VI. DEVELOPMENT OF STANDARD

Basis for Previous Standards

In 1954, the American Conference of Governmental Industrial
Hygienists (ACGIH) proposed threshold limit values (TLV) of 0.5 mg/cu m for
vanadium pentoxide dust and 0.1 mg/cu m for vanadium pentoxide fume [109].
These TLV's were adopted in 1956 [18], and they referred to TWA
concentrations for an 8-hour work shift. Although no justification for the
limit values was given at the time of publication, the information used to

derive the values was provided in the 1962 edition of Documentation of

Threshold Limit Values [66]. Roshchin [41,68] had earlier recommended

limits for vanadium pentoxide dust and fume of 0.5 and 0.1 mg/cu m,
respectively, based on limited animal experiments. The Documentation [66]
stated that these recommended values were later substantiated by Stokinger
in more extensive animal studies. Another study cited was that by Lewis
[25], who found no toxic effects in humans exposed to vanadium dusts,
including vanadium pentoxide, at concentrations of 0.1-0.3 mg/cu m. The
ACGIH recommended a lower TLV for vanadium pentoxide fume than for the dust
because of 'the recognizedly greater toxicity of fume compared with dusts
of larger size and smaller surface area."

The 1963 TLV for vanadium pentoxide dust was designated a ceiling
limit not to be exceeded [110], and the TLV for vanadium pentoxide fume
was designated a ceiling limit in 1964 [111], although the numerical values

did not change. The 1971 edition of Documentation of Threshold Limit

Values [112] cited a 1967 study by Zenz and Berg [32] that noted severe
upper respiratory tract irritation in five humans exposed to vanadium
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pentoxide dust at a concentration of 0.2 mg/cu m for a single 8-hour
period. They also found upper respiratory tract irritation, though not as
severe, in two humans exposed to vanadium pentoxide dust at a concentration
of 0.1 mg/cu m. Zenz and Berg [32] concluded that the TLV of 0.5 mg/cu m
for vanadium pentoxide dust should be lowered. The Documentation also
stated that Hudson [34] considered the standard for vanadium pentoxide dust
too high because he found adverse effects in workers exposed at 0.25
mg/cu m. The ACGIH did not lower the TLV for vanadium pentoxide dust.
However, in 1972 [113], the vanadium pentoxide fume ceiling limit was
reduced to 0.05 mg/cu m, based on the papers cited in the 1971
Documentation. The ceiling limit designation was removed from the TLV for
vanadium pentoxide dust, making it again a TWA concentration 1limit. A
notation that vanadium pentoxide was to be expressed as vanadium was also
added. No justification was given for these changes.

For ferrovanadium, the ACGIH proposed a TLV of 1.0 mg/cu m as a TWA
concentration in 1954 [109] and adopted this wvalue in 1956 [18]. The

justification for this limit, provided in the 1962 edition of Documentation

of Threshold Limit Values [66], stated that the only published information

on which a limit could be based was from the USSR on exposed workers and on
animal experiments., The Documentation cited the work of Roshchin [41,68]
who found pathologic changes only in animals exposed to ferrovanadium dust
at concentrations of 1,000-2,000 mg/cu m for 2 months. Chronic bronchitis
and inflammation of the lungs were the pulmonary changes observed. Animals
exposed at a concentration of 10,000 mg/cu m showed no acute intoxication.

Roshchin recommended a 1imit for ferrovanadium of 1 mg/cu m. The ACGIH
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agreed that this value would provide a large margin of safety and adopted
it as a TLV.

The report of the Sixth Session of the Joint ILO/WHO Committee on

Occupational Health [114] listed maximum allowable concentrations of 0.5

and 0.1 mg/cu m for vanadium pentoxide dust and fume, respectively, for
Finland (1962), Rumania (1966), USSR (1963), Yugoslavia (1964), and the
Federal Republic of Germany (1966). The standards listed for vanadium
pentoxide dust and fume for Hungary (1965) were TWA concentrations of 0.5
and 0.1 mg/cu m, respectively. Rumania (1966), USSR (1963), and the
Federal Republic of Germany (1966) listed a maximum allowable concentration
of 1.0 mg/cu m for ferrovanadium. In addition to these standards, the
ILO/WHO Committee reported maximum allowable concentrations of 0.5 mg/cu m
for vanadium trioxide (sesquioxide) dust in the USSR (1963) and 0.1 mg/cum
for vanadium in Poland (1967). The bases for these were not described by
the ILO/WHO Committee except for a statement that the limits for the

Federal Republic of Germany were based on the 1966 edition of Documentation

of Threshold Limit Values [115].

