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Abstract:

An optical system applicable to single beam instruments is presented to correct for background
absorption found in atomic absorption spectroscopy. The optical system involves two Glan-Taylor
air-spaced calcite polarizers.

The hollow cathode light is polarized perpendicular to the reference beam. The polarizers are used to
combine and finally separate the two beams after passage through the furnace atomization device and a
Beckman DU. Individual photomultipliers are used for the two beams, whose outputs are recorded
individually and compared. An improved furnace design is presented. Representative signals for the
two channels are presented. Calibration curves for Ag, Au, and Hg were obtained and sensitivities are
given.

The design, construction, specifications, and operation of a new dual-wavelength spectrophotometer is
presented. The instrument utilizes only one fixed grating and mobile exit slits with photomultiplier
light sensors. Two wavelengths can be monitored simultaneously and both channels may be scanned
independently. The spectrophotometer has been integrated into an atomic absorption system which
includes a Woodriff furnace and Ithaco dual-channel lock-in amplifier. The two channels may be used
separately (A and B) or may be ratioed (A/B). Taking the ratio of the intensity of a resonance line of
interest and the intensity of a nearby nonresonant line allows background absorption corrections to be
made. In the separate channel mode, two elements may be simultaneously determined in a single
sample. Results are given for the determination of Ag and Pb in various sample types requiring
background correction using the ratio (A/B) mode. Results are also given for the simultaneous
determination of Ag and Pb in synthetic samples using the separate channel (A and B) mode.
Calibration curves were obtained for the two most sensitive lines of both Ag and Pb.

Applications of furnace atomic absorption are presented. Trace element concentrations of different
elements were determined in Various types of samples and the results are given and discussed. The
average relative standard deviations of the results ranged from 3.1% to 15.4% for amounts of metals in
the nanogram and sub-nanogram region. . Sensitivities for Ag, Pb, Au, Cd, Cu, Hg, and Mn are
presented.
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ABSTRACT

An optical system applicable to single beam instruments is presented
to correct for background absorption found in atomic absorption spectroscopy.
The optical system involves two Glan-Taylor air-spaced calcite polarizers.
The hollow cathode light is polarized perpendicular to the reference beam. The
polarizers are used to combine and finally separate the two beams after pas-
sage through the furnace atomization device and a Beckman DU, Individual
photomultipliers are used for the two beams, whose outputs are recorded -
individually and compared. An improved furnace design is presented. Repre-
sentative signals for the two channels are presented. Calibration curves for
Ag, Au, and Hg were obtained and sensitivities are given.

The désign, construction, specifications, and operation of a new dual-
wavelength spectrophotometer is presented. The instrument utilizes only one
fixed grating and mobile exit slits with photomultiplier light sensors. ‘Two
wavelengths can be monitored simultaneously and both channels may be scanned
independently. The spectrophotometer has been integrated into an atomic
absorption system which includes a Woodriff furnace and Ithaco dual-channel
lock~in ampliﬁer,' The two channels may be used separately (A and B) or may
be ratioed (A/B), Taking the ratio of the intensity of a resonance line of
interest and the intensity of a nearby nonresonant line allows background
absorption corrections to be made. In the separate channel mode, two ele-
ments may be simultaneously determined in a single sample. Results are
given for the determination of Ag and Pb in various sample types requiring
background correction using the ratio (A/B) mode. Results are also given for
the simultaneous determination of Ag and Pb in synthetic samples using the
separate channel (A and B) mode. Calibration curves were obtained for the
* two most sensitive lines of both Ag and Pb.

Applications of furnace atomic absorption are presented. Trace ele-
ment concentrations of different elements were determined in various types
of samples and the results are given and discussed. The average relative
‘standard deviations of the results ranged from 3.1% to 15.4% for amounts of
metals in the nanogram and sub-nanogram region. = Sensitivities for Ag, Pb,
Au, Cd, Cu, Hg, and Mn are presented.




INTRODUCTION

Since its introduction in 1955 A(l) , atomic absorptiofl spectroscopy has
become a very useful analytical technique and is a pért of almost every modern
analytical lab, Atomic absorptioﬁ theory, its application to nuierous fields,
and the problems involved in its use have been the subject of many publi'catio'ns
and texts in the past. |

Inherent in flame atomic absorption is a high noise level caused by
turbulence in the flame and nebulized sample introduction. ThlS imposes a
limit on sensitivity ;nd detection limit, thus relatively large samples are
needed. Also, the samples need to be in relatively pure liquid»form for
aspiration into the burner _head. Thesé facfs put the analyst at a disadvantage
in maliy fields such as clinical, forensic, and_environmehtal chemiStﬁ where
the available sample is or should be very small, or in a solid or a complex,
viscous form.. |

The recent concern over thé environment and its quality has made
necessary the development of new instrumentation in order to improve sensi~
tivities and deltection lilnits. Several nonflame atomization devices for atomic
absorption have been introduced‘duri‘ng' the last few years @,3,4,5,6,7,8, 9)

These devices have the advantage of much greater sensitivity, allowing a

smaller sample to be énalyzed. Also, in some cases, solids, complex 1iquids,
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and gases may be analyzed directly or with a minimum of sample preparation.
This is extremely valuable if the sample size is or should be small, or in some
"~ form other than a relatively pure liquid. Even thoﬁgh many of the problem‘s
involved in the use of flame atomic absorption have been elimiﬁated by the
nonflame devices, more work needs to be done to perfect them,

Another problem found in atomic absorption spectroscopy is that of

(10, 11)

background absorption . The cause of thig background abso;'pt1011 is
molecular absorption and/or scattering of light due to particles. Th_is non-
atomic absorption can cause erroneously high results if not compensated for.
Several methods of correction for background absorption have been described
12,13,14,15, 16). These all involve the use of a hydrogen or deuterium
continuum in various instrumental arrangements to measure the background
absorption at the wavelength of interest and allow for correctioﬁo Also, the
use of a nonabsorbing wavelength near the resonance line of interest for the
purpose of bacl;ground correction or reference has been reported in several .

publications 10> 17218, 19,20),

N\

An additional problem, or rather disadvantage, of atomic absorption
spectroscopy is that in practice it is generally only useful for single-element

determinations. Several instrumental arrangements for the determination of

@21, 22, 23)

more than one element have been published Very recently Fisher
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Scientific Co. andvInstrumentati(;n Laborétory, Inc. have introduced spectro-
phctometefs which can be used to determine two elements simultaneously by
atomic absorption. These instruments can monitox_.' twé wavelengths. Pérkin-
Elmer, American Instrument Cq, , and Phceenix Precision Insirument Co. aiso
have instruments with dual-waveleﬁgth capabilities but have not applied these
-to.atomic absorption but rather to UV-Visible spectroscopy. In all but one
case the instrumegts are composed of two grating monochromators, The
Instrumentation Laboratory instrument utilizes one gfating monochromator
and an interference filter for the second channel,

This thesis deals witﬁ the improvement of instrumentation available for
use in atomic absorption spectroscopy.. Complete instrﬁmental systems have
been developed as well as improvements in the afomizat_i'on device, the Woodriftf .
furnace. The. instfumental systems have been developed in order to provide a
method of background correction to compensate for nonatomic sbsorption. The
second instrumental system may al_so be used for the simultaneoﬁé determina-
tion of two elements. _ Applications of furnace atomic absorption have been
developed and are part of this thesis. They show that the Woodriff furnace can be
uti_lized to determine trace element concentrations in real samples, taken in
connection with problems or projects of current interest, and that reproducible

results in the nanogram and sub-nanogram region can be obtained.




STATEMENT OF PROBLEM

Briefly, the problem was to look into the improvement of instrumen~
tation (coﬁplete systems as well as the furnace atomization device) available
fof use in atomic absorption spectroscopy. This improvement'involvesv appli;
cations and evaﬁuation of results with real s_amples.

As was stated previously, there are several ;;rc;blems which one
encounters in atomic absoriotion spectroscopy.v A maj of breal%tﬁrough in
solving some of the problems associated' with flame atomic absorption c'ame
about with the introduction of various nonﬁame afomization devices, The
Woodriff furnace is such a dev:lcé° Since its introduction to ;che i)ublic‘in
1966(24), various publications have presented sensitivities, detection 1imits,
and some of the problems encountered in its use. Heater tu]g)éé héd a very

(25). A large

short life (15 hours)(A’c) . Blanks were many times irreproducible
portion of Ithis was thought to be caused 5y furnace design and méferials. The -
construction of a second generation furnace with enclosed en;is and improved

chucks for end cooling and e'lectric.:alA conduction seemed to incréase the life of

(14)

the heater tubes On this. basis it was decided that the furnace design-
needed additional improvement, 'no’c'only with the goal of increased life of

heater tubes and other graphite parts, but also with the goals of increasing

reproducibility of results and the development of a design which would promote
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safety, simpliéity, and efficiency. A thirci generation fufnace and an improve-
ment of it were constructed and are discussed.

The problem of backgrognd absorption caused by the scattering of light
by particles in the optical path and/or molecular absorption needed to be con-;
fronted. The instruméntal arrangements p.reviously used to correct for bs_a.ck—
ground absorption are in some cases very complicated and either give only the
net absorbance or individual absorbances at different times or on different
samples. It was thought that a system of backg‘round correction involving
plane polarized light could be useful. By using two polarizing beam splitters,
reference and sample radiation, polarizea perpendicularlir to each other,
could be combined into a single beam and, after passage thr_ough the furnace,
could be separated and monitored. The use of DC electronicsiwould allow a
continuous and simultaneous record of both hollow cathode and hydrogen lamp
radiation to be obtained.

Along the same lines but more versatile was an idea fc;r a dual-
wavelength monochromator, It would have one fixed grating and two mobile
exit slit and photc;multiplier tube assemblies. Being able to monitor two wave-
lengths would allow one to use a nonresonant line, close to the résonant line
of interest, as a reference and thus be able to compensate for background

absorption. A simultsneous record of both reference and sample beams could
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be obtained or the oﬁtputs from the two channels-could be ratioed, giving
the net absorbance. Also, it would have the capability of simultaneously
determining two elements by atomic absorption. The versatility would 'be
greater and the construction would be simplér than commerically availablé
dual-wavelength spectrophotometers.

| Both instrumental arrangements were developed and incorporated
into atomic absorption systems involving a Woodriff furnace. 'The instru-
ments are presented and discussed,

Finally there arises the problem of applications. Techniques for
determining very small amounts of metals are in great demand due to the
current emphasis on the environment and its quality. A technique such
as furnace atomic absorption can fulfill the requirement of being very
sensitive, It is in fact 3 or 4 orders of magnitude more sensitive than
conventional flame atomic absorption, ‘However, with this technique, as
well as any other tgchnique, real samples need to be analyzed in order to
determine its applicability to routine analysis, Applications of nonflame

devices available from different instrument companies -have been the subject

(26,27,28,29,30)

of various publications The Montana State University

31,32)

group has published only two applications to real samples The

opportunity to become involved in the analysis of samples from various
£
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research projects presented itself and was accepted. The methods used

and the results obtained in these projects are presented,.




EXPERIMENTAL
Furnace Atomic Absorption with Reference Channel

Systems mentioned earlier to compensate for backéround absorption
employ alternating sample-reference observation and give only the difference
between the two signals or measure the sample signal and reference signal at
two times relatively far apart or on two saﬁaples. . The system described here
gives a continuous, simultaneous record of both signals.

