slope 0.0003 0.00na o .
Intercept -0.039 -0.235 "
Variance on Intercept 0.012 0.0hL S
1
Correlation Coefficient 0.999 0.990 ® 1
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run. However, there is sufficient sensitivity or readability under the
: conditions listed to detect approximately 20 ppb before the analyte peal
! . becomes lost in the matrix or background signal.

For samples whose concentration is not bracketed hv standards one
through seven, confident determination of the concentration requires
bracketing standards seven through eleven, even thougn the extrapolated
result is only about. 10 percent different. While one can expect this
difference will become less as higher concentration levels are approached,
extrapolation to lower levels leads to much greater uncertainties and
errors, and must be avoided.

3.1 Spiked Samples.

As mentioned in paragraph 2 of section 2.1, FPA Quality Control
Samples for Trace Metals, quality control should be effected by the use of
spiked samples. The spike can be a convenient aliquot of one of the
reference solutions added to a duplicate of one of the unknowns; an equal
aliquot of matrix should be added to the same volume of unspiked sample so .
that the base or background concentrations will be the same, thereby 'y 4
simplifying the data reduction. The calculation is based on the _ u
following: T

C=X- Ygi]
where, '.

X = observed concentration of the analyte in unknown sample duplicate; e
Y = observed concentration of the analyte in the spiked unknown sample; T
S = true concentration of spike as milligrams added per total volume of '
spiked sample; and

corrected concentration of unknown sample.

C

The quotient in brackets above represents an enhancement or
suppression factor which will be applicable to correct other
determinations of the same metal under the same conditions at the same
time (i.e., during that sample run). This factor is determined ad hoc and
is transferable neither from day to day nor from analyte to analyte.
Acceptable values for this factor are in the range 0.5 to 1.5 (i.e., 507
enhancement or 5N% suppression); factors outside this range indicate a
serious matrix mismatch which must be corrected. The correction need not
be applied to the unknown sample determinations if the factor is in the
range 0.9 to 1.1,

P

.
'

LL‘A‘_A'Jh'le PRSP

e

2.2 Sampling Sequence.

N X
.

rla s o o ad

A recommended sampling sequence is: three to five standards, two
neat quality control solutions (EPA certified), duplicate unknown, spiked
unknown, five to six samples, standard mumber one, five to six samples,
standard number two, and so on, alternating five to six samples with one
of the initial standards until the calibration curve has been reproduced.
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End the sequence with a known (QC, spike or standard). If all of the

subsequent responses for the standards are within approximately 177 of "]
their initial value, there is no problem. y
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4.0 CONCLUSIONS

Establishing a limit of detection, while straight-forward, is not
quite as simple, procedurally, as extending one's calihration curve to the
lowest concentration level for which signal response can be distinguished
from noise. Statistically meaningful quantitation cannot be made at the
limit of detection [7] . As a functional rule of thumh, detectahility
should he at a level at least 50% below the desired level of quantitation.
For example, if one desires to determine an element at the 0.1 ppm level,
detection should be evident at the 0.05 ppm level. Figures ?(R) through
& are presented simply as empirical evidence that under the procedures
outlined herein routine detectability with high confidence can be acheived
for the metals of current interest. A definitive determination of the
Limit of Detection must await the results of subsequent experiments
designed expressly for such purpose.

There is currently sufficient capability, and facility, to detect the
required maximum allowable level of cadmium, chromium, iron,and lead in
RIA effluent by flame atomic absorption methods (e.f. Table III).

(a) Without any special procedures, the detection limits for
cadmium, chromium (both tri- and hexavalent) and iron are about an order
of magnitude lower than are needed to meet the present effluent
specification.

(b) With special procedures, the detection limit for lead in
samples can be brought down to the current required specification (100 ppb
max imum permitted). Special procedures could be the concentration of the
sample during the acid digestion procedure and flame AA analysis, the use
of electrothermal atomization (graphite furnace), solvent extraction
techniques, or combinations of these,

NOTE

Maximum care in the preparation of reference
solutions is essential.

(¢) PReference solutions (working standards and certified ©PA
quality control samples) must be prepared in acid soaked glassware and
stored under refrigeration.

(d) Lack of adequately climatized (thermally stable) environment
for reference solution preparation will introduce significant error and
non-reproducibility in analytical results, particularly at the
concentration levels needed for effluent analysis.

