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PARTICULATE AIRBORNE FLUORIDE FROM AN ALUMINIUM 
PRODUCTION PLANT IN ARAK, IRAN

Sina Dobaradaran,a,b Fatemeh Fazelinia,bAmir Hossein Mahvi,c Sara Saadat Hosseinib

Tehran, Iran

SUMMARY: The total fluoride (F) content in particulate matter in the air at 20 sampling
sites in Arak city, which has the largest aluminium production plant in Iran, was
determined by ion chromatography/conductivity. Total F particulate content for a 3-
hr period was measured in triplicate every 10 days at each site at the same time in
July 2008. The maximum F content was 390.1 µg/m3 and the minimum was 3.2 µg/m3.
The mean level was 73.43 µg/m3. 
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INTRODUCTION

Fluoride (F) in both gaseous and particulate forms is emitted into the air by
different types of coal-burning and industrial operations such as power generation
and the production/manufacture of aluminium (Al), brick, glass, plastics, steel,
fertilizers, and ceramics.1,2 The main sources of F intake by humans are usually
water and food, but very low levels of F are usually present in air. In most non-
industrial areas an airborne F content of less than 1 µg/m3 is normal,3 but in
industrial areas occupational and public exposure of F air may become
important.1,2 

Most studies of F emissions are on gaseous forms (HF and SiF4) rather than on
particulate F. In the air around Al smelters, the diameter of particulate airborne F
varies from 0.1 to 10 µm, which is capable of entering the lungs.4 Since such
particulate F can be stable in air and not readily hydrolyzed,3 its respiratory
toxicity5,6 may not always be evident. In Iran there have been a number of studies
concerning the F content of food and especially water,7-13 but there appear to be
none about F concentrations in the air. Consequently, the present study was
undertaken to determine the airborne particulate F levels in city of Arak, which has
the largest Al production plant in Iran. 

MATERIALS AND METHODS

This study was conducted in July 2008 in Arak city in Markazi Province (Figure
1). Arak has a population of 600,000 inhabitants; the climate is warm and dry in
summer, and cold and humid in winter. Arak is located southwest of Tehran
between mountain ranges on the south, west, and southwest. With an elevation of
1700 m above sea level, Arak in July usually has a fairly stable air movement. As
shown in Figure 1, an aluminium (Al) production plant, the largest in Iran, is
located near the southeastern edge of Arak. 
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In July the wind speed is generally fairly low, and the wind direction is
predominantly from the east and eastnortheast. Twenty sites or points in Arak at
different distances from the Al plant were selected for sampling. The ground
elevations of these points are nearly the same, and the height and diameter of the
factory stack are 60 and 5 m, respectively. The NIOSH 7906 method14 was used
for sampling and determination of the total amount of F in the particulate matter
by the ion chromatography/conductivity method. Total F particulate content for a
3-hr sampling period was measured in triplicate every 10 days at each sampling
point at the same time in July 2008. 

RESULTS AND DISCUSSION

In the Table are shown the total particulate F content in the air and distance of
the sampling points from the Al plant. The mean concentration of total particulate
F in the air varied widely from 5.5 to 336.1 µg/m3 with a mean level of 73.43 µg/
m3. For comparison, in a related study in British Columbia, Canada, the airborne F
level in a high exposure area was 280 µg/m3 as particulate F.15 On Cornwall Island
on the St. Lawrence River, at a distance of 1.5 km from an Al plant, the 12-hour
maximum particulate F content was 5.53 µg/m3 and the average was 0.31 µg/
m3.16 

 

   Figure 1. Location of Arak in Iran showing sampling sites and wind-rose data in July 2008.
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The World Health Organization has reported 100–500 µg F/m3 in air near a
phosphate manufacturing facility.17 Differing results are reported for the F content
in the air, soil, and vegetation depending on air conditions and the distance from an
Al production plant.18-21 In China the F content of unventilated indoor air ranged
from 3.2 µg/m3 to 56.8 µg/m3 in three different areas.22 In Ontario, Canada, the
ambient air quality criteria for total F (gaseous and particulate) are 1.72, 8.6, and
0.69 µg/m3, respectively, for ambient 24-hr value, half-hour point of impingement
standard, and 30-day ambient air quality criterion expressed during the growing
season.21 For Victoria in British Columbia of Canada, the maximum average
design criteria for F in 24 hours, 7 days, and 90 days are 2.9, 1.7, and 0.5 µg/m3,
respectively.23 The basis of these values is to protect against adverse effects on
vegetation by minimizing F accumulation, since certain types of vegetation are
more sensitive to F exposure than humans.23-25 In Arak there is evidence of
damage to vegetation that may be related to elevated levels of F in air around the
Al production plant (Figure 2). As expected, these adverse effects on plants are
less noticeable in the western part of Arak at greater distances from the Al
production facility.      

