
Advances in Environmental Biology, 8(15) Special 2014, Pages: 184-186 

 

AENSI Journals 

Advances in Environmental Biology 
ISSN-1995-0756 EISSN-1998-1066 

 

Journal home page: http://www.aensiweb.com/AEB/ 

 

 

Corresponding Author: Jacques, O., Edith Cowan University, School of Exercise and Health Sciences, Faculty of Health,  

Engineering and Science, 270 Joondalup Drive, Joondalup, WA6027, Australia. 

Deficiencies of Air Sampling Programs in Quantifying Occupational Exposures to 
Heavy Metals 
 
Jacques O. 
 
Edith Cowan University, School of Exercise and Health Sciences, Faculty of Health, Engineering and Science, 270 Joondalup Drive, 

Joondalup, WA6027, Australia. 

 

A R T I C L E  I N F O   A B S T R A C T  

Article history: 

Received 25 July 2014 

Received in revised form 
8 August 2014 

Accepted 15 September 2014 

Available online 25 October 2014 

 

Keywords: 

Air sampling, urine, heavy metals 

 Background: Worker exposures to heavy metals are normally assessed with ambient 

air sampling techniques. Objective: Urinary sampling was performed to validate 

routine air monitoring results. Results: Air sampling was compliant with most levels 
lower than 50% the exposure standard. Urinary samples in some cases were very high 

and there was no correlation between area employed and levels of contamination. 

Conclusion: Air monitoring should not be conducted in isolation without biological 
monitoring as results of air sampling could be misleading. The disparity between 

environmental and urinary data points to an alternative route of exposure, such as diet 

or dermal absorption. The fact that samples may have been contaminated (deliberately 
or accidentally) cannot be excluded. 
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INTRODUCTION 

 

 Exposure surveillance in the workplace is normally reliant on air-borne sampling which needs to be 

conducted according to prescribed methods. Ideally the sampling program needs to be guided by a systematic 

review of current and historical occupational hygiene data. Annual monitoring programs need to be developed 

and these should detail clearly what needs to be sampled, how many samples are required, how they will be 

analysed and how data will be recorded and utilised. The allocation of sampling days and shifts as well as 

people to be sampled needs to be a randomized process. Sample collection, handling, and subsequent analysis 

needs to be conducted in terms of approved methods. Furthermore, the exposure standards that will be utilised 

need to be valid. In Australia, this usually means adapting the standards for 12 hour shifts [1]. 

 It is usually difficult in an operational context, to gather the large numbers of measurements necessary to 

produce a high level of confidence in exposure data, particularly when there is significant variability in the 

results, or the mean exposure level is close to the exposure standard. Similar exposure groups (SEG’S) are often 

established and profiled based on sample sizes as small as 6 – 10 [2]. In an attempt to more accurately quantify 

exposures and increase the levels of confidence a large aggregate data set using historical data was created and 

this allowed for an analysis of exposure levels and trends over time. All results of airborne sampling conducted 

at the study location during 2004 – 2009 were pooled to create a large aggregated database (n=2226) of 

gravimetric dust results. The data set was subsequently separated into inhalable (792) and respirable (1434) dust. 

A number of results (238) were discarded because the type of sample had not been specified. Results below the 

level of detection were manipulated to facilitate statistical analysis by multiplying the level of detection by 0.7. 

Dust sampling results were compared to Australian exposure standards [3], which were adjusted 12 hour shifts 

(5mg/m
3
 - inhalable) and (1.5 mg/m

3 
- respirable), according to the Brief and Scala method, [4]. 

 Respirable dust levels were very low with 94% below the exposure standard (n=1422, mean 0.66 mg/m
3
, 

standard deviation 1.78, CI 0.63 – 0.69). Inhalable dust (n=782) samples had 97% compliance (n=782, mean 

value 0.84mg/m
3
, standard deviation 2.17, CI (0.79 – 0.89). Samples submitted for crystalline silica analysis 

were virtually all below the level of detection. Dust monitoring results were therefore deemed to be satisfactory. 

The majority of the exceedences were probably associated with maintenance or shutdown tasks and would have 

been targeted “worst case scenario” monitoring during which employees would have been required to wear 
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respiratory protection. The entire plant was deemed to be compliant in terms of the contaminants monitored and 

in most cases; results per exposure group were significantly lower than 50% of the exposure standards. 

 Following on from a comprehensive occupational hygiene risk assessment that included analysis of 

historical data, the sampling program was broadened in 2011 to obtain benchmark data for most SEGS on a 

range of additional contaminants that included, heavy metals such as cadmium, chromium, mercury, nickel and 

cobalt, as well as a range of gasses and vapours. Furthermore a range of biological monitoring programs were 

also implemented. For the purposes of this paper data related to Nickel and Cobalt will be presented. 

 

MATERIALS & METHODS 

 

 Personal air borne heavy metal sample data collected during 2011 were stratified into similar exposure 

groups (SEG’s). In cases where levels were too low to be detected, the laboratory’s detection level was 

multiplied by 0.7 to obtain a value that could be used for statistical analysis. However, in cases where a large 

proportion (>25%) of the samples were below detection, data were not analysed. Geometric mean values were 

manipulated as stipulated by Ogden (5) to determine frequency of sampling for the next 2 years.  