Optical System and Readout

Figure 1 show.s the optical system which was used, The hollow cathode
light enters the primary Glan-Taylor polarizer and is polarized parallel to the
optical a_xis of the polarizer. The polarized hollow cathode light then passes
down the optical path of the furnace. The hydrogen lamp light enters the pri-
mary polarizer through the side Window and is divided into two perpendicularly
polarized beams which are reflected in such a manner that the portion which is
polarized perpendicular to the optical axis of the; polarizer follows the same
optical path as the beam from the hollow cathode. The other pbrtion of the
hydrogen lamp beam leaves the optical path and is absorbed. Before passage
through the furnace, the two Beams of interest are collimated by means of a
quartz lens placed between the polarizer and the furnace,

Both beams, the hollow cathode beam polarized horizontally and the
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Figure 1, Optical System Diagram.
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hydrogen lamp beam polarized vertically, after passing through the furnace are
focused on the slit of the Beckman DU with a second lens placed on the end of.
the furnace, After passing through the monocﬁromator, the combined beams
pass through the second slit and fall on the secondary -Glan—Taj'rlor polarizer,
The polarizer separates the two perpéndicuiarly-polarized portions of the beam,
The hollow cathode portion is transmitted straight through the polarizer and
falls on a photomultiplier tube. The hydrogen lamp portion is reflected
thrqugh tile side Wiﬁdow of the polarizer and falls on a second photomultiplier
tube.

Enlarged .diagraﬁs of both the primary and secondary polarizers are
shown in Figure 2, The polérization of the hollow cathode and hydrogen lamp
beams is indicated. A horizontally polafized portion i‘s reﬂgcted through the
side window of the secondary polarizef- at a slightly different angle than the
vertically polarized hydrogen lamp beam of interest. This portion is kept from
striking the reference photomultiplier tube by placing a baffle between the
polarizer and photomultiplier tube (see Fiéure 1), A drawing of the optical
bench aﬁd accessories which were constructed is shown in the Appendi};,
page 90

After the hollow cathode _light and hydrogen lamp light fall on their

respective photomultiplier tubes (RCA IP28's), the signals are recorded
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individually., Two Heath Servo-recorders, Model EUW-20, were used to
record the results. The two simultaneous records, sample and reference,
are then available for comparison.

The Furnace

)

Previous furnace designs have been published(4’ 14 . The furnace 'used
in this study was a third generation furnace. A schematic drawing of the .
improved furnace design is showh in Figure 3. The heater tubes are 1’5;2 cm
long, 10 mm o.d., and 8 mm i.d., and make contact in the center with the
one-piece combination heat sink and shield tube, The outer ends aré connected
to a spiral coppér tube which fulfills the dual purpose of electrode contact and
cooling (1.4)0 o |

The shield tube prevents the graphite felt insulation from coming into.
contact with the heater tubes and also helps reduce heat loss from the heatef
tubes to the rest of the furnace.l The one-piece heat sink and shield tube makes
the optical path more stable and gives a better heat capacity for volatilization
of the sample, This change in shield. tube design from the previous threé-
piece construction also gives more uniforﬁ temperature by allowing more
efficient heat conduction to the c;entral part of the furnace.

The side tube, through which samples are introduced, is 6 mm i.d.,

is very thin-walled next to the heat sink to reduce heat conduction away from
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the interior, and has é thiclli-lip approximetely 4 cm from tjﬁe outer erlld. to hold
a spring which.'provides constant teasion on the side tube as it expands or con~
fracts with changing temperature. . Argon gas enters ;;he s_am’plé port and side
tube through small aligned holes in both. A Vycor 18/9 socket is attached to
the sample pcrt through which samples are introduced. |

In addition to other improf/ements, this furnace is double-walled to
provide effective cocling (with water) pf the entire furuace. The furnace 1s
also made of staiﬁless steel rather than ii'on. This design has proved very
satisfactory.. Heater tubes needed to be replaced every month or two with the
second generation flJ;rnace. Sets of heater tubes in this furnace have been
used for periods of up to ten months without replacement.

Sample Preparation

Standard solutions were prepared from salts of the metal to be investi~
gat;ad. The solutions were made with doubly-diétilled water to 1077 g of
metal/ml and diluted to 10-8 g of metal/ml when necessary. "'l“he solutions
were kept aéidic (pH ca. 2) to reduce the amount ‘'of adsorption of metal on

the walls of the container(33’ 34’35).

This was true of all standard or sample
solutions used at any time. In order to prepare calibration curves, 10~ to

100-y1 portions of the appropriate solutions were placed into cups made of

high-dengity graphite and dried under a heat lamp.
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Samples are placed into the cups and, after. drying or ashing as needed,
are inserted directly in.to thé furnace. The cups (6 x 16 mm), either for
cleaning or sample introduction, are screwed ontp a threaded 1/8 in. carbon
_ rod and inserted through the Vycor socket and side tube into thé furnace so |
that they rest againsfc the heat sink, Any sample present. in thé cup vaporizes

quickly, enters the optical path, and a réading is recorded,




RESULTS. ANb DISCUSSION
Furnace Atomic Absorptioh with Reference Chanhei
Séme problems were encountered in the use of polarized light in the
optical system. These were, to an extent, based on the propefties of polarized
light. The Glan~Taylor polarizers used are of the birefringenge or double
refraction type. A double refraction polarizer divides an incident beam into
two perpendicularly polarized components and reflects either one or both of

(36)

them towards the side of the polarizer This was no problem with the

hollow cathode light but caused alignment problems with the hydrogen continuum,
Another problem encountered was the mixing of the two perpendicularly

polari\zed light beams. It was not possible to .completely isoléte the two beams.

This \.vas probably due to the following facts (36) :

(@) Most polarizers have some depolarizing tendencies.

(b) There is partial linear polarization produced when light is passed
through a slit. The electric vector tends to align .its‘elf with the
slit, This would affect light polé,;c'ized perpendicular to the sli‘t°

(c) Prisr;as, mirrors, and gratings have some partial poiarization
tendencies.

Thus, partial polarization (or depolarization as the case may be) occurs in the

. . 47 3
prism instrument itself, which has previously been.reported (37, 38) , and the
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seconddry polarizer may cause some mixing. The partial polarization pro-

duced in prism instruments has been reported to vary extensively and eyclically

with wavelength 39) .

the secondary polarizer was rotated frdm 20-45° out of plane With the primary
polarizer, depenciinig upon the elemental wa}velength béing used. The small
amount of mixing remaining after alignment to peak both'signals (approximately
5%) did not seriously affect the results obtained,

A slight limitation is imposed by the use of calcite polarizers in the
optical system. As shorter wavelengths are approached, the polarizers tend
to absorb increasing fractions of the incident light. Fiéure 4 shows the absorp-
tion CLlI‘VG of one of the polarizers, obtained with the Cary 14 UV-Visible
instrument. The signal throughput decreases making necessary increased
voltages to the photomultiplier light sensors and/or increased current to the
hollow cathode. However, only analyses in§01W11g resonance lines such as
Pb (217.0 nm), Se (196.0 nm), and As (193.7 nm) would be ‘serioﬁsly affected
by this property. |

The optical system described worked very well in eliminating errors
due to background absorption, If the s.ample exhibits broad-band absorption
because of anions or carbonization of organic material, equal l:i.ght fractions

are absorbed from both the hollow cathode beam and the referciice beam which

It was found that the least amount of mixing occurred when
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can then be taken into account. Individual recorders perniitted complete

quantification of each beam, sample and referencé. Different types of samples

were run qualitatively to determine the background absorption which may occur.

Many organic samples such as drugs and tissues pyrol&ze and give
broad-band absorption before the trace elements present are volatilized, An
ekample of the two signals recorded in such a case is illustrated in A of
Figure 5. The opposite behavior is shown in B, This type of curve is obtained
with Hg in organic matrices under proper conditions. The Hg volatilizes and
diffuses into the light path more rapidly than the pyrolyzed organic material.
The most common behavior is one where the trace element and the broad-
band absorbing material are simultaneously present in the light path as
shown in C, If the peak separation in A and B is sufficiently large, and the
particular peak due to the element being analyzed is known, determinations
| may be ma;de without background correction.l Even in these cases, the broad-
band absorption is ordinarily wide enough to cause some error,

The reproducibility of the biank, especialls-r with solid samples, has

-
(4’20). This

been a problem with using the graphite tube furnace technique
problein was encountered initially with Ag. It was found that the interior of

the furnace (insulation and side tube) was heavily contaminated. The same

was true with the sample cup holders and desiccators. The contamination
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problem was reduced in several steps. First g'raphife felt rather than graphite
flake was used for insulation. The felt seemed to be much cleaner. Then thé
entire furnace was cleaned by prolonged heating, while flushing with large
volumes of argon. Second, improved sample preparatioﬁ wes instituted, All
cup holders, desiccators, and the Vycor socket are now cleaned regularly» '
with a solution of sodium thiosulfate and/or a mixture of conzentrated HNOg
and HpSO4, and rinsed wi’—ch doubly-distilléd water. The third step wes stand-
ardfzing the sampie cups. Very reproduéible bianks were finaliy obtained,
Fifteen blanks run on different days were ob1‘:ained for Ag \z;/hose standard
deviation equaled an absorption of 0.0022. ]jefining the detectiqn limit as the
amount of element required to 'give a signal t'wice the stan-dard dex}iation of the
blank, A =.0044, it can be seen that the calcuiated detection limit for this

procedure is approximately equal to the measured sensitivity.

Calibration curves were obtained for Ag, Au, .and Hg. These curves
are shown in Figures 6 and 7. It was found that the reproducibility depended
~ to a great extent upon the size of'the sample and the cups used for the samples.
The precision for samples of 10-10 grams might be greatly improved by better
sampling techniciue, the use of a set of standardized cups, and improved
electronics and optics. The precision for larger samples (ca. 5x10~9 grams)

was approximately 1-2%,
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Table I shows pertinent data for each element including the measured
sensitivity. The sensitivity cqrresponds to the amount of metal which would
give a 1% absorbance reading. As was stated previously, the detection limit

of this method is approximately equal to the sensitivity.
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Table I: BSensitivity Data for Ag, Au, and Hg.

