
Data Analysis
Cleansing, validating & analysing the ANRDR dataset
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The data validation process



Import data

• Data is provided to the ANRDR 
from dosimetry service 
providers and uranium 
operators according to the 
ANRDR format as a .csv file

• If your system uses different 
formats, the first step is to 
convert all files into the same 
format



Merge datasets
• If data provided in different formats, 

merging files into a common database using 
any statistical software like SPSS, Stata, 
Excel

• Better method is to mandate standardised 
format to minimise errors and missing data

Missing data
• To reduce missing data:

• Mandatory fields (e.g. ANRDR no longer accepts missing 
‘sex’ field)

• Included in the data validation process



Standardised data

• Check data to ensure that the 
required and same type of data 
exists in each column (validation)
• E.g. in the ‘NDN’ column you should not 

have ‘date’

Normalised data

• Each column must have the same 
format
• E.g. same scale for doses (mSv)

• E.g. same format for sex column (code 
1,2,3, not F/M/X)



Validating data

• Essential part of any data handling task is to check the accuracy and quality of data 
(correct and useful for the context) 

• Happens at the point of data entry (before it’s saved into the database)

• Improves the quality of data entered into a database

• Error report automatically generated if any validation fails

• Different methods can be used to validate data:
• Data presence: mandatory fields cannot be left empty

• Data type: only numbers accepted in certain fields (not letters or other characters)

• Data format: dates of birth in YYYYMMDD format (not DDMMYYYY, MMDDYYYY or DMYY)

• Data range: incorrectly recorded dates of birth (<16 or >80 years old at time of registration)

• Data length: Australian Business Number field must be exactly 11 digits

• Data lookup: Australian Business Register



Data cleansing

• Can occur any time after the data is entered into the database

• Data cleansing is the process of fixing or removing incorrect, corrupted, incorrectly 
formatted, duplicate or incomplete data within the dataset

• Validation and cleansing both deal with detection and removal of incorrect records 
before data analysis occurs

• Duplicate entries were created for workers in the ANRDR due to slight variation in 
personal information (if not 100% match)

• Can occur if a worker has multiple employers or changes employers; manual data entry 
can include errors; name change due to marriage

• Caused by lack of available national identification number
• no social security number

• not allowed to use Tax File Number or Medicare Number



De-duplication

• ARPANSA purchased record-matching software. The software 

works by identifying common features in personal details 

across all individuals in the database and making suggestions 

for ‘possible matches’ by providing a percentage match to 

assist with identifying separate profiles for the same 

individual

• Unique identification number eliminates duplication issues



Record-matching software

• Enables us to identify duplicate data records or database 

entries in order to merge the data, and improve data quality 

and data accuracy

• First run removed 27,000 duplicate workers!



Statistical 

analysis



Average 
ARPANSA staff 
doses are well 
below 1 mSv/y 

An average of 
less than 0.2 
mSv/y over the 
30 year period 

Average exposures over 
the last 5 years are less 
than 0.1 mSv/y. 

Average & max 

effective doses 

with workforce 

numbers for 

ARPANSA



Uranium industry average & max doses with 

workforce numbers

Demonstrates that average and maximum 
effective doses for uranium industry workers 
continue to proceed in a downward trend from 
2014 with average and maximum effective 
doses in 2016 of 0.75 mSv and 5.6 mSv, 
respectively. 

5.6

0.75

The number of workers in the industry has 
also been declining since 2014 as a result 
of reduced market conditions.



Uranium industry average effective doses by category

A continued downward trend in occupational 
exposures for this work category with an average 
effective dose in 2016 of 1.24 mSv. 

In the same year, 
average exposures to processing and other workers 
remain low at 0.44 mSv and 0.25 mSv, respectively. 

The mining category continues to be the 
highest exposed worker group in the 
Australian uranium industry.

This can be attributed to the fact that due to its 
large workforce, the mining category is heavily 
skewed towards underground operations.

1.24

0.44

0.25



Collective effective dose with uranium production

Demonstrates that over the 
period 2014-2016 the collective 
effective doses have decreased 
while uranium production has 
increased

The decrease in the collective 
effective dose is due to a 
decrease in uranium industry 
worker numbers and a decrease 
in average effective doses over 
that period



Dose distribution for all ANRDR data 2020

• 81% of workers received a 
dose <1 mSv

• 99% of workers received a 
dose <3 mSv

• Effective way to show the 
distribution of doses and can 
minimise the impact of data 
skewing for doses reported 
as <MRD



Top 100 doses for Commonwealth organisations

• Top 100 doses range from 

0.89 – 3.74 mSv with an 

average of 1.42 mSv in 2020

• Can help regulators tailor 

their inspection regime and 

facilitate discussions with 

licence holders



What we could 

do in the future 

with available 

data













Mann-Kendall Test for Trend
The purpose of the Mann-Kendall (MK) test is to 
statistically assess if there is an upward or 
downward trend of the variable of interest over 
time and whether the trend is statistically 
significant. Does not test for magnitude.

An upward (downward) trend means that the 
variable consistently increases (decreases) through 
time.



Standardised Mortality Ratio (SMR)

SMR quantifies the increase or decrease in mortality of a study cohort with respect to the general population

SMR is a ratio between the observed number of deaths in a study population and the number of deaths that 
would be expected in the general population

A ratio >1 indicates that more mortality has occurred than expected, a ratio <1 indicates less than expected

Example of SMR interpretation

26731/33014 = 0.81 0.81<1 therefore there were 19% less deaths than expected



Relative Risk (RR)

RR is often used when the study involves comparing the 

chance of an event occurring between two groups

The risk of the disease was 3.3 times greater in the people who had exposure to radiation 
compared to those who did not have exposure to radiation

RR=1 means exposure has no effect on risk

People who had 
exposure to radiation

People who did not 
have exposure to 
radiation

Rates of disease in 
exposed divided 
by rates of disease 
in unexposed



Excess Relative Risk (ERR)

ERR is the proportional increase in 
risk following exposure.

ERR = RR-1

ERR assumes that if a dose of 
radiation is administered to a 
population, then after some latent 
period there is an increase in cancer 
rate.

The additional risk of a disease that 
can be associated with an exposure.

The fraction by which the risk for an 
exposed person exceeds that of a 
person who was not exposed.

ERR of cancer at age 70 following 
radiation exposure at age 42

ERR of cancer at age 50 following 
radiation exposure at age 8



In summary, in the future we could

• Report information by effective dose distribution, year, age 
categories

• Use pie charts and frequency tables (sometimes tables are better 
than graphs)

• Assess trends using statistical tests (e.g. Mann-Kendall)

• See the effect of sex, age, industry type, etc. (one at a time or all 
together) on average effective doses

• Link this data with other national datasets, e.g. Cancer Council 
information and perform advanced statistical tests



Thank you

ARPANSAGovernment ARPANSA ARPANSANews ARPANSA

arpansa.gov.au

ANRDR@arpansa.gov.au
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