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Common methods for non-detects with a 
high cost of errors
1. Substitution of ½ (or other fraction) times the detection (reporting) 

limit
2. Deletion of non-detects prior to data analysis
3. Interpreting "% detections" when detection limits change

I'll spend most of today's time on #1
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Parameters where non-detects occur
Contaminants in water, soils and biota

Class (Examples)
• trace metals (cadmium, lead, nickel, many others)
• older hazardous substances (PAHs)
• newer hazardous substances (neonicotinoid insecticides)
• other trace organics (pharmaceuticals)
• inorganics of ecological/eutrophication concern (nitrate, phosphate)
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For more information:
Statistics for 
Censored
Environmental
Data
(the second edition)

by Dennis R. Helsel

Wiley (2012)
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"censored" is a statistical 
term meaning "Known 
only to be greater or less 
than a threshold."
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1. What's wrong with substitution?
a. Strongly affects the variation of data (commonly 

decreases it but may increase it).
b. Adds invasive patterns alien to the collected data.  

Substitution is NOT neutral
c. Produces poor estimates and incorrect statistical tests
d. Changes the shape of the data distribution
e. Far better methods are available.  Right now.  You don’t 

need a PhD to do them.
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1a. Substitution à Changes Std Dev.
Example: Estimating the Standard Deviation

What happens with one DL when the same number (1/2 DL) is substituted 
for 60% of the observations?         === All <2 become = 1 ===>

Before substituting.
True std. dev.

s = 1.02

0
1

2
3

After substituting.
std. dev.
s = 0.84

0
1

2
3

6

originally had 
values below 
1/2DL that are 
now gone
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How does this affect confidence intervals?
• Singh et al (2006), developers of ProUCL software, determined in a simulation study 

that substituting ½ DL “does not provide adequate coverage [UCL95 is not high 
enough] …even for [% non-detects] as low as 10%”

• Lower standard deviations produce lower confidence limits, too-short intervals.

• They summarize their results with "Do not use DL/2 (t) method to compute a UCL".

• In addition to confidence intervals,   t-tests, ANOVA, regression and many other 
procedures all depend on the std. dev.
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How long has this been known?
Gilliom and Helsel (1986) in Water Resources Research:
• Compared substitution to other methods for estimating means, medians, 

std dev, percentiles
• Found that the other methods were predominantly better than 

substitution, often greatly better
• ½ DL gave reasonable estimates for the mean with one DL, but not for 

other statistics, and not with multiple limits
• For example, the bias of subbing 1/2DL for estimating the median was 

about 4.5 times that for a better method (Regression on Order Statistics).
Methods relying on the standard deviation will be off the mark after 

substituting a fraction of the detection limits for non-detects
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1b.  Substitution Adds Invasive Patterns
Characteristics other than pollutant concentrations often affect detection limits.  
Substituting ½ DL adds the pattern of that characteristic to the concentrations -- a 
pattern that has nothing to do with the concentration itself.

Example 1: Arsenic (As) in leaves measured in ashes in the lab.
As in dry weight = As in ash weight*(%ash/100).  The DL in the ash may be 0.5 for 
As but the % ash (% leaf material minus water) differs between samples, so the 
resulting dry weights have many different DLs. 1/2DL adds a pattern of the water 
weight to the As concentrations unrelated to As concentration in the leaf.

Example 2:  Concentrations in a river over 20 years.  DLs decrease over time. 
1/2DL adds a decreasing pattern over time that was not in the river.
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Example 2: Finding a trend that isn't there 
(or may obscure a trend that is there)

• No change over time.  No trend in the river.
• Will replace smallest values with a decreasing pattern of 

detection limits, mimicking what often happens in labs.
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Put a trend into the data that isn't 
actually there

Invasive pattern:
• DLs decrease over time.  Data do not.
• After substitution with 1/2DL, a portion of data decrease over 

time (trend often tests as significant)
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1b. Adds invasive patterns not in the 
original data

Correlation and Regression

Before censoring.
True correlation

r=0.81
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1b. Substitution adds invasive patterns 
not in the original data

Correlation and RegressionTwo DLs at 3 and 1.  
<3s become 1.5, 
<1s become 0.5.

After substitution.
invasive data form flat 

(zero-slope) lines, 
lowering correlation 

to r=0.55 from the 
true 0.81.

It's like watering down 
good wine.
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Evaluation of Substitution for regression 
models

Thompson and Nelson (2003) found that for censored response (y) variables, 
substituting one-half the DL for non-detects produced 
• biased parameter estimates (slopes too close to 0) and 
• artificially small standard errors (std deviation of residuals). Causes 

explanatory variables that shouldn’t be in the regression to appear 
significant

There are better ways!     The NADA2 package for R contains methods for 
"censored data" that do not substitute fractions of the DLs and are valid for both 
1 and multiple DLs.  I'll introduce these in the May workshop.
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1e. What can be done?
Censored Regression

corr coeff = 0.52       
slope = 0.00038,      
p < 0.001     (weight is 
significantly correlated with 
Total Mercury)

non-detects included 
without substitution.

Lowest Hg (non-detects) occur 
only at low weights.  