Table. Tota l particu late F content of samples at se lected points and their d istance from the  
alumin ium production plant (maximum value of F content is expressed as bold italic;  

minimum values as bold underlined) 
 

Number of 
sampling 

point 

Distance from 
aluminium production 

plant (km) 

Mean 3-hr  
F-content in the a ir 

(µg/m3) 

Max 3-hr  
F-content in the 

a ir (µg/m3) 

Min 3-hr  
F-content in the 

air (µg/m3) 

1 2 16.7 20.86 10.4 

2 2.1  47.2 60.2 31.1 
3 2.6  233.3 298.9 190.3 

4 2.8  19.4 30.4 10.15 

5 3.8  308.3 370.8 250.45 

6 4.1  55.6 71.3 29.9 

7 4.4  36.1 50.2 19.75 

8 5.4  8.3 14.1 4.9 

9 5.5  13.9 20.7 4.8 
10 6 336.1 390.1 269.66 

11 6.2  27.2 39.1 13.12 

12 6.4  11.1 21.3 5.2 

13 6.6  16.7 28.4 9.15 

14 6.7  77.78 91.34 50.9 

15 7.9  5.5 8.2 3.2 

16 8 175 215.1 152 

17 9.5  25 32.7 14.6 

18 9.9  22.2 29.1 15.9 
19 11.5 19.4 32.65 9.72 

20 13 13.9 19.1 6.7 

Total mean  73.43   
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According to another reference,26 the 1-hour exposure level of F to protect
against respiratory irritation is near 0.6 mg/m3, and the content to protect against
severe irritation from a once-in-a-lifetime exposure is near 1.6 mg/m3.26

Information from different sources indicates that long-term exposure of humans
(children and workers) to 0.1–0.5 mg F/m3 leads to impairment of respiratory
function and skeletal fluorosis.26 However, the available data does not permit the
derivation of an air quality guideline value for fluoride(s).26 In other studies in
other countries, the occurrence of environmental F contamination by industrial
activities, mainly from Al smelters, has shown adverse effects on vegetation and
animals and lesser effects on human.27

In relation to air quality criteria, the particulate F levels in the air in Arak are
high, but as yet there are no data concerning health effects related to airborne F in
the city. The existing mountains to the south, west, and southwest, 24-hr and
continuous production of Al in the smelter, low stack height, stability of air, and a
low wind speed in Arak are probably the most important reasons for the high F
content in the air. Consequently, it is critically important that more efficient
devices be installed in the Al plant to control its emission of air pollutants,
especially F, both gaseous and particulate.

Figure 2. Leaf-edge necrosis in Morus alba in a regional park near the aluminium production 
plant in Arak.



Research report
Fluoride 42(3)228–232
July-September 2009

Particulate airborne fluoride from an aluminium production plant in Arak, Iran
Dobaradaran, Fazelinia, Mahvi, Hosseini 232232
REFERENCES
1 Ruth, JH. Odor thresholds and irritation levels of several chemical substances a review. Am

Ind Hyg Assoc J 1986;47:142-51.
2 WHO. Fluorine and fluorides (Environmental Health criteria, no.36) Geneva: WHO;1984.
3 US Public Health Service. Toxicological profile for fluorides, hydrogen fluoride, and fluorine.

Atlanta: Agency for Toxic Substances and Disease Registry; 2003.
4 Less LN, Mcgregor A, Jones LHP, Cowling DW, Leafe EL. Fluorine uptake by grass from

aluminium smelter fume. Int J Environ Stud 1975;7:153-60. 
5 Chen XQ, Machida K, Ando M. Effects of fluoride aerosol inhalation on mice. Fluoride 1999;

