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QUANTITATION AND DETECTION OF VANADIUM IN BIQLQGIC AND
POLLUTION MATERIALS
by William A  Gordon
ABSTRACT
" This report is a review of special consideratiﬁns and methodology for

determining vanadium in biological and air pollution materials  This infor-

.mation was included as a section in a document entitled: Report of the Panel

on Vanadium of the Committee on Biologic Effects of Atmospheric Pollutants by

the Division of Medical Sciences, National Research Council., In addition to
descriptions of specific analysis procedures, genexal sections are included on
quantitation of analysis procedures, sample preparation, blanks, and methods of
detection of vanadium, Most of the information presented is applicable to the

determination of other trace elements in addition to Vanadium.
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TNIRODUCTTON

This report was prepared for the Panel on Vanadium of the Committee on

ological Effects of Atmospheris Pollutants of the National Academy of Sciences.

e preparation of the report of the Pabel entitled VANADIUM was sponsored by

e Environmental Protection Agency. The author served as a consulbant to the

nel in the area of chemical determinabion of vanadium,
This report, which was submitted to the Panel for inclusion in theif Tinal

'port, reviews the various analytic techniques by which vanadium in biclogic

: pollutiﬁn materials has been measured. This survey of gethods is not in-

nded to be comprehensiwve, but representatiave of recent trends in analytic

sthodology. Athan&ssiadisl has collected relevant information on analytic

‘thods for vanadium, ﬁhich ig not necessarily repeated here. This chapter also

‘egents some general information on quantitative procedures; this information

; related to the accuracy of analysis, which, unlike precision (repeatability),

i not easily established,

A concern with accuracy is wital to thé researcher in biology and pollution,

& importance of the subject is too often brought into sharp focus when one at-

mpts to compare analytic results among techniques and among laboratories. An

-ample of the confusion that results from inadequate concern with accuracy appéars

1 Table 4-15 of the vanadium report and has to do with the vanadium content of

od plants. The wide variations in vanadium content shown in the table clearly

dicate the quantitation difficulties in some analytic procedures. Obviously,

€ question of proof of accuracy is critical, if analyses are to be interchange-

le among laboratories, Interchangeability of results is essential in work con-
cerned with establishing threshold limits of pollutants, defining background con-
centrations, and defining degrees of toxicity. Although it is seldom feasible

to offer objective proof of accuracy for every method of analysis, there is little
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guestion but that careful appliecation of weli-established,procedures can
make it possible to improve elfficiency in cooperative work on the biologic
effects of atmospheric pollutants.

QUANT TTATION

Few analytic proéedures applied to trace metals in biologic and
pollution materials have been subjeéted to thorough,'or even adequate,
error analysis to permit rigorous definition of iiﬁits'of accuracy.
There are several reasons for this. It takes considerable effort to
define sources of error in analytic procedures and to place limite on
them. In additioﬁ, much of this work has been directed toward studies
of concentration trends whereby repeatability of’the'analyses is
essential, but proof—ofnanalysis accuracy is not deemed worth the effort.

Rigorously defined, accuracy requires not only that gll sources of
significant systematic error be identified énd quaﬁtitated, but also
that the analytic system be in statistical control, as defined by

Natrells,®

The General Test Methods of the Américan-sbciety_fbr
Testing and Materials (ASTM)® contains defihitions of the terms "precision®
and "accuracy” and methods for their estimation iﬁ physical measurements.
Every analytic procedure cited in the present report, for practiqal
reasons, compromises the ideal in some way. However,'ﬁs will be dis-
cussed, reasonable quantitative validation after the use of well-established
procedures can result in useful interchange of analytic results among tech-
niques and also among laborabtories.

The various quanﬁitatiqn procedures discussed here are generally
applicable to all analytic techniques, but especially to.those requiring

calibrations with reference standards., The more cammén methods of

guantitation available to the analyst are listed below in'approximate
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order of preference (within one or two rank positions)--i.e., method 1
is least subject to inaccuracies, and metholl 7 is most subject to in-
accuracies.
1. Use of standard reference materials certified by
recognized standerdizing agency or by industrial suppliers
of specifié materials.
2. Cooperative analyses involving several laboratories

and several techniques (round rcbin).

