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Abstract

A method was developed which allow separate determination of Cr(VI) and total Cr from the same minute sample of atmospheric aerosols.
Cr(VI) was leached was with 0.1 M Na,COs; and the total Cr concentrations were determined after acid digestion. The method was validated by the
analysis of certified reference materials, CRM 545, Mess-3 and Pacs-2 with good agreement between certified and found values. Cr concentrations
in air samples taken around the chromium smelter show concentrations that exceed the maximum allowed levels in 8 h with higher values closer to

the smelter. The limit of detection (LOD) of the method for Cr(VI) determination in air samples was found to be 0.2 ngm

=3 i.e. lower than offered

by the commonly preferred spectrophotometric and colorimetric techniques.

© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

The increasing number of industrialization activities has
impacts on air quality around the world. The effects of industrial
emissions on human health have been associated with air pol-
lution [1]. Though atmospheric aerosol particles originate from
both natural and anthropogenic sources, the latter are likely to
exceed natural ones on alocal scale due to the existence of impor-
tant point sources as in many cities and industrialized areas [2].

Mining activities, specifically smelter processes, release met-
als into the air as fine particulate matter. Metals introduced
into the atmosphere may be carried to the land surface by pre-
cipitation and dry fallout. In the process of chromium metal
production, compounds of Cr(VI) are detected in soils and air-
borne particles as a result of both aerial transport and deposition
of dust produced in the chromate processes.

Under normal conditions, chromium is not expected to create
any unusual health hazard. However, if the product is subjected
to burning, grinding or machining, then the metal particulate
matter or elemental oxides from the products may be released.
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Chromium’s nutritional role has not been thoroughly delineated,
but it appears that Cr(IIl) potentiates some metabolic activ-
ities in the human digestive system. It is known to prevent
adverse effects in the metabolism of glucose and lipids [3—7]. In
contrast, hexavalent chromium is primarily man-made and can
diffuse as CrO4°~ through cell membranes and oxidize biolog-
ical molecules with toxic results [8].

Cr(VI) compounds have been shown to be a human respira-
tory carcinogen in epidemiological studies [9—12] when exposed
to relatively high levels in the workplace. The occupational
exposure to a toxicant is normally assessed against a threshold
limit value, which is often expressed as a time weighted average
(TLV-TWA), according to the ACGIH [13]. Permissible expo-
sure limits for different chromium substances over an 8§ h period
are summarized in Table 1.

A variety of spectrophotometric and colorimetric techniques
have been devised for the determination of Cr(VI) [18,19].
The most prevalent calorimetric method uses the selective reac-
tion of Cr(VI) with 1,5-diphenylcarbazone complex. This spec-
trophotometric method suffers from the presence interfering
compounds, which may be solubilized during the extraction
of Cr(VI). These include compounds that reduce Cr(VI) under
the acidic condition of the standard DPC method and species
that absorb at the analytical wavelength of interest of DPC-Cr
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Table 1
Permissible exposure limits for different chromium substances over an 8 h period

Exposure limit (mg m~3) Regulatory body

0.05 ACGIH [13]

0.1 (as CrO3) OSHA [14]

0.5 ugm™3 OSHA [15]

0.001 NIOSH [14]

0.05 UK HSC [14]

0.05 DOL, DME [16,17]

colored complex [20]. The technique also suffers from poor sen-
sitivity and high diction limitation. In spite of a tremendous
number of publications connected with Cr(VI) speciation in dif-
ferent environmental samples [21,22], there is a notable lack of
information pertaining to the speciation of Cr(VI) in air samples.

The method that has been successfully applied for the leach-
ing of Cr(VI) from soil [23] was tested for the extraction of
Cr(VI) in atmospheric aerosols followed by the determination
with electrothermal atomic absorption spectrometry (ETAAS).
The paper outlines a procedure for the leaching of Cr(VI) with
NayCOs3. The developed method was applied to determine the
levels of Cr(V]) in air particulate around the chromium smelter.

2. Experimental
2.1. Apparatus

A Perkin-Elmer AAnalyst 600 atomic absorption spectrom-
eter with Zeeman-effect background correction equipped with
Cr hollow cathode lamp operating at 25 mA was used for all
measurements. The wavelength and spectral band pass were set
at 357.9 and 0.7 nm, respectively. Transversely heated graphite
tubes (THGA) with integrated L'vov platforms (Perkin-Elmer,
part N B050-4033) were used as atomizers with Argon as the
sheath gas throughout. Polytetrafluoroethylene (PTFE) Mem-
brane Filters from Millipore, FGLP 04700 with 0.2 wm of pore
size and MF-Millipore Membrane Filters, PHWP 04700 with
0.3 pm of pore size were used for the collection of samples.