The present federal standard (29 CFR 1910.1000) for workplace
exposure to vanadium pentoxide dust is a ceiling limit of 0.5 mg/cu m,
based on the ACGIH TLV of 1968. The federal standard (29 CFR 1910.1000)
for vanadium pentoxide fume is a ceiling limit of 0.l mg/cu m, based on the
ACGIH TLV of 1968, and not on the lower standard adopted by the ACGIH in
1972, The present federal standard (29 CFR 1910.1000) for workplace
exposure to ferrovanadium is a TWA concentration of 1 mg/cu m for an 8-hour

work shift based on the 1968 ACGIH TLV.
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Basis for the Recommended Standard

(a) Permissible Exposure Limits

Occupational exposure to vanadium, especially vanadium pentoxide,
produces mainly irritation of the eyes and of the upper respiratory tract,
often accompanied by productive cough, wheezing, rales, chest pains,
difficulty in breathing, bronchitis, questionable pneumonia, and rhinitis
[17,19,24-26,39,47,64,65,67]. There have been occurrences of green-~to-
black discoloration of the tongue, metallic taste, nausea, and diarrhea
[24,25,67]. Six studies reported skin irritation [19,26,30,36,37,62].
Similar effects on the skin and respiratory tract have been described 1in
workers exposed to vanadium-containing byproducts of residual oil or crude
0il combustion, gasification of fuel o0il, and gas-turbine combustion
[23,28,30,37,38,45,50,51]. General fatigue, weakness, headache, and
tremors of the hands have been reported [22,24,26,39,67] but their
relationship to vanadium exposure has not been demonstrated. Earlier
investigations [15,24] that suggested systemic poisoning effects from
vanadium have not been confirmed by later and more detailed studies
[25,26,36,65,67].

Examination of the 1literature has revealed that vanadium compounds
such as the oxides and vanadates cause respiratory tract irritation, with
possible eye and skin dirritation. While there is no information on
halides, it is reasonable to interpret, in part because they decompose to
halide acids and vanadium oxides, that they will cause similar effects.
Other forms of vanadium, eg, ferrovanadium, other alloys of wvanadium,
vanadium metal, and vanadium carbide are much less active toxicologically
and cause lesser effects. Therefore, two categories of vanadium are
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proposed on which two standards should be recommended. Substances in each
category produce essentially the same type of reaction, though the chemical
form changes. Effects are typically of an acute or subacute rather than a
chronic nature. There is some evidence of sensitization on repeated
exposure [19,35]. Slight dirritant effects were noted 1in two resting
subjects exposed to vanadium pentoxide at a concentration of 0.06 mg V/cu m
[32]. Since mild irritant effects followed exposure at 0.06 mg V/cu m for
8 hours, a finding at least consistent with observations from several
workplaces where exposures were approximated if not accurately estimated,
it is evident that the environmental limit for vanadium pentoxide and some
other compounds (vanadates, sulfates, halides, and other salts) should be
lower. Experimental or epidemiologic data to demonstrate how much lower
this 1limit should be are not available. A ceiling limit of 0.05 mg/cu m
based on 15~-minute sampling periods is proposed as a permissible 1limit
pending the development of more definitive data that would justify a higher
or lower value. A ceiling of 0.05 mg/cu m is probably equivalent in actual
plant practice to a significantly lower TWA concentration, perhaps 0.01-
0.03 mg/cu m. As a consequence, the TWA corresponding to the ceiling is
from one-sixth to one-half the 8-hour TWA concentration causing mild
irritant effects in the subjects studied by Zenz and Berg [32]. This seems
a reasonable factor to apply inasmuch as the adverse effects being
considered are mild or slight. Inasmuch as the toxic actions of vanadium
compounds are expressed largely, if not entirely, by irritant effects on
the respiratory tract, it is likely that a ceiling concentration limit
would be more appropriate as a control measure than a TWA concentration
limit. This is based on the belief that irritant effects are usually
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proportional to exposure concentration, rather than to exposure dose (as
approximated by a TWA concentration), or, in other words, are
concentration-limiting rather than dose-limiting.

The current federal standard for vanadium pentoxide fume is 0.1
mg/cu m. This form of vanadium is believed by many [62,116,117] to be more
toxic than the dusts, which have a larger mean particle size. There have
been no studies of human reaction to freshly formed vanadium pentoxide
fume. Other metals, such as zinc, cadmium, or magnesium, form oxide fumes
which, when inhaled, are known to be more toxic than the dusts, producing
reactions such as chills, fever, and leukocytosis [118-120]. These
reactions have not been reported for vanadium pentoxide when particle sizes
are 1in the respirable range, ie, less than 5 um. NIOSH recommends,
therefore, that the separate federal standard for vandium pentoxide fume be
eliminated. NIOSH further recommends that vanadium pentoxide fume be
considered a component of the '"vanadium compounds."