3. Absolute analyses based on theoretical mathematical
relations.

k. Method of standard additions using solutions.

2. OSynthesized standards using solutions.

6. Same as method 4, but using blended powders.

T« Same as method 5, but usipg biended powders.

In addition to these seven, there are in use a family of radiometriec
techniques,®  of which the isotopendilutionlmethod is one example,
Although these methods ere not truly quantitation procedures, they are
important in this context because they provide highly useful means for
minimizing some analytic inaccuracies.

The unavailaebility of certified standard samples for trace metals
in biologic and pollution materials precludes the use of method 1 in
most cases., The National Bureau of Standards either has issued or is
planning preparation of some biologic materials certified for trace-metal
content, including freeze-dried bovine liver (SRM* 1577), tomato leaves

(SRM 1573), orchard leaves (SRM 1571), tuna (SEM 1591), citrus leaves,

%
Standard reference materisl,



alfalfa, pine needles, and agpen chips, Vanadium is not among the
elements certified., Furthermore, the availagility and long-term
breservation of standards applicable to the hroad range of matrices
required for biologic and pollution samples will be very limited in
the near future. |
Method 2 requires a great deal of time, effort, and expemse. It
is most often applied‘to materiﬁls with great economic or social im-
portance, This approach provides the unique opportunity to establish
error limits under more realistic conditions than is feasible in a single
laboratory. Groups currently worklng in cooperatlve sampling and analy31s
of atmospherlc pollutents include the Intersociety Committee on Methods
of Air Sempling and Analysis, ° the ASTM Project Threshold, © and the
Environmental Protection Agency.‘7 " However, this cooperatlve work is
not necessarily conducted primarily to establish accuracy. The round-
robin approach is more often conducted to establish uniform operating
practices in several lsborastories and to mini?ize the bias between
laboratories using specified analytic procedures, In most cooperative
work, the aécuracy of the specified methoq isipresumed to be established
before distribution of samples to the cooperatiné laboratéries. Never-
theless, a well-conducted round-robin can re#eal sources of analytic bias
that have & bearing on accuracy. 1 |
Method 3 is exemplifiedﬁ by analyses based on the proven applicability
of such theoretical relations as Beer's lay in colorimetry or atomic ab-
sorption, the Nernst equation in electrochemical procedures, and the
Ilkovic eguation in polarography. Analytic précedures thet have been
shown to follow such relations are genersglly more amenable to gﬁod quanti-
tation than completely empirical methods, provided that interferences are

carefully defined.



&

The method of standard additions, method L, is one of the more powerful
techniques for minimizing systematic errors in! analysis. The autcmation
of this method has been described by Leiritie gnd Mattsson.® Shatqug’lo‘
has presented mathematical analyses of the method of standard additions
and of a similar technique, the method of sugcessive dilutions, including
a discussion of the assum@tions and 1imitati$ns of these methods that are
often overlooked in their application, '

Methods 47 involve synthesis of standards by blending either solu-
tions or powders. Standards made from solutions are preferred over
mixtures of solids. The schievable accuracy of this procedure depends
on the close simuletion of the standards to the samples. The more
aqcurately the composition of the s&mple is known, the better the simu-
lated composition can be, ‘The synthesis of solid standards is widely
used, especially in emission spectroscopy and spark-scurce mass
spectroscopy. This method is subject to uncertainties that are exceed-
ingly difficult to resoclve. A major problem with solid materials not
previously treated by diésglufion is that the physical forms of the |
additive standard materials should be identical with the form of the
enalyte® in the unknown sampie. To illustrate the subtle sources of
error possible with this method, Nohe and Mitteldorf:Ll cite an example
of relative errors of up to 75% caused by analyzing impurities in un-~
sintered beryllium oxide, compared with & matrix of sintered beryllium

oxide. Another example of an effect of this type is cited by Morrison,4

who shows relative differences of up to 100% in a matrix of gamma-alumina

*® . s .
The specific chemical element sought in analysis.