2.2. Reagents and standard solutions

Standard stock solutions containing 1000 mg1~! Cr(VI) as
K>CrO4 (Merck) was used for the preparation of working stan-
dards for chromium. Ultra-pure water (resistivity, 18.2 M2 cm),
obtained from a Milli-Q water purification system (Millipore
Corp., USA), was used for all dilutions and sample prepara-
tion. Ultra-pure HC1O4 (Merck), HF (Merck) and HCI (Merck)
were used during the digestion of the residue for the total
chromium determination in atmospheric aerosols. Hydrophilic
PVDF 0.45 pm filters (Millipore Millex, USA) were used for the
filtration of all solutions. Certified reference materials: Pacs-2,
MESS-3 (marine sediments for trace metals obtained from the
National Research Council of Canada) and CRM 545 [Cr(VI)
in atmospheric dust, BCR, Brussels] were used as quality con-
trol samples for the evaluation of analytical results of total and
Cr(V]) determinations.

2.3. Sampling of airborne dust

Sampling of airbone dust were carried out at different sites
around the chromium smelter simultaneously using portable Air-
metrics Minivol samplers, which were positioned at a height
of 2m above the ground level. Air samples were collected on
pre-weighed 47 mm diameter filters. Samplers were calibrated
to an airflow rate of 5L min~!. Samples were collected over a
period of 8 h using a size-selective PM g inlet of 10 um aerody-
namic diameter. Filters were weighed before and after sampling
to 0.01 mg precision. Filters were stored in plastic petri dishes.
All equipment was stored in plastic bags in a dust free environ-
ment.

2.3.1. Sample preparation for determination of Cr(VI)
species

The filters were removed from the petrislides with forceps
and placed in a 100 mL beaker with the dust loaded side facing
downwards. Exactly 5.00mL of 0.1 M Na;CO3 solution was
added to the filter. The beaker with the filter was boiled on a
hotplate for about 10 min, with occasional swirling and careful
observation not to boil it to dryness as that could result in con-
version of Cr(VI) to Cr(Ill) due to excess heat [24]. After the
treatment, the solution was transferred to 10 mL plastic tube and
diluted with deionized water to a 5 mL mark. Before analysis, a
1.0 mL aliquot was filtered through 0.45 pm filter and placed in
the sampling cups of the ETAAS autosampler.

2.3.2. Determination of total Cr

After the determination of Cr(VI), the remaining solution was
evaporated to dryness in a sintered Pt crucible and the residue
was treated with a mixture of 2 mL conc. HC1O4 and 1 mL conc.
HF and finally dissolved in 0.5 mL conc. HCI. The final volume
of the solution was adjusted to 10 mL. with deionized water.
Certified reference materials were also prepared in the same
way.

3. Results and discussion
3.1. Temperature programme for the determination of Cr

The temperature program used by Panichev et al. [23] in
the determination of Cr(VI) in soil samples was used for all
analysis. The program is summarized in Table 2. Atomic profiles
of Cr(VI) in aqueous standard solutions and air samples treated
with Na; CO3 have same shape and appearance time indicating
that the pyrolysis temperature has removed the majority of the

Table 2

Temperature program for the determination of Cr

Step Temperature (°C) Ramp (s) Hold (s) Ar (mL min~1)
1 110 1 10 250

2 250 5 20 250

3 1400 5 30 250

4 2450 0 5 0

5 2450 1 3 250
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matrix prior atomization and any residual amount of NayCOj3
had no influence on the release of Cr during atomization.

3.2. Extraction of Cr(VI)

For extraction of Cr(VI), all samples were treated with
NayCOj3 solution in order to transform the insoluble Cr(VI) com-
pounds to soluble forms according to the equations:

BaCrO4 + CO32~ — BaCOj + CrO4%~ 1)
PbCrO4 + CO3%>~ — PbCO;3 + CrO4>~ )

The procedure removes all common metals, including Cr(III) as
insoluble carbonates, oxides, hydroxides, and basic carbonates,
and also improves sample recovery and maintains the valence
stability of Cr(VI) species [25]. After filtration, the solution con-
tains only CrO4%~ anions that were originally present in the
sample in the form of insoluble salts of Cr(VI), like BaCrO4 or
PbCrO4 (Egs. (1) and (2)), as their soluble sodium salts.

3.3. Validation of the methods for the determination of total
Cr and Cr(VI)

Standard reference materials were analyzed to evaluate the
validity of the applied methods in the determination of total Cr
and Cr(VI) in the collected samples. A summary of such analysis
is shown in Table 3. Results of chromium determinations in
CRMs are in good agreement with certified values and therefore
the applied method was validated.