There have been few quantitative data reported with which to evaluate
the reactions of humans to air concentrations of ferrovanadium and
vanadium-containing alloys. These metallic compounds appear to be almost
toxicologically inert, though some slight acute respiratory irritation may
occur if they are inhaled in sufficient quantity. Roberts [20] observed
that exposure to vanadium metal, ferrovanadium, vanadium-aluminum alloys,
and vanadium carbide, at wunknown concentrations and particle sizes less
than 200 mesh (about 75 um [21]), resulted in slight nose, throat, and
respiratory irritationm. Roshchin [41,68] noted that rats exposed to
ferrovanadium dust at concentrations of 1,000-2,000 mg/cu m showed no signs
of acute effects. Microscopic examination of the lungs after 2 months of
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exposure indicated development of peribronchitis and perialveolitis and, in
some animals, chronic inflammation of the lungs. He also reported that
rabbits and rats exposed for 2 months to ferrovanadium and for 9 months to
vanadium carbide at concentrations of 40-80 mg/cu m showed no signs and
symptoms of acute intoxication, but did show signs of bronchitis and
interstitial sclerosis. The existing federal 1limit of 1 mg/cu m was
originally based on studies [41,68] which are 1limited and of uncertain
validity. It seems evident, however, that metallic forms 1like
ferrovanadium, alloys, and vanadium carbide have greater toxicity than
would be expected from an inert dust. Thus, a limit lower than the inert
dust limit of 15 mg/cu m is obviously needed, but not a limit as 1low as
that proposed for vanadium compounds, ie, 0.05 mg/cu m. The existing
federal 1limit of 1 mg/cu m may be lower than is needed, but for worker
protection it is proposed not to recommend a higher value until valid data
are obtained. Thus, it is proposed to maintain the existing federal
standard as a TWA concentration 1limit for up to 10 hours/day, for a
workweek not exceeding 40 hours.

Vanadium compounds and metallic vanadium, when absorbed, are rapidly
excreted and exhibit 1low degrees of toxicity, as indicated by minor
irritation and 1lack of systemic effects. The action level is therefore
defined as equal to the recommended environmental limit for each of the two
proposed categories of vanadium.

(b) Sampling and Analysis

Personal sampling with a cellulose ester membrane filter is
recommended, since most of the wvanadium in the industrial environment
exists as solid particulates and can be collected with 100% efficiency with
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this method [121]. Because there is no clear correlation between
respiratory tract irritation and the particle size of vanadium that causes
this effect, ie, both large and small particle sizes produce similar
effects, total mass sampling is recommended instead of a respirable
sampling method. It 1is not evident whether this sampling method will
collect volatile vanadium compounds such as vanadium oxytrichloride.
However, since they decompose in air to form vanadium oxide particulates,
then much of the vanadium will be collected by the recommended procedure
and, if the decomposition of the airborne halides is quantitative, all
should be collected.

Flameless atomic absorption spectrophotometry is recommended for the
analysis of vanadium, so that the necessary sensitivity and specificity can
be attained. This method is free of interferences, fast, highly sensitive,
and relatively simple.

(c) Medical Surveillance

Employees should be given preplacement medical examinations if a
potential for occupational exposure to vanadium exists. Special emphasis
should be directed to evidence of chronic eye or skin disorders and
respiratory conditions or allergies, since exposure to vanadium may
aggravate these or independently cause such effects. Because of cases of
bronchial asthma and bronchitis in worker population exposed to vanadium
compounds, periodic testing of pulmonary function is recommended. While
the evidence that vanadium causes emphysema (reviewed in Chapter III) is
not persuasive, neither can it be disregarded; periodic spirometry should
detect chronic changes possibly 1leading to emphysema 1if this 1is a
consequence of exposure to vanadium. The pulmonary or spirometric tests
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recommended are forced expiratory volume during the lst second (FEV 1) and
forced wvital capacity (FVC). For similar reasons, roentgenograms are
recommended. However, it 1s proposed that, except at preplacement
examination, X-rays mneed not be performed routinely but at the discretion
of the responsible physician based on his knowledge of work exposure and
clinical findings.

(d) Personal Protective Equipment and Clothing

Several investigators [19,26,30,36,37,62] have reported dermal and
ocular idrritation caused by vanadium compounds. The symptoms of
irritation, consisting of itching or burning, were temporary and rarely
accompanied by external lesions. Therefore, to minimize the possibility of
skin and eye irritation, clothing resistant to the penetration of liquid
vanadium compounds or solutions should be available and worn where
indicated to prevent gross skin and eye contact. This clothing should
include boots, gloves, coveralls, face shields (8-inch minimum) with
goggles, and safety glasses, Emergency showers and eyewash fountains
should be readily available in the event of accidental gross contact of the
face or eyes with vanadium. In areas where engineering controls are not
adequate to reduce exposure to limits set forth in this standard,
respiratory protective devices should be used as delineated in Section 4(b)
of Chapter I.

(e) Informing Employees of Hazards

Since exposure to vanadium can cause respiratory, eye, and skin
irritation, employees who may be occupationally exposed to vanadium should
be advised of the adverse effects from such exposure, of methods of
preventing exposure, and of surveillance procedures (environmental and

103



medical monitoring) in use to detect, and thus to guide the control of,
hazards.