(A1203) versus adpha-alumina, Apparently, therefore, much greater dis-
¢repancies can occur because of chemical differences between standardsl
and samples. BSome of the matrix effects with this method éan be reduced
by diluting the sample in & uniform matrix. In spite of the highly
utilitarian nature of these dilution methods, it is questionable whether
they can be classified as quantitative without éonsiderable supporting
evidence as to their éccuracy and their applicability to variatioms in
sample matrix,

; Any cursory survey of published analytic techniques will revesl that
most offer only minimal evidence for inferring accuracy. Because this
problem will undoubtedly persist, it is especially important for analysts
and researchers in.the biologic effects of atmospheric pollutents to be
aware of the problems of proving accuracy ana to avoid some of the pit-
falls in regard to quantitation. This will be especially true in the

interim before standardized procedurés can be validated,

J
Reagent, Purity and Blanks

The precise assessment of and correction for analyfes in reagents
and solid edditive materials are critical in trace-metal analysis.
Inadequate control of blanks might be the most common cause‘of systema;ic
errors at the nanogram level. Yoe and Koch,l2 Zief,lS and Wahleri4
have discussed this topie, including reagent storage, purification,
volatilization, distillation, and contamination from crushing and blending
of powders, RobertsonlB' has surveyed trace-metal concentrations in
glass and plastic containment materials, organic and inorganic reagents,

wiping tissués, and other materiaels. None of these writers reported

the detection of vanadium in any of the commenly used reagents or in
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1
plantic containment materials by the most sensitive detection techniques.

1
Thus, at present levels of detectability, vanadium appears to be cne of
the least troublescme elements with respect to contemination, However,.
the situation is made less favorable by the fact that vanadium is also
among the least concentrated elements in biclegic and pollution materials.
Nevertheless, avoidance of inadvertent contamination of samples from

unsuspected sources demands careful control in the interests of accuracy

at the lowest concentrations.

Sample Preparation

Considerations of sample preparation are important with respect to
economy and accuracy of analyses. The ideal approach is to analyze the
sample directly, with no pretreatment at 11,16,17,18,19 However,
direct analysis is not always possible and might even be undesirable
because of the difficulty in compensating for matrix effects through
synthesis of standards. Nearly all analytic procedures for bioclogic
specimens and most analyses of parficulate matter collected on paper
filters involve some form of sample preparation. The preparation
usually involves mineralization through asﬂing of the specimen, This

can be accomplished in a muffle furnacezo’zj"az’23 " at temperatures

between 400 and 650 C; by digesting in hot acid mixtures, such as

. . 24,25 27 .
nitriec and perchlorie azids; ?25?2 or by ashing in an electrically

excite@ oxygen atmosphere with a go~called low-temperature asher
26,27,28,29,30

(LTa), 77727 The primary concerns in the ashing operations

are the loss of metals by volatilization, metal contamination, and

convenience of the procedure. Vanadium is lost to some extent in the

redistillation of heavy gas 0115,51,32 and this suggests possible



volatilization losses in ashing procedures. Vanadium contamination

when ashing in a porcelain crucible has.been reported.

In recent years, the LTA method has gaihed preeminence over other

27,34,28.29.30,18
ashing procedures for organic materials of all types. 7,34,28,29,50,18
It is auperior from the standpoints of minimal contamination and ease of
operation. Some biologic materials that are incompletely ashed in a

muffle at 500 C for 48 hr or in nitric and perchloric acids® are com-

z8 None of these references

pletely ashed in the LTA at 200 C for 24 hr.
specifically mentions the peossible volgtilization of‘vanadium using the
LTA. However, from data reported for elements whose vblatilities are
comparable with those of venadium and vanadium compounds, it can be
inferred that vanadium is not significantly lost under normsal conditions
using the LTA.