3.4. Results of Cr(VI) determination in air sample collected
in filters

The limits of detection of Cr(VI) determination in air samples
was established using a blank solution of Na;CO3. The value
of LOD, calculated according to the equation: LOD = X, + 3sp,)
(n=25), where Xy, is the average blank concentration and sy is
the standard deviation of the blank determination was found to
be 1.4 ng of Cr(VI) or 0.2 ng m~3 as the concentration of Cr(VI)
in air for a 10 pL of sample solution. The developed method
therefore offers very low detection limit as compared with the
commonly used spectrophotometric methods [18,19].

The results of the determination of Cr(VI) from all sites are
summarized in Fig. 1. The results show that Cr(VI) is always
present in relatively small concentrations with reference to the
total Cr concentration. The higher levels of Cr(VI) in some sam-
ples are attributed to the marked increase in wind episode during
sampling.

Table 3
Results of total chromium and Cr(VI) determinations in certified reference
materials

CRM Certified value (ugg™!)  Measured value (ugg™')  Analyte
Mess-3 135+ 5 132+ 6 Cr
Pacs-2 90.7 £ 4.6 922 +34 Cr
CRM 545 395+ 13 388 £ 1.2 Cr(VI)

1000
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400 A

Concentration, ng m-3

200

B SiteC Site D
Sampled Site

Fig. 1. Comparison of the concentration of Cr in different sites around the fer-
rochrome smelter: (ll) Cr(VI); (@) total Cr.
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Fig. 2. Levels of Cr as a function of distance from the smelter: (¢) Site A; (H)
Site B; (A) Site C; (x) Site D.

The total content of chromium in air samples were compared
with the maximum permissible exposure per 8h [14]. Fig. 1
shows that out of four sites evaluated, Cr concentration exceeded
the maximum acceptable level in two of the sites i.e. Sites A and
B. The higher contamination in these sites may be influenced
by winds that mostly blow in that direction with reference to
the chromium smelter. The concentration of total amount of Cr
varied between 145 and 800 ng m 3. The results shown in Fig. 2
indicate that areas closer to the chromium smelter are more con-
taminated than those that are further away.

4. Conclusions

The determination of total Cr and Cr(VI) can be easily carried
in small collected air sample. This is achieved by determining
Cr(VI) first, followed by the determination of total Cr. The pro-
posed method can reliably be used as its results were confirmed
with good agreement between measured and certified values of
the analytes in the reference materials. The higher values of Cr
obtained around the chromium smelter illustrate more realisti-
cally the potential hazardous environment that may be created
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by Cr(VI) emissions in the area as the values are higher than
acceptable limits. The contamination of the area with Cr is more
concentrated closer to the smelter (the source of pollution).

References

[1] G. McGranahan, F. Murray, Air Pollution and Health in Rapidly Devel-
oping Countries, Earthscan Publications, London, 2003, pp.1-20.

[2] S. Hoornaert, R.E. Grieken, Atmospheric aerosol particles: a review
on sources sinks and effects, in: R.E. Van Grieken, Y. Shevah (Eds.),
Proceedings of a Symposium on Atmospheric Deposition and its Impact
on Ecosystems Where and When, Tel Aviv, 2000, pp. 15-53.

[3] J. Siepak, M. Kabacinski, D. Baratkiewixz, Chromium speciation in the
samples of the first water bearing level underground waters subjected to
anthropropession, Pol. J. Environ. Stud. 5 (1996) 41-44.

[4] R.A. Anderson, Chromium as an essential nutrient for humans, Regul.
Toxicol. Pharmacol. 26 (1997) S35-S41.

[5] T.P. Rao, S. Karthikeyan, B. Vijayalekshmy, C.S.P. Iyer, Speciative deter-
mination of chromium(VI) and chromium(IIl) using flow-injection on-
line preconcentration and flame atomic-absorption spectrometric detec-
tion, Anal. Chim. Acta 369 (1998) 69-77.

[6] S. Peleri, S.M. Booker, Reflections on hexavalent chromium: health haz-
ards of an industrial heavyweights, Environ. Health Perspect. 108 (2000)
1-8.

[71 AM. Zayed, N. Terry, Chromium in the environment: factors affecting
biological remediation, Plant Soil 249 (2003) 139-156.

[8] A. Kortenkamp, Z. Ozolins, D. Beyersmann, P. O’Brien, Generation
of PM2 DNA breaks in the course of reduction of chromium(VI) by
glutathione, Mutat. Res. 216 (1989) 19-26.