Furnace
Element ~ Vavelensth o erature Sensitivity
. (nm) 0
("C)
Ag - 328.1 - 1800 8210712 grams
Au 242.8 2150 7x10"11 grams
Hg 253.7 1050 1x10710 grams
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This co_ntinuous, direc’; current system is applicable to any éingle-bea’m
instrument. It can be applied to either ﬂame or furnace atomic absorption.
The greatly increased sensitivity of furnacq atomic. absorpﬁon over flames
permits the analysis of very small samples, and with a minimum of sample
preparation, provided any broad-band absorption is ébrrec‘ted for. The
* equipment involved in the system is comparable to ﬂame atomic absorption
with regard to complexity and cost of operation, It is comparable tc'> neutron

activation analysis with regard to sensitivity and its precision is much greater
(64)




EXPERIMENTAL
A New Dual-Wavelength Spectrophotometex;
‘This dual-wavelength monochromator has the capability of correcting
for background abgorption and also the simultaneous determina'ttion‘of two elé—
ments by atomic absorption spectmscopy. In comparison to other dual-
wavelength instruments, thc;, monochromator utilizés only one grating., This
spectrophotomgter has a fixed grating and mobile exit slits with photomulti-
plier light sensor's. The design utilizés the property .of concave diffraction
gratings whereby light reflected from the grating comes to focus on the
Rowland circle, 'The' deéign and operation of the monochromator as well as
the components of the total atomic absorption system and its applications are
discussed.
Instrument besign
As stated previously, this new dual-—wavelengfh speoti‘ophotomeéer is
a concave diffracticn grating instrumept capable of sensing two different wave~
lengths reflected from one grating, simultaneously and independently. The
grating is fixed and there are two mobile exit slits with photomultiquier
housirié;s encasing t\;vo Hamamatsu R106 photomultiplier tubes.
Figure 8 diagrammaticéﬂy shows‘the monochromator system. The

entrisnce slit and grating are positioned directly opposite each other on the:
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Rowland circle, The detecied wavelength () 1.;ef1ected from the concave
grating is directly proportional to the sine of the angle B.
+nx = d(sinq + sinR)
The angle of incidence o = 0. B includes the line from the graﬁng to the eﬁdf
slit, positioned near the traveling pivot, ar}d’ the line from the.grating thrqugh
the center of the Rowland circle. The diameter (r) is constant and is the
hypotenuse of the right triangle formed which includes the ;';Lngle 8. Thus, an
incremental change in the distance £ will produce a corresponding change in
wavelength,
The radial arm has one end fixed at the center of the Rowland circle
but fr‘ee to pivot. Its length is equal to the radius of the Rowland circle. Thus,
the free end o;f the radial arm is always on the focus point of the grating. The
positioning arm is collapsible and is attached at the end of the radial arm and
bencath the center of the grating, gnd is free to pivot. An exit slit and photo~
multiplier tube and housing placed on the positioning arm, parallel to it, are
always facing the grating and the slit is maintained at the focus point (see
Figures 9 and 10),
" Figure 9 shows a top view of the monochromator and the mechanical
parts of one of the two channels., The grating, slits, photomultiplier tube -

housings, and mechanical linkages are shown, The ball screw drive assembly
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is driven by a small DC motor. The ball screw Qvas machi:ne'd So that 1 turn
corresponds to a wavelength change of 10 A, This allows a mecharﬁcal counter
connected to the ball screw with an automobile speedomgter cable to be used

to denote the wavelength,

Figure 10 shows a side view of the monochromator and the phyéical _
pla;éﬁent of both channels., To allow the two radial arms with their sensing
devices and associated méchanical parts to pass one ancther, one above the
'other, front-silvered mirrors are positioned as shown. The exit slits are
positioned at the distances ¢ and d su'qh that they are always at the focus
point of the grating. In addition, this leayes the Rowland circle clear for the
placement of photographic film or .photomultiplier tubes for épectrographic
or direct reader applications. How close two wavelengths may be and still be
monitored successfully depends upon the width of the inclined mirrors used.
In the present model, the two wavelengths can be within 5 nm of each other
before any significant amount of signal is lost in the second channel.

Figure »11 shows the electrical circ;uit used to.power the scanning
mechanisms of each chainel. The monochromator is powered by AC reétified
to DC, A switch allows either channel to be scanned. The scan speed can be

varied with a rheostat. Additional switches on each channel allow forward and

reverse scan of each channel independéntly. Limit switches are included at

!
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-the ends of the scan range to automatically stop each channel. Although the
two channels are labeled sample am;l reference in Figure 11, they will be
designatéd as A and B, respectively, ‘for fufurg reference.

Table II gives the monochromator specifications as ca].;culated‘or
measured. Some of the specifications may not be optimum since the mono-
chromator is a prototype model and was built utilizing a concave grating avail-
able in the laboratory' and easgily obtainable .materials. Siée, weight, apertufe,
and dispersion could be improved and made more practical for gene-ral usage

by using a different grating, lighter materials, and shorter, finer ball screws.
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' Table II: Monochromator Specifications

Grating: concave, 50x85 mm, 600 lines/mm
Focal length: 0.5 m

Aperture: {/7

Reciprocal linear dispersion: 1.7 nm/mm
Wavelength rangé: 1185-1100 nm

Scan speed: continuously variable at 3-110 nm/min
Outside dimensions: 1.2x0.6x0.4 m

Weight: 64 kg
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Total System
The dual-~wavelength inonochromator was integrated into an atomic

absorption system. A block diagram of the components is shown in Figure 12,
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A drawing of the optical bench and accessories constructed is shown in the
Appendix, page 91. Being primarily concerned with trace element analysis
in the lab, and since a nonflame atomization device has been developed over a

(4,14,25,31, 32’40), a Woodriff furnace was included in the

period of years
system. The furnace is basi‘cally like the third -generation fﬁrnace previously
described but with a few improvements. Figure 13 shows a schematic drawing
- of the furnace,

The cooling jacket design was simplified to make cqnstruction easief
and improve the cooling characteristics. Rather than having the side tube-ﬁeld
against the shield tube by spring tension, it is threaded ‘and screwed into the
shielci tube, giving a better seal and simplifying the sample port construction,
Both gas vents are included in the separate, threaded sample poi‘t, decreasing
construction costs. The sample port is concave rather than convex, aiding

cup introduction and reducing breakage of the Vycor socket, Pages 92 and 93

of the Appendix show diagrams of the water flow and gas flow systems of the

- furnace.

The spiral heater tube contact was simplified. Figure 14 shows the
new design. The chuck ring is one piece of copper with a tapered hole in the
middle rather than the previous more complicated design involving two rings

and three screws(m). The heater tubes are made with the same taper (12°)
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on both ends and pressure fit to allow electrical conduction through the furnace,

The power supply for the furnace is a GE dry-type 5KVA transformer.
Previously, elelctric.welders had been used for power, An electronic control
circuit is used to regulate the transformer output. A diagram .of the circuit
is shown in Figure 15. By adjusting the transformer output, the temperature
of the furnace can be optimized for the element or elements to be determined.

One high-voltage power s>upp1y, an. Atomic Instrument Co., Model 312,
is used for both photomultiplier tubes to assure that any slighp voltage vari-
ations would cause similar changes in their responses. Both photomultiplier
. tubes have approximately the samé response characteristics. The power
supply used‘for the holldw cathode lamp is a Lambda, Model C-281, regulated
power supply. |

An Tthaco Model 353 DL lock~-in amplifier and Model 382 chopper were
incorporated into the set-up. This provides the electronics to utilize the dual~
wavelength capability of the monochromator. The Model 353 DL lock-in
amplifier system consists o'f two independent log (or linear) lock-in amplifier
systems sharing a common cabinet, power supply, and‘metera It may be used
as two "separate channels (A and B) of as a ratiometfic system (A/B), Figure
16 shows the conformations of the locli;in amplifier system which were used

or could be used,
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Either one or two recordcrs may be used as readout devices. One
recorder was .used for A/B measurements, Measurements in the separate
channel mode were made by monitoring channel A with a recorder and readiﬁg
the response of channel B from the meter on the lock-i1‘1 amplifier. Followin;g‘
the diIfty’ water and simultaneous determination of Ag and Pb results, the first
types of samples run on the arrangement, a second recorder was borrowed
and some of the later results were monitored with two recorders as shown in
Figure 14, A Linear Instruments Corp., Model 232, dual-pen recorder has
been acquired which allo\;vs a chart record of both channels indepen&ently or
in the A/B mode utilizing only one recorder. This recorder is currently being
used,

Sample Preparaf.;lsn and 1\’.[eth§ds

The duai-wavelength spectrophotometer was used to determine Ag and ‘
Pb in several different types of samples. The first group of determinations
were performed on a water sample which was one of a large number of samples
wiich have been analyzed for Ag in conjunction With a hail suppression study
being carried out by Colorado State University. This particular sample was
very dirty, contaihing\ much suspended sediment of both inorganic and organic
na.tu*;ce. Earlier attempts to determine the Ag concentration by a solvent extrac-

(31)

tion procédure presented problems which were finally eliminated by
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including filtration and acid digestion steps prioz to the solvent extraction,
The Ag concentration of this sample was later determined without prior pre-
paration other than filtration using the dual—wavéléngth spectrophotometer in
the ratiometric (A/B) mode. Channel A was set on the most sensitive Ag line
(328.1 nm) and channel B was set on a nearby nonresonant line emitted by the
hollow cathode, By taking the ratio of the responses of the two channels, any
effects of background absorption caused by molecular absorption or light
scattering by particles is corrected for.. As will be seen later, the results of.
these déterminationé | correspondéd very well with the results obtained bre—
viously.

The second group of determinations were performed on synthetic sam-
ples containing both Ag and Pb., The Ag and Pb were determinged. sifnultaneously
by using thé dual-wavelength spectrophotometer in the separate channel (A
and B) mode. Channel A was set on the most sensitive Ag line (328.1 nm) and
channel B was set on the most sensitive Pb lipe (217,0 nm), A Pb hollow
cathode was used rather than a multielement hollo.w cathode since it was found
that a very strong Ag signal was emitted along with the Pb signal,

" A third set of determinations (for Pb) was performed on a standard
orchard leaf sample obtaiﬁed from the National Bareau of Standards. This was

done to check the accuracy and precision of the technique used.
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A fourth set of_deferr‘ninations (for Pb).involved a "sodium vitamin”
and_a "sulfur d'i'iig” obtai'ned frorh Hoffmann-I.aRoche Inc. Again, thesel
determinations were performed to check the accuracy and precision of results
obtained employing the dual-wavelength spectrophotometer a.nd furnace in 1:‘}.1e
ratiometric (A/B) mode. In all cases, orchard leaves, Ngodinm vitamin, "
and\ ngulfur drug, " channel A was set on the Pb 283.3 nm reuo‘nanc.e line and
channel B was set on a neé.rby nonresonant line.

The final set of determinations (fo,r Ag) was performeﬁ on standard
rock samples from the Nonmetallic Standards Committze of the Canadian
Association for Applied Spectroscopy. The first type of sample was a syenite
rock, composed of different silicates, and the seqond type wag a sulfide ofe.
The most sensitive resonance line of Ag wé.s used.

Calibration curves were prepared and are shown in Figures 17 and 18,
Stock standard solutions of Ag and Pb were diluted with doubly-distilled water
to 10-8 g of metal/ml. Five-to 150- ul portions of the solutions were placed
_ into high-density graphite cups anddried under a heat lamp, The cups were then
inserted directly into the furnace. Using the separate channel (A and B) mode
permitted the simuiltaneous running o'f calibration curves for the Ag 328.1 ni
and 338.3 nm resonance lines or for the Pb 217.0 nm and 283.3 nm resonance

A

lines.
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Synthetic samples for the simultaneous determination of Ag and Pb were
prepared by placing approbriate volumes of both Ag and Pb' solutions.into cups.
The dirty water samples were prepared by placing 100-, 200-, and 300—;;1;
portions into cups without prior ‘pyé'epara.tion other than filtration. fn both caées
the cups were dried under the heat lamp and inserted into the furnace. Tl?e
furnace temperature for all determinations was 1825°C, This is approximately
’;hé optimum temperature for the determination of both Ag and Pb.