The ashing temperatures for this method are between 150 and 250 C,
as measured by infrared pyrometry. However, some workers (for example,
M, Darr, Naticnal Bureau of Standards, and W; A, Gordon, National
Aercnautics and Space Administration) have observed glowing particles
when ashing carbonaceous materials yith the LTA. This is apparently .
caused by exothermic oxidation reactions, which might result in un-
suspected volatilization losses. In trace-metal work, contamination
of the samples can occur by backstreamingﬁof the vacuum pump oils. This
has been cbserved in case of chromium at subnancgram concentrations
(M. L, Taylor, Aerospace Research Laboratories, Wright-Patterson Air
Force Base, private communication). In spite of these possible sources
of error, the LTA will in the future probably completely replace other
methods of organic decomposition for all but a few of the most volatile

elements.
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Extraction of metal-containing constituents from ashed materials
is done with combinations of nitric, perchlorie, sulfuric, and hydro-

4,16,26 Acid digestions of airborne particles on filter

chloric acids.
papers or of ashes from filter papers invariably lesves an insoluble
residue. This residue containd siliceocus and cther mineral compounds,
in addition to free carbon and graphite. The possibility of analytic
bias caused by insoluble constituents has not been well defined.
Insoluble vanadium boriqes, nitrides, and silicides might be present
in particulate samples or might be formed on ashing of the samples.jj6
The ashes can be pelletized with graphite to provide an electrically

conducting sample for later analysis by either emission spectroscop;y55

or spark-source mass spectroscoyy.gO’ZG’zsﬂ

Freeze-dried biclogic
materials were pelleted with graphite in mich the same WaY . 35 However,
comparison of results reported on freeze-dried material with results
based on ash weight, wet weight, or other sample forms introduces
complica.tions.36 To avold some of the uncertainties in sample prepara-
tion, the procedure whereby the ashes are solubilized by fusion appears

37

to be advantageous. Figure 1 summarizes a variety of methods used

in preparing biologic and pollution samples.

DETECTION OF VANADIUM

The methods for detecting vanedium in biologic and pollution
materials have been based on considerations of detection limits or
muitielement capability, or both. The methods most prominent in the
recent literature include neutron attivation, emission spectroscopy,
spark-source mass spectroscopy, and atomic absorption. This section

gives examples of application of these techniques to the determination



Figure 1. Summary of sample preparation methods for biologic and air-filtered materials.
(Numbers beneath boxes refer to references)
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of vanadium. BSome special problems in applying these techniques to
vanadium are also discussed. A unique and comprehensive study of
airborne particles from six U. S5, cities using a combination of many
of the techniques described herein has been re.po:c'ted.s9 Other methods
for vanadium, including chemical methods, are described in less detail.

The special problem of sampling, which is both eritical and complex,

is left to other sources.3

" Limits of Detectiom

In spite of the relatively high threshold limit values for vanadium
compounds in industrial atmospheres, the problem of detecting ever smaller
concentrations of venadium remains important. The detection of small
traces of vanadium is important in pollution work in establishing natural

background concentrations and in using vanadium as a chemical tracer to

~

indicate émission from oil-burning sources.1? 4 typical filtered sample
of urban eir contains about 120 mg of particulate material per cubic
meter, including as.little as 50 pg of vanadium, Usually, only a small
fraction of the total sample is available forlvanadium analysis. In
biologie work, the study and monitoring of vanadium toxicity requires
the detection of small traces of vanadium in blood, urine, and tissues,
to indicate possible eXposure to relatively higher concentrations of
vanadium compounds in the atmosphere. The characterization of blood
gerum is fundamental in the study of biologic systems; but there is
currently no direct method for detecting vanadium in human serum. For
practical work, therefore, the method of detection must have an absolute

detection limit on the order of 1 ng and a relative detection limit on

the order of 1 ng/g.
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1f reported detection limits are to be ﬁe&ningful, they must be
carefully defined. A reasonably unambiguous definition may be made in
terms of the experimental standsrd deviation of analytic results obtained
&t the blank concentration or at a very low concentration. The numerical
limit is expressed at 1, 2, or 3 times the standard deviation. _The
intééer selected is arbitrary, and for at least 11 replications itr
represents.the approximate T0%, 90%, and 98% confidence limits, ‘respectively.
In atomic-absorption méthods; the detection 1imit is almost universally
defined as the amount of substance yielding 1% absorption. As a general
- rule, multiplying detection limits by 10 yields an estimate of the

practical limit of detectlon.

