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Revitalising the Marriage
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Statistics - Struggling for a ‘place in the sun’?

The field of ecotoxicology includes concepts arising from:

disciplines such as toxicology

biology

analytical chemistry

environmental chemistry

organic chemistry
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physiology

ecology, genetics

microbiology

biochemistry

immunology

molecular biology

soil sciences

water sciences

air sciences

economics
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Statistics - The cornerstone of SSD Modelling

A Protocol Statistical Analaysis of Fathead Minow Larval Survival and Growth TestA
Protocol Statistical Analaysis of Fathead Minow Larval Survival and Growth Test

Source: Weber et al. (1989)
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A Protocol Statistical Analaysis of Fathead Minow Larval Survival and Growth Test
Source: Weber et al. (1989)

6



Outdated advice: Example #1 - Canadian guidance document shows how to use
graph paper to fit a probit model!

Outdated advice: Example #2 - OECD guidance document 54 recommends trans-
forming data instead of using a more appropriate statistical modelling framweork.
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The statistical grenade
Sometimes the ‘best’ advice may be: ill-conceived, wrong, intuitively appealing but statistically reckless
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- or an opinion on a personal website
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Beware snake-oil merchants

This (non-statistical) expert testified in a NZ environment court. His statistical analysis was rubbish:
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term df sumsq meansq statistic p.value
dose 1 279.899 279.89897 4.008913 0.0504883
Residuals 52 3630.597 69.81917 NA NA
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No significant dose effect.
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Fitted model plot.

Loading required package: MASS

'drc' has been loaded.

Please cite R and 'drc' if used for a publication,

for references type 'citation()' and 'citation('drc')'.

Attaching package: 'drc'

The following objects are masked from 'package:stats':

gaussian, getInitial
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term curve estimate std.error statistic p.value
b (Intercept) -0.2070017 2.998112 -0.0690440 0.9452300
c (Intercept) -42.5452686 633.037977 -0.0672081 0.9466841
d (Intercept) 52.2791855 732.931765 0.0713289 0.9434206
e (Intercept) 8.4725297 NaN NaN NaN
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Warning in sqrt(diag(varMat)): NaNs produced
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Cannot reliably estimate 4 parameters from 3 replicated doses.

OECD Guidance document 54 - Revision process has commenced
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Current approaches to C-R and SSD Modelling

Example: Survival time of daphnids versus dinoseb concentration
Source: Chevre et al. (2009)
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dose response
0.0013 12.865
0.0013 14.736
0.0006 58.245
0.0006 69.240
0.0040 78.127
0.0090 86.312
0.0060 94.501
0.0006 93.801
0.0009 101.988
0.0010 112.514
0.0130 110.169
0.0200 16.365
0.0200 28.060
0.0400 9.104
0.0600 59.855
0.1100 12.581
0.0900 64.520
0.1400 86.251
0.1600 101.679
0.1800 113.599
0.2200 2.704
0.2300 12.995
0.2100 14.405
0.2200 15.803
0.2200 20.481
0.2224 46.446
0.2200 49.721
0.2200 52.762
0.2200 65.862
0.2200 75.219
0.2600 7.832
0.2800 7.589
0.2800 10.631
0.2800 20.455
0.2795 46.887
0.2800 49.694
0.2800 52.267
0.2800 57.179
0.2800 64.665
0.3200 20.668
0.3700 5.208
0.4100 3.083
0.4500 5.638
0.4600 6.802
0.5600 0.205
0.5600 3.012
0.5600 13.305
0.5600 20.090
0.6600 3.201
0.7400 1.293
0.9200 0.506
1.1000 0.420
1.1000 1.823
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Next - look at the frequency distribution of the dose variable

0.00

0.25

0.50

0.75

1.00

0.0 0.3 0.6 0.9
dose

co
un

t

Note there are a number of concentrations having no replication. This presents no difficulties for fitting a C-R model
but is a problem for ANOVA and hence NOEC computation.
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Playing with the sliders we can visually fit a reasonable model. For example, b = 6.5
and e = 0.34. These would be reasonable starting values for formal model-fitting
using drc for example.Let’s try drc.

drc Modelling of dinoseb data

Model fitted: Log-logistic (ED50 as parameter) with lower limit at 0 (3 parms)

Parameter estimates:

Estimate Std. Error t-value p-value
b:(Intercept) 4.230796 2.134889 1.9817 0.05302 .
d:(Intercept) 63.820667 6.690872 9.5385 7.692e-13 ***
e:(Intercept) 0.273154 0.033564 8.1382 1.018e-10 ***
---
Signif. codes: 0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1

Residual standard error:

28.56357 (50 degrees of freedom)
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Note, drc always plots on a logarithmic scale. Let’s look at a plot on a linear dose scale.
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ModelDf RSS Df F value p value
ANOVA 20 8910.78 NA NA NA
DRC model 50 40793.87 30 2.385357 0.023065
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Dose−Response Model on Linear Scale