The orchard leaf sample was prepared as follows: 250 mg of sample was
Weighed;' 10 ml of concentrated HNO3 and approximately 10 ml of doubly-~
distilled water were added to the sample and heated; the resultant solution was
diluted to 100 m} with doubly—distilléd water, Ten-ul.portions were placed into
cups, dried, and inserted into the furnace.

In the case of both the "sodium vitamin' and "sulfur drug," 1-2 mg
portions of the samples were accurately weighed into cups. One hundred pyl
of 30% HpO9 was added to eagh "sodium vitamin' sample. One hundred p1
of concentrated HNOg was added to each "sulfur drug"' sample, | After drﬁnéf
under -a heat lamp, they were inseried into the furnace.

" Both the syenite rock aﬁd sulfide ore were prepared in the same manner.
Five hundred mg of sample was weighed and dig :ted in 25 ml of concentrated

HNO3 + 10 ml of 48% HF', The resultant solutions were diluted to 65 ml with
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doubly-distilled water., Either 5~ul or 10-11 portions of the solution were

placed into cups, dried, and inserted into the furnace.




RESULTS AND DISCUSSION
A New Dual—Wavelength Spectrophotometer
When the dual-wavelength spectrophotometer was first incorporated
into an atomic absorption system, many small adjustments and alterations

needed to be made. The alignment of the components on the optical bench was

~

a major task. The exact placement of the éxit slit housings and alignment of
both exit slits and entrance slit were determined by maximizing the signal
from the photomultiplier tubes. Noise 1eve_1s were found to be higher than one
would want them to be so all power supplies and connections were thoroughly
checked, In order fo balance the outputs of the two channels, variable load
resistors had been installed on the original RCA IP28 photomultiplier tubes.
This circuit seemed to be a source of noise so was completely rewired,
changing to a system of variable input voltage rather than variable output, and
the photomultiplier tubes were replaced with Hamamatsu R106 photomultiplier
tubes. The above steps improved the noisé to a usable level.

It had been noticed earlier that the furnace power supply setting needed
to producé a particular furnace temperature woﬁld seem to changeA with time,
Also, it was wondered how the temperature produced varied with current.
Power supplied in an AC circuit is equal to EI. The energy delivered to the

furnace should be proportional to the product of the voltage and current.
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Wii;h_the secondary current and voltage meters available with the new
power sepply.and-furnace, 'it was decided to stﬁdy the ajoove. . Temperature
versus current curves were obtained over a periocd of six months, These
curves are shown in Figure 19. V _oltaige versus current curv-e:s are shown in
Figlu'e 20. From these curves it cen be seen that the current needed to pro-
giuce a given temperature does decrease with time. Also at a given current
the voltage .incr-'eases with time. This means that the resistance of the heat'er
tubes increases. This is borne out by the fact that the longer e.heatef tube has
been used, the thinner the walls become. Also it can be seen from the curves
that the temperature produced in the furnace is a linear function of the _cerrent
on any given day. EI calculations showed that the temperature is not directly
- proportional to the power, At higher temperatures heat losses increase,
causing heating efficiency to decrease.

The dual-wavelength sﬁectrbphotometer worked very well in the modes
of operation which were inveetigated. The Woodriff furnace, like other non-
flame devices, is very sensifive.. This allows the direct determination of low
concentrations of trace elements without preconcentration. By providing some
means of correciing for background absorption in samples containing relatively
high cohcentfations of salts or organics, most sample preparation can be

omitted.
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In order to get some comparison betwee.n running the complex water
sample with and without background correction, duplicate sets of samples
were run first in a single channel (A) mode and thep.‘in the dual-channel (A/B)
mode. - One hundred-, 200-, and 300~;1 samples of water Weré determined
for Ag. When only the Ag resonance line was monitored, the abgorption v.alues
increased out of proportion with respect to the increasé in sample size, This
indicated that some sort of background absorption was occurring, When the
Ag line and a nearby novnresonant line were botl: monitored and the ratio of
théir responses taken, the absorption values increased in close correlation
with the increase in sample size. Also the absorbances V\;ere more reproduci- .
ble in the A/B mode. Table III gives the results of the Ag determinations on
the dirty water sample. The concentration values in the A/B mode agree
quite well with the previously determined concentration of Ag utilizing an
acid digestion-solvent extraction procedure. The concentration values in the
A mode do not. There appears to be a slight decrease ir} values of the A/B
mode which céu} d indicéte a tendency for the’ spectrophotometer system to
overcompensate for background absorption as sample size increases. How-
ever, this may also indicate that the iargér sample takes longer to volatilize
completely, producing a slightly lower absorbance than would be expected.

This effect has been demonstrated by Winefordner and co-workers in other
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systems. Using the integrated signal absorption rather than peak absorption

corrects almost completely for this effect when a background corrector is

used,

Table III: Results of Water Determinations for Ag.

A mode A/B mode
. Concentration © Concentration
3 ; k
Sample size @/ml) RSD* @/ral) ,RSD
100 pl 3.20x10710 3179 1.40x10-10 18,59
200 pl 5.70x10710 11,69 1.35x10~10 20,89
300 pl 6.73x10710 51,59 1.23x10-10 5.1%
Average 5.21x10~10 31.6% 1.33x10-10 14.8%

Concentration determined by acid digestion-solvent extraction procedure:

1,29 x10~10 g/m1.

*RSD = relative standard deivation using the standard deviation =
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The results for the simultaneous determinatiqn of Ag and Pb in syn-
thetic samples are given in Table IV, The correlation between amounts
expeotéd and amounts fou_nd for both-Ag énd Pb is quite good, especially con-
sidering the amounts being determined. The Pb re‘éults are not quite as good

as the Ag results which in part would be due to the fact that the meter on the
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lock~in amplifier was used as the readout. A recorder would improve these
results somewhat, The sysiem needs to be used with other combinations of '
elements. Multielement hollow cathode lamps are available for this purpose

containing any compatible combination of interest.

. B e i e b St s e S o e B Bt S B R G P e Bt ke P e Mt e e o P Mo ke i e ey B Pt P e A o i s o e S P it B e e T et S ft it P e P B Tt o i e s o

Table IV: Results of Simultaneous Ag and Pb Determinations*

Sample Ag cxpected Ag found Pb expected Pb found
@ ) - ® ®)
1 10.0 x10-10 105 x 10710 1.0x10-10 . 0.90x10-10
2 7.0 x10-10 6.9 x10-10 2.0x10-10 1.7 x10-10
3 5.0 x 10710 4.9 x10710 5,0x10710 5.4 x1070
4 2.0 x10 0 2.0 x10 0 7.0x10 0 6.5 x10 0
"5 1.0 le—lo 0.95x10 0 10.0x10 0 10.2 x10 20
6 0.50x 10~10 0.45x 10710 150x10710 14,6 x10710

*The Pb results were read from a meter and were not as accurate as the

recorder regults for Ag,

One problem involved in the use of multielement lamps however is that

. (41 . \
of spectral interference (4 )o Although multielement lamps are slightly less
efficient than single-element sources, '.they offer convenience in handling and
savings in equipment cost. As the number of elements increases, the spectra

of the lamp becomes more complex, and the possibility of speciral interference
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increases. Thus, multielement lamps must be checked to see that the lines
emitted by different elements do not overlap to any great extent. Even single-
element -hOlIOW cathodes many times emit lines of elements other than ,fuhe
element of inlerest. Geﬁerally these do no1'; cause problems and may allow the
use of single-element lamps for multielement determinations. Page's 94-99
of the Appendix show chart paper records and ciata from photographic film of
two single~element lamps and one multielement lamp, demonstrating the ideas
mentioned above,

One objection which has been made to dual-wavelength instruments for
simultaneous determination of two elements by atomic absorption is that it is
diffim;lt to get two elements which behave the same in a flame. The use of a
furnace or other nonflame 'device eliminates much of this objection since the
complex flame gas mixture 1s replaced with a single inert gas, Chemical
reactions are minimized and nonoptimum temperatures which might be u_s’éd
for a particular element can be compensated for by running the calibration
curve at the same temperature.

The results obtained for the determination of Pb in the standard orchard
leaf sainple, "sodium vitamin, " and “gsulfur dmig” are sﬁown in Table V. As
can be seen, they compare quite well with the reported vélues(42’ 43).

The solution obtained after digestion for the.orchard leaves was not




Table V: Results of Determinations for Ph¥*

Results

Sample Preparation ' Pb reported Pb found RSD
(Ppm) - (Ppm) (%)
HNOg digestion of 250
Orchard mg; diluted to 100 ml; T 44 43.2 8.4
leaves . . .
10 microliters placed
(NBS) ;
on cups; dried,
"Sodium 1-2 mg weighed into cups;
vitamin" 100 microliters of Hyp Oy 1 1.04 8.3
(H-L) added; dried. '
"Sulfur 1-2 mg weighed into cups;
drug" 100 microliters of HNO3 1 0.98 16.5
(H-L) added; dried.

*The Pb 283.3 nm line was used. Kach sample after preparation contained
on the order of 1079 g of Pbh,

clear; however, this was expected. The most generally used common acid
mixture for wet digestions is a combination of nitric, sulfuric, and perchloric

)

s o 44 . e .
acids in the ratio of about 3:1:1( . Using only nitric acid was much easier

and safer, and the chance of reagent contamination was reduced. This non-
complete digestion would account for the relative standard deviation being

slightly higher than might be hoped.

It was found that good accuracy and precision were obtaired by merely
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adding.‘.loo ul of 30% HyOg to the "sodium vitamin! sarﬁple in the cup. Along
v-vith‘ reducing the background sqmewha’t, it changed the form of the sample
sufficiently that no powdered sample was lost during introduction to the furnace.
Th.e relative standard deviation thained Ireflects the weighing procedqre used
in the sample preparation.

The “sulfﬁr drug' presented considerably more problems in analysis
than did the '"sodium vitamin,' The addi"cion of 100 pul of 30% HoO2 to the drug
did not seem to affect it and upon insertion into the furnace, large amounts of
smoke and HoS were evolved. It was found that the addition of 100 y1 of con-
centrated HNOg reduced these problems sufficiently for the analyses to be
performed. A large amount of background absorption was present which
varied greatly depending upon the nonresonant line used for reference. Evi-
dently, a large amount of molecular absorption, rather than scattering by

(11)

particles, was occurring This problem was overcome by plotting wave-
length versus background absorption on both sides of the resonance line and
interpolating an average background absorption/mg of sample. This was done
both with the nonresonant 1inles emitted from the hollow cathode and with a
hydrogen continuum lamp. Using this technicue, the result reported in Table

V was obtained.

