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Aluminium Production

 2Al2O3+3C=4Al+3CO2

 2Al2O3+3C (in a coal tar pitch-bound anode)+Na3AlF+AlF3= 4Al+3CO2+SO2+F(HF)+NO2

 Occurs in a primary aluminium production smelter. 
 In reality its a high temperature electrolytic reaction of alumina (aluminium oxide) with carbon to produce 

free molten aluminium metal and carbon dioxide

 Occurs in large, carbon-lined steel pots which acts as the cathode

 The chemical constituents are dissolved in a cryolite bath solution

 The carbon anode block is suspended in the bath and gets consumed in the process



INTRODUCTION AND BACKGROUND

 Aluminium smelter pot-room workers are exposed to various dusts and 
fumes 

 WHAT IS KNOWN/EMERGING RESEARCH
 Emerging research suggesting accelerated loss of lung function in 

metalliferous and non-metalliferous smelting (can lead to COPD)
 A previous review of 2006-2009 data suggested higher than normal drop in 

lung function in two of three smelters

 GAPS IN KNOWLEDGE
 No published prospective or longitudinal studies in aluminium smelting 
 Causative factors not known therefore not possible to infer from other 

metalliferous smelting studies

 Reasons for  the Study
 Routine review of surveillance data for trends
 Indirectly evaluate the impact of improvements (exposure reduction and 

respiratory protection)



RESEARCH QUESTIONS

 The aim of this study was to investigate whether workers exposed to dust 
and fumes of aluminium smelting experience an accelerated decline in 
lung function 

 A secondary aim was to investigate other factors which might 
contribute to accelerated decline in lung function, AND
 Variables were chosen based on local experiences and literature review



Objectives

 Describe the trends in lung function over time 

 � Quantify the annual decline in lung function 
 � Identify the proportion of workers experiencing accelerated loss in lung function 
 � Identify any workers whose lung function is significantly impaired or meet the criteria

for COPD or are below the LLN; 
 � Explore the relationship between any decline and occupational dust exposure 
 � Identify any other factors contributing to the decline in lung function with particular 

focus on cigarette smoking, weight, tenure, previous respiratory disease, gender and 
age 

 � Recommend ways to help in the early identification of at risk employees and 
strategies to eliminate this risk. 



METHODOLOGY

 STUDY TYPE
 Longitudinal spirometry data review: retrospective cohort

 An attempt was made to include data for all workers who had worked at the smelter between 2010 and 2015

 80%power with sample size of 800

 SETTING
 High quality respiratory surveillance program
 Large number of participants
 Well-maintained spirometry data

 DATA ANALYSIS
 ANOVA(comparing last test to first test)

 All employees with a test done in2010 AND 2015 (150 employees excluded)

 SPIROLA (Spirometry Longitudinal Data Analysis)- to analyze longitudinal data for group FEV1 means over time  
and measure the group mean annual decline in FEV1
 Employees with at least 3 test results included (to enable drawing a line of best fit)



RESULTS
 Data quality indices

 Pairwise within person variation about 4%
 Absolute within person variation about 200ml
 Z scores show no real difference between observed and expected 



Results: SAMPLE fev1 distribution



Results: SAMPLE 
CHARACTERISTICS/
DEMOGRAPHICS

Total subjects 1041 89.6% male; 83.4% >28yrs

Mean age 41 years Range (16-73)
Mean tenure 12 years Range (3-37)
Dust exposure 26.2% high, 40.2% mod 33.6% low 
Pot-room workers 468 45%
Ever smoked 525 50.5% 
Current smokers 204 19.6%

Mean BMI 28.8

FEV1 litres

Mean 3.88 Range (3.02-4.03)

Male 3.95

Female 3.12

Ever smoked 3.78
Never smoked 3.99

Tenure >20 years 3.47
High dust & >20 years 3.26

High dust & >20 pack y 3.29
High dust, >20 y & >20 pack 
years

3.02



results: ANOVA



Results: 3 factor anova permutations



Results: Box plot analysis



Results: Spirola
analysis- longitudinal 
decline in mean FEV1



Findings and Implications of the research

 Negative correlation between FEV1 and smoking, age, tenure, dust exposure, BMI and respiratory 
infections (rate 1.5 to 2 times normal)
 14.6 % with double rate, 2.9% accelerated loss (below Longitudinal Limit of Decline)

 11.7% have FER < 70% or below LLN

 More work needs to be done to reduce the dust exposure in aluminium smelting

 SPIROLA offers an opportunity to better evaluate lung function data. SPIROLA provides an easy way of 
closely monitoring spirometry data and identifying individuals at high risk 

 Limitations
 Retrospective study-limited ability to draw conclusions

 Some key data such as SEG data was not available for individual work tasks

 The hygiene data reports total exposure to dust without specifying the dust type. 

 It is not certain whether the changes to lung function identified in this study are permanent

 No attempt has been made to make a correlation between excessive loss in lung function and clinical 
symptoms



DISCUSSION
Recommendation

 Further follow up of affected workers to determine the clinical significance of changes and the impact of 
ceasing exposure 

 Closer monitoring of smokers, smoking cessation programs and potential to exclude smokers from 
potroom environment

 Employees who have been identified as being higher risk need further study. A closer review of individual 
employee results needs to be carried out to identify other factors which this study has not identified. 

 The respiratory surveillance program needs to change from department to SEG to enable a better 
correlation between lung function changes and exposures in future studies. 

 Employees exposed to these dusts need better protection including training, monitoring and appropriate 
respiratory protection

 A cohort study with newer employees without legacy exposures   

Conclusion
 There is evidence of higher than normal annual decline in lung function in aluminium pot-room workers
 This loss is accelerated in less than 2.9% of the worker population with half of those affected working in the 

pot-room environment. 
 Potroom dust exposure in the presence of cigarette smoking is a significant risk factor for accelerated loss 

of lung function in aluminium smelting. 
 Future studies should use stricter SEG data to draw a better linkage with specific work tasks
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