[9] V. Kitsa, P.J. Lioy, J.C. Chow, J.G. Watson, S. Schupack, T. Howel,
P. Sanders, Particle size distribution of chromium: total and hexavalent
chromium in inspirable, thoracic and respirable soil particles from con-
taminated sites in New Jersey, Aerosol Sci. Technol. 17 (1992) 213-229.

[10] P. Sheehan, R. Ricks, S. Ripple, D. Paustenbach, Field evaluation of
a sampling and analytical method for environmental levels of airborne
hexavalent chromium, Am. Ind. Hyg. Assoc. J. 53 (1992) 57-68.

[11] R.B. Hayes, Biological and Environmental Aspects of Chromium, Else-
vier, Amsterdam, 1982.

[12] C.T. Dillon, PA. Lay, AM. Bonin, N.E. Dixon, T.J. Collins, K.
Kostka, In vitro DNA damage and mutations induced by a macro-
cyclic tetraamide chromium(V) complex: implications for the role of

Cr(V) peptide complexes in chromium-induced cancers, Carcinogenesis
14 (1993) 1875-1880.

[13] ACGIH: American Conference of Governmental Industrial Hygienists
Documentation of the Threshold Limit Values and Biological Exposure
Indices, 7th ed., Cincinnati, Ohio, USA, 2001.

[14] HJ. Cross, S.P. Faux, S. Sandhra, T. Sorahan, L.S. Levy, T.C. Aw,
R. Braithwate, C. McRoy, L. Hamilton, I. Calvert, Biological Mon-
itoring of Occupational Exposure: Criteria Document for Hexavalent
Chromium, International Chromium Development Association, Paris,
1997, pp. 74-89.

[15] OSHA: United States Occupational Safety & Health Administration,
OSHA Analytical Methods Manual, 2nd ed., Method ID-215, 1998.

[16] DOL: Department of Labour Regulations of hazardous chemical sub-
stances, Occupational Health and Safety Act, 1993, Government Gazette,
No. 5549, South Africa, 1995.

[17] DME: Department of Mineral and Energy (South Africs), Proposed Rela-
tions for Occupational Hygiene, Mine Health and Safety Inspectorate,
Department of Minerals and Energy, Pretoria, South Africa, 2000.

[18] M.J.G. Alvarez, M.E.D. Garcia, A. Sanz-Medel, The complexation of
Cr(Ill) and Cr(VI) with flavones in micellar media and its use for
the spectrophotometric determination of chromium, Talanta 36 (1989)
919-923.

[19] S. Haukka, Determination of chromium in catalysts by ultraviolet/visible
spectrophotometry, Analyst 116 (1991) 1055-1057.

[20] M. Pettine, S. Capri, Digestion treatments and risks of Cr(III)-Cr(VI)
interconversions during Cr(VI) determination in soils and sediments—a
review, Anal. Chim. Acta 540 (2005) 231-238.

[21] M. Sperling, S. Yin, B. Welz, Differential determination of
chromium(VI) and total chromium in natural waters using flow injection
on-line separation and preconcentration electrothermal atomic absorption
spectrometry, Analyst 117 (1992) 629-636.

[22] L. Ebdon, L. Pitts, R. Cornelis, H. Crews, O.F.X. Donard, Ph. Que-
vauviller (Eds.), Trace Element Speciation for Environment, Food and
Health, The Royal Society of Chemistry, 2001.

[23] N. Panichev, K. Mandiwana, G. Foukaridis, Electrothermal atomic
absorption spectrometric determination of Cr(VI) in soil after leaching
of Cr(VI) species with carbon dioxide, Anal. Chim. Acta 491 (2003)
81-89.

[24] D. Molina, M.T. Abell, An ion chromatographic method for insoluble
chromites in pain aerosol, Am. Ind. Hyg. Assoc. J. 48 (1987) 830-835.

[25] J. Ku, Hexavalent Chromium Backup Data Report (ID-103), OSHA
Technical Centre, Salt Lake City, 1991, pp. 1-10.



	Electrothermal atomic absorption spectrometric determination of total and hexavalent chromium in atmospheric aerosols
	Introduction
	Experimental
	Apparatus
	Reagents and standard solutions
	Sampling of airborne dust
	Sample preparation for determination of Cr(VI) species
	Determination of total Cr


	Results and discussion
	Temperature programme for the determination of Cr
	Extraction of Cr(VI)
	Validation of the methods for the determination of total Cr and Cr(VI)
	Results of Cr(VI) determination in air sample collected in filters

	Conclusions
	References