The somewhat larger relative standard deviation in this case stems
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from three facts. Errors are introduced in the wéig’hing of 1-2 mg of sample,
the__re was.much more background absorption due to relative nondestruction of
the »drug before analysis., and background absorption fof a particular sample
size is not always th_e same, The latter is dependent upon the way in which
the material leaves the cup and enters the optical péth. Thus, -using an

~

average background absorption will give accurate results but will decrease

the precision. )
The results obtained for Ag in syénite rock and sulfide ore are

shown in Table VI. The results obtained compare quite well with those

reported(45). The. procedure used for preparation is somewhat simpler than

—— e S o it et B B B S . Pk St Gt (e S it B o o S S e e s e e e e i s i P o e e e B it o Sy s S i o o T S M ot AR D o B B S e e S

Table VI: Results of Ag Determinations cn Rock Samples

*

Results

. Ag found RSD' -  Ag reported
le Date Sample s:
Samp mple size (opm) ) (ppm) -
Syenite rock May 16 5 pl 0.78 181 <1 <1 <1 <1
o -0.3 0.5 0.5 1.0
10 pl 0.78 11.2 1.4 1.9 5.7%
) mean 1.6
average 0.78 14.6 mean 0.9
Sulfide ore May 16 5 ul 5.2 5.4 range
April 28 10 pl 4.8 3.3 2-6
average 5.0 . 4.3 mean 3.9

*This outlier was discarded in the second syenite mean. -
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that generally used for silicale rocks. Silicates are génerauy prepared for
atomic absorption analysis with an HF-HpSO4~HC1 procedure, an HF-HC1O4-
HCI procedure, or a NagCOg fusion-HCI procedure which may or may not

include HF and HoS80, before fusion(%’ 47’48).

Occasionally other reagents
are added. The procedure generally involves 4 to 8 indiyidualhs‘teps, whigh
are sometimes quite complicated, in order to get the sampie into solution.
Sulfide ore samples have previously been brought into solution by using a
nitric acid and/or sulfuric acid mixture followed by the addition of tartaric
acid, nitric acid-hydrochloric acid-diethylenetriamine, or nitric acid
followed by filtration with the residue being treated with a nitric acid-

(46, 49)

hydrofluoric acid mixture and mercuric nitrate Using fewer reagents
and steps simplified the procedure and reduced the possibility of contamination.
The Ag results obtained for the syenite vock fall in the reported range

)

and, if the obvious outlier reported@:5 is d;scarded, compare almost exactly
with the avera_ge'value given. The Ag results obtéined f01; lthe sulfide ore fall
well within the reported range and the agreement among ore samples prepared
at different times is quite good.

"The relative standard deviation.s show that the accuracy of pipetting

5-ul portions of solution is not as great as for 10-yl portions. The average

relative standard deviations reflect the incomplete dissolution of the
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silicate rock,

The determination of eléments with the dual-wavelength spectrophoto-
meter in samples requiring background corre ction or the detevrlﬁination of
elements simultaneously yield results which compare very Weli-witﬁ those |
reported or expected. These results show great promise for the instrument.
It is much simpler in construction than comméi*ically available_ dual-
wavelength systems. - The wavelength reproducibility is good indicating a
quite stable construction. The use of a concave grating introduces some
aberrations; however, some of this is compensated for by simplici\ty and
lower light losses. The only reflecting surfaces ;re the grating énd one small
front—‘si}.vered mirl;or for eéch channel. No lenses or collimating mirrors
are used., The effect of stray light is minimized since the exit ‘slits are
parallel to the optical plane. A similar type of system should be adaptable to
the Czerny-Turner and Ebert mounts which would allow the use of a less
expensive plane grating and‘dec?ease some of the aberrations inherent to a
concave grating, However, this bwou‘lt':l also inqrease the light losses since
two additional reflecting surfaces would be introduced into each channel and
the additional expense of spherical colllim'Lating and focusing mi‘rr'ors would be
introduced. An ifnprovement which should be made on the spegtrophotometer

is the installation of a narrower front-silvered mirror on the channel which




-60-

~

paéses in front of the second channel, This Would allow Wa_'velengths much
closer togéether to k;e monitored,

Additional uses could possibly be made of the spéc1:roph.o1:ome1:er° The
extension of working curves could be ac'compli‘s'hed by monitoring two differ-
ent resonance lines of an element, giving different sensitivities; i.e., for Ag
use 328.1 nm and 838.3 nm., fhere is room to place film along the Rowland
circle alloWihg photographic recording. Alternately this space could be used
to place fixed photomultiplier tubes and slit assemblies along the Rowland
circle which W‘oaid produce a direct reader for. several different ele;ménts while
simgltaneously maintaining the dual-wavelength scanning feature. The
scanning capability of both channels can be used in numerous ways. I is feit
that this' instrument is extremely versatile and will have many applications in
emission speetroseopy or atomic fluorescence spectroscopy -és weil as in

atomic absorption spectroscopy.




EXPERIMENTAL
Application of Furnace Atomic Absorption
11-1 order to show that furnace atomic absorption can be used for routine
analysis, trace element concentrations of different elements ’W.ere determined
in various types of samples. These sample groups (excepting one) were
analyzed in conjunction with different research projects being carried out by
personnel at Colorado State University, the U, S. Soil Conservétion Service,
and Montana State University.
The instrumentation used for the determinations in this section has
been previously described(S:L). The major components of the atomic absorption
syste:r\n used were: the Woodriff furnace (described in the first section), a
Spex 8/4-meter Czerny-Turner Spectrophotometer, a PAR HRS lock-in
amplifier and chopper, a Honeywell 6-inch recorder,' and associated electronics,
Sample Group I |
The first lafge group of samples were obtained from Dr. H, L. Tellér,
Colorado State University, Fort Collins, Colorado. Before-commencement of * -
the 1971 cloud seeding program of the National Hail Research Experiment, he -
and Dr. D. A Klein, ::Llso of C8U, wefe contracted to study silver disposition
and environmerial impact in the seeding target area(svo’ 51), Surface water

samples collected from the target area were sent to Montana State University
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for the determination of Ag. ILeachate samples and burner condensate samples
were also analyzed.
Procedure

Water sampleé were collected'by CSU personnel from both banks of
streams, depth-integrated samples being taken by lowering and raising sample
botiles through the depth, on the end of a pole, The t;ivo samples’ were combined
into a éingle composite. The sémples were acidified with ni’r,,ric‘acid (to pH ca.
2), frozen, and shipped to Bozeman, paéked in dry ice, via air freight, The
‘ samples were kept frozen until just prior to analysis.

Soil~core leachate sa1nbleé, obtained from infiltration studiés, wére
acidified, frozen, and shipped to Bozeman just as the surface ;Arater samples '
were,

Burner‘condensates were obtained by burning an unknown concentration
of Nal, Agl, and acetone with propane. These were acidified., frozen, and

shipped to Bozeman. In all of the above cases, samples were collected and
stored in pelyethylene bottles.
~ The analysis technique used for the surface water samples and Ieaéllate
samplés was basically the same as that developed earlier, a dithizone-CClg
extraction of Ag from the watgr sair ple. The samples were melted in the

bottles shippéd, the pH checked, and adjusted if necessary. Surface water
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samples only, wer:e then filtered, femoviﬁg much of the se%iiment from the
sé‘mple, One hundred ml of either sample was then extracted and the organic
extractant determined for Ag as previously reported{m).‘
quner condensate samples were melted in the bottles. .shipped, the
pH checked, and adjusted if necessary. Ten ml of the sar;lple was heated
-several minutes with 10 ml of 0.2 M NaCN solution until all particulate
matter was dissolved, leaving a homogeneous solution, Which-was then made
up to 100 ml with doubly-distilled water, Before determination, a 1-1000
dilution was made, and 20-ul portions of the resultant solution placed into éups
for analysis.
Sample Group II
A second group of samples was obtained from P E. Farnes of the’
USDA Soil Conservation Service, Bozeman, Montana. - During the 1971 snow
season, it was decided that snow samples should be analyzed for various trace
elements to determine if elements being deposited with the winter snowfall
. Would indicate trends of man's activities and explain an apparent increased
precipitation trend noted in the mountains of Southwestern Montana(sz). Snow

samples collected were sent to Montana State University for qualitative survey

and quantitative determination of Cd, Zn, Pb, and Ag.
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Procedure

Snow-core samples were obtained by SCS pérsonnel with a Federal
Snow .sampler. The sampler consists of a silicone ccated duralumin tube.

The fifth core obtained at a particular snow course was that 'whic;h was sent
for analysis. The snow-core was placed in a polyethyléne bottie and kept
frozen until just prior to analysis.

The analysis technique used depended u_pbn the element being deter-
mined. In all cases, however, the sample was first melted in the polyethylene
bottle and acidified tp ca. pH 2 with nitric acid. Cd determirations were made
by placing 20- to.100-yl portions of the sample on cups, and after evaporation
of the water, inserting them diréctly into the furnace. Zn determinations were
made, not with the furnace arrangement, but rather with a coﬁventional flame
atomic absorption unit (a Beckman DB), This was done since the Zn concen-
trations were such that the.sample would need to be diluted before analysis by
furnace atomic absorption. Pb determinations were made by placing 20~ to

. 100-p1 portions of the sample on cups as in the Cd case. Ag was determined
by two methods. Eleven of the samples were determined by'placing 400~ to
500-pl portioné on cups, drying them, and inserting them into the furnace.-
The remaining samples were determined for Ag'using .the solvent extraction

procedure previously developed(31).
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Sample Group III
The third groﬁp of samplés was obtained from Dr. .T. .Weax/:er, | Montana
State University, Bozeman, Montgna° He was studying Ag accumulation it
vegetation and the cffect of Ag on vegetation and soil microorganisms in oraer

(53). Samples

to lo‘ok into the ecological connguences of cloud seeding With Agl
of vegetation grown in soils enriche'd.with Agl or AgNO3 were analyéed utilizing
the furnace atomic absorption instrumentation available at Montana State
University.

( Procedure

The different plants, wheat, maize (corn), or _soybeans, were first
washed to remove as mgch soil and dust as possible. They were then dried
and de}ivered for analysis.

The dried plant was weighed, then ashed in a muffle furnace at incre-
mentai temperatures until a maximum between 500-600°C waé reached and
essentially all carbon was oxidized. The fo’cal ashing time ranged from 6-8

“hours. Following the ashing éteps, weights were again recordea. Five ml of
distilled, concentrated HNOg was added. to each ashed sample, to dissolve the
metal oxides and residue. After slight heating to aid the dissolution, the

resultant solution was diluted to 100 ml with doubly-distilled water. Ten- to

50-ul pbrtions of the f_inal. solution were placed on sample cups, dried, and
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" inserted into the furnace.

Sample Group IV

A final group of samples was obtained in connection with a Chem 470

problem undertaken by C. Moell of the Geology Department on the MSU campus.

He was interested in studying the geology ojﬁ certain areas in southwestern:
Mon‘;ana énd seeing if correlations could be made between 1{1;0W1;. history and
trace element concentrations in water courses, Determinations of Ag, Au, Cd,
Cu, Hg, l\/In,. and Ph were perféx‘med for him. For comparison, samples were
also analyzed from a sbring near Big Springs, Idaho, alnd frc_>m a lab in Gaines
Hall on the MSU campus.

| Procedure

.Representative water samples were collected in polyethylene bottles and

immediately acidified with nii;ric acid to ca. pﬁ 2, Th'e'sam-p'].es were analyzed
as soon as possible after delivery. In all cases the waters were analyzed
directly, without preconcentration or other sample preparation. Appropriaté“
amounts of each sample (generally 100-500 yl) were placed on cups, dried,
and determined for the element of interest.