(f) Work Practices

To minimize the possibility of respiratory contact with vanadium,
engineering controls should be used when needed to control emissions to the
work atmosphere. Such controls should include local exhaust ventilation
for processes known to produce large amounts of airborne vanadium
compounds. All vanadium containers should be closed tightly and stored
properly when not in use to prevent breakage, spillage, or contact with
moisture. Finely ground vanadium carbide, vanadium-aluminum alloys,
vanadium metal, and ferrovanadium may be combustible and, thus, should be
kept dry and away from heat, sparks, or flames. Spills or leaks should be
attended to promptly. In case of emergencies resulting in gross skin or
eye contact with liquid vanadium compounds or solutions, emergency showers
or eyewash fountains should be available and used to clean affected areas.
All employees, including maintenance and repair personnel, should be
informed of all routine and emergency procedures for their specific jobs.

(g) Monitoring and Recordkeeping Requirements

So that airborne vanadium concentrations do not exceed the
recommended environmental limits, a personal monitoring program should be
instituted to collect airborne samples. Monitoring should be routinely
performed every 3 months unless overexposure occurs, in which case, weekly
monitoring should be conducted until successful control is achieved.
Environmental monitoring and medical records should be retained for 30
years after termination of employment involving exposures to vanadium, in
keeping with the requirements of the Toxic Substances Control Act of 1976.
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VII. RESEARCH NEEDS

Proper assessment of the toxicity of vanadium and evaluation of its
potential hazard to the working population requires extensive human and
animal studies. The following are aspects of epidemiologic and toxicologic

research that are especially important.

Epidemiologic Studies

Further research is required to assess the effects of long-term
occupational exposure to vanadium and its compounds, particularly the
halides. Long-term epidemiologic studies should be performed and should
consider pulmonary, skin, eye, and metabolic effects of vanadium, As a
minimum, these studies should include medical histories, pulmonary function
studies, environmental measurements, and other dinformation such as
histories of known or suspected exposures to vanadium compounds, including
information on the specific compounds involved, and comparisons of

morbidity and mortality data with those for a normal population.

Experimental Studies

Both short-term and long-term studies involving exposure to airborne
vanadium at low concentrations should be conducted. Additional toxicologic
experiments on a variety of species would further serve to characterize,
both functionally and microscopically, the nature of any organ changes
produced by vanadium, particularly the halides. Studies should use an
exposure schedule simulating occupational exposure and should involve
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routes of exposure that are likely to occur in occupational contact with
vanadium (inhalation, ingestion, and skin contact). These results should

provide insight into human susceptibility to the effects of vanadium.

Carcinogenic, Mutagenic, Teratogenic, and Reproductive Studies

Studies on experimental animals should also be conducted to
investigate the possibility of carcinogenicity, mutagenicity,
teratogenicity, and effects on reproduction from absorption of vanadium

compounds.

Sampling and Analysis

Sampling and analysis of vanadium halides and oxyhalides should be
investigated. Studies of the kinetics of decomposition of these vanadium
compounds may be necessary so that the adequacy of sampling and analytical

methods may be evaluated.

106



10.

11.

12.

13.

VIII. REFERENCES

Weast RC (ed): CRC Handbook of Chemistry and Physics-~A Ready-
Reference Book of Chemical and Physical Data, ed 55. Cleveland, CRC
Press Inc, 1974, p B-152

Taylor HA Jr, Broderick GN: Vanadium, preprint from Mineral Facts
and Problems, 1975 Edition, bulletin No. 667. US Dept of the
Interior, Bureau of Mines, 1975, 11 pp

Vanadium, in Gafafer WM (ed): Occupational Diseases--A Guide to
Their Recognition, PHS publication No. 1097. US Dept of Health,
Education, and Welfare, Public Health Service, 1964, pp 236-37

Vanadium, in December 1976 (with 1975 Preliminary Annual Tables),
mineral industrial survey. US Dept of the Interior, Bureau of Mines,

Division of Ferrous Metals, 1977, 12 pp

Edwards WF: Some notes on vanadium. Colo Sci Soc Proc 7:297-312,
1903

Priestley J: XX~-0On the physiological action of vanadium. Philos
Trans R Soc London 166:495-556, 1876

Gamgee A, Larmuth L: On the action of vanadium upon the intrinsic

nervous mechanism of the frog's heart. J Anat Physiol 11:235-50,
1877
Larmuth L: On the poisonous activity of vanadium in ortho-, meta-,

and pyro-vanadic acids. J Anat Physiol 11:251-54, 1877

Dowdeswell GF: On the structural changes which are produced in the
liver under the influence of the salts of vanadium. J Physiol 1:257-
61, 1878

Jackson DE: The pulmonary action of vanadium together with a study
of the peripheral reactions to the metal. J Pharmacol Exp Ther 4:1-
20, 1912

Jackson DE: The parmacological action of vanadium. J Pharmacol Exp
Ther 4:477-514, 1912

Proescher F, Seil HA, Stillians AW: A contribution to the action of
vanadium with particular reference to syphilis. Am J Syph Neurol
1:347-405, 1917

Levaditi C, Lepine P, Schoen R: [Experimental medicine--
Spirocheticidal properties of the element vanadium--"Aster' formation
around the particles of vanadium.} C R Acad Sci 187:434-36, 1928
(Fre)