 During 2011 a comprehensive urinary nickel monitoring program was also introduced which was 

subsequently expanded to include Cobalt. An “in-house” urinary sampling protocol was established which 

stipulated when and how samples needed to be collected, stored and transported for analysis in a National 

Association of Testing Authorities (NATA) approved laboratory. The protocol also stipulates how to deal with 

individuals found to exceed specific urinary Nickel and Cobalt levels and also considers the management of 

pregnant women in the workplace. Urinary data were entered into a spreadsheet and stratified into various SEGS 

in order to enable comparison with air monitoring data. 

 

Results: 

 Air monitoring for Nickel (Ni) and Cobalt (Co) conducted in the refinery (n= 46 for Nickel and n= 35 for 

Cobalt) during 2011 produced very low results and the refinery was deemed to be compliant. Cobalt values 

ranged from 0.0004 mg.m
-3

 to 0.0085 mg.m
-3

 with no result exceeding the exposure standard (Geometric mean 

0.0018, Geometric standard deviation 2.98). Nickel samples were also all below the exposure standard and they 

ranged from 0.0004 mg.m
-3

 to 0.37 mg.m
-3

 (Geometric mean 0.014, Geometric standard deviation 6.2).  

 Three hundred and ninety three urinary Nickel samples were collected during 2012, a total of 118 (30%), 

were below 20 µg/L which can be regarded as a normal background level. A further 66 (16.8%) of the samples 

were classified as having some workplace exposure with levels ranging between 21 to 40 µg/L These workers 

had a formal review of their results and work practices and a repeat sample was obtained. If they happened to be 

pregnant or lactating women they were removed from exposure. Ninety two (23.4%) of the samples were 

classified as moderate occupational exposures and they were classified in the range of 41-75 µg/L. Workers in 

the “moderate” range had a formal review and an exposure reduction plan was developed for them, again 

pregnant or breast feeding women were removed from exposure. A relatively large proportion of the workers 

(n=117, 29.8%) were classified as having high occupational exposures with levels above 75 µg/L. In addition to 

counseling, removal from exposure and development of exposure reduction plans, these individuals were also 

referred to an Occupational Physician. It was assumed that when workers received a high result their level of 

awareness would be raised and they would actively attempt to reduce exposures by wearing PPE and improving 

personal hygiene. To test this hypothesis, data were stratified by name and date sampled and it was found that 

many workers were categorised across a range of exposure groups and there was no downward trend in the 

levels between samples, in fact there were many instances where levels increased between samples. 

 Urinary cobalt samples (n=57) were collected during 2013. These data were stratified according to exposure 

levels in µg Co/L in order to identify workers that exceeded the Biological Exposure Index (BEI) of 15µg/L (6). 

It was found that 13 (23%) of the samples exceeded the BEI.  

 

Discussion: 

 In terms of airborne particulate matter exposures, the refinery achieved a remarkable result. Analysis of 

historical occupational hygiene data for dust consistently demonstrated compliance and levels of Nickel and 

Cobalt were all found to be below the BEI. The entire Plant was deemed to be compliant for the contaminants 

monitored, and in most cases results per exposure group were significantly lower than 50% of the exposure 

standards.  

 In an attempt to implement best practice occupational health management a biological monitoring program 

that included urinary Nickel and Cobalt sampling was introduced and it was found that elements of the 

workforce had significant occupational exposures to both Nickel and Cobalt in spite of the work environment 

being apparently compliant. No correlations were found between workplace SEGs and urinary levels of 

contamination and in fact there were workers who were employed in the same environments “side by side” that 

had levels of contamination ranging from below the level of detection to more than 1000 µg/L. This disparity 
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coupled with the low airborne levels of exposure points to an alternative route of exposure (other than 

inhalation) such as dermal absorption or ingestion. The fact that samples may be contaminated (deliberately or 

accidentally) during collection can also not be excluded. 

 

Conclusions: 

 Personal air monitoring, even when conducted in a scientifically reliable and valid manner, according to a 

pre-determined protocol does not necessarily identify all workplace hazards as these relate to heavy metal 

exposures. Air monitoring needs to be supplemented with biological monitoring, in order to ensure that the 

health and safety of workers are adequately protected.  

 Refineries need to ensure that high standards of hygiene are maintained by workers. It is possible that 

workers hands become contaminated during the day and that Nickel and Cobalt is ingested during eating, 

drinking or smoking with unwashed hands. The issue is further complicated by the fact that smoking prevalence 

in this workforce is high and many workers were observed rolling their own cigarettes, possibly with 

contaminated hands. Workers also need to be encouraged to change at work and not to go home before they 

have had a shower and have changed into clean clothing. Taking dirty clothing home could lead to further 

contamination, particularly if they do not remove their work boots before entering the home. Laundering of 

work clothing should preferably be conducted externally to the home environment or alternatively clothing 

should be washed separately. Workers need to be informed of the hazards associated with their workplaces and 

they need to understand how contamination could occur. When producing urine samples workers should be 

clean and they should preferably only do so directly after having a shower. 
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