Information in the NDs adds to 
the regression results.
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Censored Regression of Total Mercury vs Fish Weight
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1c. Substitution produces incorrect 
statistical tests

• Data from the Ontario (CA) Pollen Monitoring Network

• Pesticide concentrations are measured in pollen at beehives located across the province.

• Neonicotinoids are neurotoxins that kill insects through attacking receptors in nerve 
synapses.

• Nearly 100% of corn seed and roughly 60% of soybean seed are treated with neonicotinoids.

• Thiamethoxam is a neonicotinoid pesticide; the concern is its affect on honeybees.

• Do thiamethoxam concentrations differ in pollen between 2 stages of plant growth (post-
planting  vs. corn tassel appearance)?

Source:  Ontario Ministry of the Environment, Conservation and Parks
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t-test after substituting 1/2DL finds no differences

Welch Two Sample t-test
data:  Thiamethoxam by SamplingEvent
t = 1.9309,   df = 53.092,   p-value = 0.05884
Significant difference NOT FOUND

Substitution followed by t-tests and ANOVA are very commonly used to test for evidence of contamination and 
for determination of levels affecting organisms.

17

DL = 0.05 ppm
Reminder: p-values present strength of 
evidence against there being a signal 
(difference between groups, trend, etc.).  
Smaller p-values indicate stronger evidence 
that a signal exists.

1/2DL
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1e.  Better Tests For Censored Data Exist in the
NADA2 package for R

• Testing is used in development of no-effect levels and adverse-effect levels.  Not finding effects due to substituting for 
non-detects has likely caused frequent mis-specification of these levels.

• I will provide much more information on these better tests in the May workshop

> cen1way(Thiamethoxam, ThiaCens, SamplingEvent)

Oneway Peto-Peto test of CensData: Thiamethoxam
by Factor: SamplingEvent

Chisq = 62.11   on 3 degrees of freedom
p = 2.08e-13 

Peto-Peto test finds strong evidence for difference 
between the two groups !   No assumption of normal 
distribution is needed for this test.

The t-test after substitution found little evidence for a 
difference (p=0.0588).  The p-value from the Peto-Peto
test (no substitution) is 11 orders of magnitude lower!
It extracts much more evidence from the same data.
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DL = 0.05 ppm
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1d.  Substitution changes the data distribution 
shape.  Important for risk analysis.

19

• Q-Q or probability plot pictures the data 
distribution.  non-detects do not appear 
but the % of non-detects affects the plot 
location of detected values (dots).

• This is plotted correctly.  1 DL. 30% non-
detects not shown as points, but space 
is reserved for them at the lower end.

• Software for this is found in NADA2 and 
in “survival analysis” sections of 
standard statistical software.

non-detects take up lowest 30% of data
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Q-Q plot with ½ DL substituted for NDs
• Substituted values form straight 

line(s) at the low end.  

• Distorts the distribution 
compared to true shape of data -
- changes position of the center 
line model.

• Leads to choosing the wrong 
distribution; percentiles at the 
low end are constant; changes
percentile values throughout the 
rest of distribution.
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CDFs: Substitution changes the 
distribution shape
• CDF is a 2nd method to show 
percentiles.  On vertical axis
0.5 = median, etc.
• Used in risk analysis for 
exposure distributions, 
stressor response curves, etc.
• Gray box shows the 
uncertainty of non-detect 
values. Substituted values will 
incorrectly alter the step 
function.
• Note that only the normal 
distribution estimates 
concentrations below 0.
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2.  Deletion of Non-Detects:  Q-Q plots are 
totally wrong

• NOT plotted correctly.  Used 
standard Q-Q plots not designed for 
data with non-detects.

• Non-detects deleted, so all 
percentiles are too low (data 
pushed to the left).  

• Misfits the distribution compared to 
the true shape of data.
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The drop in the mean in 1997 
does not necessarily show a 

decrease with time in the 
original data.

Likely the DL decreased in 
96-97.  Now smaller 

concentrations are “detects” 
and used to compute the 

mean. 

Summarizing after deleting Non-Detects
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Example: Mean After Deleting Non-Detects

Detected region

Lower concentrations were included as 
'detected' in later time periods.  Even with 
no change in data characteristics, the 
mean decreases
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3. Comparing % detections when the RL 
changes

Detected region

No change in concentration, but as the DL 
decreases, the % detects goes up.  Doesn’t 
imply that quality is getting worse.

Comparing %detects is only reasonable when 
the Detection Limit is constant.

Instead, compare % above 5, etc.
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What other methods are available?
• See the presentation "Accurate Methods for Data with Non-detects"  

May 13-14, 2022 as part of the CREED Workshop

• parametric and nonparametric methods
• computing summary statistics
• confidence, prediction and tolerance intervals All without substitution
• plotting data of values like 1/2DL for
• comparing to standards non-detects
• testing differences between groups
• regression and correlation
• trend analysis
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More information:  Free videos introducing 
methods for non-detects streaming now

on our Online Training Center
https://practicalstats.teachable.com/

Let colleagues know about them.

9 videos on data analysis with
non-detects.
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Thank you for viewing
Statistical methods for data with non-detects at 1 or more detection limits is 
the focus of this textbook:

Questions about this material?

Get in touch!
Dennis Helsel ask@practicalstats.com

Free information videos at:    
https://practicalstats.teachable.com
https://practicalstats.com
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