Assess Model fit
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Residuals of Dose−Response Model

The residual plot reveals a serious issue - that of heteroscedacisity - in otherwords, non-constant variance. This is a
severe violation of a key assumption.Dealing with it is unfortunately not straightforward due to the non-linear link
function relating response and dose.We can use other packages for fitting non-linear, weighted regression models.

library(nlstools)
library(broom)
library(ggtext)
# Starting values for the 3-parameter log-logistic model
start_values <- list(d = 64, b = 6.5, e = 0.34)
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# Fit the model using nls() with a 3-parameter log-logistic form
ll.1 <- nls(response ~ d / (1 + exp(b * (log(dose) - log(e)))),

data = df, start = start_values)

# Use fitted values to determine weights
fv1 <- predict(ll.1)

ll.2 <- nls(response ~ d / (1 + exp(b * (log(dose) - log(e)))),
data = df, start = start_values, weights = 1 / fv1)

# Add fitted values to the data frame for plotting
tmp<-data.frame(dose=rep(df$dose,2),response=rep(df$response,2),pred=c(predict(ll.1),predict(ll.2)),

model=rep(c("unweighted","weighted"),each=53))

# Plot observed data and fitted model
ggplot(tmp, aes(x = dose, y = response)) +

geom_point(color = "red") + # Original data points
geom_line(aes(y = pred, color = model),linewidth=1) + # Fitted model line
labs(x = "Dose", y = "Response") +
annotate("text",label="Note: Not much difference in fitted model, \nbut there is a difference in SEs of parameter estimates (see below)",

x=0.8,y=90)
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Note: Not much difference in fitted model, 

but there is a difference in SEs of parameter estimates (see below)
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Comparison of parameter estimates

Parameter estimates for Model 1

Attaching package: 'dplyr'

The following object is masked from 'package:MASS':

select

The following objects are masked from 'package:stats':

filter, lag

The following objects are masked from 'package:base':

intersect, setdiff, setequal, union

Attaching package: 'kableExtra'

The following object is masked from 'package:dplyr':

group_rows

Parameter estimates for Model 2
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term estimate std.error statistic p.value
d 63.8205 6.8651 9.2964 0.0000
b 4.2309 2.3618 1.7914 0.0793
e 0.2732 0.0324 8.4195 0.0000

term estimate std.error statistic p.value
d 64.6201 8.1635 7.9157 0.0000
b 3.2470 0.6866 4.7288 0.0000
e 0.2736 0.0368 7.4380 0.0000

Selecting a Model

drc has many model-fitting options:

Toxicity metrics estimated from a C-R Model

• NOEC
• ECx
• LCx
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• NEC
• NSEC (New!)
• BMD

Toxicity metrics
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Benchmark Dose (BMD)

37



EFSA on-line BMD app
https://efsa.openanalytics.eu/
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The No Significant Effect Concentration (NSEC)

42



NSEC Explained
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Relationship between the NSEC and BMD
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Computing the NSEC
R Package nsecR can be installed from github by typing:

remotes::install_github("environmetrics/nsecR")`

in your R / Rstudio console.

nsecR Example

library(nsecR)
library(drc)
library(dplyr)
library(kableExtra)
library(broom)
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# First, fit a model(s) to your data

df<-read.csv(file="CHEVRE - EFFECTS OF DINOSEB ON DAPHNIA.DAT.csv")

ll.mod<-drm(response ~ dose, fct = LL.3(),data=df)

summary(ll.mod)

Model fitted: Log-logistic (ED50 as parameter) with lower limit at 0 (3 parms)

Parameter estimates:

Estimate Std. Error t-value p-value
b:(Intercept) 4.230796 2.134889 1.9817 0.05302 .
d:(Intercept) 63.820667 6.690872 9.5385 7.692e-13 ***
e:(Intercept) 0.273154 0.033564 8.1382 1.018e-10 ***
---
Signif. codes: 0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1

Residual standard error:

28.56357 (50 degrees of freedom)
modelFit(ll.mod)

Lack-of-fit test

ModelDf RSS Df F value p value
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ANOVA 20 8911
DRC model 50 40794 30 2.3854 0.0231

nsecR Example
Next compute the NSEC:

ED52.6074008067397 Weight
LL.3 0.1895549 0.5
LL.3 0.1895549 0.5

[1] 0.1895549
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Now, N̂SEC = 0.1896 and from this part of the output ED52.6074... we see that at dose=0.1896 the response
is 52.6074. We also see that the response intercept

(
d̂

)
is at 63.8207. Thus, 52.6074 represents a 17.6%{

= 1 − 52.6074
63.8207 = 0.1757

}
‘effect’.Comapre this to the ‘equivalent’ BMD output:
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term estimate
b 4.2307958
d 63.8206673
e 0.2731545
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Model-averaged nsecR (maNSEC) Example
Having fitted a single model and computing the NSEC, it’s trivial to compute a model-averaged NSEC (maNSEC) by
including additional models.Possible models are those available in the drc package, namely:

Let’s try a maNSEC by adding the following models:

LL.4

W1.3

W1.4

LN.3

LN.4
nsec(ll.mod, mods = list(LL.4(), W1.3(), W1.4(),

LN.3(), LN.4()))

Model-averaged NSEC = 0.1899

From individual to population - The Species Sensitivity Distribution (SSD)
• What is an SSD? It’s simply a theoretical probability model (a cumulative distribution function or cdf ) fitted

to a (usually) small collection of toxicity metrics for a particular chemical in a particular environment - for
example copper in a freshwater environment.