i

Neutron-Activation Analysis

| Vanadium has been detected, with other glements, by direct irradiation
of particﬁlate aerosols collected con filter media.ls?lg. Chemical separa-
tions were not necessary in these applications, because the concentrations
of scdium and other interfering elements were low and because a Jlithium-
drifted-germenium [Ge( Ll)]/gggegzgg in the analysis of the radicactive
species, This detector, a rather recent innovation, allows measurements
of energy spectra with about 20 times better fesolution than that of the
more conventional thallium-activated sodium-iocdige [NaI(T1)}] detector,
thus reducing the necessity of performing chemicel separations of inter-
ferences, |

In neutron-activation analysis of vanadium, the radioactive species

produced is vanadium-52 with a half-life of 3.77 min and & gamma energy
of 1.434 Mev, *t The vanadium-52 can also be produced from chromium

and manganese present in the sample by fast-neutron activation. These elements,

therefore, constitute interference if they are bresent at high concentrations.
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The quantitation of this procedure requires camparison with a

X synthesized standard. Ideally, the standard should contaein the same
major elements as the sample, at about the ekpected concentrations

and in the same containment geometry. However, because of the total
penetration of neutrons through the sample, the effects of chemical
combination and physical form are negligible with this method.

Detection limits by this procedure depend on sample composition. Limits.
of detection for paint, ﬁater, fish, and plastiecs ;re about 3.5, 0.015,
0.56, and 0.013 wg/s, ::'espect:l'.w.r-ej_y.:&2 For air-filtered ssmples, the

16,19} corresponding to a concentration

detection limit was about 1l ng,
limit of about 2 ng/m3 in typical urban air. The detection limit of

vanedium in most biologic materials is complicated by the relatively

high concentrations of sodium, even when using the Ge(Li) detector.*®

The sodium interference can be removed by absorption on hydrated antimony
pentoxide.45 However, this procedure is not applicable to the determina-
tion of vanadium in typical biologic materials because of the almost
total decay of the short-lived vanadium~52 during the several hours re-
quired to process samples after irradiation. Removal of the sodium
before irradiation might allow the detection of vanadium if blanks are
properly controlled.

An alternative to matrix removal is the removal of the vanadium
from the biologic ash by solvent extracstion. Thigs approach was used
to detect vanadium in foods at concentrations down to 2 ug/g.Zl The

sample processing was completed in about 20 min, during which time the

vanadium activity decayed to about 2.5% of the maximum.
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Vanadium was determined in natural waters by neutron activation
by collecting vanadium on an ion-exchange resin aﬁd later irradiating
the nitric acid effluent, 4 Concentrations of vanadium typically
ranged between 1 and 10 ug/g in some rivers of the southwestern United

States.

Emission Spectroscopy

Fmission spectrochemical meﬁhods are differentiated on ﬁhe basis
of method of sample preparation, method df quantitation, and method of
exciting the atomic spectra, As with instrumental mefhods of anslysis
in general, a wide variety of experimentai procedures lhiave been developed
that represent tradeoffs between simplicity and‘economy on the one hang,
and precision and accuracy on the other. One of the simplest methods
of analyzing filtered air samples by'emission spectroscopy requires no
pretreatment of the sample at a_';‘Ll.l7 Filter papers 1 in. square were
rolled and sparked directly using & novel technique to ﬁush the paper
into the analytic gap. Although the repeatabllity of the method is
adequate for monitoring concentration trends of some elements, its
accuracy is unknown, because calibration sténdards consisted of dried
solution of the various elements on filter paper. Quantitation of the
method using air-filtered specimens analyzed by other means could also
be used.

Another procedure for detecting vanadium and nine other elements
in suspended particulate matter has been reported.37r In this method,
the chemical forms of the particles were destrofed by ashing and then

fusing the ash with lithium tetraborate. The. ground fusion material

was then pelleted with graphite and subjectéd to a spark discharge.