107



14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Pereira J: [Vanadium in the treatment of protozal disease.] Z
Immunitaetsforsch 97:77-81, 1939 (Ger)

Dutton WF: Vanadiumism. JAMA 1:1648, 1911

Vanadium, in Hamilton A: Industrial Poisons in the United States.
New York, The Macmillan Co, 1925, pp 306-08

Gul'ko AG: [Characterization of vanadium as an industrial poison].
Gig Sanit 21:24-28, 1956 (Rus)

American Conference of Governmental Industrial Hygienists: Threshold
Limit Values for 1956. AMA Arch Ind Health 14:186-89, 1956

Zenz C, Bartlett JP, Thiede WH: Acute vanadium pentoxide
intoxication. Arch Environ Health 5:542-46, 1962

Roberts WC: The ferroalloy industry-~-Hazards of the alloys and
semimetallics--Part II. J Occup Med 7:71-77, 1965

Perry RH, Chilton CH (eds): Chemical Engineers' Handbook, ed 5. New
York, McGraw-Hill Book Co, 1973, p

Tara S, Cavigneaux A, Delplace Y: [Calcium vanadate poisoning.]
Arch Mal Prof Med Trav Secur Soc 14:378-80, 1953 (Fre)

Sjoberg SG: Vanadium bronchitis from cleaning oil-fired boilers.
AMA Arch Ind Health 11:505-12, 1955

Wyers H: Some toxic effects of vanadium pentoxide. Br J Ind Med
3:177-82, 1946

Lewis CE: The biological effects of vanadium--II., The signs and
symptoms of occupational vanadium exposure. AMA Arch Ind Health
19:497-503, 1959

Sjoberg SG: Vanadium pentoxide dust~-A clinical and experimental
investigation on its effect after inhalation. Acta Med Scand Suppl
238:1-~188, 1950

Fallentine B, Frost J: Health hazards from cleaning oil-fired
boilers caused by vanadium and sulfuric acid in the soot. Ind Hyg
Occup Med 10:175, 1954

Williams N: Vanadium poisoning from cleaning oil-fired boilers. Br
J Ind Med 9:50-55, 1952

Vanadium, in Sandell EB: Colorimetric Determination of Traces of
Metals, ed 3. Chemical Analysis Series. New York, Interscience
Publishers, 1959, vol 3, pp 923-40

108



30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43,

44,

45,

Browne RC: Vanadium poisoning from gas turbines. Br J Ind Med
12:57-59, 1955

McTurk LC, Hirs CHW, Eckardt RE: Health hazards of vanadium-
containing residual oil ash. 1Ind Med Surg 25:29-36, 1956

Zenz C, Berg BA: Human responses to controlled vanadium pentoxide
exposure. Arch Environ Health 14:709-12, 1967

Hulcher  FH: Spectrophotometric determination of vanadium in
biological material. Anal Chem 32:1183-85, 1960

Hudson  TGF: Vanadium-~Toxicology and Biological Significance,
monograph No. 36. Elsevier monograph series., New York, Elsevier
Scientific Publishing Co Inc, 1964, pp 74-76,126-33

Roshchin IV, Il'nitskaya AV, Lutsenko LA, Zhidkova LV: [Effect on
organism of vanadium trioxide.] Gig Tr Prof Zabol 28:25-29, 1964

Tebrock HE, Machle W: Exposure to europium-activated yttrium
orthovanadate~-A cathodoluminescent phosphor. J Occup Med 10:692-96,
1968

Fear EC, Tyrer FH: A study of vanadium poisoning in gas workers.
Trans Assoc Ind Med Off 7:153-55, 1958

James GV: A note on vanadium poisoning. Analyst 85:851-52, 1960

Massmann W, Opitz H: [Industrial medical implications of vanadium
dusts.] Arch Gewerbepathol Gewerbehyg 13:353-62, 1954 (Ger)

Roshchin IV: [Vanadium metallurgy in the light of industrial hygiene
and questions concerned with the prevention of occupational diseases
and intoxication.] Gig Tr Prof Zabol 8:3-10, 1964 (Rus)

Roshchin IV: [A hygienic description of production vanadium
aerosol,] Gig Sanit 11:49-53, 1952 (Rus)

Thomas DLG, Stiebris K: Vanadium poisoning in industry. Med J Aust
1:607-09, 1956

Roshchin IV: [The hazards of occupational vanadium intoxications in
boiler cleaning operations at electric power stations, operating on
fuel oil, and prevention problems.] Gig Tr Prof Zabol 6:17-22, 1962
(Rus)

Rajner V: [Effect of wvanadium on the respiratory tract.] Cesk
Otolaryngol 9:202-04, 1960 (Cze)

Hickling S: Vanadium poisoning. N Z Med J 57:607-08, 1958

109



46.

47.

48.

49.

50.

51.

52.

53.

54,

55.

56.

57.

58.

59.

60.