" Calibration curves for all of tﬂc_a above szimple types were prepared in
the same manner as described in the earlier sections, awith: the exception of

'

the Ag calibration curve for the solvent extraction procedure and the Zn
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calibration curve for the snow-core samples. The calibration curve in the
first case was made by running standard silver solutions through the extraction
procedure and plotting grams of Ag/ml of aqueous solution versus absorbance.
In the second_ case, Zn standard solutions in the range from 0.05-1 ppm weré

nebulized into the Beckman burner and absorbances recorded,




RESULTS AND DISCUSSION
Applications of Furnace Atomic Absorption

Several different elemegts have been determined in the various types
of samplésg It was necessary to optimize, as much as possible, the instru-
mental parameters used for each element. It was found that the slit width
used for a particular element had little or ﬁq effect on the sensitivity bbtai.ned.
This is born out by hollow cathode lamp data available fromv Varian Techtron.
In order to keep furnace emission entering the monochromator at a minimum
and reduce the possibility of spectral interference, slit widths were kept as
narrow as possible without caué’ing increased noise or making necessary the
use of excessive current and voltage to the hollow cathode lamp and photo-
multiplier tuﬁe, respectively.

Likewise, gas flow through the fugnace was found to have no effect on
the sensitivities until largér volumes (on the order of .25 1/min) were used.
All samplés and curves were run using a gas flow of approximately 40 ml/min.

The one parameter which greatly affects the sensitivity -obtained for an
element is the furnace temperature. Temperature versus absorbance curves
were run to determine the optimum temperature for a particular element.
Representative curves of this type are shown on page 100 of the Appendix,

Calibration curves were established for each element to be determined.
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A representative sample of these calibration curves is shown in the Appendix,
page 101. The measured sensitivities for the various elements are given in

Table VII,

Table VII: Representative Sensitivities

Wavelength Sensitivity

\ , Elemen't (nm) erams)
Ag - 328.1 1.5 x 10712
Ag 338.3 4.0 x 10~12
Ph 217.0 " 4.0 x 10712
Pb 283.3 7.0 x 10712
Au 242.8 1.0 x 10-11
cd  228.8 1.0 x 10714
Cu 324.8 1.2 x 10711
Hg 253.7 1.0 x 10-10
Mn 279.5 1.1 x 10711
Zn* 213.9 4,5 x 1079

*Determined on a Beckman DB flame AA
spectrophotometer,

A solvent extraction procedure was used with some of the samples in

which Ag was determined. The apparent low values obtained for samples con-

)

taining larger amounts of Ag having been noteol(31 , it was concluded that the

extraction efficiency should be checked. Figure 21 shows the data obtained.
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Figure 21, Extraction Efficiency Curves for Ag.
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The extraction efficiency is not constant and decreases as the Ag concentration
increases. Thus, for samples whicfx gave results off scale in the following
results, a smaller portion of the sample was taken (generally 10 ml), diluted
to 100 ml with doubly-distilled water, and run through the extr.action procedure,
This permits the determination of Ag concentrations which fall in the range of
the calibration curve and thus compensates for decreasing extraction effici-
ency as the concentration increases,

It should be noted that in the application section large numbers of sam-
ples were analyzed on a routine basis. In most cases two and occasionally
three replicates of the same sample were run., The formula used to figure .

standard deviations in these cases is:
2 (x—ii)z %
§=0—x7 ]

Thus,. relative standard deviations are not as small as they would be if more
than five replicates of each sample were run,
Sample Group I
A total of 118 surface water samples collected from the target area of
the National Hail Research Experiment in NE Coloraéo were analyzed for Ag.
Initially water samples were sent to the Desert Research Institute, Reno,

Nevada, for Ag analysis by the neutron activation method. However, they were
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found to contain excessive amounts of interfering substances, and could not be

©0)

analyzed by neutron activation Subsequently, they were sent to MSU for
the determination of Ag.

It was found that some of the surface water samples contained much .
suspended sediment of both inorganic and organic nature. This intérfered with
the solvent extraction procedure, producing an emulsion in the solvent extrac-
tion step and reducing the efficiency of extraction, as weil as produqing non-

' reproduciblé results. This problem was pér‘tially overcome by including a .
filtration step prior to the solvent extraction. On samples where there were
still problems, a nitric acid digestion was included prior to the dithizone-
CCly extraction. One hundred ml of sample was evaporated to a‘Volume of
about 5 ml and digested with 4 ml of concentrated HNO3. The resultant
solution was then diluted to 100 ml with doubly-distilled water and extracted
as usual. This produced results which were reproducible, and as was dis-
cussed in the previous section, gave results Which agreed very well with the
direct determination of Ag in the same sample utilizing a background cor-
rection technique. | | |

"The results obtained for the surface water samples are shown in Tables
VIII and IX, They are given in terms of sampling location and sampling time.

The sampling times were taken from references 50 and 51. Sample locations




Table VIII: Surface Water Results (Teller)”

Date Location _

(1971) W403 W106 W219 W207 W304 W371 W405 W08l W04l W409 Mean
June 16-21 e e e e e No data collection-———===—mm—eux —
July 28-29 0.1 0.1 - 1.4 1.7 —— —— 1.2 4,3 0.9 1.4
Sept. 11-12 02 21 20 18 10 - - - 0.6 27 15
Oct. 9-23 0.6 2.4 ——— 2.0 1.1 ~-- —— 0.6 1.5 1.3 1.4

Mean 0.3 1.5 2.0 1.7 - 1.3 —— - 0.9 2.1 1.6 14

Values are given as (g) x 10™11/ml,

_gL—




Table IX: Surface Water Results (Teller)

Date Location

(1972) WA03 W106 W21l9 W207 W304 W37l W405 WOSL WOAL. waog o2l
Aplf;;yzz ——~ 041 011 013 009 --—— 010 013 028 0.07. 017
May 22-23 ——  0.32 015 022 022 -— -—— 027 026 010 0.22
May 27 -

s — 0.0 0.22 0.8 0.48 0.67 0.27 0.91 0.21 0.08 0.35
June 4-5 ———  0.24 013 011 --=  ——= ===  —— 011 0.02 0.12
June 11-14  --- 0,18 0.27 0.8 0.37 5.19 012 528 0.32 0.36 1.36
June 16-18  --- 360 0.3 0,51 011 0.54 145 139 010 0.25  0.90
June 20 ~—=  0.34 3.53 012 -== === == —mm  ——— -2 133
June 23 0 @ —eemememeee No data collection-—=——-————mmm e
June 24 ~e=  ———  0.80 0.32 050 --- 021 0.26 0.45 020 0.39
June 27 . === 011 -—  0.32 0.22 -— 0.29 --——  0.22 0.19 023 3
July 8-10 ~e= _-=—= 010 0.1 0.30 3.67 0.9 .0.15 012 018 0.60
July 11 . === —e=  em omm .= 028 0.34 -— 12.9 0.10  3.40
July 25 ——  —— 727 046 0.23 117 011 -— 023 0.39 1.41
July 27 mem === —== === 027 0.50 0.43 2.30 0.32 0.18  0.67
July 31 - '

gy, 5 -~ 0.30 0.24 013 019 0.8 017 0.60 0.31 0.4 0.25 .

Mean ——- 0.62 118 0.23 0.27 1.53 0.34 1.25 1.22 0.7 0.72

Values are given as (g) X 10_-11/m1
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shown on maps of the tar;get area afe available in the same references. The
average rela’cive standard deviation for the surface waters was 11.5%. Lis
felt that this is quite good co’nsidering the ;:oncentration range involved which
\&as of the order of 10'11 g/ml. For comparison, reproducibility on standards

of 10"7, 1078, and 109 gram masses of Ag by neutron activation analysis has

been reported as +4%, +7%, and +25%, respectively(54),-

Briefly, a few conclusions can be made from the results. The silver
concentrations reported for major North American rivers is 0 to 94 x 10-11

o-11 (65)

g/ml, with a meanof 9x1 g/ml The values dete'?mined from the
target area fall-in' the reported range, toward the lower end. The silver con-
centrations indicate a positive correlation with seeding intensity; however,
this may be caused by total precipitation during the period rather than total
seeded silvér(51) . The apparent differences in mean Ag concentration between -
1971 and 1972 may be a natural phenomenon based on total precipitation and '
time of sample collection.

Fifteen leachate samples were analyzed for Ag. Ag éoiutions were
infiltrated through different types of spil cores at CSU to determine the move-
ment ;)f surface-applied Ag through soil (59). The results obtained for the
samples are shown in Table X, The average relative standard deviation of

the results was 15.4%. The soil types and % of added silver were obtained




Table X: Leachate Water Results

Soil type
Ascalon Platner Mitchell
Ag % of* Ag % of* Ag % of*
(@) x 10711/ml added Ag @) x 10711/ml added Ag  (2) x 10~11/m1 added Ag
Control 13 - 2.6  mmm—- 1.0 ——
-Initial conc. = 0.5 ppm _
1 5.1 0.01 2.0 0.004 0.7 0.001
2 0.2 0.0004 1.9 . 0.004 1.7 0.003
1S
N
Initial conc. =5.0 ppm ]
1 4.8 0.001 1.7 0.0003 0.9 0.0002
2 6.5 0.001 2.1 0.0004 1.8 0.0004

*Only 1/6 of the total water added was able to be collected. Thus, these percenfages should

be a factor of 6 high.
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from CSU,
The results show that virtually all of the added silver is retained on
the 25-cm length cores used, which is born out by determinations made on the

(50)

cores themselves Also it can be seen that the leachate co‘ncentrations
are of the same order of magnitude as was determined for surface waters in
the target area.

Four burner condensate samples were analyzed. Originally, the
determination was approached by merely diluting portions of the sample by
factors of 103 or 104 and placing portions of the resultant solutions on cups
for analysis. This produced results which were very irreproducible, with
values varying by factors of 1/.5 to 25 --This was determined to be due to
particulate Agl present‘in the -solution. The use of NaCN to completely
dissolve the'AgI remedied the problem. The results obtained are shovi.m in
Table XI. The values for duplicate samples compare very well and the relaF
tive standard deviations are excellent.
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Table XI: Burner Condensate Results

Sample Ag found RSD

(ppm) %)
1-71-A 40 2.9
1-71-B 38 5.5
2-71-A 260 2.5
2-71-B 270 1.3

Average 3.1
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Sample Group II

Twenty-five snow~-core samples gathered during the 1971 snow season
were analyzed for Pb, Cd, Zn, and Ag. Since the concentrations of Ph, Cd,
and Zn were sufficiently high to be run directly, Ag was attemioted in the satﬁe
manner, However, only eleven gave resul%s which were e-nough greater than
the detection limit to give one confidence in the values. Ag was determined
in the remaining samples utilizing a dithizone-CCly extraction procedure.

The Pb results are shown in Table XII, Cd, Zn, and Ag results are
shown in Table XIII, Comparison data obtained during thg 1972 season by the
EPA at Denver, Colorado, are shown for Pb and -Ag.‘ A copy of the EPA
data was provided by the Bozeman SCS office. A map of sampl‘ing sites is
shown in the USDA SCS bulletin previously éited (reference 52), The drainages
shown in the tables were obtained from this bulletin.