332(3):153-61.
6 Yamamoto S, Katagiri K, Ando M. Suppression of pulmonary defenses mechanisms and

lung damage in mice exposed to fluoride aerosol. J Toxicol Environ Health 2001;62:485-94.
7 Dobaradaran S, Mahvi AH, Dehdashti S. Fluoride content of bottled drinking water available

in Iran. Fluoride 2008;40:93-4.
8 Nouri J, Mahvi AH, Babaei A, Ahmadpour E. Regional pattern distribution of groundwater

fluoride in the Shush aquifer of Khuzestan County, Iran. Fluoride 2006;39:321-5.
9 Dobaradaran S, Mahvi AH, Dehdashti S, Ranjbar Vakil Abadi D. Drinking water Fluoride

and child dental caries in Dashtestan, Iran. Fluoride 2008;41:220-6. 
10 Mahvi AH, Zazoli MA, Younecian M, Nicpour B, Babapour A. Survey of fluoride

concentration in drinking water sources and prevalence of DMFT in the 12 years old
students in Behshahr city. J Med Sci 2006;6:658-61.

11 Mahvi AH, Zazoli MA, Younecian M, Esfandiari Y. Fluoride content of Iranian black tea and
tea liquor. Fluoride 2006;39:266-8.

12 Dobaradaran S, Mahvi AH, Dehdashti S, Dobaradaran S, Shoara R. Correlation of fluoride
with some inorganic constituents in groundwater of Dashtestan, Iran. Fluoride 2009;42:50-
3.

13 Poureslami HR, Khazaeli P, Noori GR. Fluoride in food and water consumed in Koohbanan.
Fluoride 2008;41:216-19.

14 Lorberau C, Fluorides, aerosol and gas, by IC: Method 7906, Issue 1, dated 15 August
1994 - page 2 of 4. Available from: http://www.cdc.gov/NIOSH/nmam/pdfs/ 7906.pdf

15 Chan-Yeung M, Wong R, MacLean L, Tan F, Schulzer M, Enarson D, et al. Epidemiologic
health study of workers in an aluminum smelter in British Columbia, Canada: Effects on the
respiratory systems. Am Rev Respir Dis 1983a; 127:465-9.

16 Krook L, Maylin GA. Industrial fluoride pollution: Chronic fluoride poisoning in Cornwall
Island cattle. Cornell Vet 1979;69(Supplement 8):3-70.

17 WHO. Air quality guidelines for Europe. 2nd ed. Copenhagen: WHO, Regional Office for
Europe; 2000.

18 Notcutt G, Davies F. Environmental. Accumulation of airborne fluorides in Romania. Environ
Geochem Health 2001;23:43-51.

19 Raveendran E. Airborne fluorides in the vicinity of an aluminium reduction plant in Bahrain.
Environ Technol 1990;11:365-70.

20 Polomski J, Flühler H, Blaser P. Accumulation of airborne fluoride in soils. J Environ Qual
1982;11:457-61.

21 Junior AMD, Oliva MA, Ferreira FA. Dispersal pattern of airborne emissions from an
aluminium smelter in Ouro Preto, Brazil, as expressed by foliar fluoride accumulation in
eight plant species. Ecological Indicators 2008;8:454-61.

22 Ruan JP, Bardsen A, Astrøm AN, Huang RZ, Wang ZL, Bjorvatn K. Dental fluorosis in
children in areas with fluoride-polluted air, high-fluoride water, and low-fluoride water as well
as low-fluoride air: A study of deciduous and permanent teeth in the Shaanxi province,
China. Acta Odontol Scand 2007;65:65-71.

23 Ontario Ministry of the Environment. Rationale for development of Ontario air standard for
hydrogen fluoride. Ontario: Ministry of the Environment; 2004.

24 EPA Victoria. State Environmental Protection Policy (Air quality Management). Melbourne:
EPA Victoria; 2001.

25 WHO. Environmental Health Criteria 227-Fluorides. Geneva: WHO; 2002.
26 Alexeef GV, Lewis DC, Ragle NL. Estimation of potential health effects from acute exposure

to hydrogen fluoride using a "benchmark dose" approach. Risk Anal 1993;13:63-9.
27 Weinstein LH, Davison A. Fluoride in the Environment. Massachusetts: CABI Publishing;

2004.

Copyright © 2009 The International Society for Fluoride Research Inc.   
www.fluorideresearch.org       www.fluorideresearch.com       www.fluorideresearch.net

Editorial Office: 727 Brighton Road, Ocean View, Dunedin 9035, New Zealand.    


	SUMMARY: The total fluoride (F) content in particulate matter in the air at 20 sampling sites in Arak city, which has the largest aluminium production plant in Iran, was determined by ion chromatography/conductivity. Total F particulate conte...


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