I le

This technique tended to minimize inaccuracies caused by differences

in chemical form bétwéen unknown samples and étandards, assuming that
the composition of the major elements in the standards was approximately
the same as that in the samples. The mean vanadium concentration in
metropolitan New Yorkl alr waé 0.17 ua/m>,

Possibly the mos% often used emissiosn spectrometric procedure for
the detection of metals in airborpe particulate materials and in bio-
logic materials is a variation of the so—calléd universal method of
analysis.45 Many commercial laboratories use this general approach
because of its economic attractiveness. There are many variations
of this approach, which basically involves diluting the ashed sample
in a relatively pure powdered material in a seample:diluent ratic of
about 1:10, Typical diluent materiais are graphite, lithium carbtonate,
and lithium fluoride. The dilution reduces =zll samples to a relatively
common matrix and therefore reduces some systematic errors caused by
variation in sample composition. However, there remains in these pro-
cedures a fundamental uncertalnty concerning physical forms of the
various chemical species, ;s discussed earlier in this chapter. Because
it is not possible to blace limits on this source of error, these methods
require guantitative validation by other meané.

General emissicn spectrochemical methods for biologic materiels

include & method. based on the dilution procedure described above,46

& comprehensive analysis using freeze-dried materials,3g—and a procedure
in which excitation is rerformed in 2 gastight arc chamber.34 In addition,
& specialized emission procedure using & laser to detect +race metals in

38,47
small local areas on & cellular scale has been reported. = Although
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these methods are not specifically optimized to detect vanadium, they
.are all appliceble to its determination and d?e therefore discussed
briefly here. Tiptom et al.ée used graphite as the diluent and
quantitated by addition of metal compounds to a synthetic matrix

simulating biologic ashes. Bedrosian et gi.>°

used graphite as the
diluent and guantitated by additions of metal oxides to the freeze—dried
matrix and to a syﬁthetic biclogic matrix consisting of p-nifrobenzene- |
azoresorcinol. No attempt was made in either of these methods to
define possible inaccuracies caused by physiqchemical differences between
the standards and the real samples. In the method of Hanibidge,34 the
biologic ash was soiubiliééd in dilute hydrochloric acid, and analyte
elements were added either before or after ashing. Reéagent blanks were
kept to a miniﬁum by using only 10 ug of acid reagent per sample. The
gample sglution was micropipetted onto & carbon electrode that contained
four mg of silver chloride. The solutions added to the electrode were
dried, and the residue contained in the porous electrode_was arced in
an atmOSphére of argon. The detection limit is about 1 ng for vanadium,
or about O,S_ug/g in biologic ashes. Quantitation was accomplished by
adding known amounts of analyte elements to liquid samples (serum) and
o solid samples (hair) before ashing. The method of standard additions
was used to quantitate the procedure.

The laser method of exciting atomic spectra provides the method of
measuring metal constituents in biologic tissues in vive. In eddition,
the determinations can be made on areas as small as 5 ym in djameter

and 1-3 pym deep. The method is difficult to quantitate, in view of the

difficulty of defining sample volumes and metrix effects. Vanadium
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has not been reported in body fluids or tissues with this procedure,
N s _ -15_ 38
in spite of reported detection limits on the order of 107 “g.

Spark-8ource Mass Spectrometry

The spark-source mass spectrometer has been used for multielement
; . o 26,21,23
analysis of both aeirborne particles and biologic samples.
The sample preparation in all cases consisted of ashing the sample
and pelletizing the ash with graphite to achieve the necessary electric
conductivity. Trace elements in human hair were the subject of the

23

work of Yurachek et ail., but vanadium was not among the elements

detected, Evans and Morrison26 réported some general problems using
this technique for biologic ashes: First, the ashing must be complete
because of the numerous interferences that are otherwise produced by
organic species. BSecond, venadium was in a class of elements of which
inorganic species commonly found in biologic materials interfered with
all vanadium isotopes except one. Therefore, the possibility of iso-
tope interferences could not be eliminated by measuring isctope ratios,
and the vanadium concentrations determined represent upper limits only.
Vanadium concentrations of two lung specimens were determined to be
0.33 and 12 pg/g and were more than 10 +imes higher than those determined
by emission spectroscopy.