Boot AC: [Vanadium pentoxide poisoning.] Ned Tijdschr Geneeskd
101:2124-25, 1957 (Dut)

Pielstickler F: [Injury to health by vanadium compounds--
Symptomatology and prognosis.] Arch Gewerbepathol Gewerbehyg 13:73-
96, 1954 (Ger)

Troppens H: [The uncertainties of vanadium pentoxide intoxication.]
Dtsch Gesundheitswes 24:1089-92, 1969 (Ger)

Eisler L, Simecek R, Ustupsky J: [Effect on the air passages of
working in a vanadium plant.] Prac Lek 20:52-57, 1968 (Cze)

Wyers H: Dermatology in industry. Trans Assoc Ind Med Off 6:17-26,
1956 .

Bache IF: Unusual clinical problems--I. Vanadium poisoning at the
Kalundborg refinery. Med Bull Exxon Corp Affil Co 25:140-44, 1965

Rosensteel RE, Shama SK: Central Maine Power Co--Yarmouth, Maine,
Health Hazard Evaluation/Toxicity Determination report No. 72-123-78.
Springfield, Va, US Dept of Commerce, National Technical Information
Service, 1973, 16 pp (NTIS PB 232 591)

Kent NL, McCance RA: The absorption and excretion of "minor"
elements by man--I. Silver, gold, lithium, boron and vanadium.
Biochem J 35:837-44, 1941

Dimond EG, Caravaca J, Benchimol A: Vanadium--Excretion, toxicity,
lipid effect in man. Am J Clin Nutr 12:49-53, 1963

Talvitie  NA: Colorimetric determination of vanadium with 8-
quinolinol--Application to biological materials. Anal Chem 25:604~
07, 1953

Somerville J, Davies B: Effect of vanadium on serum cholesterol. Am
Heart J 64:54-56, 1962

Flynn FV, de Mayo P: Micro-electrophoresis of protein on filter-
paper. Lancet 2:235-39, 1951

Rockhold WT, Talvitie ©NA: Vanadium concentration of urine--Rapid
colorimetric method for its estimation. Clin Chem 2:188-94, 1956

Hudson  TGF: Vanadium--Toxicology and Biological Significance.
Elsevier Monographs on Toxic Agents (Browning E, ed). New York,
Elsevier Publishing Co, 1964, 140 pp

Committee on Biologic Effects of Atmospheric Pollutants: Medical and
Biologic Effects of Environmental Pollutants--Vanadium. Washington
DC, National Academy of Sciences, National Research Council, Division
of Medical Sciences, 1974, 117 pp

110



6l.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72,

73.

Athanassiadis  YC: Air Pollution Aspects of Vanadium and its
Compounds., Springfield, Va, US Dept of Commerce, National Technical
Information Service, 1969, 91 pp (NTIS PB 188 093)

Stokinger HE: Vanadium, in Patty FA (ed): Industrial Hygiene and
Toxicology, ed 2 rev; Toxicology (Fassett DW, Irish DD, eds). New
York, Interscience Publishers, 1963, vol 2, pp 1171-82

Symanski H: [Industrial vanadium poisoning, its origin and
symptomatology.] Arch Gewerbepathol Gewerbehyg 9:295-313, 1939 (Ger)

Symanski H: [Status of research on occupational damage caused by
vanadium.] Arh Hig Rada 5:360-70, 1954 (Ger)

Sjoberg SG: Vanadium dust, chronic bronchitis and possible risk of
emphysema--A follow-up investigation of workers at a vanadium
factory. Acta Med Scand 154:381-86, 1956

American Conference of Governmental Industrial Hygienists, Committee
on Threshold Limit Values: Documentation of Threshold Limit Values.
Cincinnati, ACGIH, 1962, pp 50-51,109-10

Vintinner FJ, Vallenas R, Carlin CE, Weiss R, Macher C, Ochoa R:
Study of the health of workers employed in mining and processing of
vanadium ore. AMA Arch Ind Health 12:653-42, 1955

Roshchin 1IV: [Biological effects of rare, dispersed, and other
metals and their compounds used in industry--Vanadium.] Toksikol
Redkikh Metal, pp 83-95, 1963 (Rus)

Roshchin IV, Zhidkova LV, Dushenkina AY, Lutsenko LA, Panov PV: [The
pathogenic properties of industrial vanadium, ferrovanadium and
vanadium carbide dusts (an experimental study).] Gig Tr Prof Zabol
10:21-25, 1966 (Rus)

Pazynich VM: [Experimental data for hygienic determination of the
maximum permissible concentration of vanadium pentoxide in the air.]
Gig Sanit 31:8-12, 1966 (Rus)

Kanisawa M, Schroeder HA: Life term studies on the effects of

arsenic, germanium, tin, and vanadium on spontaneous tumors in mice.
Cancer Res 27:1192-95, 1967

Schroeder HA, Balassa JJ: Arsenic, germanium, tin and vanadium in
mice--Effects on growth, survival and tissue levels. J Nutr 92:245-
52, 1967

Schroeder HA, Mitchener M: Life~term effects of mercury, methyl
mercury, and nine other trace metals on mice. J Nutr 105:452-58,
1975

111



740

75.