• Putting aside the current debate about TKTD models versus SSD models (and statistical science more generally),
the SSD is remains one of the most credible and scientifically defensible means of establishing default guideline
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fct description
LL.2 Log-logistic (ED50 as parameter) with lower limit at 0 and upper limit at 1
LL.3 Log-logistic (ED50 as parameter) with lower limit at 0
LL.3u Log-logistic (ED50 as parameter) with upper limit at 1
LL.4 Log-logistic (ED50 as parameter)
LL.5 Generalized log-logistic (ED50 as parameter)
W1.2 Weibull (type 1) with lower limit at 0 and upper limit at 1
W1.3 Weibull (type 1) with lower limit at 0
W1.4 Weibull (type 1)
W2.2 Weibull (type 2) with lower limit at 0 and upper limit at 1
W2.3 Weibull (type 2) with lower limit at 0
W2.4 Weibull (type 2)
BC.4 Brain-Cousens (hormesis) with lower limit fixed at 0
BC.5 Brain-Cousens (hormesis)
LL2.2 Log-logistic (log(ED50) as parameter) with lower limit at 0 and upper limit at 1
LL2.3 Log-logistic (log(ED50) as parameter) with lower limit at 0
LL2.3u Log-logistic (log(ED50) as parameter) with upper limit at 1
LL2.4 Log-logistic (log(ED50) as parameter)
LL2.5 Generalised log-logistic (log(ED50) as parameter)
AR.2 Asymptotic regression with lower limit at 0
AR.3 Shifted asymptotic regression
MM.2 Michaelis-Menten
MM.3 Shifted Michaelis-Menten
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NSEC Weight
LL.4 0.1904 0.0925
W1.3 0.1846 0.2056
W1.4 0.1885 0.0879
LN.3 0.1925 0.2596
LN.4 0.1957 0.1053

values or DGVs for toxicants in the environment.
• Although SSD modelling is very mature (>30 years old) there has been a renewed research push with some

important advances having being recently made.
• The motivation for SSD modelling was to put DGV determination on a more rational/objective footing. It

displaced the previous method of using subjective Assessment Factors.
• Yet we still have jurisdictions around the world recommending AFs be applied to DGVs derived fom an SSD!!
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Figure 1: DEWHA, Commonwealth of Australia (2009)
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Australia-New Zealand-Canada Collaboration
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ssdtools V2.1

shinyssdtools is (IMHO) the most advanced SSD modelling tool currently available. There are others - for example
MOSAIC (Sandrine Charles’ group at the University of Lyon) and ssdtoolbox (a MALAB executable from Matt
Emerson at USEPA), but neither can match the full suite of modelling tools available in ssdtools. ssdtools is an
R package available from CRAN and there is a companion, interacive on-line version called shiny(ssdtools).
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shiny(ssdtools)

Launch Report Card

• increased awareness of the role and relevancy of statistical methods
• (gradually) increasing uptake of R
• recent multi- agency, cross-jurisdictional R&D efforts => increased harmonisation of approaches
• development of interactive on-line tools
• increased participation of statisticians/quantitative biologists/R-programmers
• jurisdictions that are committed to re-writing statistical guidance

• NOECs - the ecotoxicological ‘cockroach’
• AFs - Always Fraught
• End the ‘Quixotic Quest’
• ‘Friendly Fire’ and debates in inappropriate fora
• Jurisdictional ‘silos’
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• Inertia

Challenges and Opportunities

• Addressing and compensating for small, biased samples in SSD and HCx estimation;
• Development of statistical methods to validate predictions from TKTD models and SSD-based approaches;
• How to design a C-R experiment that maximizes information content for minimum cost / maximum precision;
• How, or establish if it’s possible to set an HCx for a mixture of chemicals;
• How to seamlessly integrate the temporal dimension into SSD modelling and HCx estimation rather than

marginalising it;
• Strategies for error propagation to incorporate uncertainties arising from data collection process, imprecise

model specification, and statistical treatment of data;
• Refinement of modelling capabilities to undertake external and internal exposure assessments;
• Elicitation of ‘expert’ opinion in the setting of Bayesian priors and protocols for reaching consensus when used

these are used in a regulatory context.

Thank you for listening!
A pdf copy of this presentation is available at:

https://environmetrics.net/resources/documents-and-reports/
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