A more recent innovation is the use of electric detection with fhe
spark-source mass spectrometer. This new method promises to simplify
the technique and to improve the detection repeatability.48

By the mass-spectrometric technique, vanadium in New York City
air was determinedzo'to be 1.9 us/mB. The particulate sample was

collected on nitrocellulose filters that were ashed at 450 C and
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pelleted with graphite. No éccount was tsken of relative sensitivity

factors, nor of metal losses in the ashing step.

Atomic Absorption

The atomic-sbsorption technique is basically a single-element
method, but is neveftheless often advantageous inlthe measurement
of trace metals because of its wide availabilitj and its ;elative
simplicity. Vanadium forms thermally stable oxides that are only
partially dissociated in the flame. Therefore, the hottest flame in
common use, the nitrous oxide-acetylene flame, is used to aéhieve the
lowest detection limits. Although the lower detection limit is
achieved in fhe emission mode,24 the absorption mode has been more
often applied to the materials discussed here.

There are two basic‘embodiments of the atomic-gbsorption mode;;
the flamg—&sPiration procedure and the flameless furnace-vaporization
techniqpe. The flame-aspiration method is preferred, where applicablé,
because it is easier to quantitate, simpler in operation, an& nore- re-
peatable. The furnace technique is advantageous for solid semples that
cannot be easily solubilized and when the flame does not provide
sufficient sensitivity.

The atomic-absorption method for detecting vanadium in ores49-was
adapted by the Intersociety Committee on Methods of Air Sampling and
Analysis and specified as & Tentative Standard Method for vanadium in
air-filtered samples,

Flame atomic absorption was applied to the defection-of metals in
olood after solvent extraction with methylisoﬁutylketone.24 However,

vanadium was not included among the metals detected, Characteristic
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problems caused by aspiration of organic compounds typical of such
extraction procedureé are discussed by Delves et al.2°

Mierogram quantities of vanadium in lake water were detected by N
atomic absorption after extraction with 5,T—dichioro—8—hydroxyquinoline S0
The atomic-absdrption method was also describedzz' for detecting metals
in airborne particles. The sample, collected on glass-fiber filters,
was ashed either in a muffle furnace at 550 C or in an-LTA. The filter was
digested with redistilled nitric acid, and the acid solution was
aspirated into the flame, There were no apparent problems with non-
quantitative extractions of vanadium. The limit of detection was
0.0018 ug/m3 for a totel air volume of 500 m3 in 8.9 ml of solvent,
or gbout 0.1 ug/ml.

Kneip et aZ.,29 in another application of atomic absorption to
airborne particles, reported vanadium concentrations of 0.115_ug/m3
in a nonuwrban area of New York and l.h6\ug/m3 in the Bronx, New York,
The detection limit for venadium was reported as 0.09k ug/mB for s
total air volume of 5,000 m3. This is equivalent to a relative detection
limit of about 10 ug/ml.

The recent development of the flameless stomic-absorption method
as a routine labaratory tool was motivated primarily by enalytic needs
in biologic and pollution applications. In this method, the specimen
is thermally vaporized in nonair atmosphere inside a graphite cellSl’Ia
or on a metal strip.52 Vanadium at ebout 0.4 ng can be detected under

Interference-free conditions. The relative sensitivity in micrograms

per gram depends on the type of sample analyzed.
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Vanadium was detected in mineral oils by flameless atomic gbsorption
by adding 10-ul samples to the graphite tube.Sl The sensitivity was
about 0.2 ug/g of Fil. Concentrations of vanadium in mineral oils ranged
from less th&n 0.2 ug/g in oil from Nigeria to 225 ng/g in oil from
Venezuela,

The flameless method was also applied to the detection of various
metals in biologic materials, including whole blood, without sample pre-
treatm.ent.i8 Howévgf, ne one has as yet reported the detection of

vanadium in biologic or pollution materials by any flameless method.