76.

77.

78.

79.

80.

81.

82.

83.

84,

85.

86.

Schroeder HA, Mitchener M, Nason AP: Zirconium, niobium, antimony,
vanadium and lead in rats--Life term studies. J Nutr 100:59-68, 1970

Franke KW, Moxon AL: The toxicity of orally ingested arsenic,
selenium, tellurium, vanadium and molybdenum. J Pharmacol Exp Ther
61:89-102, 1937

Franke KW, Potter VR: A new toxicant occurring naturally in certain
samples of plant foodstuffs--Part III. Hemoglobin levels observed in
white rats which were fed toxic wheat. J Nutr 8:615-23, 1934

Romoser GL, Dudley WA, Machlin LJ, Loveless L: Toxicity of vanadium
and chromium for the growing chick. Poult Sci 40:1171-73, 1961

Franke KW, Moxon AL: A comparison of the minimum fatal doses of
selenium, tellurium, arsenic and vanadium. J Pharmacol Exp Ther
58:454-59, 1936

Dalhamn T, Forssman S, Sjoberg SG: The toxicity of vanadium--Effect
of vanadate on blood-pressure, respiration and mortality, and the use
of dimercaprol (BAL) as antidote. Acta Pharmacol Toxicol 9:11-17,
1953

Quarterly Plant Dust Sample Survey. Unpublished report submitted to
NIOSH by Union Carbide Corp, Metals Division, Technical Dept, Hot
Springs, Ark, Oct 1976, 1 p

Determination of wvanadium 1in ferro-vanadium by the methods of
Analysis Committee. J Iron Steel Inst London 170:343-47, 1952

Information Concerning the Development of the Criteria Document and
Recommended Health Standard for Vanadium and Its Compounds.
Unpublished reports submitted to NIOSH by Atlas Corp, Atlas Minerals,
Moab, Utah, Feb 1977, 4 pp

Fitzgerald JJ, Detwiler CG: Optimum particle size for penetration
through the millipore filter. Arch Ind Health 15:3-8, 1957

Lindeken CL, Petrock KF, Phillips WA, Taylor RD: Surface collection
efficiency of large-pore membrane filters. Health Phys 10:495-99,
1964

Lippmann M. Filter Media for Air Sampling, in Air Sampling
Instruments for Evaluation of Atmospheric Contaminants, ed 4.
Cincinnati, American Conference of Governmental Industrial
Hygienists, 1972, pp N-2 to N-21

Lingane JJ, Meites L Jr: Polarographic determination of vanadium in
steel and other ferroalloys. Anal Chem 19:159-61, 1947

112



87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

Lander DW, Steiner RL, Anderson DH, Dehm RL: Spectrographic

determination of elements in airborne dirt. Appl Spectrosc 25:270-
75, 1971

Morrow NL, Brief RS: Elemental composition of suspended particulate
matter in metropolitan New York. Environ Sci Technol 5:786-89, 1971

Tipton 1IH, Cook NJ: Trace elements in human tissue--II. Adult
subjects from the United States. Health Phys 9:103-07, 1963

Glick D: Cytochemical analysis by 1laser microprobe-emission
spectroscopy. Ann NY Acad Sci 157:265-74, 1969

Alexander GV: X-ray fluorescence of biological tissues. Appl
Spectrosc 18:1-4, 1964

Davis EN, Hoeck  BC: X-ray  spectrographic method for the
determination of vanadium and nickel in residual fuels and charging
stocks. Anal Chem 27:1880-84, 1955

Dwiggins CW Jr, Dunning HN: Quantitative determination of traces of
vanadium, iron, nickel in oils by X-ray spectrography. Anal Chem
32:1137-41, 1960

Kang CC, Keel EW, Solomon E: Determination of traces of vanadium,
iron, and nickel in petroleum oils by X-ray emission spectrography.
Anal Chem 32:221-25, 1960

Hasler MF, Kemp JW, Andermann G: New instruments and techniques
applicable to X-ray spectrochemical analysis. Glendale, Calif,
Applied Research Laboratory, 1955

Blosser ER: Identification and Estimation of Ions, Molecules, and
Compounds in Particulate Matter Collected from Ambient Adr,
Springfield, Va, US Dept of Commerce, National Technical Information
Service, 1971, 77 pp (NTIS PB 201 738)

Dams R, Robbins JA, Rahn KA, Winchester JW: Nondestructive neutron
activation analysis of air pollution particulates. Anal Chem 42:861-
67, 1970

Zoller WH, Gordon GE, Gladney ES, Jones AG: The sources and
distribution of vanadium in the atmosphere. Am Chem Soc Div Water
Air Waste Chem Gen Pap 11:159-65, 1971

Wright ER, Mellon MG: The phosphotungstate method for vanadium. Ind
Eng Chem, Anal Ed 9:251-54, 1937

Sugawara K, Tenaka M, Kozawa A: A rapid colorimetric determination
of vanadium in carbon materials. Bull Chem Soc Jap 28:492-94, 1955

113



101.