The average relative standard deviation obtained for Pb was 5.1%,
Those for Cd and Ag were 9.6% and 8.6%, respectively. Relative standard
deviations were calculated for both deterxﬁining Ag directly and by the solvent
extraction technique. They were 11.0% and 6.7%, respectively. The reason
for the directly determined samples having a larger RSD is that in this case,
Ver;} low absorbances, close.to the detection limit, were involved.

The Weasel Divide, Desert Mountain, and Carrot Basin snow courses
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Table XII: Results of Determinations for Pb (Farnes)

Drai 5 Pb Ph*
Drainage Nnow course @ x1 0-8/m1 @ x 1 0-8 /m1
Kootenai R. Poorman Crk. 0.47 . <2
Weasel Divide 5.30
Weasel Divide 2.02 <2
Flathead R. Big Crk. 1,40 <2
Camp Misery 1.42 <2
Desert Mt. 3.88 6
_ N. Fork Jocko 1.45 11
Clark Fork R. Black Pine 1.38 <2
Copper Camp 1.01 .5
Hoodoo Basin 0.50 —_
N. Fork Elk Crk, 0.43 6
Bitterrott R. Saddle Mt. 1.08 <2
Twin Lakes 0.55 —
Jefferson R. Rocker Peak 2.30 <2
Madison R. Madison Plateau 0.27 <2
Gallatin R. Bear Basin 0.32 <2
Bridger Bowl 1.90 <2
Carrot Basin 0.57 10
Carrot Basin 0.59
Shower Falls 0.68 6
Teton R. Mt, Lockhart 0.81 <9
Judith R. Big Snowy 0.64 <2
Spur Park 0.70 9
Spur Park 1.19 <
Yellowstone R, Grizzly Peak 0.55 <2

*1972 results from EPA, Denver, Colorado.
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Table XIII: - Results of Determinations for Zn, Cd, and Ag (Farnes) ‘
= = e

*¥1972 results from EPA, Denver, Colorado.

) . Zn cd Ag , Ag*
Drainage Snow course : o
@x10"7/ml  (@)x 1011 /m1 (@) %1011 /] @) x 10'11/m1
Kootenai R. Poorman Crk. 0.40 0.44 0.90 <5000
) Weasel Divide 0.76 1,90 - 4,40 <5000
Weasel Divide 1.20 1.45 21,6
Flathead R. Big Crk. 1.23 12,9 7.00 <5000
Camp Misery 0.82 11,9 12,0 <5000
Desert Mt. 0.57 1.20 0.30 <5000
_ N. Fork Jocko 0.99 6.60 2.7 <5000
Clark Fork R. Black Pine 0.78 2.56 2.02 - <5000
- Copper Camp 1.44 6.80 0.20 <5000
Hoodoo Basin 0.54 2.90 1.73 - &
N. Fork Elk Crk, 0.44 0.65 3.38 <5000 ¢
Bitterroot R. Saddle Mt. 0.45 0.55 0.87 <5000
Twin Lakes 0.54 3.30 0.72 -——
Jefferson R, Rocker Peak 0.94 . - 5.20 ——— <5000
Madison R. Madison Plateau 0.56 2.65 1.23 <5000
Gallatin R. Bear Basin 0.94 3.20 3.20 <5000
Bridger Bowl ~1.86 10.5 8.00 -<5000
Carrot Bas%n 0.97 O.?O 4.50 <5000
Carrot Basin 0.40 1.45 ——
Shower 1"alls .42 1,75 - 0.50° <5000
Teton R. Mt. Lockhart 0.60 2.75 1.687 <5000
Judith R. Big Snowy 0.45 1.05 0.95 <5000
Spur Park 0.63 1.95 1.55 .
Spur Park 0.27 1.55 — <5000
Yellowstone R. Grizzly Peak 0.90 1,05 — <5000
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are near snowmobiling trails. Big Creek, N, Fork Jocko, Bear Basin,
Shower Fa-IIS, aﬁd Big Snowy snow courses are in reﬁxote, roadless, or wild-
erngss areas., Bridger Bowl and Grizzly P(_eak Snow cc;\urses are near skiing.
areas, The remaining snow courses were near little used roza.dways(sz) .

One can see that for Weasei Divide, Desert Mountain; and Bridger
Bowl, higher Ph .levells are determined, pre;umably caused by exhaust from
internal combustion engines. Except for Big Creek and N. Fork Jocko, the
locations in remote areas show low Pb concentrations. The majority of Ag h ,
concentrations iall well within the range of concentrations reporied for spring
snow- pack in the western Un.itéd States(56). In general, thé higher results ia
each case are obtained from the same samples.

With respect. to correlation with the 1972 EPA values, it can be seen
that in most cases the levels observed were lower than the detection limit of
the technique usad by the EPA, Due to the facts that the reported values are
very close to the detection limit and that a high result i;s given for a remote
_area such as Shower Falls, the values reported by EPA may be due to con~
' tamina;cion rather than the sample. '

Sample Group III’

A total of 74 plant samples grown in sand or loam enriched with 0, 160,

or 1000 ppm Ag as Agl or AgNO3 were analyzed for Ag, Average results of 62 of
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the samples are shown in Table XIV, The enrichmént concentration and
plant type information were obtained from Dr, T. Weaver, The procedufe
used _produced solutions Which were relativély iree of suspended matter. The
average relative standard deviation for the 74 samples was 5.2:%{

There was some variation between Vétlues determined for similar plants
grown under the samel conditions, This could be due to several things., The
washing procedure used before drying probably did not leave exactly the saﬁe
amount of soil or dust on each samble. These particle's; espécially if from
enriched soils, would caﬁse some variation. Also, it was fBur;d' that the
~ moisture content of the dried plants was not the same for all samples. The’
ratio ash weight/plant weight covered a range of approximately 8;14%. This
could cause almost a factor of 2 in the results based onthe dried plant weight.
Finally, the three anomalous values reported would seem to i‘ndicate the pos-
sibility of 1grge variations caused either by the washi-ng and dry’ipg‘ teqhnique“
or chance contamination of a sample by the muffle furnace usedmfor ashing, .

There appears to be no significant difference in the 'c_oricentra’gions
determined for plants grown in soil enriched in 0, 100, or 1000 ppm Ag,

either in the Agl or AgNOg form. This is supported by the fact that there are
' (57)

no known accumulators of Ag' '/, However, some plants might exist which

could accumulate Ag in particular forms.




Table XIV: Results of Plant Samples (Weaver)

Soil enriched with Agl

Plant No. of " Sand 4 Loam
samples - ; — = - — -
___Oppm 100 ppm 1000 ppm ‘ 0ppm 100 ppm 1000 ppm
a 8  B.9Lx
1. —— : _——
Wheat @ each) 07 2.04) 0.54 0.59
So beana 8 : 0.88 - 0.61 0.69 0.8
ybes (2 each) ' ) ‘ ’ ) 68
Maize® 8 0.79  ——m—v 0.80 yTY1 J— 0.83
(2 each) o : ) ' ‘ '
20 4.44%
1. —— 0.7 . —
(6 each) 79 S /(1.95) 2.02 %
: —_— —_— 1
' 3.48
i 1. ——- : o A—
Maize average 50 : 0.76 (1.70) 1.68
Soil enriched with AgNOg
. a 18 - 2.55% :
Maize (3 each) 0.75 (L.42) 1.36 _ 0.41 0.41 0.45

*One anomalous result. - Figures in parentheses are with the high value omitted.

aResults given in ppm dried plant.
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Sample Group IV
Samples taken from eight locations were analyzed. The results obtained
are shown in Table XV'o ~Also included in the table are values reported in
references 58 and 59, in order to put the determined c':oncentr'a'tions in per-~
spective. The values given for streams are values céllected from VaI'iO;lS,
parts of the world. The values gix}en for finishéd water are ffom public water

supplies in 100 United States cities.
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Table XV: Bozeman Area Surface Water Results*

Location Ag Au Ccd Cu Hg Mn Pb
Big Creek . .03 ~—- .08 14 1 .9 .38
Bridger Creek .02 .08 .053 .52 .09 -~ 18
Emmigrant Creek .03 .04 .039 12 .09 ——= 1.0
Hodgeman Creek .016 - .040 | .16 A2 .8 .65
Hyalite Creek .015 —— .028 22 .07 1.5 .16
Rochester Creek .10 .25 .056 .35 .20 —— 17
Big Springs, Idaho ,018 —— .092 1.0 —— .07 ——
Bozeman (6-7-71) .014 - ,036 260 .52 —-—— 42
(6-11-71) 97 '
(6-11-71) ' 56
Streams_(Ref. 58) 0.3 0,002 -—- 7 .07 7 3
Flmas{z?,d ;g;ter 23 e maizszso w50 BT

- *Concentrations given as(g) x 10™9/ml,
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It can bz seen that.the water values at Gaines Ha;ll correspond with
those obtained from area stream waters, .with the exception of Cu, The
.much higher Cu values would be due to the copper pipe used in the build-
ing's water distribution system. The. Jun‘eﬂ 7 sample was collected
immediately after opening the tap. The June 11 samples were collected
after letting the water run for approximateiy 15 minutes in the first case
and approfdmately 30 minutes in.the second.

The values obtained for the surface waters are .genera;lly less than
.or of the same order of magﬁ.tude as those in other parts of the world,
with the exception of Au. The water supply values fall within the range
of those reported for the' United States. The Cd value obtained for the
Idaho spring is higher than any of the other Cd values. -

It should be noted that Ag, Au, Cu, and Pb were mined in the

(60) . The Emmigrant area was mined

Rochester area in the early 1900's
for Au, Cu, and Pb. There are no known ore deposits in the Big Creek
or Bridger. Creek areas, In genéra.l, the above facts are borﬁe out. by
the concentration data presented.
The results and discussion presented in the application section show

that furnace atomic absorption can be used for routine analysis., In many

cases small concentrations can be analyzed directly without preconcentration.
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The values obtained fall within ranges previously reported, and the stan-

dard deviations in most cases are excellent.




CONCLUSIONS

These investigations were undertaken to determine if:

1e

The design of the Woodriff furnace could be improved to increase
the life of interior graphite parts, increase reprodﬁcibility, and
simplify construction,

An optical syétem involving polarizing beam splitters could be
used as a background absorption correction technique for singlé—
beam instruments in atomic absérption,

A dual—waveleﬁgth spectrophotometer, much simpler in construc-
tion than those coinmerically available‘, could be developed, used
for background correction and the simultaneous determination of
two elements byatoxﬁic absoi'ption, and also give accurate and
reproducible results.

The Woodriff furnace can be uséd routinely for the ‘determination
of trace element concentrations in the nanogram and sﬁb—nanogrgm

region with real samples,

The furnace designs developed have been shown to produce dramatic

impro(remen’cs in the life of interior graphite parts, Reproducibility has been

improved and in many instances the construction has been simplified.

It was shown that a system involving polarized light could be used to

3
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compensate for backgfound absorption associated with some samples in atomic
absorption, The system allows a continuous and simultaneous record of both
hollow c:_a.thode_ and reference radiation to be obtained and subsequently com-
pared.

A simple and versatile dual-,wavelepg"ch spectrophotorﬁeter was developed.
Results obtained for various types of samples prove that it can be used for the
correction of background absorption and the simultaneous determination of two
elements by atomic absorption. The accuracy .anoi reproducibility of results
aré excellent, indicating great potential utility for the inst.runllent.