NOTE

Maximum care in the construction and use of
calibration curves is essential.
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- ( Chrouium Standards (low ppm level).
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FIGURE 4
T Chromium Standards (for data in Table I). i
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TABLE III

Current Limits for RIA Effluent (ppm)

Element (1) C Max. (2) LOD (3) LODA
Cd 0.15 0.0005 0.010

Cr(IIl)
Cr(VI)

Q =
wo

0.005

0.002 0.01

Fe (Total) 2
0 0.003

Fe (Dissolved)

o

(1) City of Rock Island maximum allowab le.
(2) Limit of Detection, from literature (c.f. reference 10).
(3) Limit of Detection attempted here.

0.005 0.05 'y

Pb 0.1 00.01 0.2 °
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(e) The determination of unknown concentrations must be
bracketed by the determination of known concentrations.

(f) The actual magnitude of the reference concentrations and the
intervals hetween them will be determined by the behavior of the
calibration curve in the region of interest.

NOTE

Quality assurance procedures must be applied to
hoth reference solutions and analysis of unknowns.

(g) A neat EPA certified quality control sample, prepared to
specifications, is a hona fide control for reference solutions, and in
special cases can bhe also an adequate control for the analysis of
unknowns.

(h) A spiked unknown, with unknown duplicate, is in all cases a
bona fide control for the analysis of unknowns.

Automated sampling and output accessories, when used routinely,
facilitate more reliable or reproducible data and better use of personnel
t ime.
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3 5.0 _GENERAL RECOMMENDATIONS '
( .
- A certified EPA quality control sample, one for each concentration B
range of interest, should be analyzed with every set of unknown samples. _ :
{ (a) Results should be mintained only for as long as a given set
of secondary stock solutions is in use. L.
@
(b) When secondary stock is replenished, the mean recovery and 1
variance may be computed and sub jected to control charting procedures if T
desired. ]
A spiked sample with duplicate unknown should be included in every ]
set of samples analyzed. The spike result need not be retained beyond the  J
data reduction stage for the sample set of which it was a part. _
Analytes should be determined at a level of 50% below the requirement
and results reported to two significant figures or simply as less than the 2
required limit. -
o 1
The Hewlett-Packard Model 82905-B Digital Printer should be acquired ;
and installed as an additional output device for the Varian model AA-77S. }
Volumetric preparation of reference solutions should be consistently
performed in an environment where the temperature is consistently as near
20 deg C as practicable. ) .
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A.0 CONTINGENT RECOMMENDATIONS

If the current analysis load is sub ject to increase, in terms nf
either the number of samples per week or the numher nf analyses per sample
or both, consideration should be given to the permanant placement of at
least a one-half time laboratory assistant for maintaining glassware.

If the results frem daily effluent sampling sites are to he
correlated with the operation of any production function (e.g., for the
sake of optimizing production procedures), that is, if daily unknown
sample results are to be subjected to control charting procedures, then
steps should be taken to establish computer collection, processing and
transmittal (in digital or hard copy format) of AA data.
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Sixy) = lixy = (Ix) - (Ey)/n] S (y)

APPENDIX

The variance associated with the slope and the intercept derived from
iinear regression equations are useful variables for deflining the
confidence limits for the linear relationship. The variance associated
with the value interpolated from regression parameters is also a useful
quantity for defining the confidence limit on the interpolation. These
variances can all be computed from the same set of factors used to compute
the slope, intercept and correlation coefficient (particularly regarding
hand-held calculators).

The equations given here are oxcerpted from reference 3, chapter five.
Definitions:
given: n, Ly, Zyz, X, sz, and Ixy

Sixx) = [£x = (Ix)?/n] Slyy) = [Zy? - (Zy)2/n])

[S(yy) - S(xy)?/5(xx)]/(n=>)
the estimated variance of the slope,

%% = S2(y) /S(xx)
the estimated variance of the intercept,

sé = S2(y) -+ [1/m) + (D)2/5(xx)] = [S%2(yv)/n?) + [n+ (Zx) /5(xx)]
the estimated variance of a value, Y', interpolated from x = X'

’

Jy (X') = 54(y) + [(1/n) + (X'= X¥ /S(xx)].
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