Colorimetry

Numerous colorimetric methods for detectipg vanadium have been
described. These are geherally applicable to boilutioﬁ and biqlogic
materials with use of suitable masking agents and extraction procedures
to separate vanadium from interfering species. Some recently described
colorimetric procedures, not necessarily applied to pollution or biologic
materials, are listed in Table 1. The 8-hydroxyquinoline procedureéé“
was adapted to air-filtered materialsrand specified as a tentative method
by the Intersociety Committee on Methods of Aiwr Sampling and Anelysis,
The 8—hydroxyquinoline reagent was also applied after extraction of vanadium

with a—benzoinoxime in chleroform, 2%

Electrometric Methods

Methods hased cn electrolytic phenomena sre highly diverse in appli-
cation and include at least 13 distinct techniques. These methods have
found very limited use in the determination of vanadium in biologic or

pollution materials.
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TABLE 1

Colorimetric Reagents for Detecting Venadium

Reagent Reference Remarks

8-hydroxyquinoline o3 e

cyclo-tris=T-{1l-azo-8-hydroxy Jnaptha-

lene-3,6-disulfonic acid (calichrome) 55 —

N-p~tolylbenzgylhyvdroxamic acid 56 —

M-nitro-N-phenylbenzoyhydroxamic Beer's law followed from

acid 57 0.2 o 11 pg/g

Unsaturated N-arylhydroxsmic acids’

(23 complexes studied) 58 Nine complexes had € = 1,500

N-phenylbenzchydroxamic acid 58 ¢ = h650

N-phenyl-3-styrylacrylohydroxamic Beer's law followed from Q.7

acid 58 to 8.4 ug/g; sens = 0.0068.
ug/em

L-(2~pyridylazo)rescoreinol 59 —

diaminobenzidine 60 —

S-amino-b-hydroxy-3-(2-hydroxy-2,5-

dinitrophenylazo)naphthalene-2,7- 61 e = 12,400

disulfonic acid {picraminazo N}

S-amino-3-(3-chloro-2-hydroxy—-5- ]

nitrophenylazo)-li-hydroxynaphthalene- 61 e = 8,700

2,7-disulfonic acid (gallion)

Naphthalene-2,3-diol (2,3-dihydroxy-

naphthalene} go _—
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Currently, the area of most active investigation is that of anode-
stripping voltametry (ASV), which provides the advantages of preconcen-
tration, reasonably good specifieity, sénSitivity, and simplicity. How-
ever, vanadium iz one of the more difficult elements to determine by ASV
because of the lack of a suitable reversible reaction. Therefore, the
detection of Qanadium iﬁ the materials of integest by this technique has

not yet been reported., Vanadium hes been detected by other electrometric

64 65,56

techniques, including polarography,65 potentiometry, amperometry,

and coulometry.67’68

Electron Optiecs

This category of characterizaetion tools includes the electron micro-
scope, the electron microprobe, and x-ray diffraction. These tools,
supplemented by light mieroscopy, allow characterization beyond elemental

analysis and into the ares of morphologic, campound, and crystallographic

identification, as described by Rhoads%® and Blosser.>”

Although no
vanadium compounds have yet been identified with these techniques, vanadium
distributions within particulate—material samples in the Washington, D.C.,

area have been reported.39

X-Ray Fluorescence

When applicable, x-ray fluorescence is convenient; precise, and
relatively easy to quantitate. It has been used to detect vanadium in
fuel 0115,69370:7l'biologic matarials,72and particulate material filtered
from the air.39 The limit‘of detection in agquecus solutions has been
reported as 0.5 pe/m’  end 1.5 pg/mi.”* The detection limit in sodium

tetraborate fusion was about 3 upg/ml. '~
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Gag Chromstography

Byperpressure gas-phase chrometographic separations of organic

vanadium compounds and their later detection have been described.?5’76

This method is emerging from the developmental stage and has found
practical application to trace metals in biologic materials.77 However,

no practical application has been reported for vanadium.
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