102.

103.

104,

105.

106.

107.

108.

109.

110.

111.

112,

113.

Kitagawa H, Shibata N: Spectrophotometric determination of vanadium
by extraction of tungstovanadophosphoric acid with ethyl methyl
ketone. Japan Analyst 7:624-27, 1958

Cooper MD, Winter PK: Determination of vanadium as
phosphotunstovanadate. Anal Chem 21:605-09, 1949

Quickert N, Zdrojewski A, Dubois L: The accurate measurement of
vanadium in airborne particulates. Int J Environ Anal Chem 3:229-38,
1974

American Conference of Governmmental Industrial Hygienists, Committee
on Industrial Ventilation: Industrial Ventilation--A Manual of
Recommended Practice, ed l4. Lansing, Mich, ACGIH, 1976, pp 1-1 to
14-8

American National Standards Institute Inc: Fundamentals Governing
the Design and Operation of Local Exhaust Systems, ANSI 29.2-1971.
New York, ANSI, 1971, 63 pp

Hagopian JH, Bastress EK: Recommended Industrial Ventilation
Guidelines, HEW Publication No. (NIOSH) 76-162. Cincinnati, US Dept
of Health, Education, and Welfare, Public Health Service, Center for
Disease Control, National Institute for Occupational Safety and
Health, Division of Physical Sciences and Engineering, 1976, 330 pp

Guide for explosion venting, in National Fire Codes--A Compilation of
NFPA Codes, Standards, Recommended Practices, and Manuals; Occupancy
Standards and Process Hazards. Boston, National Fire Protection
Asgociation, 1973, vol 9, pp 68-1 to 68-53

Respiratory Protective Devices Manual. Ann Arbor, Mich, Joint
American Industrial Hygiene Association-American Conference of
Governmental Industrial Hygienists, Respiratory Protective Devices
Committee, 1963, 162 pp

American Conference of Governmental Industrial Hygienists: Threshold
Limit Values for 1954, AMA Arch Ind Hyg Occup Med 9:530-34, 1954

American Conference of Governmental Industrial Hygienists: Threshold
Limit Values for 1963. Cincinnati, ACGIH, 1963, p 9

American Conference of Governmental Industrial Hygienists: Threshold
Limit Values for 1964. Cincinnati, ACGIH, 1964, pp 9,13

American Conference of Governmental Industrial Hygienists, Committee
on Threshold Limit Values: Documentation of the Threshold Limit
Values for Substances in Workroom Air, ed 3, 1971. Cincinnati,
ACGIH, 2nd printing, 1974, pp 275-76

American Conference of Governmental Industrial Hygienists: TLVs--
Threshold Limit Values for Chemical Substances and Physical Agents in
114



114,

115.

116,

117.

118.

119,

120.

121.

the Workroom Environment with Intended Changes for 1972. Cincinnati,
ACGIH, 1972, pp 17,28

Permissible Levels of Toxic Substances in the Working Environment--—
Sixth Session of the Joint ILO/WHO Committee on Occupational Health,
Geneva, 4-10 June 1968. Geneva, International Labour Office, 1970,
pp 205-06,209,215,227,234,240,250-51,342,344,348,353

American Conference of Governmental Industrial Hygienists, Committee
on Threshold Limit Values: Documentation of Threshold Limit Values,
rev, Cincinnati, ACGIH, 1966, 203 pp

Holden H: Acute 1lung damage by inhaled metals. J Clin Pathol
21:123-26, 1968

Smith RG: Five of potential significance, in Lee Dak (ed): Metallic
Contaminants of Human Health. New York, Academic Press, 1972, pp
139-62

Drinker KR, Drinker P: Metal fume fever--Part 5. Results of the

inhalation by animals of zinc and magnesium oxide fumes. J 1Ind Hyg
10:56-70, 1928

Elkins HB: Chemistry of Industrial Toxicology, ed 2. New York,
Wiley and Sons, 1959, pp 34-38

Sturgis CC, Drinker P, Thomson RM: Metal fume fever--I. Clinical
observation on the effect of the experimental inhalation of zinc
oxide by two apparently normal persons. J Ind Hyg 9:88-97, 1927

Vanadium, V205 Dust, Method No. S$388. Standards Completion Program.
US Dept of Health, Education, and Welfare, Public Health Service,
Center for Disease Control, National Institute for Occupational
Safety and Health, 1976, pp S388-1 to S388-B-4 (unpublished)

115



	RECOMMENDATIONS FOR A STANDARD; PREFACES; INTRO.
	BIOLOGIC EFFECTS
	ENVIR. DATA; WORK PRACTICES
	DEV. OF STD.; RESEARCH NEEDS; REFERENCES
	DEV. OF STANDARD
	Basis for Prev. Stds.
	Basis for Recommended Std.

	RESEARCH NEEDS
	REFERENCES

	APPENDICES; TABLES & FIGURE