The determination of different elements in various samples has shown
that the Woodriff .furnace can be used for routine analyses in tllle nanogram and
sub—nanégram concentration region. Valueé ‘obtf;tined for different elements
fall within ranges previously reported, 'reprod}lcibility in mést cases is excel-
lent (in ali cases much better than neutron activatioh techniqlies), and con~

_clusions regarding problems of current interest can be made from the results,
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Figure 23.
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Figure 25,

Gas Flow System.
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Hg Hollow Cathode Spectra.

Figure 26,
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“Table XVI: Hg Hollow Cathode Emission Lines.

250 nm' - 375 nm -

@49 lines?)

Wavelength (nm) Element
258.7 Hg*
328.1 Ag*
332.0 —
332.4 ———
334.6 —
337.0 Ne
337.8 ——
338.3 Ag*
339.3 —
341.8 Ne
344.8 ——
345.4 e
346.7 ——
347.2  Ne
352.1 Ne
356.8 ——
359.3 Ne

*Resonance lines,

gOnly the stronger lines are tabulated.,
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Pb Hollow Cathode Spectra.
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Table XVII: Pb Hollow.Cathode Emission Lines.

250 nm - 375 nm _ (94 lines?)
Wavelength (nm) Element

266.3 Pb
280.3 Pb
283.3 Pb*
287.3 Pb
328.1 Ag*
332.0 -
332.4 -
337.0 Ne
337.8 . -
338.3 Ag*
341.8 Ne
344..8 ——
345.4 _—

| 346,7 -
347.2 Ne
352.1 Ne
356.8 —_
357.3 Pb
359.3 Ne
364.0 Pb
368.3 Pb
374.1 Pb

*Resonance lines,

aOnly the stronger lines are tabulated.
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Table XVIII: Cu~-Zn~-Pb-Cd Hollow Cathode Emission ILines.

250 nm - 375 nm . (62 lines®)
Wavelength nm Element
283.3 Pb*
307.6 Zn*
309.4 . ——
324.8 Cu*
326.1 - Cax
327.4 Cu*
332.0 -
332.4 - --
337.0 ' Ne
337.8 ‘ -
341.8 Ne
344,8 .-
345.4 -
346.6 cd
347.2 _ : ' Ne
352.1 : Ne
359.3 " Ne
361,1 cd
364.0 Pb
368.3 ' Pb

*Resonance lines.

aOnly the Strong_ér lines are tabulated.




ABSORBANCE

=00T=

1060 lS:OO ?.(300 2 500
TEMPERATURE (<)

Figure 29, Temperature versus Absorbance Curves.




161
|.4" °CD (n=|2)
a HG (n=8)
8 ZN (n=7)for Beckman DB
.2t
10t
81 A
o
[y
|
61
aT
o1
;v o SR ST N N LT e T R
GRAMS x 10"
Figure 30, Representative Calibration Curves,




10.

11,

12.

BIBLIOGRAPHY

A, Walsh, Spectrochim. Acta, 7, 108 (1955).

B. V. L'vov, Spectrochim. Acta, 17, 761 (1961),

H, Massmann, Spectrochim, Acta, 23B, 215 (1968).

R. Woodriff ahd G. Ramelow, Spectrochim. Acta, 23B, 665 (1968).

T. S, West and X, K, Williams, Anal, Chim. Acta, 45, 27 (1969).

D. Manning, "Graphite Tube Furnace for Atomic Absorption." Paper,
Society for Appiied Spectroscopy, New bfleans, La., Oct. 1970.

P, W, Lung,. J, P, Matousek, and G, P, Thomas, "Carbon Rod Atomizer
in Atomic Absorption and Fluorescence, ! Paper, Society for
Applied Spect?oscopy, New Orleans, La., Oct. 1970,

J. Y, Hwang, S, B, Smith, and A, L, Malenfant‘, "A Critical Evaluation
of a Non~Flame Atomiq Absorption Technique, ' Paper, Society
for Applied Spe;:troscopy, St. Louis, Mo,, Oct, 1971, |

M. D, Amos, Amer. Lab., 4(8), 57 (1972).

J B, Willis, '"Methods of Biochemical Analysis" Vol. XI, edited by
D. Flick, Interscience, New York (1963).

S. R, Koirtyohann and E, E. Pickett, Anal. Chem,, 38, 1087 (1966),

S. R, Koirtyohann and E, E, Pickett, Anal. Chem., 37, 601 (1965);

38, 585 (1966).




13.

14,

15,
16.
17,
18.
19,
20,
21,
22,
| 23,

24,

25,

26,

a7,

~103~

B. V. L'vov, Spectrochim. Acta, 24B, 53 (1968).

R. Woodriff, B-. R, Culver, and K W Olsen, Appl. Spectrosc., 24,
530 (1970).
D. P. Sandoz and D, L. Murray, Resonance Lines, 2(1), 7 (1970).

3

H. L. Kahn and D, C. Manning, Amer., Lab., 4(8), 51 (1972).

A, C. Menzies, Anal, Chem,, 32, 898 (1960).

J. D, Kerber, Appl, Spectrosc., 20, 212 (1966).

H, Massmann, Zeitschrift filr analyt., Chemie, 225, 203 (1967).

P, B, Zeeman and J, A, Brink, Analyst, 93, 388 (1968).

L. R, P, Butler and A. Strasheim, Spectrochim. Acta, 21, 1207 (1965).

J. V., Sullivan and A. Walsh, Appl. Opt., 7, 1271 (1968).
R, Mavrodineau and R, C, Hughes, Appl. Opt., 7, 1281°(1968).
R. Woodriff and.G. Ramelow, "Graphite Tube Furnace for Atomic -
Absorption Spectroscor;y. " Paper, Society for Applied Spectro—
_ sco‘py,. Chicago, ]11.‘, June 1966,

R, Woodriff, R. W, Stone, and A, M. Held, Appl. Spectrosc., 22, 408

(1968).
J, P. Matousek and B, J, Stevens, Clin. Chem., 17, 363 (1971),

K, G, Brodie and J, P, Matousek, Anal. Chem., 43, 1557 (1971),




28,

29,

30.

31,

32,

33,

34.

35,

36,

37,
38.

39.

~104~

F. J. Fernandez and D, C. Manning, Atomic Absorp. Nevs;sletter, 10,
65 (1971).

J. Y. Hwang, P. A, Ullucci, S. B. Smith, Jr., .amd A. L. Malenfant,
Anal. Chem,., 43, 1319 (1971),

P, A, Ullucei, C, J, Mokeler, and J, Y Hwang, Amer. Lab., f.l.‘(s){
63 (1972). |

R, Woodriff, B'. R, Culver, D, Shrader, and A, B, Sﬁper, Anal. Chem., .
45, 230 (1973).

R, Woodriff and J, F, Lech, Anal, Chem., 44, 1323 (1972).

F, K, West, P W, West, and T, V, Rarﬂakrishna, Environ, Sci, Technol., |
1, 717 (1967).

F. K. West, P, W, West, and F, A, Iddings, Anal, Chem,, 38, 1566
(1966). |

R. V. Coyne and J, A, Collins, Anal. Chem., 44, 1093 (1972).

W, A, Shurcliff, "Polarized Light, " Harvard University Press;
Cambridge, Mass. (1962).

H. L. Hyde, J., Opt. Soc. Amer., 38, 663 (1948).

j. W. Ellis and L. Glatt, J, Opt. Soc. Amer., 40, 141 (1950).

L. Baxter, A, S, Makas, and W, A, Shurcliff, J, Opt. Soc. Amer., 46,

229 (1956),




40,

41,

42,

43,

44,

45,

46,

47,

48,

49,

50,

-105-~

R. Woodriff and R, Stone, Appl. Opt., 7, 1337 (1968).

R, J. Jaworowski and R. P, Weberling, Atomic Absorp. Newsletter,
5(6), 125 (1966). .

Certificate of Analysis, Standard Reference Material 157. 1, Orchard
Leaves, National Bureau of St_andardso

J. C'. Sheridan, Hoffmann-I.aRoche Inc., Persoﬁal Communication.

G. D, Christian and F, J, Feldman, "Atomic Absorption Spectroscopy, "
John Wiley and Sons, Inc., New York (1970).

G. R. Webber, Geochim, et Cosmochim, Acta, 29, 229 (1965).

E. E, Angino and G, K. Billings, "Atomic Absorption Spectrometry in
~ Geology, " Elsevier Publishihg Company, New York (1967).

D, J, Trent and W. Slavin, Atomic Absorp. Newsletter, 3, 118 (1964).

C. B, Belt, Jr., Econ. Geol., 59, 240 (1964).

I. Rubeska, Z, Sulcek, and B. Moldan, Anal. Chim. Acta, 387, 27 1967).

H, L Teller and D, A, Klein, "Disposition and Environmental Impact of
Silver Iodide in the National Hail Research Experiment.'" Opera-
tions Report No. 1, Contract No, 198-71, Colorado State Univer-

sity, Fort Collins, Colo. (1972).




51,

52,

53.

54,

59.

56,

57,

58.

59,

60,

~106~

H. L Teller and D, A, Klein, "Disposition and Environmental Impact of
Silver Todide in the National Hail Résearch Experiment. ! Opera-
tions Report No. 2, Contract No. 198-71, Colorado State Univer-
sity, Fort Collins, Colo, (1973).

P, E., Farnes and B, A, Shafer,_ "Analysis of Snow Samples — 1971 Snow
Season, " Report, USDA Soil Conservation Service, Bozeman,
Mt. (1972).

T'° Weaver and A. Super, "Some Ecological Consequences of Cloud
Seeding with Silver Iodide in the Bridgef Range, Montana, "
Paper, American Society of Civil Engineering, Spokane, Wash.,
Sept. 1972,

J. A, Warburton and L, G, Young, éﬁgl_. Chem., 44, 2043 (19?2).

W, H, Durum and J, Hafety, Geochim. Cosmochim. Acta, 27, 1 (1963).

E, Bollay Associates, Final Report, Bureau of Reclamation Contract
No, 14-06-D-5573 (1965).

C. Cooper and W Jolly, Water Resources Research, 6, 88 (1970).

"Handbook of Geochemistry' Vol. I, Springer-Verlag, New York (1969).
VEnvironmental Geochemistry in Health and Disease, "' Memoir 123, The

Geological Society of America (1971),

C. Moell, Chem 470 Report (1971),




61,

62,

63.

64,

R.

D.

R.

Do

~-107-

Woodriff and D, ‘Shraaer, Anal. Chem., 43, 1918 (1971).

Shrader and R, Woodriff, "The Analysis of Silx%er in Precipitation
and Aquatic Samples 5y Furnace Atomic .Absorption. " Paper,
Intermountain Section, Society for Applied Spe’ctr'oscopy,
Bozeman, Mt., May, 1972,

Woodriff and D. Shrader, Appl. Spectrosc., 27, 181 (1973).

Shrader, '"Instruction Manual for the Woodriff Furnace — Series 8020, "

34 pages (1971),




RSITY L.

JLI \\l\lﬂ\lﬁl\ﬂl\\\ﬂ

3 1762 10011

¢
D378
Sh83 Shrader, Douglas E
cop.2 Improvement and
application of non-
flare atomic

absorrtion

D37¢
Sh33

GAr.z.




